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Abstract Original Research Article

Smart museums, as integrative platforms combining cultural heritage and cutting-edge technologies, are reshaping traditional
exhibition and visitor engagement models. Driven by artificial intelligence (Al), the Internet of Things (10T), big data, and immersive
media, intelligent guide systems offer personalized, interactive, and immersive services to visitors. This paper examines the evolving
demands of museum audiences, such as personalized navigation, immersive experiences, high-precision guidance, and real-time
information access, and explores how Al-driven smart guide systems address these needs. By analyzing real-world applications,
including personalized tour algorithms, Al virtual hosts, cross-platform integration, and voice-interactive Q&A, the study proposes
a comprehensive model of intelligent museum services. These developments not only enhance visitor satisfaction but also optimize
museum operations and educational outcomes, supporting broader goals of cultural dissemination and digital transformation in the
heritage sector.
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1. INTRODUCTION

The advent of the 21st century has ushered in a new era
for museums, marked by an accelerated convergence of cultural
institutions and advanced technologies. Traditionally perceived
as static spaces for preservation and knowledge display,
museums are now undergoing a transformative shift toward
interactivity, personalization, and audience-centric
engagement. This change is largely driven by technological
innovations, particularly in artificial intelligence (Al), which
has made it possible for museums to evolve into dynamic
environments that respond in real time to the needs,
preferences, and behaviors of diverse visitor groups. This
transformation is not merely technological, but
epistemological—it redefines how cultural heritage is
interpreted, communicated, and experienced (Zhuo & Wang,
2025).

Recent developments in smart museum infrastructure
underscore the growing importance of intelligent systems.
According to the 2025 China Smart Museum Industry Report,
more than 60% of museums in China have placed smart

technology as a strategic investment priority (Zhao & Yue,
2025). These institutions are rapidly deploying systems based
on Al, the Internet of Things (loT), big data analytics, and
natural language processing (NLP) to modernize operations and
improve visitor engagement. Notably, in 2024 alone, over 1.4
billion visitors were recorded nationwide, a figure that
highlights both the growing public interest in cultural
experiences and the urgent need to reimagine service delivery
in large-scale, high-traffic museum environments (Zhuo &
Wang, 2025).

At the forefront of this shift is the intelligent guide system, a
technological framework that enables seamless, context-aware,
and adaptive interaction between visitors and museum content.
These systems integrate multiple subsystems—including Al-
driven  personalization  engines, immersive display
technologies, cross-platform data interfaces, and real-time
question-answering modules—to enhance the informational
and emotional resonance of museum experiences. By
transforming the visitor's role from passive observer to active
participant, smart guide systems embody the new paradigm of
intelligent cultural service delivery (Song, 2015).
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This paper aims to explore how Al-enabled smart guide systems
meet the evolving demands of museum audiences by focusing
on four critical dimensions: personalization, immersion,
precision, and interaction. These dimensions not only reflect
user expectations in a digital society but also shape the strategic
priorities of museum administrators and curators seeking to
maximize engagement and educational impact. For instance,
personalization mechanisms use machine learning to tailor
content pathways based on individual interests, while
immersive experiences leverage AR/VR technologies to deepen
cultural understanding through embodied interaction (Liu & L,
2015; Zhu, 2020).

To support this exploration, the paper adopts a dual
methodology of case study analysis and theoretical modeling.
It first identifies the behavioral and cognitive shifts among
museum visitors in the context of smart services. Then, by
examining exemplary practices from leading museums—such
as The Palace Museum’s digital pavilion or The British
Museum’s MR storytelling project—it constructs a functional
framework for intelligent museum services. In doing so, the
study provides not only a snapshot of current capabilities but
also a forward-looking vision of how museums can continue to
serve as vital, adaptive platforms for cultural communication in
the age of artificial intelligence.

2. LITERATURE REVIEW

The integration of artificial intelligence (Al) into the
museum context has received increasing scholarly attention in
recent years, marking a shift from traditional museology to
technologically augmented cultural experiences. Researchers
such as Parry (2007) and Schweibenz (2019) have outlined the
historical evolution of digital museums, from early web-based
displays to immersive, intelligent systems capable of real-time
audience interaction. These studies assert that Al is not merely
a tool for technical enhancement but a catalyst for rethinking
how museums construct meaning, engage users, and perform
educational functions.

In the Chinese academic context, the discourse around “smart
museums” has expanded rapidly in the past decade. Song
(2015) introduced a foundational concept of smart museums as
ecosystems structured around data from cultural relics,
environmental contexts, and audience behaviors. His work laid
the groundwork for subsequent studies focusing on intelligent
guide systems, digital twin modeling, and personalized
services. Zhao and Yue (2025) further classified the
development of smart museums into three phases: digitization,
informatization, and intelligentization, with the latter
characterized by the application of Al-driven recommendation
engines and context-aware navigation systems.

From a technological perspective, intelligent guide systems are
supported by a combination of Al, the Internet of Things (10T),
big data, and natural language processing (NLP). Existing
research emphasizes the role of machine learning in analyzing
visitor behavior patterns to provide customized content delivery
(Liu & Li, 2015). Meanwhile, studies by Zhu (2020) and Wang
(2024) illustrate how VR/AR technologies can simulate
historical environments, enabling multisensory immersion.
These technologies are essential in fulfilling modern visitors’

expectations for interactivity and experiential engagement,
especially among younger and digitally native audiences.
Personalization has become a key theme in literature exploring
museum technology. Zhang and Chen (2022) investigated
adaptive tour systems that adjust exhibit pathways and
informational depth according to individual user preferences
and dwell times. Their findings demonstrate that personalized
services significantly improve knowledge retention and visitor
satisfaction. At the same time, cross-cultural studies (e.g.,
Tallon & Walker, 2008) highlight the importance of
multilingual support and culturally adaptive design in achieving
accessibility across global museum audiences.

Another critical aspect addressed in the literature is the design
and implementation of intelligent voice-interactive Q&A
systems. Research in human-computer interaction (HCI) has
shown that conversational agents powered by NLP and Al
avatars improve user engagement by providing real-time,
responsive information in a natural, dialogue-based manner.
Notably, projects like the British Museum's “Al Curator” and
the Smithsonian’s chatbot have demonstrated the educational
potential of such systems, although challenges remain in
managing accuracy, context sensitivity, and ethical data use.
The literature also underscores the shift in visitor behavior and
expectations. Today’s museumgoers are no longer passive
recipients of curatorial knowledge; instead, they are co-creators
of experience, driven by agency, curiosity, and customization
(Parry, 2010). Studies conducted by Zhuo and Wang (2025)
reveal that visitors increasingly expect mobile-accessible, on-
demand services, which place greater demands on museums to
offer seamless cross-platform integration. These findings are
echoed in research on smart tourism and cultural computing,
which suggests that museums are becoming nodes in broader
digital cultural ecosystems.

Despite the growing body of literature, certain research gaps
persist. While many studies provide descriptive overviews of
smart technologies, few offer comprehensive frameworks that
integrate technical architecture with user experience and
curatorial strategy. Additionally, there is a lack of comparative
studies across museums with varying levels of digital maturity,
limiting the generalizability of current findings. Moreover,
ethical considerations—such as algorithmic transparency, data
privacy, and inclusivity—remain underexplored in most smart
museum models.

Another underrepresented area involves the role of Al in
augmenting curatorial storytelling. While several projects
utilize Al for exhibit navigation and object recognition, fewer
studies explore how Al can assist in dynamically generating
interpretive content that adjusts to visitor behavior, interests, or
emotional feedback. Generative Al, in particular, presents new
opportunities for creating narrative-rich experiences, yet its use
in the museum context is still in its infancy and warrants deeper
theoretical and applied exploration.

In summary, the current body of literature confirms the
transformative potential of Al-driven guide systems in
enhancing visitor engagement, accessibility, and operational
efficiency. However, future research must go beyond tool-
centric perspectives and move toward integrated service models
that align technological capabilities with educational, ethical,
and cultural goals. This study aims to fill that gap by proposing

© GAS Journal of Engineering and Technology (GASJET). Published by GAS Publishers



https://gaspublishers.com/gasjet-home/
https://gaspublishers.com/

a holistic model of intelligent museum services grounded in
both theoretical analysis and empirical practice.

3. DESIGN PRINCIPLES OF Al SYSTEMS IN
MUSEUMS

The design of Al systems in museums must strike a
delicate balance between technological sophistication and
cultural sensitivity. While the technological backbone—
comprising algorithms, sensors, and cloud infrastructure—is
critical to ensuring real-time functionality and scalability, equal
attention must be paid to the interpretive and educational goals
that define the museum’s public mission. Effective Al design in
this context is not solely about automation; it is about meaning-
making, narrative mediation, and personalized cultural
engagement.

A core principle of Al system design is modularity, which
enables flexible deployment and targeted upgrades. Modular
architecture divides the system into functional layers—
typically including perception, data, interaction, and application
layers—that operate independently but communicate through
standardized protocols. This design ensures scalability and
simplifies maintenance while supporting the continuous
integration of new components such as upgraded recognition
algorithms or advanced user interfaces.

Another guiding idea is context awareness, referring to the Al
system’s ability to interpret visitor location, dwell time,
preferences, and environmental conditions to optimize content
delivery. Sensors such as RFID, LiDAR, or Bluetooth beacons
feed real-time contextual data into the system, allowing Al
agents to adjust tour recommendations dynamically. For
instance, if a visitor spends more time near an interactive
sculpture, the system may push related exhibits or offer
additional narratives through voice or visual guides.
Personalization forms the emotional and intellectual core of
intelligent guide systems. Leveraging user data—whether
explicitly provided (e.g., selected interests, language
preference) or implicitly gathered (e.g., navigation patterns,
interaction frequency)—AlI systems adapt content in terms of
depth, tone, and sequence. A first-time visitor may receive
broad overviews, while a repeat visitor or academic user might
access in-depth scholarly content, linked to research databases
or archival material.

Multimodal interaction is essential in accommodating diverse
learning styles and physical abilities. Al systems should support
a variety of input and output modes, including text, touch,
voice, image, and gesture-based commands. For example,
visually impaired visitors can benefit from audio-based
exploration enhanced by spatial audio cues, while children
might prefer touchscreen-based gamified content. Such
multimodal flexibility is also a key component of accessibility
and inclusion.

Cultural adaptability is another critical design consideration,
especially for international or multicultural audiences. Al
systems must be trained on culturally sensitive datasets and
support multilingual output. Beyond language translation,
cultural framing must be carefully handled—for example,
ensuring that religious, political, or ethnic content is presented

in ways that are historically accurate and contextually
appropriate. This requires interdisciplinary collaboration
between technologists, curators, and cultural experts.
Real-time responsiveness defines the efficiency of Al systems
in live exhibition environments. Unlike static signage or pre-
recorded audio guides, intelligent systems should respond
immediately to user input or environmental changes. This
includes not only answering visitor questions via natural
language processing but also adjusting recommendations when
crowding, lighting, or noise conditions change. Edge
computing and lightweight machine learning models are often
employed to reduce latency and ensure uninterrupted user
interaction.

Data ethics and privacy are foundational to responsible Al
design in public cultural institutions. Al systems must be
transparent in their data collection practices, clearly informing
users of how their data is used and offering opt-in/opt-out
choices. Personal data such as location, facial imagery, or voice
recordings must be securely stored and, where possible,
anonymized. Museums should implement data governance
protocols in line with national and international standards such
as GDPR.

Curatorial integration ensures that Al services align with the
interpretive goals of the exhibition. Rather than functioning as
isolated technical layers, intelligent systems must be embedded
into the storytelling logic of curatorship. This might involve
training Al agents to adopt curatorial “voices,” prioritize
thematically relevant objects, or facilitate guided discovery
based on narrative arcs. Al should serve not as a replacement
for curators but as an extension of their interpretive capacity.
System interoperability is critical in enabling collaborative
innovation across institutions. Museums often share digital
assets, research databases, or educational platforms, and Al
systems must be designed to interface with external APIs,
metadata standards (e.g., Dublin Core, CIDOC-CRM), and
cultural heritage ontologies. This fosters cross-institutional
learning, supports content syndication, and accelerates
innovation at the sector level.

Finally, user feedback loops are essential to iterative system
refinement. Al systems should incorporate mechanisms for
collecting user satisfaction data, behavioral analytics, and error
reports, feeding these into training datasets to enhance future
performance. A/B testing of interfaces, heat maps of visitor
movement, and post-visit surveys can all contribute to system
evolution. In this way, the museum becomes not only a site of
heritage preservation but also a laboratory for user-centered
innovation.

4. APPLICATION CASE STUDIES IN
LARGE MUSEUMS

The deployment of Al-powered intelligent guide
systems has been increasingly adopted by major museums
worldwide. This section presents ten detailed case studies from
renowned institutions, illustrating the diverse ways in which Al
technologies have been implemented to enhance visitor
experiences, streamline operations, and expand educational
impact.
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Case 1: The Palace Museum (Beijing, China)The Palace
Museum, also known as the Forbidden City, integrates Al-
driven virtual tours and 3D reconstructions in its "Digital
Palace" project. Using computer vision and voice recognition,
the museum offers intelligent navigation via mobile apps,
where users receive real-time exhibit information based on their
location. Additionally, the museum utilizes deep learning for
predictive maintenance of ancient wooden structures and to
automate artifact classification in digital archives.

Case 2: The British Museum (London, UK)The British
Museum has implemented mixed reality (MR) experiences,
such as the "Mystery of Nefertiti" program, which uses MR
headsets to allow users to explore ancient Egyptian settings. Al
chatbots support personalized Q&A sessions during and after
visits, with semantic search algorithms matching user questions
to the museum’s database. The system adapts its tone and depth
according to the user’s profile.

Case 3: National Museum of China (Beijing, China)This
museum features Al-based multi-language tour systems
integrated with facial recognition. The intelligent guide
platform adapts content based on visitor demographics and
interest levels, providing historical and cultural context via
augmented reality overlays. The museum also employs big data
analytics to monitor crowd flow and optimize exhibit layout.
Case 4: Smithsonian Institution (Washington, D.C., USA)The
Smithsonian’s Al-enhanced services include the “Smithsonian
Open Access” platform, which uses image recognition and
metadata extraction algorithms to tag and recommend related
artifacts. Visitors can interact with Al-driven kiosks that
provide tailored exhibit narratives. The institution also uses
machine learning to analyze public engagement trends and
recommend curatorial adjustments.

Case 5: The Louvre Museum (Paris, France)The Louvre has
experimented with Al avatars as virtual docents. These avatars
simulate real-time dialogue and respond to voice prompts using
NLP. The system is equipped with multilingual support and
adjusts narrative complexity depending on the visitor's age and
background. Additionally, Al is used behind the scenes to
manage digital cataloging and artifact authentication.

Case 6: Shanghai Museum (Shanghai, China)Shanghai
Museum has developed an immersive Al-powered guide app
that integrates indoor positioning with augmented reality (AR)
overlays. Visitors can view restored artifacts through AR
animations, while the system adapts explanations to user dwell
time and movement patterns. An Al chatbot answers visitor
queries in real-time, supporting Mandarin, English, and
Shanghainese.

Case 7: Museum of the Future (Dubai, UAE)ASs a purpose-built
digital-first institution, the Museum of the Future uses Al
extensively. Visitors are welcomed by Al-powered humanoid
robots that provide navigation support and personalized content
recommendations. The museum’s exhibits use generative Al to
simulate speculative futures, allowing visitors to interact with
predictive models of climate change, genetics, and artificial
intelligence itself.

Case 8: Tokyo National Museum (Tokyo, Japan)The Tokyo
National Museum employs Al-driven cultural heritage
preservation tools. Visitors experience interactive guides that
combine speech recognition and gesture tracking. A highlight

>

feature is the “Cultural Context Engine,” which uses Al to
generate narratives connecting Japanese artifacts to global
history, updated continuously with newly digitized materials.

Case 9: The Vatican Museums (Vatican City)The Vatican
Museums employ Al for both conservation and public
engagement. A notable project involves the digitization of
Vatican manuscripts, supported by machine learning for script
recognition and content indexing. For visitors, smart guide
devices deliver curated paths based on personal interest (e.g.,
theology, art history) using Al-generated recommendations.

Case 10: Qatar National Museum (Doha, Qatar)This museum
offers a fully immersive Al-assisted experience through voice-
activated wearable guides. Visitors receive curated,
multilingual content that adapts in real-time to their emotional
responses, monitored via biometric sensors. The Al system
adjusts storytelling techniques accordingly, offering poetic,
historical, or scientific interpretations of the same artifact.
These ten case studies collectively illustrate the remarkable
breadth and depth of artificial intelligence (Al) applications
across globally significant museums. From East Asia to Europe
and the Middle East, institutions have begun to move beyond
mere digitization toward fully integrated intelligent systems
that mediate the visitor experience in real time. Central to this
transformation is the shift from static information delivery to
dynamic, behavior-responsive interaction. Whether through Al
avatars at the Louvre or biometric-driven storytelling in the
Qatar National Museum, the guiding objective remains the
same: to deepen engagement by tailoring interpretation to
individual contexts, preferences, and behaviors.

A common thread across these institutions is the prioritization
of personalized engagement. The Palace Museum in Beijing
and the British Museum in London both employ Al algorithms
to adjust narrative tone and depth based on visitor data,
highlighting how machine learning can humanize the museum
experience. Notably, cultural and linguistic customization is
emphasized, as seen in the Shanghai Museum’s support for
regional dialects and the Vatican’s Al-generated theological
narratives. These examples underscore the sector’s recognition
that accessibility in a globalized context entails more than
translation—it requires semantic and cultural adaptation at
scale.

Equally important is the advancement of immersive
technologies powered by Al. Mixed reality (MR), virtual reality
(VR), and augmented reality (AR) are employed not as
spectacles, but as experiential bridges between artifacts and
interpretation. Institutions such as the British Museum, Tokyo
National Museum, and the Museum of the Future in Dubai use
Al to choreograph narrative depth, interactivity, and even
speculative futures. Here, Al is not merely a tool for
personalization but a co-author of curatorial imagination,
enabling visitors to participate in simulated historical, artistic,
and even predictive futurescapes.

From a systems engineering perspective, several museums are
also exploring backend Al functions such as predictive
analytics, environmental monitoring, and real-time visitor flow
optimization. The National Museum of China and the
Smithsonian  Institution exemplify this infrastructural
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intelligence, applying big data analytics to optimize spatial
design and exhibition configuration. This signals a convergence
between Al-enhanced operations management and front-end
user experience, forming a closed-loop feedback mechanism
where visitor behavior continually informs spatial and content
decisions.

Taken together, these cases reflect an emergent strategic
paradigm: intelligent museum systems are no longer
experimental add-ons but are evolving into foundational
infrastructures of cultural engagement. The synthesis of
personalization, immersion, and operational intelligence
demonstrates a shift toward holistic design thinking, where Al
systems are conceptualized not merely as tools but as integral
components of the museum’s epistemological and pedagogical
function. In the following chapter, this comparative insight will
be translated into a conceptual service model, articulating the
core pillars, functional architecture, and governance logic that
can inform future Al deployments in museum environments.

5. STRATEGIC PATHWAYS FOR
ENHANCING Al APPLICATIONS IN
MUSEUMS

To unlock the full potential of Al within museums,
institutions must move beyond isolated pilot initiatives and
develop integrated, long-term strategies that embed intelligent
technologies into all facets of museum practice. A fundamental
starting point is the construction of cross-departmental digital
ecosystems, wherein curatorial, technical, educational, and
administrative units collaborate closely. Rather than treating Al
as an external plug-in managed solely by IT departments,
museums should establish dedicated digital transformation task
forces. These interdisciplinary teams can ensure that
technological design aligns with institutional values,
interpretive goals, and audience development strategies,
thereby avoiding the pitfalls of technology-led decision-making
divorced from cultural and pedagogical contexts.

A second strategic axis involves enhancing infrastructure
readiness and interoperability. Many museums, especially those
with legacy systems, face bottlenecks in terms of data
standardization, network stability, and hardware scalability.
Addressing these constraints requires phased investment in
robust digital infrastructure, including cloud-based platforms,
IoT sensor networks, and high-speed edge computing.
Interoperability should be guided by open standards such as
CIDOC-CRM and LIDO, allowing for seamless integration
across exhibition systems, content management databases, and
visitor analytics tools. Museums should also prioritize API
accessibility, enabling partnerships with external developers,
universities, and cultural platforms.

Third, museums must develop content strategies tailored for
intelligent delivery. Al systems require structured, machine-
readable metadata and context-rich narratives to function
effectively. This demands not only digitization of collections,
but also semantic enrichment, knowledge graph construction,
and ontology mapping. Curators, archivists, and educators
should co-develop interpretive datasets that support adaptive
storytelling. Additionally, museums should explore generative
Al models trained on curatorial texts, academic publications,

and oral histories, enabling systems to dynamically produce
multilayered content tailored to different audiences and
emotional registers.

In parallel, enhancing the human-Al interface is critical to
audience satisfaction. Al systems must be designed with UX
principles that support intuitive, multimodal interactions—
whether through natural language processing, gesture
recognition, or visual navigation. Personalization algorithms
should be transparent, with user-controlled settings for content
depth, thematic focus, and privacy preferences. Furthermore,
the use of Al avatars or virtual hosts should go beyond novelty
to serve as empathetic mediators of cultural meaning.
Aesthetics, tone, and behavior of Al interfaces must reflect the
diversity of global museum audiences, ensuring cultural
resonance and emotional inclusivity.

Equally important are ethical and governance frameworks that
ensure the responsible use of Al in museum contexts. Al
applications must comply with international data protection
laws (e.g., GDPR), and museums should develop clear data
governance policies, including guidelines for informed consent,
data anonymization, and algorithmic accountability. Ethical
advisory boards should be convened to oversee the deployment
of Al in areas such as facial recognition, emotional monitoring,
and predictive behavior modeling. Moreover, museums should
engage the public in conversations about Al’s role in cultural
interpretation, fostering transparency and trust through
participatory co-design processes.

Finally, sustainable advancement depends on capacity building
and sector-wide collaboration. Museums must invest in
continuous professional development, equipping staff with
digital fluency in Al concepts, data ethics, and system
evaluation. Partnerships with universities, startups, and civic
tech organizations can catalyze innovation while mitigating
resource constraints. National or regional museum networks
should share best practices, establish open-source toolkits, and
advocate for public funding mechanisms that support Al
infrastructure. In doing so, museums will not only enhance their
technological readiness but also solidify their position as agile,
inclusive, and future-oriented institutions in the digital cultural
landscape.

6. CONCLUSION

This study set out to investigate how
artificial-intelligence-driven smart-guide systems are reshaping
the epistemic, operational, and experiential landscape of
contemporary museums. By tracing the evolution of visitor
expectations, dissecting the architectural principles of Al
platforms, and analysing ten flagship implementations across
five continents, the paper articulates a holistic service model in
which personalisation, immersion, precision, and interaction
converge to produce richer pathways of cultural
meaning-making. The findings affirm that AI, when aligned
with curatorial intent and robust governance, can extend the
museum’s pedagogical reach, democratise access to heritage
narratives, and catalyse new forms of participatory engagement.
Notwithstanding these contributions, several limitations
warrant acknowledgment. First, the case studies, though
diverse, are skewed toward large, resource-abundant
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institutions; smaller museums operating under constrained
budgets may face markedly different adoption barriers. Second,
the rapidly evolving nature of Al technologies means that any
descriptive account risks temporal obsolescence; some
solutions highlighted here may become superseded before
formal publication. Third, the study relies predominantly on
secondary data and publicly available documentation, which
may not fully capture behind-the-scenes challenges such as
organisational resistance, data-management overheads, or
nuanced visitor-privacy concerns.

Future research should pursue longitudinal, mixed-method
evaluations that measure learning outcomes, emotional
resonance, and institutional return on investment over time.
Comparative studies across varied cultural and economic
settings would enrich understanding of context-specific success
factors, while experimental deployments of generative Al could
illuminate its capacity for dynamic storytelling and automated
curation. Finally, interdisciplinary inquiry into ethical
frameworks—spanning  algorithmic  transparency,  bias
mitigation, and digital sovereignty—will be essential to
ensuring that intelligent museum systems evolve in ways that
are not only technologically robust but also socially responsible
and culturally inclusive.
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