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Abstract: AIGC (Artificial Intelligence Generated Content) is emerging as a critical engine for knowledge production.
Clarifying the applicability and application scenarios of AIGC in smart museum innovation will help to uncover the competitive
advantages of museums and enhance their value. This paper, combining the technical characteristics of AIGC and the features
of smart museums, elaborates on the applicability of AIGC in empowering the integrated innovation of smart museums. It also
explores the application scenarios of AIGC in various value activities such as museum artifact research, collection protection,
exhibition planning, promotional education, and audience services from the perspective of the value chain. The study finds that
AIGC can efficiently promote the production and dissemination of museum knowledge, deepen the interactivity and richness of
cultural experiences, and enhance the accessibility and inclusivity of museums.
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1.

In the "Intelligent+" era, generative Al tools like ChatGPT,
Sora, and Midjourney have gained global popularity, marking
a shift from "weak artificial intelligence" to "strong artificial
intelligence." AIGC has rapidly permeated cultural industries
such as gaming, news, entertainment, and film, driving large-
scale  transformations in  knowledge  production,
dissemination, and experience.

As the forefront laboratories of our shared cultural spirit,
the core business logic of museums revolves around
"knowledge" - its construction, accumulation, validation, and
dissemination[1]. The realization of museum functions
requires rebuilding the relationship between objects and
people, stimulating the meaning of objects, and enriching
human experiences. In this process, AIGC, as a vital branch
of the new generation of artificial intelligence technology, can
play a bridging role in establishing communication and
dialogue mechanisms between museums and audiences. The
2023 annual trend report released by the American Alliance
of Museums (AAM) predicts that the integration of AIGC
technology will bring profound changes in collection
protection, exhibitions, education, and audience services in
museums|2]. In the museum field, leveraging the capabilities
of generative Al can drive digital guides to support more
timely and personalized audience navigation, create a hybrid
space of virtual and real interactions to strengthen the
interactive experience, and automate the analysis and
extraction of textual information to assist in curatorial content
creation, significantly improving planning efficiency. Based
on the characteristics of smart museums, which are highly
digital, interactive, and continuously evolving, AIGC
simulates human intelligence in terms of perception,
cognition, and content creation, promoting more efficient
knowledge production and dissemination, deepening the
interactivity and richness of cultural experiences, and
enhancing the accessibility and inclusivity of museums.

Michael Porter's value chain theory has considerable
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applicability and  methodological significance  for
systematically analyzing museum innovation. This paper
explores the role of AIGC technology in reshaping museum
business processes from the perspective of the value chain
and, on this basis, examines how AIGC can empower the
value creation of museums, aiming to provide reference and
guidance for museum innovation.

2. Literature Review

Scholars at home and abroad have made multiple
hypotheses regarding the application of AIGC in the fields of
cultural heritage and museums, reflecting the museum
community's high sensitivity and dynamic adaptability to
technological changes. From a holistic perspective, academia
has systematically analyzed the rationale for introducing
AIGC technology into cultural memory institutions that
support cultural heritage preservation and dissemination
services (such as libraries, art galleries, museums, and
archives - collectively referred to as GLAMS), and outlined
and anticipated application scenarios. Scholars like Ma Lecun
et al. have discussed the applicability of AIGC for the digital
and intelligent development of GLAMS from the perspectives
of policy, academia, industry, data, and users[3]. Wang Nuo,
Bi Xuecheng, and Xu Xin believe that in the metaverse
scenario, AIGC can efficiently construct virtual spaces for
GLAMS, reconstruct organizational structures, promote
knowledge production, reshape external interaction
relationships, and bring opportunities for expanding public
service functions[4].

Focusing on the museum field, scholars like Zhao Zhuo,
Tian Kan, and Wu Tao pointed out that AIGC will bring
transformations to museum cultural research, promotional
education, and audience services, addressing issues such as
the scarcity of educational resources and the lack of
personalization in museums[5]. Zhou Dingkai, Zhao Jing, and
others have explored specific technologies, envisioning the
role of natural language processing[6], large language
models[7], and other technologies in driving smart museum



business innovations. Other scholars have focused on specific
operations, discussing how AIGC technology can generate
curatorial plans[8], enhance the interactive narrativity of
exhibitions[9], or empower the intelligent processing and
service of cultural heritage resources[10], intelligent
information processing of ancient books[11], personalized
recommendation systems[12], and digital guides[13].
Moreover, some scholars have also noted the risks and
challenges brought by technology, such as Liu Jian pointing
out that the application of AIGC in museums may lead to the
replacement of traditional jobs, data privacy leaks, and the
embedding of value biases[14].

In summary, the innovation in museums driven by AIGC
and other next-generation artificial intelligence technologies
has garnered academic attention. This interest spans both the
theoretical framework and technical application levels,
impacting various aspects of museum operations, including
audience services, collection management, exhibition
planning, and cultural heritage research. However, the
research in this area is still in its early stages, with a relatively
small body of work. The existing studies tend to focus on the
impact of specific technologies, such as ChatGPT, natural
language processing, and large language models, but lack a
systematic approach. Furthermore, while some research
analyzes the application scenarios of AIGC in GLAM
(Galleries, Libraries, Archives, and Museums) institutions as
a whole, there is a shortage of in-depth examination of
museum-specific innovations. Additionally, there is a lack of
collaborative research on the synergy between AIGC-enabled
museum innovation and the applicability of these
technologies. Therefore, this paper aims to clarify the
rationale behind AIGC's reengineering of smart museum
business processes. By employing Porter's value chain theory,
it explores how AIGC empowers the integrated innovation of
smart museums, considering how to maximize the inherent
value of museums while enhancing their competitiveness, in
addition to improving efficiency through technology.

3. The Applicability of AIGC in
Empowering the Integrated
Innovation of Smart Museums

The Fourth Technological Revolution, marked by the
advent of mobile internet, artificial intelligence, and big data
technologies, has profoundly influenced the evolution of
museums. Following the phases of museum informatization
and digitization, the development of smart museums has
become a significant trend in the current museum landscape.
In 2012, the Louvre in Paris, in collaboration with IBM,
established Europe’s first smart museum, sparking a wave of
smart museum development. Over the past decade, as an
intelligent ecosystem, the smart museum has undergone
continuous self-evolution and has consistently integrated new
technologies and concepts, embodying three fundamental
characteristics: resource integration, data reproduction, and a
human-centered approach.

In the realm of integrated innovation within smart
museums, the incorporation of AIGC technology is set to
enhance intelligent collaboration, improve service efficiency,
enrich user experience, and invigorate every link in the
museum's value chain. IBM defines AIGC as a technology
based on generative algorithm models that can create original
content—such as text, images, videos, audio, or software
code—based on user prompts or requests. It boasts
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advantages such as continuous availability, enhanced
creativity, improved decision-making, and increased
personalization, with the potential to accelerate or automate
labor-intensive tasks and reduce costs[15].From the
perspective of content creation, AIGC represents a method of
content production distinct from PGC (Professionally
Generated Content) and UGC (User-Generated Content).
Technologically, AIGC is a collection of technologies used
for the automated generation of content. Supported by large
models, AIGC has evolved to include three cutting-edge
capabilities: intelligent digital content twinning, intelligent
digital content editing, and intelligent digital content
creation[16].

This section will explore the applicability of AIGC in the
integrated innovation of smart museums by considering the
characteristics of smart museums and the technical features of
AIGC.

3.1. Harnessing Cultural Productivity through
Data-Driven AIGC

The operational model of a smart museum primarily
revolves around the collection, transmission, integration,
management, and utilization of data. Similarly, in the
operational framework of AIGC, data serves as the
fundamental "fuel." The '"imagination" and -creative
capabilities of AIGC are generated by computers through
learning and simulation based on vast amounts of data[17].
Given this dependency on data, AIGC shares the same
production resources as smart museums, Wwhich
fundamentally determines the potential for their integration.

"People" and "objects" are the primary sources of data for
smart museums. This includes data on collections,
preservation, research, visitors, management, and social
interactions, all of which can support AIGC's data training.

Data flows multidirectionally among "people < objects 2
space." In this process, AIGC possesses the capacity to handle
vast amounts of data, efficiently collecting, processing, and
analyzing various types of data. It can uncover complex
relationships  within multidimensional data, thereby
endowing museums with the abilities to think, understand,
reason, and interpret.

3.2. Cross-Modal Integration and Innovation:
Enhancing Resource Integration
Efficiency with AIGC

Transitioning from "extensive" management to "refined"
operations, smart museums have overcome the limitations of
digital museums, such as information silos, by structurally
optimizing and re-integrating previously fragmented digital
resources. This has enabled comprehensive and in-depth
interconnectivity of information. However, the challenge of
how to transform the vast digital resources of museums into
knowledge and present it to the public continues to impede
the development of smart museums. The introduction of
AIGC can make resource integration more efficient, further
promoting knowledge production and dissemination within
museums.

Cross-modal integration is a distinctive feature that sets
AIGC apart from UGC (User-Generated Content) and PGC
(Professionally Generated Content). AIGC can process data
and information from different modalities, sources, and tasks.
Cross-modal integration innovation has two key capabilities:

First, it identifies the correspondences between different



modalities of data, such as linking a piece of text with its
corresponding image. AIGC organically integrates text,
images, audio, and video to form a unified knowledge graph,
allowing for more in-depth and comprehensive research on
collection information. It can also automatically recognize
and integrate the attribute information of artifacts, which are
interrelated and influence each other, thereby strengthening
the research on the original context and the systematic
connections between artifacts. This deepens the
understanding of the multifaceted value of cultural relics.
This capability not only enhances the depth and precision of
researchers' understanding of collections but also enriches the
coherence and richness of information display.

Second, it facilitates the mutual conversion and generation
of different modalities of data. For example, it can generate
dynamic videos or 3D models based on a textual description,
significantly improving the efficiency of knowledge
production and enriching the formats of collection exhibitions.

3.3. Emphasizing Human-Centeredness: AIGC
Facilitating Interactive Dialogue

In the process of museum digitization, while the use of
audiovisual technologies has enhanced the physical
accessibility of exhibits, the unidirectional nature of
information dissemination has often failed to achieve true
cultural accessibility.

The "intelligence" of a smart museum is directly reflected
in the audience's "experience," emphasizing the primacy of
the human subject and the ultimate enjoyment. By
establishing a mechanism for communication and dialogue
between the audience and the exhibits, smart museums
encourage visitors to actively explore historical, artistic, and
social knowledge. AIGC, when combined with virtual reality
(VR) and augmented reality (AR) technologies, can digitally
replicate and twin museum resources, creating three-
dimensional exhibition spaces. This provides an immersive
experience for visitors to explore the past and gain knowledge,
stimulating their memory, discovery, and imagination.
Additionally, AIGC possesses a certain level of cognitive
interaction capability, which can enhance the narrativity and
readability of collections. Users can ask questions about the
artifacts at any time, engaging in dialogue to further
understand the historical context of the items, greatly
enhancing their sense of immersion and participation.

Moreover, the human-machine collaboration brought about

by AIGC can free humans from physical and mental labor in
many situations, such as enabling digital avatars to provide
consultation and guided tour services. With its advantages of
high efficiency, quality, and scalability in content generation,
AIGC expands the intrinsic meaning of human subjectivity.

4. Integration and Presentation of
AIGC in the Museum Value Chain

Porter's value chain theory posits that the value creation of
any business entity is not merely achieved through marketing
but is accomplished through a series of activities, including
design, production, sales, delivery, and service. These
activities form a dynamic process of value creation, known as
the "value chain"[18]. The value chain consists of primary
activities and support activities[19]. At the 2006 American
Alliance of Museums (AAM) conference, Porter analyzed the
primary activities of the museum value chain, which include:
acquisition and preservation, exhibition, reception, marketing,
and visitor services, with support activities encompassing
infrastructure, finance and funding, human resources
management, project and content development, and
educational activities[20]. Each of these activities contributes
to the creation of museum value and forms links in the
museum value chain, playing a crucial role in optimizing the
museum's competitive advantage.

As the social environment evolves, the value activities of
museums continue to change. In August 2022, the
International Council of Museums (ICOM) established a new
definition of museums, stating: “A museum is a not-for-profit,
permanent institution in the service of society that researches,
collects, conserves, interprets, and exhibits tangible and
intangible heritage. Open to the public, accessible and
inclusive, museums foster diversity and sustainability. They
operate and communicate ethically, professionally, and with
the participation of communities, offering varied experiences
for education, enjoyment, reflection, and knowledge
sharing”[21]. According to this definition, the core business
of contemporary museums revolves around "knowledge,"
encompassing activities such as the research, collection,
conservation, interpretation, and exhibition of both tangible
and intangible cultural heritage, thereby achieving the
construction, dissemination, and experience of knowledge.

In light of this new definition, this paper re-examines the
composition of the museum value chain by combining
museum operations with the value chain model.
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As shown in Fig. 1, the management support layer (support
activities) indirectly creates value by carrying out a series of
tasks surrounding the museum's fundamental operations,
providing a comfortable, convenient, and safe environment
for the museum's daily operations. This includes activities
such as human resources management, financial management,
and IT information management. At the core business layer
(primary activities), the five fundamental functions-artifact
research, collection preservation, exhibition planning, public
education, and visitor services-are the key activities that
directly create social and economic benefits by constructing,
managing, and experiencing knowledge within the museum.
A crucial question is how to present the museum's historical,
artistic, scientific, and sociocultural knowledge to the
audience in an engaging manner. As a productivity engine,
AIGC possesses powerful capabilities for knowledge
acquisition, analysis, and application, offering significant
potential and promising applications in the core business
areas of museums.

4.1. Cultural Relics Reasearch

"Research" is universally recognized as the most critical
function of museums worldwide. The activation and release
of other museum functions are inseparable from meticulous
research into the museum's own positioning, needs, and
knowledge production[22]. Museum research delves into the
content of collections, revealing their meanings through
multidisciplinary interpretation of information and value.

AIGC has the capability to comprehend and perceive vast
amounts of data, handling multimodal information such as
text, images, and video, thereby enhancing the
understandability and interpretability of this information. By
employing related technologies such as machine learning,
natural language processing, and knowledge graphs, AIGC
can not only assist researchers in discovering the intrinsic
connections and patterns among different attributes of
information but also perform intelligent analysis, synthesis,
and visualization.

For instance, the Shanghai Museum's Dong Qichang
Digital Humanities Project utilized AIGC technology to map
out humanistic networks. Based on high-resolution image
data of Dong Qichang’s calligraphy and painting collections,
as well as other related data resources, AIGC extracted key
information to systematically outline the various humanistic
networks that influenced Dong Qichang's artistic career,
including aspects of collection, social interactions, education,
and legacy[23]. Moreover, AIGC technology performed
associative data analysis on dispersed documents related to
Dong Qichang, covering people, dates, places, events, and
works. This analysis revealed Dong Qichang's distinctive
creative characteristics at different times on a vertical timeline
while also comparing the differing social, economic, and
historical contexts between the East and West. The final
chronicle not only encapsulated the creative journey of Dong
Qichang’s life but also provided a snapshot of the significant
political and artistic events of the same period in both Eastern
and Western societies, serving as a microcosm of the social
changes and artistic developments of the late Ming dynasty.

4.2. Collection and Preservation

"Collection" involves gathering, authenticating, registering,
and categorizing tangible or intangible cultural heritage,
thereby incorporating these artifacts into the museum's
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knowledge research system. To facilitate preservation and
display, digital collection methods have been widely adopted
for recording and archiving information about cultural
artifacts. AIGC’s ability to produce cross-modal content, such
as generating audio, images, and video from text or
converting 2D images into 3D models, significantly enhances
the efficiency of digitization. For example, when combined
with 3D scanning technology, AIGC can capture high-
precision data on an artifact’s shape, texture, and color under
non-contact conditions, rapidly and efficiently generating 3D
models. This process creates digital archives of artifacts while
also preventing any damage to the original objects[24].

Moreover, through the use of deep learning and other
advanced technologies, AIGC can simulate human behavior,
creativity, and styles, enabling the creative restoration of
artifacts. This not only helps preserve the cultural significance
embedded in the artifacts but also extends their lifespan. For
instance, the famous Yuan Dynasty painting "Dwelling in the
Fuchun Mountains" was partially damaged by fire, with the
large and small sections of the painting now housed separately
in the Zhejiang Provincial Museum and the National Palace
Museum in Taipei. To ensure that the restored painting
matched the existing authentic pieces, Baidu's Wenxin visual
model undertook extensive study of Chinese landscape
painting techniques, mastering elements such as composition,
ink usage, and brushwork. It then applied this knowledge to a
single-sample study of Huang Gongwang's "Dwelling in the
Fuchun Mountains." The resulting restoration achieved a
unified lighting style and harmonious landscape structure,
successfully reuniting the separated painting sections across
the Taiwan Strait. Similarly, the Rijksmuseum's "Operation
Night Watch" restoration project utilized AIGC technology to
learn and mimic Rembrandt’s painting techniques, thereby
restoring the masterpiece "The Night Watch," a highlight of
the Dutch Golden Age of portraiture.

4.3. Exhibition Planning

Museum "exhibitions" serve as methods for presenting,
communicating, and experiencing knowledge. AIGC's
generative capabilities have broad applications in curatorial
tasks, such as generating exhibition outlines, themes, display
plans, exhibit labels, posters, and promotional copy[25].
Duke University's Nasher Museum of Art was the first to
experiment with AIGC throughout the entire curatorial
process, launching the exhibition "Pretend You're a Curator:
An Al-Generated Exhibition"[26]. From the exhibition theme
to the selection and description of exhibits and display design,
everything was generated by ChatGPT, with the total cost of
the technology amounting to $10.71. Although AIGC has
shown some limitations in areas like aesthetic judgment,
autonomy, and large-model hallucinations, as super artificial
intelligence develops, AIGC will have vast potential
applications in the museum exhibition field.

In terms of generating exhibit labels, the Harvard Art
Museums have used various computer vision services, such
as Google Vision and Azure OpenAl, to recognize visual
features and text information in images. They applied AIGC
technology to classify, label, describe, and annotate their art
collection, covering 378,002 images of artworks[27]. The
museum believes that without the specialized training of an
art historian, AIGC’s interpretive perspective is closer to
reflecting the public’s view.

Regarding exhibition design, museums provide an



environment where visitors can construct specific meanings.
Enhancing the interactivity of exhibitions can offer visitors
immersive spaces for imagination, encouraging active
engagement, empathy, and creativity. AIGC, with its digital
content duplication capabilities, can more efficiently and
economically create virtual spaces, simulating and reenacting
historical and cultural scenes to enable dialogues between the
past and present. Additionally, in virtual settings, embedding
AIGC’s interactive dialogue and cross-modal creation
capabilities into interactive installations can enhance the
connections and resonance between visitors and exhibits. At
the end of 2022, the Dali Museum in Florida used OpenAl's
image generation technology, DALL-E, to launch the “Shapes
of Dreams” exhibit. DALL-E created personalized images
based on visitors’ descriptions of their dreams, which were
then collaged into unique Dali-style artworks[28]. This
immersive experience can guide visitors to reflect on personal
growth and expansion, helping shift knowledge dissemination
from museum-led education to visitor-driven exploratory
learning.

4.4. Publicity and Education

The primary method for museum publicity involves using
communication media to disseminate knowledge both inside
and outside the museum, while encouraging public
participation in the theoretical construction of museum
knowledge through interactive communication. In the era of
mobile internet, video imagery is more intuitive in
showcasing cultural heritage and telling the stories of artifacts,
which can attract a broader audience and effectively enhance
the visibility and impact of cultural heritage. However, when
museums and other institutions attempt to use internet
platforms to distribute specialized content, such as creating
videos that align with the intrinsic value of cultural heritage,
they often face dual challenges in content creation and
operational promotion[29].

AIGC’s production capabilities can be involved in the
entire video production process, including topic planning,
scriptwriting,  copywriting, and video  production.
Additionally, by using AIGC technology, large amounts of
data can be analyzed to identify user characteristics,
preferences, and needs, thereby generating content that aligns
with user aesthetic preferences and optimizing the user’s
emotional experience and usage context. This approach not
only enhances the dissemination of content from multiple
dimensions, such as innovation, aesthetics, and emotion, but
also fulfills user desires for knowledge, identity recognition,
and leisure cultural experiences.

At the "2024 China-Al Festival," the 2,000-year-old
Terracotta Warriors "performed" alongside singer Dong
Baoshi in a cross-temporal duet of the song "Marching to
War," using the Huayin Laoqgiang style to showcase the
"mighty spirit of the Qin Dynasty." The program, co-
produced by Alibaba Cloud Tongyi Lab and the Qin Shihuang
Mausoleum Museum, utilized a generative AI model, EMO,
to bring the artifacts to life with realistic singing
performances. This exhibition received high likes and shares
on short video platforms like WeChat Video Channels and
Douyin, winning widespread audience acclaim.

Museums experimenting with AIGC technology to produce
creative short videos can significantly reduce production
costs and technical barriers. However, it is essential to avoid
issues like "overuse of technical effects," "sensory overload,"
and "formulaic approaches" while focusing on expressing the
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cultural depth and aesthetic significance.

4.5. Visitor Services

In the 21st century, museums have shifted from being
"collection-centered" to "visitor-centered," emphasizing the
human interpretation of cultural significance and the
construction of meaning in life. The trend toward
personalization, diversity, and quality in visitor needs has
further encouraged museums to prioritize visitor research.
Museum interpretation services play a crucial role in bridging
the knowledge gap, establishing communication mechanisms
with visitors, and promoting cultural dissemination. By
making complex knowledge accessible and engaging,
museums can immerse visitors in scenes that are
understandable, interactive, and capable of awakening
memories through associations.

Compared to human interpreters, Al-generated digital
humans offer flexibility and personalization advantages. First,
Al digital humans can provide 24-hour interpretation, guided
tours, and consultation services, enabling a "non-stop service"
and "never-ending exhibitions" museum experience. AIGC
can simulate human communication styles, making
interactions more lively and natural. Additionally, based on
natural language processing technology, digital museum
interpreters can continuously learn new knowledge and
update their interpretation content according to changes in
exhibition information. By integrating technologies such as
virtual reality (VR) and augmented reality (AR), Al digital
humans can vividly recreate the environment in which
artifacts were used, explain their usage, and demonstrate their
manufacturing processes during interpretation.

Second, AIGC-driven digital humans can quickly edit
attributes such as appearance, tone, emotion, and expression
to suit different contexts and environments[30]. When
interacting with visitors, generative Al can shape
personalized interpretation styles based on the specific needs
and interests of users, recommending tour routes that align
with visitor preferences. With the integration of speech
synthesis technology and cross-modal content generation
capabilities, it can also replicate voices, providing
communication services in different dialects or multiple
languages.

Currently, museums such as the Capital Museum, Henan
Museum, and Shanghai Natural History Museum are
experimenting with Al digital human interpreters.
Additionally, the "Starlight Project," initiated by Tencent
under the guidance of the National Cultural Heritage
Administration, is helping small and medium-sized museums
tell artifact stories through Al digital humans.

5. Conclusion and Reflection

From the transition to informationization and digitalization
to the era of smart museums, technological revolutions have
profoundly impacted the evolution of museum forms. AIGC
(Artificial Intelligence-Generated Content) is a crucial
knowledge production method in the "intelligent+" era. Its
technical advantages in cognitive interaction, content creation,
cross-modal integration, and large-scale data processing align
with the museum's business logic, which centers around
"knowledge." Under the value orientations of intelligence,
efficiency, and immersion in smart museums, AIGC will
invigorate various value activities such as artifact research,
collection preservation, exhibition planning, publicity and
education, and visitor services. This will promote knowledge



production and cultural dissemination, enhancing the public's
knowledge experience and intellectual capabilities. Smart
museums can leverage their positioning, from a value chain
perspective, to explore their competitive advantages, thereby
enhancing cultural, educational, social, and economic value.

Although AIGC has broad application prospects in the field
of integration and innovation within smart museums, its
development relies on three key factors: computing power,
algorithms, and data. The deep integration and presentation of
AIGC technology within smart museums require further
exploration of cross-sector partnerships. Smart museums can
build on the achievements of artifact digitization by opening
their "digital resource libraries" and "digital material
libraries" and collaborating extensively with tech companies
in content and technology, thereby achieving value co-
creation in knowledge.
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