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ABSTRACT

A cultural museum is a comprehensive institution or activity that encompasses the fields of cultural heritage,
museums, art, and the cultural industry. The cultural and museum sector aims to preserve, inherit, and showcase
cultural heritage, promote cultural exchange and dissemination, and advance the development of the cultural
industry. In the broader context of the metaverse, the integration of 3D scanning and animation into virtual
reality museum design signifies not only technological innovation but also an extension of philosophical
perspectives, reflecting human cognition, expression, and inheritance of cultural heritage. In the vision of
museum futurism, the novel presentation methods that fuse virtual space with the metaverse are leading a
revolutionary transformation in the protection, exhibition, and inheritance of cultural heritage. This emerging
trend not only offers unprecedented exhibition experiences at the technical level but also opens up entirely new
possibilities for cultural exchange, educational inheritance, and innovative design.
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1. INTRODUCTION

3D scanning and animation technology are
increasingly needed in the virtual space design of
cultural museums. This demand stems from the
improvement of traditional display methods and the
pursuit of digital presentation. Through 3D
scanning technology, cultural heritage items can be
accurately restored and digitally recorded for high-
fidelity  presentation.  Animation  technology
provides a richer experience by adding elements
and interactivity that enable the audience to
participate. In the design of cultural museum virtual
space, the integration of 3D scanning and animation
can provide multi-level display and interpretation.
The audience can interact with the cultural heritage
through the virtual space and feel a more
personalized and immersive experience. This
digital presentation can also transcend the
limitations of time and space, allowing visitors to
visit the exhibition without having to physically
visit the museum. At the same time, cultural
museums can also attract more visitors through
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virtual space design and improve the accessibility
and influence of exhibitions.

Therefore, 3D scanning and animation are
becoming more and more important in the virtual
space design of cultural museums. This
convergence can lead to more engaging and
interactive exhibitions, while meeting audience
expectations  for  personalized, immersive
experiences, and promoting the inheritance and
promotion of cultural heritage.

2. EVOLUTION AND
CHARACTERISTICS OF 3D
SCANNING AND ANIMATION
TECHNOLOGY

3D scanning technology involves the use of
specialized equipment, such as laser scanners or
cameras, to capture the three-dimensional
geometric information and texture of objects or
scenes in the real world. This technology finds
extensive applications in fields such as architecture,
engineering, cultural heritage preservation, and
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medicine. Through 3D scanning technology, high-
precision object replication, modeling, and
measurement can be achieved. 3D scanning
technology, in conjunction with animation
technology, produces a series of sequential images,
creating the illusion of motion when rapidly played.
It is commonly used in entertainment industries
such as film, television, gaming, and virtual reality.
It is employed not only for fictional characters and
scenes but also for simulating and visualizing the
real world.

2.1 Principles and Development of 3D
Scanning Technology

The principles of 3D scanning technology can
be summarized in several steps:

* Data acquisition: Specialized equipment
such as laser scanners, structured light
scanners, or cameras are used to scan
objects or scenes. Laser scanners employ
laser beams to scan the object's surface,
while structured light scanners use light
sources and cameras to measure the
projected light patterns on the object's
surface. Cameras capture images of the
object or scene.

 Data processing: The acquired data
undergoes processing and analysis through
algorithms to extract the object's geometric
information and texture. This includes
reconstructing point cloud data, generating
triangular meshes, and mapping textures.

e Model generation: The processed data is
transformed into a 3D model, creating a
visual representation of the object based on
the collected geometric information and
textures.

The development of 3D scanning technology
has undergone several significant stages:

e Early stages: The earliest 3D scanning
technologies involved mechanical
measuring  instruments and  manual
operations to capture the geometric
information and texture of objects. This
method was time-consuming and had
limited accuracy.

e Laser scanning era: With advances in laser
technology, laser scanners began to be used
in 3D scanning, greatly improving
scanning speed and accuracy. Laser
scanners use laser beams to scan objects
and capture their geometric information by
measuring the reflection or scattering of
the laser beam.
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e Structured light scanning era: With the
development of computer vision and
optical  technology, structured light
scanning technology emerged. Structured
light scanners use light sources and
cameras to measure the light patterns
projected onto the object's surface. It is
characterized by ease of operation and fast
scanning and is widely used in various
fields.

e Camera scanning era: With the continuous
advancement of digital camera technology,
ordinary digital cameras can also be used
for 3D scanning. By capturing images of
the object from multiple angles and using
visual algorithms for image matching and
reconstruction, corresponding 3D models
can be obtained.

Currently, 3D scanning technology finds
widespread applications in fields such as
architecture, cultural  heritage  preservation,
medicine, and engineering. As hardware and
algorithms continue to evolve, 3D scanning
technology will further enhance accuracy and
convenience, facilitating deeper applications in
various domains.

2.2 Innovation and Application Areas of
Animation Technology

Animation technology has been continuously
innovating, bringing impressive visual effects and
diverse applications.

2.2.1 Computer-Generated Imagery (CGI)

CGI animation is generated by computer
graphics and special effects. With the continuous
development of computer hardware and software,
CGlI animation has become more realistic, detailed,
and controllable. It is widely used in the film,
television, and gaming industries, playing a crucial
role in special effects, character design, and virtual
reality.

2.2.2  Motion Capture Technology

Motion capture technology uses specialized
equipment to track the movements of actors or
objects and convert them into the movements of
digital animated characters. This technology makes
the movements of animated characters more
realistic and natural.
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2.2.3  Hybrid Animation

Hybrid animation combines real footage with
computer-generated imagery, creating a lifelike
virtual world. This technology is often used in film,
television, and gaming, blurring the boundaries
between reality and virtuality.

2.2.4 Video Game Animation

With the booming video game industry,
animation plays a crucial role in games. Game
animation technology includes motion capture for
characters, rendering game scenes, real-time
generation of special effects, and provides players
with rich gaming experiences.

2.2.5 Interactive Animation

Interactive animation allows the audience to
participate in and control animations, making the
audience an integral part of the story. This
technology is commonly used in virtual reality
games, interactive exhibitions, and children's
education.

2.2.6  Virtual Reality (VR) Animation

Virtual reality technology provides immersive
experiences for the audience, making them feel like
they are part of the virtual world. VR animation is
gradually applied in fields such as film, gaming,
and education, offering users entirely new viewing
and participation experiences.

In summary, continuous innovation in
animation technology drives the development of
film, television, gaming, and virtual reality.
Through ongoing technological progress and
innovation, animation technology provides us with
diverse visual experiences and plays a crucial role
in various fields.

2.3 The Role and Potential of 3D Scanning
and Animation Technology in Museum
Design

3D scanning and animation technology have
extensive roles and enormous potential in museums.

Firstly, 3D scanning technology can be used to
create digital representations of museum collections,
transforming physical objects into precise 3D
models. This allows museums to preserve, manage,
and exhibit special and valuable cultural artifacts
while offering opportunities for people unable to
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visit museums in person to explore and learn
through digital technology.

Secondly, aniation technology, in conjunction
with 3D models and virtual reality technology, can
create immersive museum experiences. With virtual
reality devices, visitors can virtually appreciate
artworks, explore historical scenes, or visit
important cultural sites, resulting in interactive
experiences that deepen their understanding and
appreciation of exhibits.

Furthermore, 3D scanning and animation
technology can be utilized in the design and
planning of museum exhibitions. Through virtual
displays and creative presentations, museums can
offer more display methods and interaction options,
enhancing the audience's understanding and interest
in the exhibition content.

Regarding potential, 3D scanning and animation
technology can continue to innovate the museum
sector. In the future, artificial intelligence can be
employed for artifact recognition and classification,
making museum collection management more
efficient. ~ Additionally,  augmented reality
technology combined with physical exhibits can
provide richer exhibition experiences. In summary,
3D scanning and animation technology have
limitless potential in museums, offering audiences
richer, immersive museum experiences and
positively impacting cultural heritage preservation
and dissemination.

3. CREATING CROSS-TEMPORAL
EXPERIENCES: VIRTUAL
SPATIAL DESIGN FOR
CULTURAL INSTITUTIONS

In the realm of virtual spatial design, the
synergy between cultural heritage preservation and
digital exhibition is a pivotal axis, reshaping the
landscape of how we safeguard and share our rich
cultural legacy. Here, we delve into the intricate
dance between preservation and dissemination,
education and research, as well as the
transformative potential of virtual reconstruction.
Let's explore how these elements intertwine to
weave a narrative that transcends time and space.

3.1 Cultural Heritage Preservation and
Digital Exhibition

Cultural heritage preservation and digital
exhibition complement each other, offering new
avenues and means for safeguarding and passing
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down cultural heritage. The relationship and roles
between them can be delineated as follows:

3.1.1 Preservation and Conservation

Cultural heritage is often susceptible to risks
such as natural deterioration, human-induced
damage, and the passage of time. Digital exhibition,
through techniques like 3D scanning and
digitalization, can create precise models of artifacts
and archive them digitally. Even in the event of
physical damage to the original items, digital
representations can preserve the appearance and
details of cultural artifacts, providing possibilities
for backup and restoration.

3.1.2 Sharing and Dissemination

Digital exhibition, facilitated by the internet and
virtual reality technologies, enables global access to
and appreciation of cultural artifacts. Audiences can
explore and learn about cultural heritage through
online museums or virtual exhibitions, regardless of
temporal or spatial constraints. This promotes the
dissemination and sharing of cultural heritage.

3.1.3 Education and Research

Digital exhibition offers enhanced educational
and research  opportunities.  Students and
researchers can delve deeply into the study of
artifacts through digital presentations, observing
details and conducting comparative analyses.
Additionally, digital exhibition can provide rich
historical context and information, facilitating a
deeper understanding and interpretation of cultural
artifacts.

3.1.4 Virtual Reconstruction and
Restoration

Digital exhibition allows for the virtual
reconstruction of damaged or lost artifacts. Through
3D reconstruction and virtual reality technology,
past artifacts, buildings, and landscapes can be
recreated. This aids audiences in better
understanding history and the appearance and
significance of cultural heritage during specific
periods.

3.1.5 Artifact Conservation and
Management

Digital exhibition also provides new tools and
methods for artifact conservation and management.
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The establishment of databases and digital archives
facilitates the tracking and management of artifacts.
Artificial intelligence techniques enable efficient
artifact classification, identification, and restoration.
Digital exhibition can also offer remote monitoring
and  protection, controlling  environmental
conditions and security measures for artifacts.

In summary, cultural heritage preservation and
digital exhibition mutually reinforce each other.
Digital  exhibition offers broader access,
understanding, and engagement with cultural
heritage for the general public, while also providing
critical support and tools for the preservation,
inheritance, and management of cultural heritage.

3.2 Augmented Visiting Experience and

Immersion
Designing immersive  experiences  within
cultural institutions enables visitors to gain

comprehensive and in-depth insights into the stories
and meanings behind cultural heritage and artworks.
Through focus, interaction, and emotional
resonance, visitors can develop a profound
understanding of the value of culture, history, and
art. Interactive displays, autonomous exploration,
and customized content presentation allow visitors
to choose and experience cultural and museum
content according to their preferences and interests,
enhancing personalized and tailored visits.

Simultaneously, immersive experiences provide
space for innovation and creativity, breaking free
from traditional exhibition formats and presentation
methods through digital technology, storytelling,
and interactive design. This creative and innovative
approach can attract a wider audience, increasing
the appeal and influence of cultural institutions.

Within the immersive experience model in
cultural institutions, the fusion of 3D scanning and
animation technologies plays a significant role.

3D scanning technology involves scanning
actual artifacts, artworks, or buildings using laser
scanners, photography equipment, or other
specialized devices to convert them into digital 3D
models. This technology captures the shape and
details of objects with high precision, transforming
them into visual models. 3D scanning technology
can be applied in artifact preservation, digital
exhibitions, and virtual reality experiences, among
other areas.

Animation technology can be used in immersive
cultural spaces to present 3D models, recreate
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historical scenes, and tell stories. Utilizing
computer graphics techniques, animation can
provide visitors with more vivid and realistic visual
experiences. Animation can enhance and optimize
3D models or images through rendering, motion,
and special effects, creating more lifelike and
exquisite scenes. Animation technology can be
applied in virtual museums, historical recreations,
interactive storytelling, and other contexts.

When combined, 3D scanning and animation
technologies can provide visitors with more
realistic and immersive experiences. Through 3D
scanning, real-world artifacts and artworks can be
transformed into digital models, and animation
technology can enhance and optimize these models,
creating virtual, dynamic scenes and experiences.
The application of these technologies allows
visitors to explore and experience cultural heritage
firsthand, deepening their understanding and
engagement with history, art, and more.

3.3 New Exhibition Approaches by
Integrating Virtual Spaces and the
Metaverse

As we delve into the evolving landscape of
cultural exhibition, a paradigm shift emerges with
the integration of virtual spaces and the metaverse.
Here, we explore the fusion of reality and virtuality,
the transcendence of time and space, the
empowerment of active participation, and the
celebration of diverse perspectives. This marks not
only a technological revolution but also a profound
philosophical contemplation on the interplay
between reality and fiction.

3.3.1 The Fusion of Reality and Virtuality

From the perspective of the metaverse, people
are transcending the boundaries of the physical
world, blending reality and virtuality into one. By
combining 3D scanning and animation, it becomes
possible to present lifelike artifact displays within
virtual museums, providing visitors with a sense of
authentic existence in the virtual world. This fusion
is not just a technological innovation but also a
philosophical contemplation of the relationship
between reality and fiction.

3.3.2 Crossing Time and Space

The metaverse emphasizes the relativity of time
and space. Through 3D scanning, actual artifacts
can be brought into virtual reality, enabling visitors
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to transcend time and space and experience
different historical cultures personally. Animation
breathes life into artifacts, allowing them to
showcase historical changes within the virtual
space. Visitors in the metaverse can perceive the
boundless possibilities of time and space.

3.3.3 Active and Interactive Participation

The metaverse encourages people to become
creators and participants. Combining 3D scanning
and animation in virtual museum design empowers
visitors with more agency and interactivity. Visitors
are no longer passive consumers but can actively
interact with artifacts. This reflects philosophical
considerations regarding subjectivity, highlighting
the active role of individuals in knowledge transfer
and cultural exchange.

3.3.4 Exploration of Diverse Perspectives

The metaverse underscores the importance of
diverse perspectives. The combination of 3D
scanning and animation can present artifacts from
various angles and in multiple forms, allowing
visitors to explore cultural heritage from different
viewpoints. This multiplicity reflects philosophical
pondering about the essence and diversity of things,
guiding individuals to look beyond the surface and
delve deeper into the connotations of culture.

3.3.5 Interplay of Reality and Imagination

In the metaverse, reality and imagination
intertwine, allowing people to create and enact
various  possibilities in  the virtual world.
Combining 3D scanning and animation not only
reproduces real artifacts but also imbues them with
the power of imagination. Through animation,
artifacts can convey their history, stories, and
emotions. This interplay of reality and imagination
enables visitors to experience the
multidimensionality of culture in the metaverse.

4. CASE STUDIES OF VIRTUAL
MUSEUMS COMBINING 3D
SCANNING AND ANIMATION

It is necessary to embark on a journey through
groundbreaking case studies where virtual
museums seamlessly blend 3D scanning and
animation, transcending the boundaries of time and
space. From historical reconstructions to the
preservation of cultural heritage and the crafting of
cross-temporal narratives, these examples illustrate
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the transformative power of technology in
enhancing our connection with the past.

4.1 Virtual Historical Reconstruction

Through 3D scanning, historical scenes can be
faithfully  recreated, offering visitors the
opportunity to experience past events and
environments. For instance, the American Museum
of Natural History employs 3D scanning
technology to transport visitors to the dinosaur era,
allowing them to immerse themselves in the living
environment and dynamics of dinosaurs. These
cases illustrate the application of 3D scanning in
the virtual reconstruction of historical events within
museums. Supported by digital technology, visitors
can authentically explore history, architecture, and
artifacts, enhancing their understanding and
experience of historical events.

4.2 Cultural Heritage Preservation and
Digital Reproduction

The integration of 3D scanning and animation
into cultural institutions allows for the presentation

and interpretation of precious artifacts and artworks.

Through 3D scanning technology, valuable cultural
items can be scanned and digitized, accurately
preserving their original appearance for display
within museums. Visitors can use interactive
screens or virtual reality devices to view, rotate,
and magnify these 3D models, providing a close-to-
real experience similar to viewing the actual
artifacts. For example, the British Museum
leveraged 3D scanning technology to create a
digital reconstruction of the Sumerian city of Ur,
offering insights into the city's history and culture.

4.3 Cross-Temporal Narratives

By employing animation and 3D scanning,
immersive experiences can be created in virtual
museums, allowing visitors to journey through
different historical eras within architectural spaces.
3D scanning of ancient buildings leads to the
creation of digital architectural models. Visitors can
immerse themselves in historical structures through
virtual reality devices or interactive screens,
thoroughly exploring both the interiors and
exteriors of these buildings, along with
understanding  their  details and historical
backgrounds. For instance, the Palace Museum
used 3D scanning technology to showcase the
digital reconstruction of palace architecture,
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enabling visitors to trace and experience court life
during the Ming and Qing dynasties.

5. CHALLENGES AND FUTURE
PROSPECTS

As we delve into the promising landscape of 3D
scanning and animation in virtual museum design,
it is crucial to acknowledge the technical challenges
that persist. From precision hurdles in 3D scanning
to computational demands in animation, and the
intricate process of exhibition integration, each
obstacle is a call for innovation. Additionally, the
need for robust intellectual property protection adds
a layer of complexity. Let's explore these
challenges and then turn our gaze toward the
sustainable future and evolving landscape.

5.1 Technical Challenges

Despite the numerous enriching experiences and
advancements brought about by the fusion of 3D
scanning and animation technologies in museum
design, several technical challenges persist.

Firstly, 3D scanning technology requires high-
precision equipment and software to capture
accurate dimensions and shapes of objects. The
scanning process may encounter issues like lighting,
shadows, reflections, necessitating professional
adjustments and handling. Furthermore, if the
object being scanned has intricate details or textures,
it may demand a more complex and time-
consuming scanning process.

Secondly, animation technology involves
extensive computations and rendering during the
production phase. The realism and smoothness of
animation effects depend on computer performance
and graphics processing capabilities. To display
complex animation scenes or extensive animated
content in museum design, more powerful
computing devices and rendering resources may be
necessary.

Additionally, 3D scanning and animation
technologies face challenges during the exhibition
phase. Selecting and configuring exhibition
equipment needs to consider visitor perspectives,
interaction methods, and environmental
requirements. Simultaneously, seamlessly
integrating digital 3D models and animation with
the physical exhibition space to achieve a unified
display remains a concern.

Lastly, museums must address copyright and
intellectual property protection concerns when
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utilizing 3D scanning and animation technologies.
Electronic or digital exhibition forms are
susceptible to replication and distribution,
potentially leading to issues related to artifact
preservation and intellectual property rights
infringement. Museums should strengthen relevant
management and protection measures during
technology applications.

In conclusion, while the fusion of 3D scanning
and animation technologies holds significant
promise in museum spatial design, overcoming
technical  challenges, including  precision,
computational capacity, exhibition equipment, and
intellectual property protection, remains essential.

5.2 Sustainability and Future Development

The fusion of 3D scanning and animation in
virtual museum design presents a sustainable
development model for the future. Considerations
for the future development of this fusion include:

5.2.1 Integration of Virtual Spaces and the
Metaverse

Virtual spatial design has already introduced
immersive visiting experiences in museums. The
metaverse further advances this by seamlessly
merging virtual and physical worlds, creating an
interdisciplinary space spanning multiple domains.
Museums can leverage metaverse technology to
enable visitors to intimately interact with cultural
heritage within virtual spaces. Moreover, visitors
can even create their virtual exhibition spaces,
fostering autonomous cultural creativity.

5.2.2 Personalized Visiting Experiences

Metaverse technology enables museums to
tailor personalized exhibition content based on the
interests and needs of each visitor. Through virtual
spaces and the metaverse, visitors can interact and
select exhibition themes, artifacts, and historical
scenes according to their interests, facilitating
personalized cultural experiences.

5.2.3 Cross-Temporal Cultural Journeys

The fusion of virtual spaces and the metaverse
allows visitors to traverse time and space,
personally experiencing scenes from different
historical periods and cultural backgrounds.
Through virtual reality technology, visitors can
explore ancient civilizations and gain insights into
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historical events, deepening their understanding of
diverse cultures.

5.2.4 Integration of Art and Innovation

Futuristic museums view virtual spaces and the
metaverse as creative mediums for artists and
creators. Artworks are no longer constrained by
traditional exhibition formats and can be presented
in entirely new forms within virtual spaces. Artistic
creations can even engage in interactive
collaboration with visitors.

5.2.5 Cross-Cultural Exchange

New exhibition approaches that combine virtual
spaces and the metaverse promote cross-cultural
exchange and understanding. Visitors can immerse
themselves in different cultural exhibitions through
virtual reality technology, fostering greater
knowledge and respect for other cultures, thus
encouraging the exchange and sharing of cultural
diversity.

Despite facing numerous challenges, the fusion
of 3D scanning and animation technologies within
the context of virtual museum design holds great
potential. With ongoing technological
advancements, these technologies will play
increasingly vital roles in museums, offering
opportunities for digital exhibition, creative
presentation, and immersive experiences. Moreover,
they will drive museums' digital transformation and
provide audiences with more convenient, enriching,
and immersive visiting experiences.

To sum up, the integration of 3D scanning and
animation is of great significance in the design of
virtual space of cultural museums. Through 3D
scanning technology, artifacts and works of art can
be digitally displayed in a precise manner,
achieving a high degree of restoration and
documentation.  Animation  technology adds
vividness and interactivity to these digital displays,
enabling audiences to interact and experience
cultural heritage in a richer way.

This integration not only enriches the exhibition
means of cultural museums, but also provides more
personalized and immersive experience. Visitors do
not need to be limited by time and space, and can
visit museum exhibitions anytime and anywhere
through virtual space. In addition, the introduction
of virtual space design has also brought more
audiences and influence to cultural museums, and
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promoted the inheritance and promotion of cultural
heritage.

6. CONCLUSION

To sum up, the integration of 3D scanning and
animation  provides new innovation and
development opportunities for the virtual space
design of cultural museums, which enables cultural
heritage to be displayed and passed on in a richer
and more diversified way.
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