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The widespread application of virtual reality (VR) technology in the film
production industry has become a significant development trend in recent
years. This technology has not only revolutionized the creative model of
filmmaking but also provided audiences with a brand-new immersive viewing
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experience. Strengthening the integration and innovation of VR technology in
film production has become a necessary path for upgrading the film technology
industry, requiring in-depth exploration from multiple dimensions, including
technological R&D, content creation, virtual production, talent development,

policy support, and ethical balance.
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1. Introduction

On March 21, 2025, the National Film Administration
officially issued the Notice on Promoting the Orderly
Development of Virtual Reality Films, explicitly
incorporating virtual reality (VR/AR/MR) films into
China’s film industry system. The goal is to standardize
the management of “virtual reality films,” expand film
formats, promote technology-industry integration, and
support the construction of a “film power.” The integration
and innovation of VR technology in film production have
become a vital force driving transformation in the film
industry. From immersive viewing to the innovation of
narrative spaces, VR technology has not only brought a

new cinematic experience to audiences but also provided
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creators with broader creative horizons. However,
the widespread application of this technology also
faces numerous challenges, requiring policy support,
technological innovation, and industry collaboration to

achieve deeper integration and optimization "',

2. Applications of virtual reality
technology in film production

As a cutting-edge field of deep integration between
artificial intelligence and digital technology, virtual
reality technology is reconstructing the artistic form and
industrial ecology of cinema. “Virtual reality films” not
only create a 360-degree immersive aesthetic experience
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but also open up new narrative dimensions through
human-computer interaction and the coexistence of virtual
and real elements. This not only enriches the cinematic
experience and cultivates new film cultural consumption
models but also provides a broad imaginative space
for exploring new expressions of film content. “Virtual
reality films” are not a substitute for traditional films but
a historical opportunity to expand the boundaries of the
silver screen. Specific applications include the following.

2.1. Enhanced immersive experience and
narrative innovation

From sound films to color films, and then to the
development of 3D and 4D films, the integration of
virtual reality (VR), augmented reality (AR), and mixed
reality (MR) technologies with cinema is an inevitable
result of the evolution of this comprehensive art form.
The core function of film lies in conveying emotions
and ideas through audio-visual information while
continuously attempting to break through traditional two-
dimensional perceptual dimensions to provide audiences
with more diverse viewing atmospheres and immersive
experiences. The introduction of virtual technology has
reconstructed the narrative logic of film, transforming
audiences from passive “bystanders” into “participants”
in the story . For example, in the 2016 VR short film
Gnomes & Goblins, audiences can freely choose their
focus, obtaining a personalized narrative experience;
in the 2017 VR documentary Notes on Blindness: Into
Darkness, audiences trigger scene changes through head
movements, directly influencing the development of
the plot. This interactivity not only enhances immersion
but also promotes the shift in film narrative from a
“director-centered” to an “audience-centered”” model. The
integration of virtual technology and film marks the leap
of cinema from a single audio-visual medium to a multi-
dimensional immersive experience, redefining narrative
logic and providing audiences with unprecedented
participation and personalized experiences, indicating
the future direction of film’s transformation from
“storytelling” to “‘experience creation.”

2.2. Realization of virtual production and real-
time rendering

As the core driving force of film industrialization, virtual
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production technology constructs a more efficient hybrid
production model by integrating the interdisciplinary
advantages of virtual reality, augmented reality, and
computer graphics (CGI). Its core technical approach
is reflected in: using UES’s virtual geometry system to
achieve real-time asset rendering, combined with the sub-
millimeter precision tracking of the OptiTrack motion
capture system, enabling seamless stitching of virtual
scenes and live-action elements at the frame level . For
example, during the filming of The Mandalorian Season
2 in 2021, a 270° curved LED volume stage combined
with Unreal Engine 5.0 was used to seamlessly integrate
dynamic sky boxes with physical reflections in real time,
allowing the director to adjust lighting curves and depth-
of-field parameters in real time through the NVIDIA
Omniverse platform during filming, compressing the
traditional green screen post-production timeline of 6—8

weeks into the same day of shooting .

2.3. Enhancement of visual effects and creative
realization

The application of virtual reality technology in
film special effects production has promoted the
transformation of the film industry toward real-time and
interactive production models. By simulating real-world
environments, VR technology can create surreal scenes
such as the universe, underwater worlds, or monsters at
low cost and high efficiency, bringing immersive visual
experiences to audiences. For example, the Avatar series
used VR technology to build the dynamic ecosystem
of Pandora, seamlessly integrating virtual scenes with
live-action elements. Additionally, virtual production
technology supports directors in completing scene design
and character motion capture in virtual environments
through motion capture systems and real-time rendering
technology, breaking through the limitations of physical
shooting. This “what you see is what you get” workflow
not only reduces production costs but also brings about
a new model of creative iteration, laying the technical
foundation for the transformation of film from “post-
production special effects” to “pre-production special
effects.” The introduction of VR technology has enhanced
the possibilities of creative realization, providing core
support for the construction of future film metaverses.
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2.4. Promotion of interactive films and audience
participation

The breakthrough progress of VR technology has
completely subverted the traditional film narrative
model, allowing audiences to immerse themselves in
the narrative space from a first-person perspective and
directly shape the plot through voice commands, gesture

71 For example,

operations, or key node selections
Black Mirror: Bandersnatch grants audiences decision-
making power through a branching narrative structure,
with plot forks appearing every 15 minutes on average,
ultimately forming a complex narrative network. This
multi-path narrative model not only enriches storytelling
but also shortens the distance between audiences and
works, indicating that film art will evolve from a one-
way communication medium to a multi-dimensional

perceptual community.

3. Impacts of virtual reality technology
on the film industry

3.1. Collaborative development of industrial
ecology

The introduction of virtual reality technology has
promoted the collaborative development of the film
industry chain. For example, cooperation with fields such
as gaming and animation has provided new opportunities
for film and television creation while also promoting
the research, development, and popularization of related
hardware devices (such as VR headsets and gloves).
This cross-industry integration not only enriches the
expressive forms of film but also enhances its market

competitiveness.

3.2. Transformation of film narrative language
The immersive nature of VR technology has brought
new possibilities to film narrative language. Directors
can achieve non-linear and multi-perspective narratives
through virtual environments, thereby breaking the
narrative framework of traditional films. Works such as
Brave New Films and Michea Reno demonstrate how VR
technology is changing film creation methods.
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3.3. Optimization of cost and efficiency

The application of virtual reality technology has
significantly reduced the cost and time of film production.
For example, virtual sets have replaced traditional
green screen shooting, making scene construction more
efficient. Additionally, real-time rendering and motion
capture technologies have reduced post-production
workload, further improving production efficiency.

4. Challenges in the application of virtual
reality technology in film production

While virtual reality technology has brought new
possibilities for immersion and creative expression to film
production, it also faces numerous challenges, primarily
in technical, narrative, user experience, and cultural

aspects.

4.1. Technical challenges

Film production using VR technology must overcome
several technical difficulties. First, the weight and
portability of hardware devices significantly affect the
audience’s viewing experience. Meanwhile, panoramic
camera equipment is costly and difficult to popularize,
and synchronized shooting and post-processing between
devices increase production complexity *. In content
production, VR films require high-frame-rate and high-
resolution images to provide smooth viewing experiences,
placing extremely high demands on networks and
servers. Furthermore, the post-production process for
virtual reality films is complex, requiring stitching and
adjustment of footage from multiple cameras to ensure

visual coherence and consistency.

4.2. Narrative challenges

Traditional film narrative relies on linear structures, while
VR films require creators to build entirely new audio-
visual expression systems. As audiences can freely move
their perspectives, traditional narrative logic may be
disrupted, requiring directors to redesign story structures
to guide audience attention and maintain plot coherence.
For example, VR films need to attract audience attention
through elements such as sound, light, and moving
objects, increasing narrative complexity. Additionally,
screenwriting for VR films is far more challenging than
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for traditional films, as scripts must account for audience
choices and interactivity. This non-linear narrative
approach places higher demands on directors and
screenwriters and may affect audience comprehension
and acceptance of the story.

4.3. User experience issues

Although VR technology provides immersive viewing
experiences, its limitations are evident. For example,
prolonged use of VR headsets may cause discomfort,
dizziness, or nausea in users. Additionally, while the
interactivity of VR films enhances audience participation,
it may also distract viewers and affect the viewing
experience. In cinema environments, audiences need to
wear VR devices for extended periods, posing significant
physical challenges. Therefore, VR devices developed for
cinemas need breakthroughs in portability, lightweight

[9.10]

design, and display quality

4.4. Cultural and industrial adaptation issues
As an emerging medium, the cultural attributes and
industrial adaptability of virtual reality films still require
further exploration. The traditional film industry has
established mature production processes and technical
standards, while VR film production processes and
technical requirements are entirely different. For example,
VR film shooting requires coordination between multiple
cameras and cannot use traditional recording equipment.
The business models and profit mechanisms for VR films
are unclear, making promotion and commercialization
difficult for industry practitioners. Despite their enormous
potential, the popularization and development of VR
films are still constrained by technology, costs, and user
acceptance.

Virtual reality technology has revolutionized film
aesthetics and creative logic, but its integration into
film production faces multiple constraints, including
insufficient hardware performance, complex narrative
logic, unintuitive interaction design, and cross-cultural
adaptation issues. These challenges require industry
professionals to continuously explore and develop
solutions to break through obstacles and promote the
collaborative innovation of VR and the entire film
industry chain.
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5. Strategies for integration and
innovation of virtual reality technology
in film production

5.1. Strengthening policy support to ensure
industry standardization

Government departments can promote the application
of virtual reality technology in film production through
policy support. For example, the Notice on Promoting
the Orderly Development of Virtual Reality Films
issued by the National Film Administration clarifies
the definition and standards for virtual reality films and
encourages technological innovation. Such policy support
helps standardize industry development and inspires
more creators to experiment with new technologies.
Meanwhile, promoting high-quality VR content and
establishing sound distribution channels can expand the
market influence of virtual reality films.

5.2. Enhancing technical R&D and cultivating
professional and applied talent

Virtual reality and augmented reality technologies are
essential tools in film production, offering immersive
experiences and interactivity. For example, VR
technology can be used to construct virtual scenes,
allowing directors and cinematographers to optimize
scene design through immersive previews before
shooting, thereby improving production efficiency
and quality. Additionally, advancements in real-time
rendering technology have made virtual scene generation
smoother, providing creators with greater creative
freedom. Combined with artificial intelligence (AI) and
machine learning (ML), script analysis, character design,
and special effects production can be further optimized
to enhance creative decision-making capabilities.
Films like Avatar have achieved unprecedented visual
effects through virtual reality and CGI technologies,
demonstrating that technological innovation is crucial for
enhancing film artistry.

The application of virtual reality technology requires
professional talent. Film and television production
institutions should collaborate with universities to
offer relevant courses and cultivate professionals with
VR technology application capabilities. These talents
must not only master traditional film and television
production skills but also be familiar with the operation
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and characteristics of VR technology. Furthermore, cross-
industry collaboration within the industry is an important
pathway to drive technological innovation. For example,
the integration of VR technology with gaming and
animation can bring more inspiration and possibilities to
film creation.

5.3. Carrying out interdisciplinary
collaboration to achieve resource optimization
and integration

Filmmakers should collaborate with technology
developers, artists, and experts from other fields to
jointly explore new applications of VR technology in
film. Non-linear and immersive narratives are becoming
mainstream trends. Through VR technology, creators can
break free from traditional narrative structures, allowing
audiences to explore stories from multiple perspectives
and enriching narrative layers. For example, integrating
artificial intelligence and machine learning technologies
can optimize functions such as script analysis and facial
recognition.

5.4. Strengthening market promotion and
further optimizing user experience

VR technology has brought new possibilities to film
narratives. Audiences can deepen their engagement with
stories by choosing different perspectives and interaction
methods, enhancing their sense of participation and
immersion. For example, interactive films allow
audiences to advance the plot based on their choices,
blurring the lines between film and gaming and providing
more personalized viewing experiences. Production teams
should focus on audience needs, design user-friendly
interaction methods, and regularly conduct user testing
and feedback collection. Additionally, promoting VR
films through crowdfunding platforms and social media
can attract more audience attention and participation.

5.5. Improving scene effects and scientifically
applying virtual production and virtual sets

Virtual production technologies (such as LED walls
and virtual cameras) are reshaping film and television
production processes, gradually replacing green screen
shooting with core advantages such as real-time rendering
and dynamic light interaction. This technology enables
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shooting cycle compression, post-production cost
reduction, and accelerated creative iteration through real-
time monitoring and special effects previews of virtual
scenes. Streaming works represented by The Mandalorian
have used this technology to build an immersive Star
Wars universe, reducing the time and space costs of
traditional on-location shooting to zero. Furthermore,
virtual reality-assisted digital asset creation allows
creators to directly manipulate virtual sets and character
animations in a holographic workflow, reducing time and
space constraints during actual shooting.

5.6. Enhancing user experience and
strengthening the balance between ethics and
user experience

While advancing technology, creators need to pay
attention to ethical issues and user experience. For
example, virtual reality technology may trigger
ethical controversies such as privacy leaks and data
manipulation. Therefore, creators must embed privacy
protection mechanisms in the creative process to ensure
that technological applications always serve content
expression. At the same time, they should focus on
content ethics and diversity, optimizing interaction
design through regular user testing and feedback iteration
to achieve a dynamic balance between experience
innovation and value orientation while ensuring data
security.

6. Challenges and future prospects

Although VR technology has demonstrated significant
application potential in film production, its development
still faces multiple challenges. From the perspectives of
technical costs and popularization, the high investment in
advanced VR equipment and technologies significantly
restricts the application feasibility for small and medium-
sized production companies. In terms of user experience
and content quality, balancing technological innovation
with artistic expression is a critical issue. Producers must
ensure that new technologies do not overshadow the
core focus on storytelling. Additionally, the application
of VR technology has raised new issues such as privacy
protection and data ethics, requiring industry professionals
to construct a creative framework that covers content
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ethical compliance and cultural diversity adaptation while
exploring technological innovation, ultimately forming a
sustainable development path that integrates technological
drive with humanistic values.

The most fundamental challenge lies at the cultural
attribute level. Since its inception, film has carried the
function of collective social interaction, and the current
consumption pattern of China’s film market, which is
dominated by family viewing, has further strengthened
this feature. When audiences wear VR devices, the public
space attribute of cinemas will be deconstructed, and the
emotional interaction derived from collective viewing
will disappear. The essential difference between this
personalized viewing model and family/social viewing
may undermine the sociocultural foundation of film art.

In the future, with upgrades in hardware devices,
improvements in software development capabilities, and
the perfection of relevant laws and regulations, virtual
reality technology will play a more significant role in
the film industry. For example, policy documents issued
by the National Film Administration clearly support
the development of virtual reality films and encourage

localities to actively promote the application of related
technologies. Additionally, the rise of extended reality
(XR) technology will further integrate VR, AR, and mixed

reality, bringing more possibilities to film production.

7. Conclusion

Although the development path of “virtual reality films”
is fraught with challenges, every technological revolution
is accompanied by the pain of transformation. Film
art will ultimately open up a broader dream space for
humanity in the new dimension of interwoven virtual
and real worlds. The integration and innovation of virtual
reality technology in film production have not only
brought new viewing experiences to audiences but also
provided creators with broader creative horizons. To
achieve the widespread application and deep integration
of this technology, joint efforts in policy support,
technological innovation, and industry collaboration are
still required.
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