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Abstract: This paper discusses the
application of real-time rendering
technology in 3D animation design,

explaining that its principle is based on the
basic theories of computer graphics to
process and calculate geometric data and
material properties to simulate realistic 3D
scenes. In the field of game development,
real-time rendering technology can achieve
real-time rendering of character animations
to make movements more fluid and natural,
and real-time rendering of scene
environments to simulate different lighting
conditions. In the field of film and television
production, it can be wused for virtual
shooting and real-time preview to improve
shooting efficiency and provide an
immersive film and television experience. In
the fields of architectural and interior
design, real-time display of building
exteriors can accelerate project progress
and support real-time modification and
feedback of design schemes to make design
more efficient and flexible. In education and
training, it can provide an intuitive learning
experience for academic education, help
medical education solve the problem of
specimen limitations, and in advertising and
marketing, it can quickly generate
high-quality advertising materials to
provide a realistic immersive experience,
achieve personalized customization of
advertising, and enable real-time
monitoring and optimization of advertising
effects. Real-time rendering technology
brings new opportunities and changes to 3D
animation design, promoting the
development of related industries.
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1. Introduction
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Traditional 3D animation rendering methods
have issues with low efficiency and poor
interactivity. The emergence of real-time
rendering technology provides an effective
solution to these problems. It not only changes
the production process of 3D animation design
but also enhances the visual effects and user
experience of the works. Therefore, in-depth
research on the application of real-time
rendering technology in 3D animation design
has significant practical implications.

2. Overview of 3D Animation Design and
Real-Time Rendering Technology

2.1 Concept and Characteristics of 3D
Animation Design

3D animation design is an art form that
presents designers' creativity and ideas in a
digital manner based on computer technology,
using professional 3D modeling software such
as 3ds Max, Maya, etc. It creates virtual 3D
spaces and objects and endows them with
dynamic effects. Through steps such as
constructing 3D models, adding skeleton
binding, and animation keyframes, it simulates
the form, movement, and changes of objects.
These virtual 3D scenes and characters can be
observed and manipulated from multiple
angles on a computer, providing an immersive
visual experience for the audience [1].

3D animation design has highly virtual
characteristics, allowing designers to create
objects and scenes that do not exist in the real
world, such as fantasy magic worlds or
futuristic tech cities. This virtuality offers
endless possibilities for creative expression
and can meet the needs of various works. It
also has strong editability; during the
production process, designers can easily
modify or adjust the shape, material, and
animation of models. If a character's
movements are not natural enough or the
scene's lighting effects are not satisfactory,
they can be conveniently corrected, unlike
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traditional animation, which is quite limited.

3D animation design has good interactive
characteristics. In fields such as games and
virtual reality, users can interact with 3D
animation scenes and characters. Players can
control the movement and attacks of characters
and influence the plot development based on
their choices, enhancing the sense of
participation and experience for the user. It can
achieve a high degree of realism; with detailed
modeling and realistic texture materials,
virtual objects can look almost
indistinguishable from real objects. In some
movies and advertisements, the special effects
and scenes created with 3D animation are
often so realistic that they can fool the
audience, delivering a stunning visual impact.

2.2 Principles
Technology
Real-time rendering technology is dedicated to
generating and displaying 3D scene images in
a short time to achieve immediate visual
feedback. Its principle is based on the basic
theories of computer graphics, with the core
being the processing and calculation of a large
amount of geometric data and material
properties to simulate realistic 3D scenes.
Real-time rendering technology first processes
3D models composed of numerous polygons
that define the shape and structure of objects.
The rendering engine converts complex
polygons into triangles, the most basic
geometric shape in computer graphics, which
is convenient for subsequent calculations.
Then, it considers lighting effects as an
important factor affecting the realism of the
scene, simulating different types of lighting
such as point sources and spotlights. By
calculating the interaction of light with the
surface of objects, reflections, refractions, and
shadows are used to create a realistic lighting
environment.

of Real-Time Rendering

3. Specific Applications of Real-Time
Rendering Technology in 3D Animation
Design

3.1 Game Development Field

In terms of character animation real-time
rendering, since every move of a game
character needs to be precisely presented,
real-time rendering technology can quickly
calculate and generate animation effects based
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on character bone binding and action
keyframes. When characters are running,
jumping, or attacking, they can instantly
display in a realistic form. Moreover, with the
fine processing of character skin textures and
material textures such as clothing and fabric,
characters appear more realistic. Some
role-playing gamers can clearly see changes in
character facial expressions and feel the
emotions of the characters, which is due to the
precise control of real-time rendering
technology over character details [2].

The scene environment in games includes
elements such as terrain, buildings, and
vegetation. Real-time rendering technology
can simulate the effects of these elements
under different lighting conditions. During the
day, when the sun shines, the scene is bright
and clear, and the position and shape of
shadows are accurately presented. At night,
moonlight and lighting create a mysterious
atmosphere. It can also realize dynamic
changes in the scene, such as rendering
raindrops and snowflakes in real-time when it
rains or snows in the game, making players
feel as if they are in a real environment. For
large open-world games, real-time rendering
technology can efficiently process vast scenes,
ensuring that there is no lagging phenomenon
when players freely explore.

In-game player operations require immediate
responses, and real-time rendering technology
can meet this need. When players control
characters to move, the game picture will
immediately update to display the new
position of the character and changes in the
surrounding environment. Player interactions
with other characters or objects in the game,
such as attacking enemies and picking up
items, will be presented in real-time with
corresponding animation effects and feedback
information.  This  real-time interactive
experience enhances player immersion and
engagement, making players feel truly
immersed in the game world. Some
competitive games have higher requirements
for real-time interactive experiences, and
real-time rendering technology ensures that
every player operate can be quickly
transformed into actual effects, ensuring
fairness in the game while also being full of
fun [3].

3.2 Film and Television Production Field
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Real-time  rendering  technology  has
profoundly changed the traditional production
process and visual presentation effects in the
film and television production field. Virtual
shooting and real-time preview, as important
applications of real-time rendering technology
in film and television production, are
considered. Given that traditional shooting
requires building a large number of real scenes,
which is costly and lacks flexibility, with the
help of real-time rendering technology, the
film crew can shoot in a virtual scene. When
actors perform in front of a green screen, they
can immediately see the fusion effect of the
virtual scene and their performance through
the real-time rendering system. Directors can
also adjust shooting angles and lighting effects
in real-time without having to wait until after
the long post-production process to see the
final 1image, greatly improving shooting
efficiency and allowing directors to more
accurately control the visual style of the film.

Special effects in films are an important
element that attracts the audience's attention.
Real-time rendering technology can generate
complex special effects such as explosions,
smoke, and magic in real-time. During the
production process, special effects artists can
see the effects of the special effects in

real-time and adjust them as needed.
Compared to traditional special effects
production, which may require multiple

renderings and compositing and consume a lot
of time and resources, real-time rendering
technology achieves real-time compositing of
special effects, quickly integrating different
special effect elements with live-action footage.
In some superhero movies, the special effects
of the hero's superpowers can be more
realistically presented through this technology
and can be adjusted in real-time according to
the plot and the rhythm of the scene.

With the development of virtual reality and
augmented reality technology, its applications
in these fields are becoming increasingly
widespread. In VR films, viewers can immerse
themselves in the film scenes, and real-time
rendering technology ensures the smoothness
and realism of the images, making viewers feel
as if they are in the world constructed by the
film. Real-time rendering technology can
adjust the display effects of virtual elements in
real-time according to the viewer's perspective
and actions, enhancing viewer engagement. In
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some interactive AR movies, viewers can
change the plot development through their
own operations, and real-time rendering
technology ensures the immediacy and realism
of this interaction [4].

3.3 Architectural and Interior Design Field
Given that traditional architectural design
display methods, such as drawing blueprints
and making models, make it difficult for
clients to intuitively feel the real appearance
and overall effect of the building, real-time
rendering technology can present architectural
design  schemes in the form  of
three-dimensional models and generate
realistic images and animations through
real-time rendering. Designers can adjust the
building's appearance design in real-time
according to client needs, allowing clients to
see the effects of different design schemes in a
short time.

In interior design, clients usually want to
experience the actual effect of future spaces in
advance. Real-time rendering technology can
create  highly realistic three-dimensional
interior scenes, allowing clients to freely
wander in the scene as if in reality, feeling the
size and layout of the space and details such as
lighting. Designers can adjust the interior
decoration style and lighting effects in
real-time, allowing clients to choose according
to their preferences.

Real-time rendering technology also supports
real-time modification and feedback of design
schemes. During the architectural and interior
design process, designers need to continuously
modify and optimize schemes. In traditional
design methods, after modifying the scheme, it
needs to be re-rendered and produced,
consuming a lot of time and effort. However,
real-time  rendering technology  allows
designers to immediately see the effects after
modifying the scheme. Designers can
communicate with clients in real-time and
adjust design schemes according to client
feedback. If a client is dissatisfied with the
lighting effect of a room, the designer can
immediately adjust the size and position of the
window and display the modified -effect
through real-time rendering. This real-time
modification and feedback mechanism makes
the design process more efficient and flexible,
better meeting client needs.
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3.4 Education and Training Field

Given that traditional geography teaching
mainly relies on maps and pictures to display
geographical features and geological structures,
students find it difficult to form an intuitive
spatial  concept.  Real-time  rendering
technology can create realistic
three-dimensional geographical models such
as mountains, rivers, and oceans. Students can
observe these geographical models from
different angles through real-time interaction,
understanding the changes in terrain
undulations and the formation process of
geology. When learning about the Earth's
revolution and rotation, this technology can
also simulate the Earth's trajectory in the
universe and the resulting day-night
alternation and seasonal changes, allowing
students to more deeply understand these
abstract concepts and provide a more intuitive
and vivid learning experience for students.
Due to the limitations of the quantity and
quality of specimens in traditional anatomy
teaching for medical college students,
real-time rendering technology can create
high-precision three-dimensional human body
models that include various organs such as
bones, muscles, and internal organs. Students
can perform anatomy and observation on the
human body model through real-time
interaction to understand the location, shape,
and function of each organ. This virtual
anatomy method not only avoids ethical issues
related to using real specimens but also allows
students to operate and learn more freely.

3.5 Advertising and Marketing Field

Traditional  three-dimensional  animation
advertisements require a lot of time and
resources from modeling rendering to
post-production, and the entire process may
take several weeks or even months. Real-time
rendering technology can complete these tasks
in a short time, greatly shortening the
advertisement production cycle. Ad companies
can adjust the content and style of
advertisements in real-time according to client
needs, quickly producing multiple versions of
advertisement materials to meet the needs of
different platforms and audiences. With
real-time rendering, highly realistic
three-dimensional scenes and characters can
be created, making viewers feel as if they are
in the world created by the advertisement.
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Taking car advertisements as an example,
real-time rendering technology can simulate
different driving scenarios such as city streets
and mountain curves, allowing viewers to
experience the performance and handling of
cars under various road conditions. It can also
allow viewers to freely choose car colors,
configurations, and interiors through real-time
interaction, enhancing viewer engagement and
interaction, better attracting viewer attention
and stimulating their desire to purchase.

Given that consumers in today's digital
marketing era have increasingly high demands
for personalization, real-time rendering
technology can customize advertisement
content according to consumer personal
information and behavior data. Based on
factors such as consumer age, gender, and
interests, real-time rendering technology can
adjust product displays and visual styles in
advertisements  in  real-time,  making
advertisements more aligned with consumer
tastes and needs, thereby increasing consumer
satisfaction and loyalty and promoting product
sales.

4. Conclusion

Real-time  rendering  technology  has
demonstrated significant advantages in various
fields such as game development, film and
television production, as well as architecture
and interior design within three-dimensional
animation design. Through its efficient
rendering capabilities and strong interactivity,
it enhances production efficiency, enriches the
creative experience, improves visual effects,
and reduces costs. With the continuous
advancement  of  technology, real-time
rendering technology is expected to be further
expanded and applied in more fields, bringing

more innovation and development
opportunities to the three-dimensional
animation design industry and further

promoting the prosperity of related industries.
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