Journal of Electronics and Information Science (2023) DOI: 10.23977/jeis.2023.080608
Clausius Scientific Press, Canada ISSN 2371-9524 Vol. 8 Num. 6

Design and Implementation of Virtual Simulation System
Based on 3D Modeling Technology

Zhang Yu"

Shanghai Jian Qiao University, Pudong New Area, Shanghai, 201306, China
*Corresponding author: 2044531653@¢qq.com

Keywords: 3D modeling technology; Virtual simulation system; Interaction design;
Application case analysis

Abstract: This article focuses on the design and implementation of a virtual simulation
system based on 3D modeling technology. Firstly, an overview of 3D modeling technology
was provided, including the basic concepts, main methods, and commonly used software
and tools of 3D modeling. Next, the key technologies of virtual simulation systems were
analyzed, such as virtual reality technology, 3D rendering technology, interaction
technology, simulation technology, and optimization and acceleration technology. On this
basis, a virtual simulation system based on 3D modeling was designed in detail, including
system requirement analysis, architecture design, and module division. Finally, the system
was implemented and tested and optimized. In addition, this article also analyzes the
application cases of virtual reality technology in fields such as engineering, education and
training, and industrial manufacturing. This study provides useful reference and inspiration
for the development and application of virtual simulation technology in China.

1. Introduction

With the development of technology, 3D modeling technology has been widely applied in
various fields. Among them, virtual simulation systems based on 3D modeling technology have
become important tools for research and practice in many fields due to their unique advantages.
Virtual simulation systems simulate and predict the real world by constructing virtual environments,
providing strong support for engineering design, education and training, industrial manufacturing,
medical and other fields.

2. Overview of 3D modeling technology
2.1. Basic concepts of 3D modeling

3D modeling is a technique for creating virtual objects or scenes, which presents the geometric
information and internal structure of virtual objects in digital form, giving objects a sense of
dimensionality and realism in virtual space. 3D modeling technology provides strong support for
various fields, such as engineering design, animation production, virtual reality, computer-aided
design, etc. Through 3D modeling, complex problems can be presented and analyzed more
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intuitively, reducing practical operational risks and improving work efficiency. Common 3D
modeling methods include NURBS surface modeling, polygon mesh modeling, parametric
modeling, curve modeling, and voxel modeling. These methods have their own advantages in
practical applications and can be selected according to needs and scenarios. In addition, numerous
3D modeling software and tools, such as AutoCAD, SolidWorks, Blender, etc., provide convenience
for achieving efficient and accurate modeling.

2.2. Main methods of 3D modeling

2.2.1. NURBS surface modeling

NURBS (Non Uniform Rational B-Spline) surface modeling is a modeling method based on
curves and surfaces. It defines surfaces through control points, kernels, and weights, and has good
continuity and controllability. NURBS surface modeling has a wide range of applications in
industrial design, animation production, and other fields. This method can easily create smooth and
complex surfaces, and can achieve deformation and adjustment of the surface by modifying control
points. In addition, NURBS surface modeling has high computational efficiency and accuracy,
making it suitable for real-time rendering and high-speed computing scenes.[1]

2.2.2. Polygonal mesh modeling

Polygonal mesh modeling is a modeling method that divides the surface of a virtual object into
several triangles or polygons. It is the most commonly used modeling method in computer graphics,
widely used in game development, film and animation, and other fields. Polygonal mesh modeling
has the advantage of being easy to edit, render, and compute. By adjusting the vertices, edges, and
faces of polygons, it is easy to achieve deformation and optimization of objects. In addition,
polygon mesh modeling also supports various subdivision algorithms, such as Delaunay
triangulation, Bowyer Watson algorithm, etc., to improve the accuracy and quality of the model.

2.2.3. Parametric modeling

Parametric modeling is a method of creating a 3D model by parameterizing curves, surfaces, or
solids. It has the characteristics of flexibility, efficiency, and programmability, and is suitable for
creating various complex mathematical models and geometric shapes. Parametric modeling
describes virtual objects through parameter equations, and users can control the shape and size of
the model by adjusting the parameters. This method has a wide range of applications in fields such
as architectural design and mechanical design. Common parametric modeling tools include Maya,
3ds Max, Rhino, etc.

2.2.4. Curve modeling

Curve modeling is one of the most basic methods in 3D modeling, which describes the contours
of virtual objects through a series of ordered points. Curve modeling has important applications in
animation production, path tracking, robot motion, and other fields. By adjusting the control points,
slope, acceleration, and other parameters of the curve, smoothing and optimization of the curve can
be achieved. Curve modeling has the advantages of simple calculation, good real-time performance,
and easy control. Common curve modeling tools include AutoCAD, SketchUp, Illustrator, etc.[2]

2.2.5. Voxel modeling

Voxel modeling is a modeling method based on three-dimensional pixels. It divides the virtual
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space into cubic units and constructs a 3D model by combining and manipulating these units. Voxel
modeling is flexible, editable, and easy to implement, making it suitable for various complex digital
sculptures and 3D printing fields. Voxel modeling can achieve rendering and animation of models
through techniques such as slicing and projection. Common voxel modeling tools include Blender,
3D Coat, Meshmixer, etc.

2.3. Introduction to 3D modeling software and tools

AutoCAD: As a professional computer-aided design software, AutoCAD has a wide range of
applications in fields such as architecture, civil engineering, and mechanical design. It provides rich
modeling tools and functions, supports multiple file formats, and facilitates data exchange with
other software.

SolidWorks: SolidWorks is a powerful 3D modeling software widely used in fields such as
mechanical design, product design, and engineering analysis. It supports various modeling methods
such as parametric modeling, surface modeling, and assembly modeling, and has the characteristics
of high efficiency, accuracy, and ease of use.

Blender: Blender is an open-source 3D modeling software suitable for animation production,
game development, film and television production, and other fields. It provides rich modeling,
rendering, animation, carving and other tools, supports multiple file formats, and can seamlessly
integrate with other mainstream software.

3ds Max: 3Ds Max is a 3D modeling software widely used in game development, film and
animation, architectural visualization, and other fields. It provides rich modeling, materials,
rendering, animation and other tools, supports multiple file formats, and facilitates data exchange
with other software.

Rhino: Rhino is a high-performance 3D modeling software suitable for digital sculpture, product
design, animation production, and other fields. It supports multiple modeling methods, has the
characteristics of efficiency, accuracy, and ease of use, and also supports data exchange with other
mainstream software.

SketchUp: SketchUp is an easy-to-use 3D modeling software suitable for fields such as
architectural visualization, furniture design, and animation production. It provides rich modeling,
material, rendering and other tools, supports multiple file formats, and facilitates data exchange
with other software.[3]

3. Key Technologies of 3 Virtual Simulation Systems
3.1. Virtual reality technology

Virtual Reality (VR) technology is a computer-generated virtual three-dimensional world that
allows users to immerse themselves and feel the sensation of being there. To achieve high-quality
virtual reality effects, it is necessary to start from modeling, rendering, interaction, perception, and
algorithms. During the modeling process, it is necessary to accurately describe the shape, material,
texture, etc. of the object; During the rendering process, it is necessary to handle details such as
lighting, shadows, and materials to improve the realism of the image; Interaction technology
enables users to interact naturally and smoothly with virtual environments; Perception technology
simulates various sensory experiences of users, such as vision, hearing, touch, etc., to improve the
realism of virtual reality; Optimization and improvement of algorithm technology for lighting
calculation, collision detection, motion capture, and other algorithms to enhance the effectiveness of
virtual reality.
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3.2. 3D rendering technology

3D rendering technology is the process of converting 3D models into 2D images, and is a key
link in virtual reality technology. To achieve high-quality rendering effects, it is necessary to start
with lighting models, shading models, texture mapping, shadow processing, and anti-aliasing. The
lighting model and coloring model are used to calculate the lighting effect and color of the object
surface; Texture mapping applies two-dimensional images to the surface of three-dimensional
objects to improve their detailed representation; Shadow processing simulates the shadow effects
generated by light sources; Anti-aliasing technology reduces jagged edges in images.[4]

3.3. Interactive Technology

Interaction technology is an important part of virtual reality technology, enabling users to
interact naturally and smoothly with the virtual environment. To achieve efficient interaction effects,
it is necessary to start from the aspects of device, input, output, algorithm, and perception.
Interactive devices are physical media through which users interact with virtual environments; Input
is the process by which users input instructions into the virtual environment; The output is the
process in which the virtual environment provides feedback on the interaction results to the user;
The algorithm involves collision detection, motion capture, speech recognition and other
technologies; Perception technology simulates various sensory experiences of users, such as vision,
hearing, touch, etc.

3.4. Simulation Technology

Simulation technology is an important component of virtual simulation systems, which simulates
the physical laws and processes of the real world to achieve prediction and optimization of the real
world. In order to improve the accuracy, stability, and real-time performance of simulation
technology, it is necessary to start from physical models, algorithms, data processing, and model
optimization. A physical model is a mathematical description of objects, environments, and
processes in the real world; Algorithms are computational methods used to solve various problems
in simulation processes; Data processing is the processing and analysis of data generated during the
simulation process; Model optimization is the process of improving and optimizing simulation
models.[5]

3.5. Optimization and Acceleration Technology

Optimization and acceleration technology improves the performance and efficiency of virtual
simulation systems by optimizing algorithms and accelerating the calculation process. In order to
achieve efficient optimization and acceleration, it is necessary to start from algorithm optimization,
computational acceleration, memory management, and data compression. Algorithm optimization is
the process of improving and optimizing existing algorithms to enhance computational efficiency;
Computational acceleration refers to the use of high-performance computers, graphics processors,
and other hardware devices to accelerate the computational process of virtual simulation systems;
Memory management is the process of optimizing the memory usage of virtual simulation systems
to improve system performance; Data compression is the process of compressing data generated
during virtual simulation to reduce storage and transmission costs.[6]
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4. Design of Virtual Simulation System Based on 3D Modeling
4.1. System Requirements Analysis

System requirement analysis is the first step in the design process, with the main task of
clarifying the functional, performance, and user requirements of the system. In a virtual simulation
system for 3D modeling, functional requirements typically include model creation, editing,
rendering, interaction, etc; Performance requirements include system response time, operational
stability, etc; User needs include user interface design, operating habits, etc.[7]

4.2. System Architecture Design

System architecture design is the second step in the design process, and the main task is to
design a reasonable system architecture based on system requirements analysis. In the virtual
simulation system of 3D modeling, the system architecture usually includes modeling module,
rendering module, interaction module, simulation module, etc.

4.3. System module division

System module partitioning is the third step in the design process, and the main task is to divide
the system into multiple modules based on the system architecture design. In the virtual simulation
system of 3D modeling, common modules include model creation module, model editing module,
model rendering module, model interaction module, simulation simulation module, etc. Each
module is responsible for handling specific tasks and achieving the functionality of the entire
system through collaborative work between modules.

5. Implementation of a Virtual Simulation System Based on 3D Modeling
5.1. System development environment and tools

Choosing the appropriate development environment and tools is crucial for improving
development efficiency and system quality in the system development process. Common
development environments include Visual Studio, Eclipse, etc; Common development tools include
3D modeling software such as 3ds Max, Maya, Blender, as well as game engines such as Unity and
Unreal Engine.[8]

5.2. Implementation of Main System Functions

The implementation of the main functions of the system is the core part of the development of
virtual simulation systems. In a virtual simulation system based on 3D modeling, the main functions
include model creation, model editing, model rendering, model interaction, and simulation. By
using development environments and tools, developers can achieve these functions and build a
complete virtual simulation system.

5.3. System testing and optimization

System testing and optimization are important steps in the development process of virtual
simulation systems. System testing can identify defects and issues in the system, providing a basis
for optimization. Optimization mainly includes algorithm optimization, data processing
optimization, memory management optimization, and other aspects. Through system testing and
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optimization, the performance and stability of the system can be improved, providing users with a
better user experience.

6. Application Case Analysis
6.1. Application of Virtual Reality in the Engineering Field

Virtual reality technology has a wide range of applications in the field of engineering, especially
in areas such as architectural design, urban planning, and engineering simulation, achieving
significant results.

In architectural design, virtual reality technology can help designers present building models
more intuitively, presenting customers with more three-dimensional and realistic architectural
effects. By using virtual reality technology, designers can interact with clients in the early stages of
design, improving design efficiency and satisfaction. In urban planning, virtual reality technology
can provide a visual urban model for urban planners, facilitating their urban design and planning.
Through virtual reality technology, urban planners can better showcase urban planning solutions
and improve the rationality and feasibility of urban planning. In engineering simulation, virtual
reality technology can help engineers predict various situations during the implementation process
of the project and provide a basis for engineering decision-making. Through virtual reality
technology, engineers can simulate operations before actual construction, improving project quality
and construction efficiency. During the installation and maintenance process of equipment, virtual
reality technology can provide engineers with a visual device model, facilitating their installation
and maintenance. Through virtual reality technology, engineers can simulate operations before
actual operations, improving the efficiency and quality of equipment installation and maintenance.
In the field of engineering education and training, virtual reality technology can provide students
with a simulated engineering environment, helping them better understand and master engineering
knowledge and skills. Through virtual reality technology, students can engage in engineering
practice in a safe and efficient environment, improving the effectiveness of education and
training.[9]

6.2. Application of Virtual Reality in Education and Training

The application of virtual reality technology in the field of education and training is becoming
increasingly widespread. The application of virtual reality technology in medical education and
training can help doctors and nurses better master surgical and emergency skills. For example, a
medical education and training company in the United States uses virtual reality technology to
provide doctors and nurses with a simulated surgical environment, allowing them to perform
surgical operations in a virtual environment and improve their surgical skills. The application of
virtual reality technology in military education and training can help soldiers better master military
skills and tactics. For example, the US Department of Defense uses virtual reality technology to
provide soldiers with a simulated battlefield environment, allowing them to conduct military
training in the virtual environment and improve their military skills and tactical level. The
application of virtual reality technology in industrial education and training can help workers better
master operational skills and safety knowledge. For example, a German car manufacturer uses
virtual reality technology to provide workers with a simulated production line environment,
allowing them to practice operations in the virtual environment and improve their operational skills
and safety knowledge.[10]

67



6.3. Application of Virtual Reality in Industrial Manufacturing

BMW uses virtual reality technology for car design and production. BMW uses virtual reality
technology to build a digital model of the car on a computer, and then uses simulation technology to
accurately simulate and test various components of the car to ensure the quality and performance of
the car in actual production. In addition, BMW also utilizes virtual reality technology to simulate
and optimize production processes, in order to improve production efficiency and reduce production
costs.

Advantage: Through virtual reality technology, BMW can quickly create and modify digital
models of cars on computers, greatly improving the efficiency of car design. By using virtual reality
technology to accurately simulate and test various components of a car, problems can be discovered
and solved, thereby ensuring the quality and performance of the car in actual production. Simulating
and optimizing production processes through virtual reality technology can improve production
efficiency and reduce production costs. Through virtual reality technology, BMW can reduce the
number of problems that occur in actual production, thereby lowering production costs.

7. Conclusion

The design and implementation of virtual simulation systems based on 3D modeling technology
provide strong support for various fields, improving the efficiency and quality of design, research
and development, production and other processes. With the continuous development of 3D
modeling technology, its application in virtual simulation systems will be further expanded,
bringing innovation and breakthroughs to more industries.
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