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With the increasing computing power of computer hardware and the continuous development of Internet technology, it has
become possible to sell clothing online. In this context, virtual clothing shops and fitted clothing have also started to appear
online and people have a new platform to choose their clothing. In the development of the clothing industry, e-tailoring will
become a new trend, and if we look at the clothing industry as a whole, e-tailoring is bound to develop rapidly, as it is now
difficult for people to find clothes they are happy with on the shelves. However, many clothing shops on online platforms are
now able to provide a more limited service to people, making it difficult for consumers to buy the right clothes for them, and
the situation of returns is more serious. So many consumers are still more willing to buy clothes in the physical shop; if we can
use the virtual reality environment of three-dimensional clothing design, consumers in the online clothing shop can freely
choose their favorite clothing, and then the selected clothing considers the proposed wear in accordance with the size of the
consumer production of the human body virtual model to observe the three-dimensional effect so that consumers can choose
more suitable clothing. This paper mainly studies the 3D clothing design method in the computer 5G virtual reality
environment. In the context of the computer 5G era, this article discusses the characteristics of virtual reality technology in
detail and proposes a modeling method for 3D clothing design based on virtual reality. Based on the research status of 3D
clothing design at home and abroad, this paper further studies the construction of clothing virtual design and designs and
realizes the functions of character virtual modeling, clothing virtual modeling, and accessory virtual modeling. According to
the defects of the existing 3D clothing design, a more mature three-dimensional clothing design method based on actual needs
is developed. This paper analyzes the 3D clothing design process in detail through demand analysis; constructs the system
functional block diagram, system architecture diagram, style customization flowchart, database table, etc.; designs the 3D
clothing design module; and designs the main clothing and portraits—part of the modeling. Experimental studies have found
that as long as ∣Z∣ > 0:042547 is satisfied, the clothing and the human body part can be prevented from crossing when the
clothing matches the human body. In this article, in order to prevent large deviations in the garment stitching process, if it is
the front piece of the garment, take Z = 0:06. If it is the back film, take Z = −0:06. Virtual reality technology-assisted clothing
design has become a new model of computer-aided clothing design, which has successfully promoted the transformation of
enterprise employment forms and the improvement of enterprise production efficiency. The percentages of the left neck point,
right neck point, left hip point, and right hip point in the human feature points were 15%, 23%, 31%, and 31%, respectively.

1. Introduction

With the continuous development of today’s virtual reality
technology, the clothing industry is also undergoing earth-
shaking changes. Technologies such as three-dimensional
clothing design, intelligent clothing panel making, and
clothing computer-aided design are gradually developing in
the clothing field. Nowadays, 3D clothing design technology

has been widely used in the fields of medicine, simulation,
human body modeling, and 3D animation. In the clothing
industry, the traditional body size measurement method is
based on manual measurement, and its efficiency is low.
The data obtained is often different due to human emotions,
measurement methods, technology, and many other factors,
which affect body measurement. The accuracy of the data is
bound to have a certain impact on the later garment
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production and processing. How to obtain the key dimen-
sions of human clothing design more scientifically, conve-
niently, accurately, and quickly is particularly important
for the development of the clothing industry.

The virtual clothing collocation technology is the prod-
uct of the combination of computer technology and cloth-
ing. It is no longer the same as the manual mode in the
past to make patterns but directly according to actual needs,
in accordance with the general matching principles in the
computer system such as color sample matching and style
matching, combining different materials, different styles,
and different color designs in ways such as style matching
[1, 2]. The clothing virtual collocation system is to realize
the virtual collocation technology so that the technology
can be used in the computer system to choose the matching
of different clothing so that the user can know the final effect
in advance before the actual production design of the cloth-
ing and modify the unsatisfactory details—speed of response
to winning the market [3].

At present, the research enthusiasm for three-
dimensional clothing design continues. In order to meet
the needs of personalized clothing customization, Zhu
et al. proposed interactive clothing design and a personalized
virtual display with the user’s own face. Taking suits as an
example, the method of customer interactive clothing design
based on genetic engineering ideas is analyzed. Therefore,
customers can rearrange clothing style elements, choose
available colors and fabrics, and propose their own personal-
ized suit styles. Based on Unity3D and VR technology, they
developed a Web3D customized prototype system for
personalized clothing. The structure and function layout
combined with the system flow are given. But it did not solve
practical problems such as 3D facial scanning, suit style
design, fabric selection, and accessory selection [4]. Chen
et al. took typical Tibetan costumes and traditional Chinese
costumes as examples and proposed a virtual reality interac-
tive teaching mode for clothing design education. These pro-
cesses include the use of two-dimensional (2D) clothing
CAD software to display traditional clothing structures, the
use of virtual reality technology to make three-dimensional
(3D) clothing models, and the use of the Unity3D game
development platform for interaction [5]. Sun et al.’s
research investigated the first and second air gaps under
the garment and also tested the thermal performance related
to the microclimate volume formed between the garment
layers forming the whole. For outerwear, there is no thresh-
old volume determined, after which the insulation layer will
start to decrease due to convection. Use accurate 3D body
scans and CAD tools to reverse-engineer the process to
assess the volume of microclimate air. The thermal human
body model was used to examine the influence of the micro-
climate volume on the overall thermal insulation material,
which was used for outerwear [6]. Kang et al. have developed
an advanced three-dimensional (3D) human body tempera-
ture regulation model to describe the temperature distribu-
tion across the skin surface and body. In the model, the
human body is divided into 15 parts, and the geometry of
the limbs is modeled as a frustoconical shape to imitate the
physical geometry of the upper arm, forearm, thigh, and calf

[7]. Yang et al. presented a novel waist measurement system
based on multiview stereo images for garment design. The
system is set up at a fixed location and captures three pairs
of stereo images for the subject through six calibrated and
synchronously triggered cameras. The maximum measure-
ment error of the system was 1.28 cm for women and
1.31 cm for men for bust measurement and 1.18 cm for
women and 0.99 cm for men for waist measurement, both
within the error limits set by the Chinese national and textile
industry standards [8].

The main innovations of this paper include the following
aspects. (1) Propose a new three-dimensional cutting
method, using virtual reality technology to calculate and
deform each point of the characteristic part of the model sep-
arately; the characteristic part transitions naturally, and the
modeling effect is more realistic. Use the three-dimensional
B-spline technology to establish a clothing universal type,
and complete the clothing design process by making changes
to the clothing universal type, which is convenient to operate
and avoids repeated labor. (2) Based on the constant distance
from the center key point to the boundary key point before
and after the 3D garment is expanded, a geometric expansion
algorithm based on the calculation of the length of the 3D B-
spline curve is proposed. (3) This paper observes the 3D
effects of designing garments in a virtual reality environment.
The 3D interactive sphere enables the spatial control of 3D
objects with 6 degrees of freedom and, through it, the design
of 3D virtual garments.

2. Three-Dimensional Clothing Design in
Virtual Reality

Clothing design belongs to the category of arts and crafts,
and it is an art form that combines practicality and artistry.
Design means planning, conceiving, and setting up plans. It
also includes imagery, drawing, and modeling. The defini-
tion of clothing design is a creative plan and creative behav-
ior that solves the problems in people’s wearing life system.
It is a marginal subject involving a wide range of fields and
is closely related to social sciences and natural sciences such
as literature, art, history, philosophy, religion, aesthetics,
psychology, physiology, and ergonomics. As a comprehen-
sive art, costume design has the common characteristics of
general practical art, but it also has its own characteristics
in content, form, and means of expression. Figure 1 shows
Dali’s “Lobster Skirt” and Dali’s “Eternal Eye Brooch.”

Nowadays, clothing is no longer simply a tool for people
to conceal the body but a medium and symbol to convey
personal personality and a cultural carrier that integrates
artistry, functionality, and emotion. If the designer is stuck
in the inherent concept for a long time, it means that the
inspiration is exhausted.

In today’s general environment, cross-border thinking
combines many artistic fields to make the design unique
and full of freshness. As a weather vane of the trend, clothing
will inevitably be affected by it, and cross-border clothing
has emerged as the times require. Andy Warhol is known
as one of the most influential figures in the art world in
the 20th century. He is the iconic artist of Pop Art and the
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artist who has the greatest influence on Pop Art. He boldly
uses unconventional methods such as letterpress printing,
rubber or wood rubbing, gold foil technology, and photo
projection in his artistic creations. His artistic style is diver-
sified, and his works are full of practicality, commerciality,
and humor. Andy Warhol had close contact with celebrities
in the fashion circle during his lifetime. Many photogra-
phers, models, and celebrities at the time were his good
friends. In fact, the starting point of his career was to paint
costume illustrations for the American version of “Bazaar,”
which was different from the later painting styles. The illus-
trations at that time were mainly based on simple lines.
Andy Warhol became famous in New York and became
the most popular illustrator at the time. In his early illustra-
tions, a creative object that cannot be ignored is women’s
high-heeled shoes. The image of high-heeled shoes
frequently appears in his manuscripts. The bold color
matching and gorgeous prints of the shoes have inspired
countless designers and derived subsequent works, as
shown in Figure 2.

In the design of clothing with Hanfu elements, what is
expressed is a Chinese cultural sentiment, which is trans-
formed from abstract to figurative, the elements of which
are decomposed, added or subtracted, and integrated into
contemporary clothing design, fusing the plot of Hanfu ele-
ments into the clothing to be designed. In this process of
integration, their products not only reflect the designer’s
special attachment to traditional Chinese culture and its car-
riers but also present the viewer with a stylish and creative
look and feel with elements of Hanfu culture.

2.1. 5G Network Architecture. The 4G network cannot cope
with the 5G requirements and scenarios on the network
due to the limitations of its access network technology and
the solidification of network architecture functions. In con-
trast, 5G networks have faster speeds, better communication
quality, and more diverse service scenarios, which can make
5G networks more efficient through technological innova-
tion and coordinated development in both infrastructure
platforms and network architecture—flexible, intelligent,
and open [8, 9]. In terms of infrastructure platforms, 5G net-
works introduce NFV and SDN technologies and build new
platforms on the same set of hardware facilities, thereby
reducing the cost of existing infrastructure platforms,

enhancing resource management capabilities, and accelerat-
ing service launches. In terms of network architecture, the
network architecture is redesigned by combining the tech-
nologies of control forwarding separation and control func-
tion reconstruction to improve the performance of the
access network (AN) in the 5G scenario. In addition, the
simplified core network (CN) structure makes the control
forwarding function more flexible and efficient, the opera-
tion is more intelligent, and the network capability is more
open so that the overall service level of the entire network
is improved [10].

The new 5G network architecture includes three func-
tional planes: access, control, and forwarding. The control
plane generates a global control strategy, which is then exe-
cuted by the access plane and the forwarding plane. The
access plane includes various types of base stations and wire-
less access devices. The increasingly powerful interaction
capabilities and diversified networking topologies between
base stations make coordinated wireless access control more
flexible and improve the utilization of wireless resources.
The control plane recombines network functions, centralizes
control functions, simplifies control procedures, and realizes
flexible scheduling of the access and forwarding resources
[11, 12]. The network functions are arranged according to
the needs of different services to realize the customization
of network resources and the openness of network capabili-
ties. The forwarding plane includes distributed gateways
with sinking user planes, integrating edge data caching and
service acceleration functions, and improving data forward-
ing efficiency and flexibility under the centralized control of
the control plane [13, 14]. The application areas of 5G are
shown in Figure 3.

The design process of the access network requires atten-
tion to the following: (1) the allocation of virtual resources
through the base station and the possibility of processing
the baseband through SDR, as well as the shift to virtualized
base stations with real-time cloud architecture; (2) the con-
vergence of 2G, 3G, 4G, and Wi-Fi access technologies; (3)
the content caching and delivery at the edge and the transfer
to the access network to the traditional mobile network con-
tent storage and distribution functions, according to the
actual needs of users to push information at times, so as to
continue to improve the user experience; and (4) the flatten-
ing of the data plane and optimization of data transmission

Figure 1: Dali’s works.
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paths. The data plane is flattened, and the data transmission
path is optimized.

For virtual reality technology has many technical charac-
teristics, mainly including perceptibility, presence, and other
related technologies, the computer graphic image in the
design process combined with the virtualized element image,
in the elements of the most important element, is the effect
of immersion. The perceptual system itself is an effective
way of targeting the visual instincts of the graphic image ele-
ments to effectively increase immersion as the viewer carries
out both the virtual and realistic dimensions for observation.
On this basis, the design of computer graphics must have a
perceptual effect that aids immersion. This is what makes
it possible to achieve a visual approximation to reality.
Therefore, to be able to design the effect of computer graphic
images, virtualization and immersion should be the main

premise, constantly enriching the design principles of
graphics and complementing the content of images, so that
the visual effect of virtual reality technology can be effec-
tively brought into play.

2.2. Virtual Reality Technology. Virtual reality, VR for short,
has been a popular field in recent years in the field of
computer networks and related fields. It is a high-tech devel-
opment involving many disciplines in the 20th century.
Virtual reality technology is a technology developed on the
basis of computer graphics, computer simulation technol-
ogy, human-computer interface technology, multimedia
technology, and sensor technology [15, 16]. VR technology
is a computer-generated data map of simulated stereo vision.
People have a specific real world without recognition results
or show a purely conceived world. People use data gloves,

Figure 2: Andy Warhol’s design manuscript.
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data clothes, and other sensing devices to input data and
obtain the corresponding visual, auditory, and tactile sensa-
tions so as to achieve the closest interaction with the natural
state of this reproduced world [17]. Nowadays, VR technol-
ogy is actively used in entertainment, audiovisual arts, mili-
tary training, aerospace, and other fields. The ideal virtual
reality technology is to create a virtual environment through
a computer, using human vision, hearing, touch, taste, smell,
and other functions to make people feel the same as reality,
have an immersive feeling, and achieve the interaction
between the user and the environment. The mainstream
VR equipment is shown in Figure 4.

Because virtual technology is used in the process of auto-
mating the computer, this technology is closely related to the
design technology of graphic images. To a certain extent, it
gives a feeling of immersion. But the designers are mainly
combining virtual and realistic technologies for effective
coordination and control in their specific designs and are
able to present people in a realistic way through three-
dimensional technology, thus allowing friendly human-
computer interaction.

Virtual reality technology has three basic characteristics:
immersion, interaction, and imagination. Immersiveness
refers to the criticality of the user’s integration into reality.
The interaction between humans and machines is natural,
just like the interaction between humans and nature in real-
ity, completely immersed in the virtual environment [18,
19]. Interactivity is different from the playback of 3D scenes
and realizes human-computer interaction through human
sensory organs instead of passive acceptance. Conception
means that through this system, users can get perceptual
and rational knowledge and thus have a new understanding
and perception of a certain thing [20]. The application areas
of VR are shown in Figure 5.

2.3. Three-Dimensional Cutting Technology. Three-dimen-
sional cutting is a method of cutting and creating directly
based on the human body according to the needs of the
design. It is not restricted by the plane calculation formula
and empirical data. The operator can directly perceive the
shape and characteristics of the human body. It is a very
simple and the most intuitive way to make clothing [21,
22]. The three-dimensional cutting method of making
clothes eliminates the design steps of paper patterns and is
a very intuitive way to show the relationship between the
human body shape and the clothing composition. Three-
dimensional clothing cutting is also called three-
dimensional clothing design. The structure design of non-
clothing plane cutting is the most primitive and fundamental
form of clothing structure design. It pursues the perfect
combination of technology and art, the combination of
clothing and the human body, and the combination of
fabrics and shapes [23]. Three-dimensional cutting is the
understanding and application of designers and pattern
makers on the aesthetics of clothing art. It mainly uses a
human table, scissors, pins, fabrics, and other tools and
materials to actually operate on the human table. The struc-
ture, shape, and silhouette of the clothing are all around,
produced in the three-dimensional space of the human plat-

form. The specific operation is as follows: cover the human
table with a white-grey cloth; fix it with a pin; directly use
the processing methods such as saving, dividing, and pleat-
ing by hand to produce the expected clothing art style; and
use the marking line to clearly mark the modeling structure
line. Finally, the fabric of the human table is removed, cut,
and sew into a sample garment, which is tried on by the
human body, and the unsuitable parts of the trial fitting
are modified, and the modified parts are clearly marked with
the marking line, and finally, a sample garment that meets
the needs of the human body is obtained. Split the fake
sewing pieces, and then spread them on paper to make a
conventional clothing pattern [24, 25]. With this form of
making clothing, you can intuitively see the effect of the
clothing during the production process, and you can
improve and adjust the plan at any time. Throughout the
classic and creative clothing styles of international brands,
it is all reflected in the three-dimensional cutting mode.
The effect design diagram is shown in Figure 6.

In the three-dimensional clothing design, the generation
and sewing of clothing pieces is a very important link. This
link mainly contains two reverse processes. The first is the
cutting piece from the two-dimensional to the three-
dimensional visual mapping process; in this process, it needs
to be sewn on the three-dimensional human body model on
the two-dimensional clothing cut pieces so as to be able to
form a three-dimensional clothing initial form. The second
is the entire clothing piece or entire cutting process, which
is the two-dimensional unfolding process of the three-
dimensional clothing surface, which requires the three-
dimensional clothing surface to be unfolded into the
prescribed two-dimensional flat type, thus forming the
two-dimensional cutting piece required for clothing process-
ing. The process of generating and sewing garment pieces is
now largely carried out using unfolding techniques. Some
designers see the three-dimensional visualization of their
garment pattern as a purely geometric problem, triangulat-
ing the two-dimensional pattern and then mapping the
layers onto the three-dimensional mannequin: the three-
dimensional surface is a more complex process in the
production of the two-dimensional pattern.

2.4. Three-Dimensional B-Spline Technology. Since this arti-
cle designs three-dimensional clothing modeling technology,
it is inseparable from three-dimensional curve modeling,
and three-dimensional curve modeling is based on two-
dimensional curve modeling: the positive seeking process
and control point inverse process of the B-spline curve.
The key technology of this article will be explained in this
section. The equation of the B-spline can be written as

p uð Þ = 〠
n

i=0
diNi,k uð Þ: ð1Þ

It can be seen from the equation that in order to obtain a
B-spline curve, a series of control points and corresponding
B-spline basis functions must first be provided. Now, sup-
pose that a number of control points on a curve are known;
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then, what needs to be solved now is the corresponding B-
spline basis function part. The Debre-Cox recurrence
formula used here is

Ni,0 uð Þ =
1, ui ≤ u ≤ ui+1,
0, other

(

Ni,k uð Þ = u − ui
ui+k − ui

Ni,k−1 uð Þ + ui+k+1 − u
ui+k+1 − ui+1

Ni+1,k−1,

0
0 = 0:

8>>>>>>>><
>>>>>>>>:

ð2Þ

It can be seen from the formula that to solve the B-spline
base Ni,k, a corresponding node sequence must be obtained
first. To sum up, what is known is the group of control
points, and what I want to solve is the entire B-spline curve.
To solve the B-spline curve, the node sequence of the curve

must be obtained first, so the node sequence of the curve
must be solved through this set of known control points.
The calculation of the two node sequences introduced in this
article is also based on this principle to parameterize the
chord length [26].

The first introduced is the Liesenfeld method. The con-
trol polygon (that is, the polygon formed by sequentially
connecting the control points) is approximately regarded
as the circumscribed polygon of the curve, and the
segmented connection points of the curve correspond to
the vertices or edges that control multideformation. Then,
the chord length of each segment of the curve is regarded
as the sum of the corresponding side lengths of the corre-
sponding control multideformation, and then the total side
length of the polygon is the quotient to obtain the value of
the normalized node sequence [27, 28]. Due to the different
properties of odd-order spline functions and even-order
spline functions, their solution methods are also different.
Liesenfeld assumes that the segment connection points of
the even-order B-spline curve correspond to the midpoints

Figure 4: VR equipment.
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of the control multideformation, but this correspondence
should remove the k/2 sides at both ends of the control

polygon [29, 30]. Therefore, the node sequence can be
obtained as

At the same time, Liesenfeld assumes that the segmented
connection points of the odd-order B-spline curve corre-
spond to the nk-th control point. This correspondence is
that ðk + 1Þ/2 at both ends of the control multideformation
are removed, established after the vertex. Then, expand,
sum, and normalize it to get its node sequence, namely,

U = 0, 0,⋯, 0,
∑ k+1ð Þ/2

j=1 l j
L

,
∑ k+1ð Þ/2ð Þ+1

j=1 l j
L

,⋯,
∑n− k+1ð Þ/2ð Þ

j=1 l j
L

, 1:

ð4Þ

2.5. Geometric Operations of Implicit Surfaces and Implicit
Functions. The low-dimensional interface in the three-
dimensional space is a curved surface, which divides the
three-dimensional space into isolated nonzero subregions.
Here, we only consider closed surfaces that can clearly dis-
tinguish between the inside and the outside. For example,
consider the following expression:

λ að Þ!
= a2 + b2 + c2 − 1: ð5Þ

In this expression, the interface passes

λ að Þ!
= 0: ð6Þ

For the definition of the isosurface, the interface is also a
unit sphere:

∂Δ = a! a!
��� ��� = 1
���n o

: ð7Þ

For the surface, the inner area is

Δ− = a! a!
��� ��� < 1
���n o

: ð8Þ

The outer area is

Δ+ = a! a!
��� ��� > 1
���n o

: ð9Þ
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Figure 6: Effect design drawing.

U = 0, 0,⋯,
∑k/2

j=1l j
� �

+ l k/2ð Þ+1/2
� �
L

,
∑ k/2ð Þ+1

j=1 l j +
� �

+ l k/2ð Þ+1/2
� �

L
,⋯,

∑n− k/2ð Þ−1
j=1 l j +

� �
+ ln− k/2ð Þ/2
� �

L
, 1: ð3Þ
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The explicit expression of the interface is

∂Δ = a! a!
��� ��� = 1
���n o

: ð10Þ

For complex surfaces without analytical expressions, we
also need to discretize the surface. It is difficult to discretize
explicit expressions in three-dimensional space. We need to
select a large number of points on the two-dimensional sur-
face and record their connectivity. In two-dimensional
space, connectivity is usually determined by order; that is,
a!ðsiÞ is connected with points a!ðsi−1Þ and a!ðsi+1Þ. The rep-
resentation of connectivity in three-dimensional space is far
from straightforward. If you know a certain precise surface
and its connectivity, the surface can be easily drawn from
the triangle surface, where the vertices of the triangle surface
are on the surface, and the edges of the triangle surface indi-
cate the connectivity. On the other hand, if you do not know
the connectivity, it will be difficult to draw the surface
correctly. Even if you use a very well-known algorithm, the
drawn surface will have many strange errors, such as a
surface with holes.

Another advantage of the implicit level set representa-
tion of space is that it is easy to perform Boolean operations
and solid drawing geometric operations. For example, given
λ1 and λ2, we can easily perform the following operations:

λ =max λ1, λ2ð Þ, ð11Þ

λ =min λ1, λ2ð Þ, ð12Þ
λ =max λ1 − λ2ð Þ: ð13Þ

The definition of the distance function is as follows: for
all a1

! ∈ Γ,

d a!
� �

=min a! − a1
!��� ���� �

: ð14Þ

It can be seen from the definition that when the
unknown point is on the boundary, the function value is 0.
From a geometric point of view, d can be considered to be
obtained by the following method: if a! ∈ Γ, then dða!Þ = 0,
for some other given point a!; find the point closest to a!

on the boundary, and mark the closest point as az
!; the value

of the distance function is

d a!
� �

= a! − az
!��� ���: ð15Þ

For a given point a!, assuming that az
! is the point closest

to a! on the interface, for any point b
!

on the line segment

connecting points a! and az
!, b

!
is also the point closest to h

on the interface. From the definition of the distance func-
tion, the specific definition of the signed distance function
can be obtained as

λ a!
� �

= d a!
� �

= 0, a! ∈ Γ, ð16Þ

λ a!
� �

= −d a!
� �

, a! ∈ Δ−, ð17Þ

λ a!
� �

= d a!
� �

, a! ∈ Δ+: ð18Þ

The signed distance function is a subset of the implicit
function and has all the properties of the implicit function
discussed in the previous section. The signed distance func-
tion can simplify many level set methods for dealing with
implicit functions. Its additional attribute similar to the dis-
tance function is ∣∇λ ∣ = 1 so that the unit normal vector
does not need to be normalized.

The main idea of the level set method is to define the
moving interface as the zero isosurface of a function, and
let the function move at an appropriate speed so that the
zero isosurface is the material interface. At any time, as long
as you know the function and find its zero isosurface, you
will know the active interface at this time. The symbolic dis-
tance function defined in the previous section conforms to
the idea of the level set function and has many excellent
characteristics, so we generally choose the symbolic distance
function as the level set function in the experiment; that is,
the definition of the level set function is as follows:

λ a!
� �

= d a!
� �

, a! ∈ Δ+, ð19Þ

λ a!
� �

= d a!
� �

= 0, a! ∈ Γ, ð20Þ

λ a!
� �

= −d a!
� �

, a! ∈ Δ−: ð21Þ

After defining the level set function, the motion of the
interface depends on the velocity field u!, which may be
related to many factors, such as the location, time, tempera-
ture, geometric characteristics of the interface, or external
force applied to the interface. After defining the velocity
field, the following level set equation can be obtained:

λ1 + u! ⋅ ∇λ = 0: ð22Þ

In order to improve the efficiency of the algorithm,
the equation only needs to be solved in the local area
near the interface.

For the function value and velocity field of the level set
function, if the interleaved MAC method is used, the specific
storage methods in two-dimensional and three-dimensional
spaces are shown in Figures 7 and 8, respectively.

If the MAC method is used to store data, the data storage
mode of a grid unit in the two-dimensional space is shown
in Figure 9.

This paper chooses the staggered MAC grid method to
store data because it can calculate unbiased “central differ-
ence,” such as pressure gradient and velocity divergence, so
as to avoid some common defects. This advantage is illus-
trated by the following example. In order to be more general,
we consider the situation in a one-dimensional space. Now,
suppose there is a set of one-dimensional data q, which are
discretely sampled at grid positions 1, 2, 3,⋯, i − 1, i, i + 1,
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⋯, and their sampling values are q1, q2, q3,⋯, qi − 1, qi, qi
+ 1, and what is to be calculated is the derivative value
ð∂q/∂aÞi at grid cell i. In order to avoid deviation as much
as possible, the commonly used difference method is

∂q
∂a

� �
i

≈
qi+1 − qi−1

2Δa : ð23Þ

This method not only has no directional deviation, but
the error is also a second-order OðΔa2Þ. And another differ-
ence method is

∂q
∂a

� �
i

≈
qi+1 − qi

Δa
: ð24Þ

The method used will have a deviation to the right
because when calculating the difference, only the right-side
value is considered and the left-side value is ignored, and
the numerical error is only OðΔxÞ. What kind of difference
format can not only guarantee the second-order accuracy
but also avoid the directional deviation and zero space prob-
lems? The solution is to use the storage scheme of the stag-
gered MAC grid: the value q at the grid unit i is not
sampled, and the sampling network is used instead of the
value qi+1/2 at half of the cell. Then, when calculating the
derivative value at grid cell i,

∂q
∂a

� �
i

≈
qi+1/2 − qi−1/2

Δa
: ð25Þ

In addition, knowing the normal component of the

b

a

vi, j +1

𝜆i, j + 1

𝜆i, j𝜆i – 1, j

𝜆i, j – 1

𝜆i + 1, j

ui, j

vi , j

ui +1, j

Figure 7: Interleaved MAC storage method of data in a two-dimensional grid.
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Figure 8: Interleaved MAC storage method of data in a three-
dimensional grid.
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Figure 9: MAC storage method of data in a two-dimensional grid.
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center velocity on each surface of each grid unit, we can
easily calculate the divergence ∇⋅ u! of the flow field.

3. 3D Clothing Design Modeling Experiment

3.1. Experimental Platform. The laser is used to perform
noncontact appearance scanning of the object to obtain
point data, which can be quickly formed after postproces-
sing, with the 3D solid model showing a simple loose-
fitting top T-shirt [31, 32]. 3D virtual reality technology is
different from pure surveying and mapping technology. It
is mainly for high-precision inverse 3D modeling and recon-
struction. Traditional measurement technology is mainly
single-point accurate measurement, but it is not suitable
for modeling work because it is described. The complete
properties of the target structure require a large number of
surveying and mapping points, ranging from tens of thou-
sands to more than several million so that the target can
be completely moved to the computer [33]. Using modern
high-precision sensing technology as an aid to solve this
problem, three-dimensional virtual reality technology is this
kind of automatic high-precision stereo scanning technol-
ogy. The system design and system flow are shown in
Figures 10 and 11.

3.2. Experimental Procedure

3.2.1. Basic Information and Exercise Habits. The subjects
fill in the questionnaire about basic information and exer-
cise habits. If they have not used the virtual somatosensory
game, they will first use the game to play for an hour and
be familiar with the operation method of the virtual
somatosensory game.

3.2.2. Actual Scene Test. First of all, the subjects put on sports
clothing to measure their weight and were not allowed to
drink water or add or remove clothing during exercise. Dur-
ing this period, the blood pressure of the subject’s left wrist
was measured, and the diastolic blood pressure (DBP) and
systolic blood pressure (SBP) were recorded, respectively.
After that, an alcohol cotton ball was used to clean the fin-
gertips of the subjects. Squeeze your fingers and measure
the blood lactic acid value of the subject before exercise with
the blood lactic acid test paper. The humidity values under
the front of the chest, under the back, under the left armpit,
and under the right underarm were measured with a
hygrometer. The subjects undressed and photographed the
upper body surface temperature, taking the front chest body
surface temperature, back body surface temperature, left
armpit body surface temperature, and right armpit body
surface temperature. After the subjects wear the heart rate
monitor on their chest, they are set to record their heart rate
every 2 s (the heart rate is recorded every 2 s below). The
subjects put on sports clothing, performed a 30-minute
actual scene test in an indoor sports field, and recorded their
heart rate at the beginning of the exercise. After 30 minutes
of exercise, stop recording the heart rate. In the same step,
the test subject’s weight after the actual scene test exercise
was measured. Record the diastolic blood pressure DBP2;

systolic blood pressure SBP2; blood lactate LAC; humidity
under the clothes of the front chest, back, left armpit, and
right armpit; and body surface temperature of the front
chest, back, left armpit, and right armpit. The subjects filled
out a questionnaire for subjective evaluation of sportswear
comfort in the actual scene test. Then, sit and rest for half
an hour.

3.2.3. Virtual Scene Test. In the same step (Section 3.2.2),
record the test subjects’ weight before the virtual scene test
exercise; diastolic blood pressure DBP3; systolic blood pres-
sure SBP3; blood lactic acid LAC; humidity under the front
chest, back, left armpit, and right armpit; and body surface
temperature on the front chest, back, left armpit, and right
armpit. The subjects put on a heart rate monitor, used games
in the laboratory to perform a 30-minute virtual scene test,
and recorded their heart rate at the beginning of the exercise.
After 30 minutes of exercise, stop recording the heart rate.
The test subjects in the same step (Section 3.2.2) test the
body weight of the virtual scene after exercise; the diastolic
blood pressure DBP4; the systolic blood pressure SBP4; the
humidity of the front chest, back, left armpit, and right arm-
pit; and the body surface temperature of the front chest,
back, left armpit, and right armpit. The subjects filled out a
questionnaire for subjective evaluation of sportswear com-
fort in the virtual scene test.

3.3. Data Collection. Import the established standard model
into 3DS MAX, slice it, retain its main body, and merge all
body parts into one object. Then, export the model data to
the file Women ASE. Before exporting, set the data accuracy
to two decimal places, and other settings are default. This file
contains all the mesh and vertex information of the model.
Export the ASE file, which means that the original data
required for human platform modeling has been obtained.
But in order to draw the human platform model, it must first
be read and stored through programming. After the reading
is completed, it is finally drawn through the OpenGL
graphic interface.
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Figure 10: System design diagram.
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4. Three-Dimensional Clothing Design
Data Analysis

4.1. Comparative Analysis between Three-Dimensional
Cutting and Different Clothing Shapes. Analyze the results
from the main observations, as shown in Figure 1. For the
different shapes of short skirts, dresses, and shirts made by
three-dimensional cutting, the highest score is the short
skirt, and the lowest score is the shirt. Three-dimensional
cutting combines the advantages of plane cutting and three-
dimensional cutting. It has both the simplicity and practical-
ity of plane cutting and the beautiful appearance of three-
dimensional cutting. It has strong market development
efforts. In the software operation of three-dimensional
cutting, the virtual mannequin is used to build the overall
shape of the garment on the mannequin, and then draw the
garment structure lines on the three-dimensional garment
outline, and use the three-dimensional garment structure
lines to generate a flat pattern of garment pieces. Therefore,
in the subjective review, the scores of the three clothing items
are relatively high. The shape design and the development of
the flat shape are relatively time-saving and labor-saving, and
the fit is more suitable for the human body. The structure line
of the three-dimensional skirt is simple, and the lines can be
completed smoothly. Therefore, the overall shape is more
graceful than dresses and shirts. Shirts have more structure
lines, and there are more curves in the neckline and collar.
Short skirt design takes twice as long to complete. The 3D
cutting software is simple and convenient to operate, saving
time, effort, and resources. Therefore, a large number of
enterprises are attracted to introduce virtual reality technol-
ogy to assist clothing design and become a new model of
computer-aided clothing design to successfully promote the
transformation of enterprise employment forms and the
improvement of enterprise production efficiency. As shown
in Table 1, three different human body models are measured.

Through the comparative analysis of the skirt shape,
dress shape, and shirt shape in Figure 12, it can be seen that
most people’s rational consciousness still tends to be more
convenient and three-dimensional. Among them, three-
dimensional tailoring has objective advantages and exerts
that in order to meet the needs of body tailoring and display
figure, at the same time, it has the demand for the looseness
of flat cutting. Customers with different needs can make
clothing with high flexibility and abandon the complicated
operation of three-dimensional cutting. A trial-made
white-grey cloth saves time and materials, removes the fixed
formulation of the plane structure to make the board, and
adopts the virtual trial-on-the-board model, which meets
people’s higher requirements for computer-aided design in
the new era, making computer-aided design deep into all
levels of clothing design, laying the advantages of computer
technology on the desktop, making clothing companies
aware of the effects of computer-aided design, saving
resources for the society, and improving economic and
social benefits. Figure 13 shows the virtual fitting system.

4.2. How to Measure Hip Circumference. Hip circumference
refers to the horizontal circumference of the hip measured at
the fullest part of the hip when the subject is standing
upright. Therefore, as a plane that passes through the fullest
part of the buttocks and is parallel to the horizontal plane
XY of the system, cut this plane with the human body
model, and the intersection formed by the cutting is the
hip line. The method of selecting the fullest part of the
buttocks is as follows. First, determine the coordinate axis
of the human body model image; the X-axis is the thickness
direction of the human body, the Y-axis is the front width
direction of the human body, and the Z-axis is the height
direction of the human body. Second, make a plane parallel
to the system plane YZ to make this plane gradually
approach the buttocks of the human body model. When
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Figure 11: System design research flowchart.
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the plane and the buttocks of the human body appear for the
first intersection, this point is the fullest point of the
buttocks of the human body model. The line of intersection
of the human body model is the hip circumference, and the
circumference of this line of intersection is the length of the
human hip line. Now, take the example of finding the fullest
point of the human left buttocks. First, mesh the image of
the left buttocks of the human body; that is, cut the left
buttocks. Here, we make 28 cross-sections, each with an
interval of 3mm, and 25 vertical sections, each with an inter-

val of 3mm. The method to prove that the first point of
intersection between the flat and the human buttocks is the
fullest point of the buttocks of the mannequin is similar to
that of the front breast point. The coordinates of the inter-
section of the plane and the buttocks and the coordinates
of the surrounding points can be expressed by software.
The intersection point of the buttocks and the surrounding
points are the intersection points of the warp-to-grids after
the meshing and cutting of the mannequin. For the conve-
nience of research, here, we take the coordinates of the

Table 1: Comparison table of body shape data between the original mannequin and the new mannequin (unit: cm).

Measuring part Primitive mannequin Mannequin A Mannequin B

Height 160.54 165.94 160.54

Chest circumference 84.42 87.50 84.72

Waistline 66.41 69.48 94.31

Hips 91.85 91.67 91.86

Shoulder width 29.51 36.98 29.51

Upper arm circumference 26.39 26.38 26.39

Thigh circumference 55.44 51.55 55.44

Calf circumference 34.54 35.77 34.54

Thigh length 34.77 36.68 34.77

Calf length 39.69 42.15 39.69
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Figure 12: Comparison between three-dimensional cutting and different clothing shapes.

Figure 13: Online virtual fitting system.
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intersection point of the buttocks and the coordinates of 11
points around it as an example. The coordinates of each
point are shown in Table 2. The comparison of hip data
under virtual reality technology is shown in Figure 14.

It can be seen from the coordinate positions of these
points that the larger the X-axis coordinates of these points,
the closer the plane parallel to the system plane YZ. Then,
the point with the largest X-axis of these points is the earliest
point that is parallel to the system plane YZ.

4.3. Design of the Virtual Clothing Contour. The outline of
virtual clothing is formed by connecting key points of cloth-
ing and characteristic line segments. This article is to design
a simple and loose top T-shirt. You need to get the data of
the collar width, clothing length, and hem width first. First,
read the 3DS file of the human body model derived from
the modeling software through the program, obtain the
human body model, and extract the neck points and hip
bone points of the human body model. The coordinate
values of the neck point and hip bone point are shown in
Table 2. Then, calculate the human body’s neck width, the

length from the hip bone to the neck, and the hip bone
width. The neck width is obtained by calculating the differ-
ence between the X-coordinates of the left and right neck
points, and the length from the hip bone to the neck is
calculated by calculating the Y-coordinate value of the neck
point, and the difference in the Y-coordinate value of the hip
bone point is obtained, and the hip bone width is obtained
by calculating the X-coordinate difference between the left
and right hip bone points. Using these body characteristic
parameter values as a reference, design the T-shirt’s collar
width, dress length, and hem width. Then, use the coordi-
nates of these two feature points as a reference, set the coor-
dinates of key points of clothing, connect these key points
through line segments, and make the initial contour of the
clothing, that is, the piece of clothing. Mark points 1-8 as
key points of clothing. The coordinate values of the points
are shown in Table 3. Because the design is a loose-fitting
T-shirt, the clothing size in Table 3 is slightly larger than
the corresponding body characteristic parameter value in
Table 4. The line segments here include straight and curved
segments. The curved segments use Bezier curves to

Table 2: Point coordinates.

11 point coordinates of the intersection point of the hip and its surroundings
Point name X-axis Y-axis Z-axis Point name X-axis Y-axis Z-axis

1 121.71 45.402 41.369 7 136.867 46.402 43.226

2 129.207 47.402 43.351 8 130.176 53.402 46.350

3 123.456 49.402 45.324 9 125.371 45.402 42.382

4 129.56 52.402 40.252 10 129.864 47.402 45.622

5 126.926 45.402 42.321 11 135.121 49.402 42.328

6 130.261 43.402 46.346 12 133.013 51.402 49.351
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Figure 14: Comparison of hip data under virtual reality technology.
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Table 3: Coordinate values of key points of clothing pieces.

Key point X Y Z

Key point 1 0.126 0.484 0.214

Key point 2 0.104 0.368 0.328

Key point 3 0.236 0.471 0.635

Key point 4 0.525 0.516 0.469

Key point 5 0.167 0.125 0.256

Key point 6 0.323 0.436 0.447

Key point 7 0.187 0.417 0.105

Key point 8 0.125 0.238 0.269

Table 4: Coordinate values of human body feature points.

Feature points X Y Z

Left neck point 0.03934 0.642265 0.0838154

Right neck point 0.05934 0.452265 0.0298154

Left hip point 0.08249 0.725994 0.0068023

Right hip point 0.0827933 0.035994 0.0258023
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Figure 15: Percentage of human body feature point coordinate values.
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construct the neckline and cuffs of the clothing, and the rest
are constructed with straight segments. The percentage of
the coordinate values of the feature points of the human
body is shown in Figure 15. The coordinate values of key
points of clothing pieces are shown in Figure 16.

It can be seen from Table 3 and Figure 16 that the Z
-coordinate value of the key point is determined according
to the depth value of the human body. It is found that as
long as ∣Z ∣ >0:042547 is satisfied, the clothing and the
human body part can be prevented from crossing when the
clothing matches the human body. In this article, in order
to prevent large deviations in the garment stitching process,
if it is the front piece of the garment, take Z = 0:06. If it is the
back film, take Z = −0:06.

5. Conclusions

This article explores 3D clothing design through a combina-
tion of the multiple tool software and virtual reality develop-
ment and display system, which breaks through many
limitations of conventional 3D clothing design and provides
a richer means of human-computer interaction. In this tech-
nology, the user can observe the wearing effect of the cloth-
ing from multiple angles and can interactively change the
clothing collocation and fabric texture of the characters in
the scene, which better achieves the purpose of three-
dimensional clothing design. The 3D platform created in
this paper provides good basic functions for 3D operations
and views. The user interface content is arranged reasonably,
concisely, and conveniently. The icons and buttons are
arranged regularly, and the screen is simple and vivid. Users

can directly click various tool buttons on the interface to
achieve corresponding functions. The measurement method
used in this paper is faster and more accurate than tradi-
tional measurement methods.

This article applies the concept of virtual reality technol-
ogy to clothing design to form a clothing virtual reality expe-
rience. The clothing virtual reality implements various
driving and linkage operations on the clothing parameter-
ized model. Feature-based clothing modeling technology
provides more methods for clothing modeling while also
expanding the traditional feature modeling methods. The
three driving methods of size, sketch interaction, and human
body provide examples for the integrated application of mul-
tiple deformation methods for the same model. The linkage
method based on hierarchical linkage and dimensional link-
age is the whole process—multidimensional and multilevel
parameterization of the product design exploration.

In this paper, 5G virtual reality technology is applied to
3D clothing design work so that designers can imitate the
real environment, interact with the computer in 3D, and
effectively carry out 3D free clothing design. This paper
observes the three-dimensional effect of the design garment
pieces in the virtual reality environment. The three-
dimensional interactive ball can realize the spatial control
of three-dimensional objects with 6 degrees of freedom,
and it is through it that the design of three-dimensional
virtual clothing is realized. Using the three-dimensional
space ball as a means of three-dimensional interaction with
the computer to directly generate three-dimensional virtual
clothing is an innovation. Although the current function of
the 3D garment piece design system is not perfect, it has
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been proved that this method itself is an effective method to
generate 3D virtual clothing.
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