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The Internet of things (IoT) has changed the information transmission mode of people, things, and services. The new functional
experience will bring users an efficient, convenient, and safe lifestyle. Virtual reality (VR) technology, also known as spiritual
environment technology, is a new stage of the development of computer and information technology. It is an important
auxiliary tool in the fields of R & D, production, education, and so on. As one of the six most famous kilns in the Tang
Dynasty (618–907 BC), Shouzhou kiln plays an important role in the history of ceramics in China and even in the world.
However, due to the long history, incomplete site preservation, fragile ceramic materials, and lack of effective promotion and
publicity, it has been difficult to make a breakthrough in the protection and development of Shouzhou kiln. VR technology
makes comprehensive use of computer software and hardware, breaks the barrier between virtual and reality, and provides a
new idea for the protection and development of Shouzhou kiln. On the basis of fully combing the principle of VR technology
and analyzing the application possibility of VR technology, firstly, focusing on the history and from the perspective of
archaeological research of Shouzhou kiln, this paper discusses how to use VR technology to realize the restoration of ancient
kiln sites, ancient ceramics, ancient ceramics technology, and relevant data preservation of Shouzhou kiln. Secondly, focusing
on the present, this paper discusses the application of VR technology and Internet of things technology in Shouzhou kiln
ceramic product design, Shouzhou kiln process technology improvement, Shouzhou kiln ceramic product display, and
Shouzhou kiln marketing. Finally, focusing on the future, this paper discusses the application prospect of VR technology in the
inheritance of Shouzhou kiln technology and the promotion of Shouzhou kiln ceramic culture. It is expected to explore feasible
paths and methods for the protection, inheritance, and development of ancient ceramic culture in China and even the world
through the discussion of VR technology involved in the protection and development of Shouzhou kiln.

1. Introduction

The Internet of things (IoT) is realized and developed on the
basis of the Internet, telecommunication network, and radio
and television network. It is an extension and expansion on
the basis of three networks. User application terminals have
expanded from information interaction and communication
between people to communication and connection between
people and things, things and things, and things and people.
Therefore, the Internet of things technology can make
objects more intelligent. It has increasingly become a new

point of technological innovation and economic growth.
Many American colleges and universities, such as the
University of California, Berkeley, Massachusetts Institute
of Technology, and Auburn University, and well known
enterprises such as, IBM, Crossbow Technology, have put
forward relevant solutions for the Internet of things technol-
ogy. The U.S. government policies to encourage the develop-
ment of the Internet of things technology are mainly
reflected in energy, broadband, and healthcare three areas of
medical treatment. In August 2009, the Japanese government
upgraded the “U-Japan” plan to the “I-Japan” strategy 2004,
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which is committed to building an intelligent Internet of
things service system. Meanwhile, countries such as Australia,
Singapore, South Korea, France, Germany, and Australia are
also stepping up the deployment of the Internet of things tech-
nology. Many countries are gradually promoting construction
of the next-generation ubiquitous network infrastructure.

Virtual reality technology is a new stage in the develop-
ment of computer and information technology. It refers to
“in the computer software and hardware, various sensors,
graphics and image generation systems, as well as special
clothing, three-dimensional environment with certain
audio-visual touch and smell, users can communicate with
this computer-generated virtual reality in a concise and
natural way with the support of these software and hardware
equipment” interact with objects in the real world. It is the
result of the comprehensive integration of modern high-
performance computer system, artificial intelligence, com-
puter graphics, man-machine interface, three-dimensional
image, three-dimensional sound, measurement control,
simulation, and other technologies. The purpose is to
establish a more harmonious artificial environment [1].

In the 1960s and 1970s, VR technology was in the
brewing stage of ideas, concepts, and technologies. In 1965,
Dr. Suther [2], an important founder of computer graphics,
published a short article “the ultimate display”, describing a
new display technology. Users were directly immersed in the
virtual environment controlled by computers. At the same
time, users can also interact with objects in the virtual envi-
ronment. In the 1980s, with the development of personal
computer technology and computer network, the develop-
ment of VR technology accelerated. During this period, the
VR system with practical value appeared and a relatively
complete reality simulation was realized through a VR
helmet. In 1987, Foley published “interfaces for advanced
computing” in Scientific American magazine. The magazine
also published articles on data gloves, which attracted peo-
ple’s attention. In 1989, Lanier, the founder of the American
VPL company, first proposed the word “virtual reality,”
which became a special name in this field of science and
technology. After the 1990s, with the breakthrough and
rapid development of computer technology and high-
performance computing, computer network and communi-
cation, human-computer interaction equipment, and other
scientific and technological fields, as well as the huge
demand in application fields, VR technology has entered a
period of rapid development. In 1993, Heim [3] proposed
that “VR is an event or entity in effect rather than in fact”
and described the seven characteristics of VR: simulation,
interaction, artificial reality, immersion, telepresence,
whole-body immersion, and network communication. In
1994, Burdea et al. [4] published “Virtual Reality Technol-
ogy,” in which they summarized the basic characteristics of
VR with 3I (immersion, interaction, and imagination). The
software platform and modeling language for VR system
development are developed. Quantum 3D developed open
GVS in 1989 and sensors launched WTK in 1992. VRML
was first proposed at the first WWW conference held in
Geneva in March 1994, and the formulation of relevant
international standards began. In 2005, ITU formally

defined the concept of the “Internet of things” at the World
Summit on the Information Society (WSIS) held in Tunis
and then issued “ITU Internet Reports 2005—the Internet
Things,” which introduced the characteristics, related tech-
nologies, challenges, and future market opportunities of the
Internet of things, pointing out the direction for the rapid
development of the Internet of things. The Internet of things
enables us to obtain a new communication dimension in the
world of information and communication technology, and
also enables the virtual world of VR technology to finally
become a reality.

China’s research on VR technology began in the 1970s,
when it was mainly concentrated in the field of aerospace.
In the early 1990s, some Chinese universities and scientific
research institutes began to study VR from different angles.
In 1996, Chengcheng et al. of Tsinghua University and other
three people published China’s first book on VR, “The The-
ory, Implementation and Application of Spiritual Environ-
ment (Virtual Reality) Technology” [5]. In the same year,
Qinping and others published the overview of VR research
[6]. The ministry of science and technology of the People’s
Republic of China and the National Natural Science Foun-
dation of China began to give key grants to the research in
the field of VR. The national “863” plan identified the “dis-
tributed virtual environment” as a key project in 1996 and
implemented the DVENET plan. With the maturity of
China’s technology and theory in the field of VR, after
2010, its discussion scope has rapidly expanded to the fields
of ancient ceramic protection, ceramic product design, and
ceramic culture inheritance in China. In 2012, Cheng and
others proposed VR-based modeling and reverse restoration
technology of ancient ceramic relics. In 2014, Hu analyzed
the feasibility of VR technology to support ancient ceramic
cultural relics. Taking Jingdezhen ancient kiln as an exam-
ple, this paper discusses the use of VR technology to display
ancient ceramic sites, so as to promote the inheritance and
dissemination of the ceramic culture [7]. In terms of ceramic
product design and technology, He discussed the role of vir-
tual reality in the traditional nonrelic firing technology of
Jun porcelain in his paper “Innovative Exploration of VR
Ceramic Firing Simulation Technology” in 2019. In 2021,
Wang summarized the value of VR interactive technology
in ceramic cultural and creative product design in his paper.

2. Application of VR Technology in Ancient
Ceramic Restoration, Ancient Kiln Site
Restoration, and Related Data
Preservation of Shouzhou Kiln

In terms of cultural heritage protection at home and abroad,
with the help of VR technology and digital synthetic image
and other technical frameworks, the cultural heritage and
sites are digitally copied and simulated and the simulated
reproduction of cultural relics is realized by digital means.
The core of virtual reality technology is modeling and
simulation. Digital technology is used to effectively preserve
cultural relics, realize the three-dimensional or model estab-
lishment of data, and scientifically, effectively, accurately,
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and permanently preserve endangered cultural relics. [8]
Using VR technology for restoration and reproduction can
shorten the restoration period of Shouzhou kiln cultural relics,
establish an online virtual museum through computer net-
work, and provide the public with novel and intuitive
Shouzhou kiln cultural relic resources. In addition to the above
points, the role of VR technology in Shouzhou kiln archaeol-
ogy is also reflected in the sensory impact. If VR technology
can be applied during the exhibition of ancient ceramic relics
of Shouzhou kiln, the exhibition environment of ancient
ceramic relics will become more open and intuitive. In this
way, it can be ensured that after the ancient ceramic relics of
Shouzhou kiln are displayed by using VR technology, visitors
can more clearly and intuitively contact the relics and feel the
strong impact of different aspects such as vision and perception.

In terms of specific application, VR reverse engineering
technology can be used to restore the fragments of ceramic
relics of Shouzhou kiln and the Shouzhou kiln site. The
methods are briefly introduced as follows:

Step 1. Measure and scan the existing ceramic relics, frag-
ments, or ancient kiln sites of Shouzhou kiln with CMM
and 3D laser scanner to obtain their data point clouds and
align them quickly.

Step 2. Use data optimization software such as surface to
analyze results, optimize data points, remove useless infor-
mation, and quickly extract product feature point cloud.

Step 3. According to the convenience of drawing, intercept
the profile of the restored object in an all-round way, draw
the product surface by using 3D CAD software such as
Pro/E and UG, and complete the virtual reconstruction of
3D product modeling.

Step 4. The surface can be repaired and restored by software
according to the condition of the surface, and then, it can be
output into an STL format file, which can be processed and
manufactured by connecting the ceramic 3D printer and
other processing equipment, or use an ordinary 3D printer
to print it out and make the mold after equal scale amplifica-
tion. Alternatively, it can be exported to STL or IGES format
files, imported into 3DMAX or rhino for rendering and 3D
data saving, or transferred to Virtools and Cult3D software
for interactive virtual demonstration, as shown in Figure 1.

3. Application of VR Technology in Shouzhou
Kiln Ceramic Product Design, Shouzhou
Kiln Process Technology Improvement,
Shouzhou Kiln Ceramic Product Display,
and Shouzhou Kiln Marketing

3.1. VR Technology Involved in the Design and R & D of
Shouzhou Kiln Ceramic Products. VR technology can convey
the design scheme of Shouzhou kiln products through vir-
tual reality and comprehensively check the shape and color
of product design with the help of relevant hardware, VR
glasses, data pen, etc. Through simulated firing, the possible

defects of Shouzhou kiln products in the firing process can
be further reduced. VR technology not only strengthens
the interactive virtual experience of designers when observ-
ing products, so that they can more effectively feel the
performance of products. It can also copy, repair, and save
data of existing products. It can also be used as a perfor-
mance testing tool for Shouzhou kiln products for all-
round evaluation and correction before production. Using
VR technology to realize the virtual detection and evaluation
of Shouzhou kiln ceramic products can further simulate its
production process and build a virtual detection and evalua-
tion system, so that its quality can be monitored and guaran-
teed more effectively before it is officially put into production.

The specific method is to use the modeling software to
construct the digital three-dimensional modeling and paste
the material. Through the signal transformed from Virtools
into virtual reality, the designer can modify the design draft
through virtual reality hardware and then feedback the mod-
ified data to the modeling or color texture stage to improve
the product. Finally, the detection module is used to detect,
analyze whether the hidden dangers and defects are within
the allowable error range, and then make necessary correc-
tions, so as to effectively ensure the quality requirements of
the product and improve the efficiency. See Figure 2 for
the specific process.

3.2. VR Technology Involved in Raw Material Improvement
of Shouzhou Kiln. Shouzhou kiln has a long history of using
materials nearby as tire and glaze of ceramic products. As
early as the Northern and Southern dynasties (420~589),
the clay of Shangyao town in Huainan was developed and
utilized for manufacturing Shouzhou porcelain. According
to the records of Huaiyuan County annals, “sixty miles to
the south of the county, near the Luohe River, there are
two winding peaks, under which there are coal kilns, Aborig-
inal stone burning ash, Bo mud filling, burning basin, and
other utensils. Red chalk soil is also produced, and the glaze
is taken by those who paint it” [9]. Until the beginning of the
Ming dynasty (1368–1644), Shangyao people used the clay
and mountain glaze from crow mountain, cave mountain,
Wu family memorial archway, and other places to burn pot-
tery jars and other pottery products. In the late 1950s, clay
was found in Datong, Dongshan, Bagongshan, and other
places, which was later developed and utilized by Datong
bowl factory, municipal ceramic factory, and Bagongshan
refractory factory. In the early 1960s, minerals such as clay,
feldspar, and purple shale were found in Xiejiaji, Bagong-
shan, and Shangyao, respectively, which were developed
and utilized by Huainan porcelain factory, Fengtai pot and
bowl factory, and Shangyao cylinder factory.

The element composition of ancient Shouzhou kiln porce-
lain was determined by energy-dispersive X-ray fluorescence
(EDXRF) technology. The results are shown in Table 1.

The results of the determination of the composition of
the tire glaze of Shouzhou kiln ceramic products are as fol-
lows: the main components of the tire are silicon dioxide,
aluminum oxide, and iron oxide. The glaze is mainly com-
posed of silicon dioxide, aluminum oxide, calcium oxide,
and phosphorus pentoxide. There are two groups of data
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for the determination and analysis of chemical composition
of Shouzhou kiln yellow glaze porcelain: dl-01 fetal material:
silica 66.51%, aluminum oxide 25.2%, and iron oxide 3.48%;
glaze: silicon dioxide 61.21%, aluminum oxide 14.45%, cal-
cium oxide 14.52%, and phosphorus pentoxide 1.33% and
Dl-02 tire material: silica 68.33%, aluminum oxide 24.3%,
and iron oxide 3.17%; glaze: silica 59.23%, aluminum oxide

14.06%, calcium oxide 15.15%, and phosphorus pentoxide
1.28%.

Systematically sort out the historical data of raw mate-
rials around Shouzhou kiln and establish the corresponding
raw material database according to the chemical element
content and composition data of various carcass raw mate-
rials. Specifically, it includes the following: first, the plasticity
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Figure 1: Reproduction, restoration, and data preservation of ceramic relics in Shouzhou kiln.
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Figure 2: Flow chart of VR intervention in Shouzhou kiln ceramic product design.

Table 1: Chemical composition analysis of ancient Shouzhou kiln fragments [10].

Kiln site Sample SiO2 Al2O3 Fe2O3 TiO2 CaO MgO K2O Na2O P2O5 MnO2

Guanzuizi Grayish-brown buttress 56.11 20.33 4.58 2.73 0.95 4.95 2.77 2.25 0.05 0.11

Guanzuizi Blue-glazed porcelain

Body 56.06 25.05 3.51 1.29 0.78 4.94 2.01 2.99 0.14 0.037

Engobe 56.39 23.98 3.09 1.23 1.73 4.29 4.04 1.83 0.14 0.04

Glaze 45.89 15.38 2.81 0.85 19.46 4.9 3.74 1.06 1.4 0.54

Guanzuizi Blue-glazed porcelain

Body 55.54 25.49 3.4 1.27 0.88 5.01 1.91 3.43 0.087 0.047

Engobe 54.38 21.9 2.4 0.92 5.48 5.23 3.48 2.66 0.33 0.77

Glaze 46.49 13.69 3.88 0.81 20.44 4.95 2.6 1.22 1.18 0.42

Guanzuizi Blue-glazed porcelain

Body 54.66 26.69 2.69 1.19 0.91 4.97 1.25 4.36 0.23 0.057

Engobe 55.43 23.93 2.11 0.94 1.37 5.06 4.16 3.97 0.17 0.043

Glaze 47.4 12.6 2.38 0.73 19.87 5.38 4.01 1.43 1.26 0.42

Inpatient department Gray buttress 57.03 23.61 3.33 1.43 1.11 4.9 2.32 3.06 0.18 0.06

Inpatient department Yellow-glazed porcelain

Body 59.37 20.37 4.7 0.96 1.06 4.8 2.54 2.64 0.18 0.083

Engobe 60.31 19.73 2.67 1.03 1.21 5.35 2.63 3.31 0.22 0.063

Glaze 48.88 11.94 3.8 0.77 17.92 5.07 4.35 1.57 1.47 0.52

Inpatient department Yellow-glazed porcelain
Body 57.24 21.25 4.53 1 0.87 5.19 2.78 3.4 0.37 0.093

Engobe 62.24 18.75 3.24 1.21 0.84 4.98 2.87 3.1 0.18 0.037

Inpatient department Yellow porcelain

Body 57.86 20.39 5.25 1.02 1.25 4.8 2.93 2.89 0.11 0.083

Engobe 63.36 16.81 3.36 0.67 1.73 5.56 2.22 2.51 0.1 0.053

Glaze 47.48 11.25 5.48 0.63 17.94 5.27 3 2.11 1.25 0.51
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and fluidity test of ceramic slurry: the forming process of
Shouzhou kiln includes the wheel forming process, grouting
forming process, and rolling forming process. The corre-
sponding mud data is established according to the methods
and characteristics of Shouzhou kiln blank forming process;
second, the temperature test of raw materials: the firing
process of Shouzhou kiln has strict requirements on
temperature, and the fire resistance of raw materials should
reach 1300°C. Therefore, a certain proportion of high-
temperature-resistant raw materials should be added to the
raw material formula of Shouzhou kiln and the relevant raw
material temperature data should be established after the
experiment; and thirdly, the glaze configuration technology
of Shouzhou kiln: the key to the unique yellow glaze of Shouz-
hou kiln lies in the glaze formula technology. The glaze tech-
nology of Shouzhou kiln includes glaze classification, raw
materials of glaze, glaze formula calculation, etc. According
to the data of chemical element content and composition of
raw materials in the glaze color of traditional Shouzhou kiln,
the corresponding glaze database is established. The rawmate-
rial database is input into the VR system developed by Shouz-
hou kiln ceramic products to realize that the material type,
composition, and location can produce the final firing effect
in combination with different firing temperatures and firing
atmospheres. In the system, the designer can constantly try
to replace the green body and glaze according to the green
body thickness, fire resistance, glaze hardness, and glaze finish
of the product and determine the final material ratio and com-
bination from the final firing form reflected in VR.

3.3. VR Technology Involved in Shouzhou Kiln Firing Process
Improvement. Ancient Shouzhou kiln had mastered
advanced firing technology as early as the Sui Dynasty
(581~618), and the glaze of ancient ceramic products exca-
vated is still as bright as new. The reason why Shouzhou kiln
has achieved such great success in history is mainly due to its
early mastery of advanced firing technology and the glaze of
utensils is fully melted, which is very suitable for daily life.
What kind of atmosphere system is used to burn ceramic
products? It shall be determined according to the composi-
tion of raw materials in the product formula and the physi-
cochemical reaction in each stage of the firing process.
When the raw material contains less organic matter and car-
bon, low viscosity, weak adsorption, and high iron content, it
is suitable to choose the reducing atmosphere for sintering.
On the contrary, it is suitable to choose the oxidation atmo-
sphere. The firing atmosphere of ceramic products refers to
the percentage of free oxygen and reducing components
contained in the combustion products in the kiln during
the firing process. Generally, the firing atmosphere is divided
into oxidation atmosphere and reduction atmosphere. The
atmosphere with free oxygen content above 8% is called a
strong oxidation atmosphere. The atmosphere with free oxy-
gen content of 4%~5% is called an ordinary oxidation atmo-
sphere. The atmosphere with a free oxygen content of
1%~1.5% is called medium atmosphere. When the content
of free oxygen is less than 1%. And when the content of
CO is less than 3%, it is called a weak reduction atmosphere.
The atmosphere with a CO content above 5% is called a

strong reduction atmosphere. The content of iron in the
glaze of Shouzhou kiln is high (2.38%~5.48%), and the con-
tent of titanium and manganese is low (0.63%~0.85% and
0.42%~0.54%, respectively), The main coloring element in
the glaze is iron. Through the analysis of the ceramic frag-
ments of ancient Shouzhou kiln, it is found that the content
of coloring elements in the porcelain body and glaze of each
sample is basically the same. It can be inferred that there are
no additional coloring elements iron and titanium in the
process of glaze making. The contents of coloring elements
iron and titanium in the fetus and glaze of Guanzuizi green
glaze sample and the yellow glaze sample of the inpatient
department are basically the same. Therefore, the green glaze
and yellow glaze are likely to be formed due to different fir-
ing atmospheres. The green glaze is formed in a reducing
atmosphere and the yellow glaze is formed in an oxidizing
atmosphere. The divalent iron ions in the green glaze are
more than the yellow glaze, and the trivalent iron ions are
less than the yellow glaze. Scholars speculate that the tradi-
tional firing method of Shouzhou kiln is oxidation, weak
reduction, oxidation, strong reduction [11].

In the low-temperature stage of the firing process, the
green body of Shouzhou kiln is mainly to remove water
and carry out oxidative decomposition. In order to ensure
the full oxidation of organic matter, carbon, and sulfide
and the full decomposition of carbonate, a strong oxidation
atmosphere is generally selected. In addition to the oxidation
reaction described above, carbonate decomposition is also
accompanied by ceramic products in the low-temperature
stage of the firing process.

MgCO3MgO + CO2↑ 500 ~ 750°Cð Þ,
CaCO3CaO + CO2↑ 550 ~ 1000°Cð Þ:

ð1Þ

The speed and completeness of these reactions are affected
by the atmosphere. When the oxidizing atmosphere is suffi-
cient, the reaction will be faster and more complete. On the
contrary, the reaction speed becomes slow and incomplete.
When the firing process enters the high-temperature stage,
the gas produced by the liquid-phase reaction can not be freely
discharged from the billet, so there are pinholes, bubbles, and
other defects. It is impossible to oxidize and decompose all the
gas components in the billet at the low-temperature stage,
because carbonate and Fe2O3 decompose above 1300°C in an
oxidizing atmosphere. However, in such a high-temperature
region, the green body already has liquid a phase. When the
viscosity decreases, the decomposed bubbles will break
through the liquid phase and escape, resulting in uneven glaze
or remaining in the glaze layer to form bubble defects. In order
to solve this problem, the firing atmosphere should be con-
trolled to a reducing atmosphere before high temperature
(about 1000°C), so that Fe2O3 and sulfate can undergo the fol-
lowing reduction decomposition:

Fe2O3 + CO2FeO + CO2↑,
CaSO4 + COCaSO3 + CO2↑,
CaSO3CaO + SO2↑:

ð2Þ
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The first reaction is strong at 1100°C in a reducing atmo-
sphere. The latter reaction reacts strongly at 800°C in a reduc-
ing atmosphere. This ensures that such substances are fully
reduced and decomposed before the glaze layer closes the
green body [11]. Therefore, in order to eliminate the pinhole
and bubble defects of Shouzhou kiln ceramic products, it is
necessary to ensure that there is a strong oxidizing atmosphere
in the preheating and a reducing atmosphere in the firing
zone. Combined with multiple firing experiments, the firing
atmosphere control of Shouzhou kiln can be adjusted as
follows: strong oxidation (960–1030°C)-strong reduction
(1030–1280°C)-weak reduction (1280–1300°C).

VR ceramic firing simulation technology uses a com-
puter to simulate a three-dimensional virtual visual tradi-
tional kiln, providing users with a visual, tactile, and
auditory environment. Users can observe and control the
ceramic products fired in the kiln from all angles without
restrictions. Its fidelity and real-time interaction provide a
strong support for the ceramic firing process of Shouzhou
kiln. The main function of VR ceramic firing simulation
technology is to truly simulate the whole process of ceramic
molding, glaze configuration, firing system, and so on in the
process of the traditional Jun porcelain intangible cultural
heritage firing technology. It provides valuable reference
data for the R & D and innovation of contemporary Jun por-
celain glaze.

Exploration and Application of Simulation Technology
in the Production Process of Shouzhou Kiln. The simulation
of Shouzhou kiln firing technology by virtual reality technol-
ogy can not only shorten the R & D cycle of Shouzhou kiln
products and reduce R & D costs but also reduce the envi-
ronmental pollution caused by long-term experiments.
Using VR virtual reality, 3D glasses, and other auxiliary
equipment, ceramic engineers can directly observe the real-
time state of the glaze color in the firing process of Shouzhou
kiln in the laboratory without going to the kiln workshop
and find problems in the process of simulating temperature,
reducing atmosphere, and glaze color, so as to timely and
efficiently adjust various components of ceramic materials
before mass production of ceramic products and accurately
grasp the ceramic raw materials, temperature curve, reduc-
tion atmosphere data, product shrinkage ratio, and other
data in the production of ceramics, so as to solve various
problems found in R & D.

The involvement of VR technology in the Shouzhou kiln
firing process includes the following contents: first, fuel sim-
ulation: through the data analysis of chemical elements con-
tained in firewood fired in Shouzhou kiln, the data analysis
of the combustion value of various firewood, and the data
analysis of metal substances contained in wood ash, the fuel
database is established; second, temperature simulation: (1)
temperature rise curve database: according to the character-
istics of traditional firewood burning technology, analyze the
temperature rise changes and firing time in each stage of the
firing process and establish the corresponding firewood
burning temperature curve data, (2) type of temperature
sensor: firewood combustion is characterized by long flame,
and the flame is in direct contact with utensils (naked com-
bustion), so the contact temperature sensor is adopted, and

(3) number and distribution of temperature sensors: the num-
ber of temperature sensors is calculated according to the space
size in the virtual Chai kiln, and the distributed structure is
used for temperature sensing deployment in the kiln [12];
third, firing system simulation: (1) carbon dioxide database:
according to the reduction reaction formula in the ceramic
firing process (Fe2O3 + 3CO = 2Fe + 3CO2), analyze the CO2
content and distribution position in the reduction stage of
Shouzhou kiln and establish the corresponding carbon dioxide
concentration database an (2) furnace atmosphere pressure
and flow rate database: test and analyze the atmosphere
pressure and flow rate at different positions in the process of
traditional Shouzhou kiln firing technology and establish the
corresponding database.

3.4. VR Technology Involved in the Exhibition and Marketing
of Shouzhou Kiln Ceramic Products. Build a VR display
platform of Shouzhou kiln ceramic products based on
e-commerce. With the continuous development of modern
society, people’s demand for ceramic products is gradually
developing in the direction of multivariety and personaliza-
tion. The design of traditional Shouzhou Kiln ceramics is
generally formed in batches by ceramic craftsmen after mak-
ing molds through grouting, extrusion, and other methods.
Therefore, it is inevitable to have the following two short-
comings: first, the elements such as product shape and color
are determined according to the craftsman’s own aesthetic
taste and cultivation. Therefore, the product characteristics
are inevitably limited and it is difficult to realize multivariety
and personalization. Second, it is impossible to establish
communication channels with consumers, so it is somewhat
blind in design, and it is difficult to flexibly adapt to the ever-
changing market demand. In view of this, with the help of VR
technology, we can build a virtual Shouzhou kiln ceramic
product display platform based on the e-commerce system,
so that consumers can customize the shape, color, and other
personalized elements of products according to their own
needs without leaving home and truly experience the fun of
customized products through interactive methods.

After completing the construction of the e-commerce
website, it is necessary to refine the VR display platform of
each virtual ceramic product. The steps are as follows and
Figure 3:

Step 1. Construct the initial product model in 3D Max and
other 3D software and convert it into a grid object (the num-
ber of points and surfaces should not be too large; otherwise,
the subsequent operation will be affected), copy the initial
model (keep the number of points and surfaces unchanged),
and modify it into the end model B.

Step 2. Assign materials and maps to the two models (UV
coordinates must be specified to ensure correct model map-
ping). You can also choose the shell material in Virtools. The
map is best refined with the unwrap UVW command to
prevent aliasing when the model is changed in the future.

Step 3. Construct elements such as the background, environ-
ment, and lighting (the simpler the better). After the
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rendering effect meets the requirements, use the “bake”
command to generate the first set of colors, save the burned
map, reassign its UV coordinates to the model, and render
again to observe the effect. Change the map from the shader
and use the bake command again to get the second set of
maps. By analogy, multiple sets of baked maps are obtained.

Step 4. Import the generated model together with the baked
map into the VIR tools software. You can add the shader
provided by Virtools to debug and get the highlight and
glaze effect of ceramics. Then, first formulate the basic oper-
ations such as zoom, translation, and rotation, and then, use
the building block module to set two buttons, one to control
the selection and replacement of colors (the thumbnail of
each color can be placed below) and the other to control
the change of the transition of the model from the initial
state to the end point, which can be set into the form of
the slider and digital display, The user can control the
change of the product shape and record the numerical
points through the slider.

Step 5. Complete other subsequent operations in Virtools
and export them into HTML controls. Classify and sort
out all the generated virtual ceramic product modules, use
the website database to produce the electronic model library,
and use ASP or PHP language to generate dynamic web page
files to complete the production.

We are standing on the edge of a new communication
era. The goal of information and communication technology
(ICT) has developed from meeting the communication
between people to realizing the connection between people
and things, things, and things. The ubiquitous Internet of
things communication era is coming. The Internet of things
extends the traditional information and communication net-
work to a wider physical world. Although the “Internet of
things” is still a developing concept, bringing “things” into
the “network” is a general trend of information development
[13]. If VR is a virtual reality, the production of Shouzhou
kiln is a complete reality. The necessary bridge between the

two in line with the characteristics of information is the
Internet of things technology. The combination of VR tech-
nology and the Internet of things provides a very broad
development and imagination space for the product market-
ing and promotion of Shouzhou kiln. Using RFID technol-
ogy as a substitute for bar code identification to realize the
intelligent management of Shouzhou kiln product logistics
system can realize the personalized customization of
Shouzhou kiln ceramic products from users’ high participa-
tion in design to blank forming and then to product firing,
packaging, and logistics distribution, so as to realize the
whole process real-time monitoring and users’ participation
in the whole process. The Internet of things is the “last mile”
to realize the marketing of Shouzhou kiln products sup-
ported by VR technology.

4. VR Technology Is Involved in the
Inheritance of Shouzhou Kiln Technology
and the Promotion of the Shouzhou Kiln
Ceramic Culture

Cultural promotion has become an important application
field of VR technology. Now VR technology has become
the core support technology of digital museums, science
and technology museums, large-scale event opening and
closing ceremony rehearsal simulation, digital museums,
science and technology museums immersive interactive
games and other application systems. It can be used for the
recording, digitization and display of various documents,
manuscripts, photos, movies, collections and other cultural
relics. The high-precision modeling of these cultural relics
also continuously puts forward higher requirements on VR
modeling methods and data acquisition equipment, which
promotes the development of VR. Many countries have
actively carried out this work, such as the Metropolitan
Museum in New York, the British Museum Russia’s Winter
Palace Museum, and France’s Louvre which have established
their own digital museums. China has also developed and
established university digital museums, digital science and
technology museums, and virtual Dunhuang and virtual
Forbidden City [14].

As the dominant cultural and historical attribute,
Shouzhou kiln must build a good cultural space and clear
cultural identity in order to get a place in the current social
space [15]. Combining traditional elements with modern
aesthetics, while modern design injects vitality into the
contemporary development of Shouzhou kiln, we must use
effective scientific and technological means to realize the dis-
semination of Shouzhou kiln cultural identity. The core or
main spiritual connotation of the living inheritance content
of various traditional art and cultural activities is the collec-
tive aesthetic experience of specific cultural groups [16].
How to strike a balance between the two is an important
issue in the development of Shouzhou kiln.

VR technology makes virtual scenes based on the real
environment through the computer. Through VR technol-
ogy, it can provide visitors with real-time interaction and
realistic feeling, improve the speed of cultural relics display

Building e-commerce platform

Construction of virtual ceramic VR display
platform

Build two models with the same
number of faces in 3D max

Map materials

Import virtools for interactivity settings

Export to HTML control to complete
the electronic model library

Delivery and feedback of
customized information

Figure 3: Construction flow chart of the Shouzhou kiln e-commerce
system supported by VR technology.
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and repair, reduce the use and operation cost, and provide a
new idea for site display. As a world-famous category of
ancient ceramics, Shouzhou kiln is not only an important
production and export base of craft ceramics but also a win-
dow of the Chinese ceramic culture. At present, its display
mode is mainly traditional entity, picture, and sample exhi-
bition. It is a pity that this traditional display mode lacks
interaction with tourists and can only provide static experi-
ence, but tourists spend time and energy but can not be sat-
isfied. VR technology can well solve this problem and let
visitors experience visiting the virtual space. By using VR
technology, the exhibition can provide Shouzhou kiln with
a virtual ceramic exhibition hall with friendly interaction
and roaming functions. Customers can walk freely and
watch freely in this virtual exhibition hall. At the same time,
they can also observe more details of a single product with
the help of interactive operation. The structure diagram of
the Shouzhou kiln VR display system is shown in Figure 4.
The system includes the user interface, interactive system,
data management, system script, system management and
other modules.

5. Conclusion

Culture is the sum of material civilization and spiritual civi-
lization created by human beings. Shouzhou kiln is the crys-
tallization of human spiritual and material creation and the
materialized form of people’s wisdom in the region. Tech-
nology is a method where people use existing things and
knowledge to change the function and performance of exist-
ing things. VR technology is a bridge for human beings to
shuttle freely between the imaginary space and the real
space. The emergence of new technology will inevitably
bring new development opportunities and space to the old
cultural form. Similarly, the application of VR technology
also brings new development opportunities for the ancient
Shouzhou kiln. This opportunity comes from the compre-
hensive involvement of VR technology in Shouzhou kiln
archaeology, Shouzhou kiln industry development, and
Shouzhou kiln ceramic culture promotion. Technology and
culture are never antagonistic. On the contrary, appropriate
technology application can inject fresh vitality into the
development of culture. With the unique 3I (immersion,
interaction, and imagination) attribute of VR technology
and the interconnection attribute of the Internet of things

technology, the ancient Shouzhou kiln will have the oppor-
tunity to reenter the vision of today’s people from the histor-
ical dust and glow with vigorous vitality. At the same time,
VR technology’s all-round involvement in the historical
research, current development, and future inheritance of
Shouzhou kiln also provides reference experience for the
protection, development, and inheritance of human tradi-
tional ceramic culture.
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