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Abstract: The rapid development of the data age makes it closely related to
research work in various fields of life. This paper uses virtual reality
technology to study the automation design of civil engineering process design.
Based on the traditional AR technology framework, this article combines cloud
platform technology to specialise in civil engineering firmware systems.
By analysing the authenticity, flexibility, regionality and high-security
requirements of the fusion of virtual reality and real-time network simulation,
virtual reality technology analyses the simulation network based on the cloud
platform and this paper further studies the support of multiple video stream
node test sites. By providing virtual reality imaging technology and actual
internet connection methods, it is found that when the transmission bandwidth
is between 400 Mb/s and 800 Mb/s, the packet loss rate does not exceed 0.01%.
This small packet loss has almost no effect on normal network communication.
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1 Introduction

With the rapid development of information technology, the internet has been integrated
into all areas of life. As the fifth largest space after sea, land and air and an important
national infrastructure, the security of cyberspace cannot be ignored. The emergence of
virtual reality technology has had a profound impact on various fields. Using virtual civil
engineering buildings in civil engineering buildings, by combining virtual reality
technology with general technical courses, using three-dimensional modelling to simulate
the steel structure of civil engineering buildings, the construction effect is significantly
improved (Lv et al., 2017, 2019).

As the mainstream trend of existing buildings, steel-frame skyscrapers are in line
with the promotion of green buildings in China, and at the same time solve the current
situation of excess steel-frame industry. The application of new technologies, new
processes and new materials in steel-frame high-rise buildings has led to increasing risks
during the construction period. The insurance model of steel buildings directly affects the
development of all risks in construction projects.

In view of the deficiencies of today’s simulation technology, this article recommends
virtual reality simulation technology that supports cloud platforms. Customised virtual
test bed to achieve scalability, transparency, simplicity and actual virtual and virtual
requirements. It can automatically push devices to promote panic and adapt to tasks. The
development of civil engineering construction heralds the living standards of Chinese
residents. Construction safety is more related to the life safety of residents. To improve
the development level of the construction industry is to improve the happiness index of
Chinese residents.

2 Related work

Network virtual technology is loved by various industries, and real scenes can be restored
through network virtual reality technology. Elbamby MS’s research on virtual reality
headsets shows that some recipients may experience motion sickness — especially
women. Among women, nearly four-fifths feel unwell (Elbamby et al., 2018). Bastug
et al. (2017) emphasised the importance of VR technology as a disruptive use case of 5G
(and higher) that utilises storage/memory, fog/edge computing, computer vision, artificial
intelligence and other recent developments. It examines three VR case studies and
provides numerical results under various storage, computing, and network
configurations. It reveals the limitations of the current network, and provides reasons for
more theories and innovations to lead the masses in VR (Bastug et al., 2017). Kihonge
(2017) described the comprehensive process of designing 4C space mechanism in virtual
environment. Virtual reality allows users to view and interact with digital models in a
more intuitive way than using traditional human-machine interfaces (HCI). Network
tools have the potential to greatly enhance the communication between members of
different industrial site design teams (Freeman et al., 2017). Freeman et al. (2017)
researched on mental health issues is inseparable from the environment. With the help of
Virtual Reality (VR), a computer-generated interactive environment, individuals can
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repeatedly experience their problem situations and teach how to overcome difficulties
through evidence-based psychotherapy (Freeman et al., 2017). Elbamby et al. (2018)
discussed the challenges and driving factors of achieving ultra-reliable low-latency VR.
In addition, in the case study of the interactive VR game hall, they showed that the
intelligent network design using millimetre wave communication, edge computing and
active caching can realise the future vision of VR through wireless (Elbamby et al.,
2018). Dascal et al. (2017) evaluated the evidence supporting the use of virtual reality in
patients in acute hospitalisation settings. The research involves three general areas: pain
management, eating disorders and cognitive and sports rehabilitation. Virtual reality is a
promising intervention, and it has a variety of potential applications in the inpatient
medical environment (Dascal et al., 2017). Kay and Asl (2017) summarised the rodent
VR technology, reviewed the latest results of related research and discussed the
commonalities and differences, advantages and problems of different methods. Munafo
et al. (2017) reported shows that users of modern, consumer-oriented head-mounted
display systems may experience motion sickness and women may face greater risks.
Vankipuram et al. (2017) introduced detailed information about the framework and
development methods related to the VR-based advanced cardiac life support training
simulator. This is a time-critical, team-based medical scenario and it has been found that
the availability score from the reduced group to the full VR group has increased
(Vankipuram et al., 2017). The construction of modern civil engineering works lasts for
several years, requiring a large number of personnel and types of work, various types of
materials and equipment, cross-working operations have a great influence on each other
and high requirements for coordination and cooperation with each other. Affected by the
natural climate, many technical measures are adopted and high safety production
requirements affect the construction safety and construction cycle of the project. The
implementation of civil engineering construction can be improved through the network
virtual reality technology.

3 The method of network virtual reality

The three technologies of physical test bed, network simulation and network simulation
have their own advantages (Huang et al., 2019). Among them, the physical test bed can
provide ultra-high fidelity experimental results. The network simulation technology can
simulate a very large-scale target network. Network simulation technology is somewhere
in between, but their respective shortcomings make it difficult for a single network
reproduction technology to meet the needs of various network experiments (Gou et al.,
2017). Some of the core technologies we research, such as civil engineering structure
model generation technology, civil engineering structure perception technology, etc., can
be extended to other environmental fields outside the physical store industry. At present,
it can be foreseen that there will be applications such as clothing sales physical stores,
automobile exhibition halls, etc. (Roy et al., 2017). When users experience such products
online, they are not passively browsing, but can integrate into the virtual store
environment and interact with the products in real time. People can go shopping and buy
clothes without leaving home, or experience the driving feeling of the latest models
instead of relying on imagination. The technology studied in this article can provide



72 H. Yu and C. Chen

effective support for new network technology research and existing network technology
evaluation. The realisation diagram of the traditional AR system is shown in Figure 1.
The establishment of a network system model under the traditional AR system lacks the
determination and feedback of system boundaries, variables and the process of feedback
analysis and correction, and lacks reliability.

Figure 1 Implementation diagram of traditional AR system

Realistic visual .
‘ H Video camera ‘
scene
Tracking Fusion of virtual .
. . screen display user
registration system and real

A
/
Virtual Virtual scene Human-computer
information generation interaction

The general process of network virtual reality technology mainly includes two major
steps. One is to clarify the goal of virtual reality and to construct a network model
according to actual needs, and the other is to obtain data based on the constructed
network model. Before modelling, it is necessary to collect research target data. In the
process of modelling, not only network nodes are included, but also the connecting lines
of these nodes. These connecting lines are the network systems that push each frame to
match. After the modelling is completed, test inspections are carried out. Figure 2 shows
a detailed network system model based on the traditional AR system. The detailed
system network flow chart adds system boundaries, variable cut-offs, feedback and
discussion corrections and can analyse and test for repeated experiments. Compared with
the traditional AR network system, it can analyse the research object more accurately and
has higher reliability.

Structural construction is to present actual problems through a network system
model. The realisation of this function can be carried out according to the following
process:

3.1 Clear goals and data collection

Clarify the purpose of modelling and determine the problems to be solved by the model
system (Lipton et al., 2017). Based on the simulation of real objects, it is necessary to
collect real data. The following is a two-dimensional plan view of photos of real objects
collected by cameras, by selecting the camera angle and taking pictures at a fixed point,
the resulting picture is a two-dimensional plan, as shown in the network system model
diagram in Figure 3.
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Figure 2 Network system model diagram

Research object

\j
. | Create a system
"1 flow diagram

A
Determine the
system boundary

A
Identify the main
variables

A

feedback loop | correction

# A

Build simulation
model

s1ojowered owos AJIPOIA

A

Determine the Discussion and |q—

F

Result analysis

and validity check > Revised model

#

Repeat
experiment

'

Simulation result
analysis

Y

propose




o3ewr S9JBUIPIO0D .
. SOJEUIPIO0D [OXI] |t oue[d oSew] | erowEs - SOIBUIPIO0D PIIOA\ et 109[qo ey

A

H. Yu and C. Chen
Figure 3 Two-dimensional display of real objects
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To rotate these feature points taken by the camera at fixed points, we must adhere to this
principle: that is, to find the same point in the photos from different angles (Emilia et al.,
2017). The criterion for selecting feature points is that these points can be easily found in
the picture at every angle, and these points must also be distributed on different planes,
S0 as to ensure that the obtained data can form a three-dimensional structure. The specific
process is:

1 Use the frame data saved in the motion capture file to construct a civil engineering
target structural frame. It can be called a driving frame, through which the three-
dimensional building model can be promoted. The so-called three-dimensional
building model refers to the three-dimensional (x, y, z) building displayed and
processed through video or pictures, and entered into the detailed system network
diagram.

2 The structure and shape of the driving skeleton are consistent with the original
structure and shape of the three-dimensional model. In this process, we must first
extract their architecture and morphological frame from the three-dimensional
human body structure model, and call it the original architecture frame. After that,
the two frames are overlapped, and the building frame is overlapped from the length
of the building frame and the structure of the building frame.

3 Cut the building structure model according to the range that the frame nodes can
influence, and divide it into different weights (Jensen et al., 2017). At the same time,
in order to make this division more precise, the boundaries of each range are
obtained by the building survey program. We start with the rough template model
obtained in the frame fitting stage. In this stage, we will repeatedly improve the
fitting accuracy by reducing the shape difference between the template and the
scanned model, as shown in the figure. The shape difference found is saved to the
displacement map. The main process is to obtain the video stream from the camera,
extract the features of each frame and store them in the database for matching feature
points and then perform tracking and matching after meeting the requirements to
achieve a virtual and real-fusion state. The following is the detailed operation
process, and the flowchart is shown in Figure 4.

3.2 Determine the boundary

On the basis of the research, the problems to be solved are divided and classified in the
order of primary and secondary (Tkachuk et al., 2020), distinguish between system and
non-system environment: System environment refers to the computer environment, that
is, computer programming and non-system environment refers to the existence other than
computer programming.
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Figure 4 Refinement of the fitting process
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3.3 Analysis system

Analyse the relationship between the totality and sub-factors in the system, and
understand the causal relationship between each element. Through the disassembly of the
system, find out the connection between the various independent elements and the causal
relationship between the various elements, draw them into a relationship flow diagram
and present it more clearly.

1

Select the feature nodes contained in each frame of the picture in the video stream
through the feature point algorithm;

Use the feature point description algorithm to describe the characteristic nodes in
each selected picture;

Match the feature information obtained from the image to be matched through the
feature point matching algorithm;

Optimise and purify the matched point pairs;

By purifying and correcting the mean value pair, the homography matrix is changed
between the obtained feature points and then the rotation and translation matrix are
performed, and finally the external parameters of the camera are solved (Kichkina
et al., 2020). According to the obtained ranking, the placement position of the virtual
data can be determined, so as to realise the main force position and correctly
combine the virtual and real data, as shown in Figure 5.
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Figure 5 Feature point detection and tracking module
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3.4 Build a model

The collected data information variables are established into functional Formulas with
different mathematical methods to form a complete model. It is relied on algorithms
between processes, risk network formulas, etc.

3.5 Simulation

Perform virtual simulation exercises on the constructed model to verify the effectiveness
of the simulation model. In the process of simulation exercises, problems such as
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unsuccessful matching, inability to select the best point and inadequate tracking are
found. And through practice, continuous improvement and solutions, to find the
best model program. It provides an effective policy basis for solving practical problems
(Chen et al., 2021), as shown in Figure 6.

Figure 6 System structure diagram

Camera gets
video stream

Ve

Frame feature
extraction

ON

atabase storage
data

Camera
position
estimation

Track match

Virtual
information

>y

Fusion of
virtual and real

v

Result output

4 Automation of civil engineering structure model based on network
virtual reality

4.1 The trajectory of steel structure risk propagation and the dependence
path of steel structure

Discussion on the path of risk spread the spread of risk between work packages is not
chaotic, but there is certain regularity, that is, they have a certain route and spread
according to the trajectory. The trajectory of risk propagation depends on the dependency
path between them (Wu and Li, 2020).

The project dependence between the various procedures of the steel structure high-
rise building project is mainly reflected in the dependence on materials, the dependence
on the work surface, the dependence on the personnel and the dependence on technology
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(Lv et al., 2021). The calculation Formula for the degree of dependence between each
process is as follows. The value standard in the Formula is selected strictly in accordance
with the schedule arrangement, construction team arrangement and technical arrangement
in the construction organisation design.

P=f(4,B,C,D)=ad+ B+ yC+5D (1)

P is the degree of dependence of related processes, which represents the dependence
between processes (Priyadarshi and Gupta, 2021). 4 indicates the relevance of materials,
which is mainly reflected in the materials and components used between various
processes. If the material used in the next process is the product of the previous process,
it is 1, otherwise, it is 0. B represents the correlation between working surfaces, which is
mainly reflected in whether this process is carried out on the basis of the previous
process. If it is carried out on the basis of the previous process, it will be 1, otherwise it
will be 0. C indicates the relevance of personnel, which is mainly reflected in whether the
two processes use the same batch of construction personnel, management personnel and
technical personnel. If it is the same group of personnel, it is 1; otherwise, it is 0. D
represents the relevance of technology, which is mainly reflected in the technical
relevance of the two related processes, including construction technology and
management methods. The correlation is 1, if not, it is 0. Here, «, £, y and ¢

represent the weight of item factors. Among them, & + £ + y + 0 uses an n-order matrix
to express the dependence between various tasks. This matrix only represents the direct
dependency relationship between work packages, that is, the degree of relevance, that is,
Table 1 is the structure dependency matrix. The elements other than the diagonal in the
matrix are the degree of association between the various jobs to be calculated using the
Formula. If there is no correlation between the two jobs, this element is 0.

Table 1 DSM structure dependency matrix

MPI MP2 MPN

MP1
MP2

MP3

MPN

Based on the analysis of risk communication based on dependence, risk communication
originated from the study of the dissemination of media, news and public opinion in the
USA. Now combined with risk, this article explores how risk is spread. This article
discusses risk spread in a narrow sense, and analyses the spread of risk factors during the
construction of steel structure high-rise building projects (Goehler et al., 2020). For the
establishment of the communication model, scholars have conducted research and
proposed the straight-line model and the Malayzik system model from different angles.
In the risk propagation analysis, the risk propagation route and propagation probability
are discussed, and then the risk propagation situation is judged (Pradhan and
Guha, 2020).

If the risk R1 affects MP1, then MP2 that is dependent on the work package MP1 will
be affected by the risk of R1. Work packages that are dependent on MP2 MP3 will be
affected by the secondary indirect propagation of R1, and WP4 that is dependent on MP3
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will receive three indirect propagations. By analogy, each process is spread like this. This
article takes the MP2 risk acceptance module, which has a total of 5 work packages, as

an example. Figure 7 is the risk communication route of the engineering project.

Figure 7 Diagram of risk propagation route
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In the process of discussing the propagation path of work, the iterative propagation of
risks in the workplace is ignored. That is, risk R1 affects work MP1 and MP2 depends on
WP1, then R1 affects MP2. If the work of MP1 also relies on MP2, then the risk will
return to MP1 and we will not consider the repeated spread of such risks. Therefore, if a
project has 5 work packages, at most four indirect risk transmissions can be carried out.
When we conduct theoretical research, the risk analysis of construction projects usually
considers the superposition of the direct risks of each work package. In actual work, it is
only the tip of the iceberg of engineering project risk and larger risk values are ignored.
The risk faced by a job is the sum of the direct risk value of the job due to the direct
effect of the risk and the indirect risk value of the spread of risk between jobs due to the
dependency between jobs (Xiong et al., 2020). That is, project risk value = direct risk
value + indirect risk value. Take MP2 work as an example, and also take 5 work
packages as an example. Figure 8 shows the actual work risk of work package MP2.

Figure 8 The value of risk in the actual work of MP2
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4.2 Construction of risk propagation model

In order to analyse the risks during the construction of steel structure high-rise building
projects, this paper constructs a risk propagation model jointly determined by the risk
network D and the risk propagation algorithm H, namely M=(D, H). Each job forms a
dynamic risk network due to the spread of risks (Hou et al., 2020). Here, we first need to
explore the dynamic relationship between them. D can clearly express the relationship
network diagram of the risk situation. The risk propagation algorithm can accurately
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calculate the propagation probability value of the work package along the dynamic risk
network. Before establishing the model, it is assumed that each work package cannot
resist risks and that each risk is independent (Wang et al., 2021).

The spread of risk factors, such as construction technology and management, is not
limited to a single part, it is likely to spread across the structure, that is, the risk factors
act on steel cutting and the risk may indirectly affect the steel structure installation
project (Jiang et al., 2021). If the component size deviation is too large due to the
negligence of the personnel, it may cause the deviation of the steel rod during the on-site
installation of the steel structure, which will lead to the deviation of the integrity of the
steel component. During the assembly process, cracks occurred in the steel due to
improper construction methods. In the welding stage of the construction site, the welding
operation aggravated the cracks on the rods, resulting in a reduction in the bearing
capacity of the components and local collapse. In order to facilitate the discussion of risk
spread, we divide the work package into modules for analysis (Choi et al., 2021;
Chakraborty et al., 2021). Putting work packages that are directly related or indirectly
related to the same module, no matter which work package in the module is affected by
the risk event, it will be propagated to other work packages in the module. Visualising
the propagation route of risk events in the work package of this module can get a risk
network diagram. The risk network is formulated as:

D = (MPCW,MPCWR) @

MPCW = {MPCW,/MP

Wwo

MP,, DSW (n,w),i < k,WP,,WP, € MPCM,} 3)

w

MPCM ; represents a collection of coupled modules in a steel structure project. MPCM,
and MPCM ; are modules i and j in the project. MPCM, and MPCM , are the set of
work packages that are dependent on MF, and MP, in the project. That is, within the
work package, each work package has a direct dependence on each other.

M/PCWR = {MPCWR,.J./MPm,WP DSM (n,m),i, j < k,i # j,MP, € MPCW,,WP,

no

€ MPCWJ.} MPCWR represents the set of coupled modules, and the element MPCWR,
represents the module. For the impact of MPCWR, on MPCWR,, this value is composed
of the directly dependent value of MP, and MP, .

In the coupling module that divides the various construction processes of steel
structures, this paper uses the correlation between the directed graph and the adjacency
matrix to solve. It can judge whether the directed graph is strongly connected or weakly

connected. G = (V ,E ) represents a directed graph, where V represents a node of the
directed graph. For this paper, V' is the work package of the steel structure project, £
represents the route between the nodes of the directed graph, here is the risk transmission
route of each work package and the directed graph G is the risk network we want. The
ordered pair <v,,v, > represents the line from node v, to node v;. Use n-order matrix

A= (aij ) to represent the adjacent-order matrix of the directed matrix.

l,if<v,v.>eFE I<i, j<
_ JLif<wv>eEl<i, j<n )
i 0, other
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Here, 4 is the Boolean DSM in the risk identification mentioned. In the directed graph G,
the n-th order square matrix P = ( p,.j) is the reachable matrix of the directed graph G

nxn

and the algorithm is shown in Table 2.

P=AY v A® v 4% ...v 4™ &)
A(Z) — A(l) A A(l) (6)
Table 2 A Operation rule table and v Operation rule table algorithm table
0 1
0 0 0
1 0 1
v 0 1
0 0 0
1 0 1

P is the Boolean sum of the power of 4, where the elements of the matrix P are expressed
as follows:

_ | Ly, TOv, At least one non-zero length channel exists .
# ] 0,v, TOv, There are no non-zero length channels 7
The N-order square matrix Q = (q,.j ) is a strongly connected matrix of matrix P.
O=P AP ( ) DX Py Py*P, ®
ql/ b pln Xp’ll. ’ .pnm ><}?nn

According to the Boolean DSM, it is the adjacency matrix of the reachable matrix. Using
the reachable matrix method to find the strongly connected matrix, we need to cluster the
strongly connected matrix and finally draw the connected network diagram between the
work packages according to the matrix elements.

4.3 Risk propagation algorithm

Risks are transferred between related processes. The amount of work associated with
each process is different, and the number of indirect transfers received by the process is
also different. The cumulative propagation probability of a process is the sum of different
indirect propagation times. Use matrix 4 to represent the cumulative risk propagation
probability matrix, and element a, to represent the work package MP, . The probability

of indirect risk spread due to the direct risk to MP, is summed. An indirect risk spread:
dl.(,.” is the direct impact value of MP, on MP,, and the structural dependence matrix can
be searched.

Secondary indirect risk propagation: d\” = d, passes the risk to MP, for MP,, and
MP, passes the risk to MP,. Here, the probability of k #i # j secondary indirect risk
propagation is equal to the probability that MP, is passed to MP, multiplied by the
probability that MF, is passed to MP,, namely:
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dP = (d,xd,)k=i#j )

Three indirect risk transmission: d 1.5.3 ' is for work, MP, first transmits the risk to MP, .
MP, passes the risk to MP,, and finally MP, passes the risk to MP,, namely:

dP =% (dyxd, xd, ) k#vzi#] (10)

n—1 indirect risk transmissions: As the repeated transmission of risks is not considered,
for projects with n work packages, there are at most n—1 indirect risk transmissions,
namely d;"" . For the work package, the indirect risk propagation probability of MP, to

MP, is the sum of multiple risk propagation probabilities.
a. =Y d (11)

With this method, the risk propagation probability between each work package in the
coupling module can be calculated, and the risk propagation probability matrix can be
established. Each element in the matrix is the probability that the opposite work package
is affected by other work packages and the risk is spread. In the process of risk spreading,
the risk value does not act on the dependent process with the initial value, but is
constantly decreasing. Therefore, in the process of calculating the risk propagation
probability, it is only necessary to calculate the same number of indirect propagations in
the coupling module. If a module contains 5 work packages, the work packages in the
module only need to calculate 4 indirect risk propagations. Matrix A4 is the cumulative
propagation probability matrix of numerical risks. The elements in the matrix are the size
of the risk value when the work package encounters the corresponding risk. The
following is the risk value calculation.

S = Ax (MBS - RBS)" (12)

S is the indirect risk matrix, and S, is the indirect impact value of risk events on MP, in

the indirect risk matrix S on MP, through risk propagation. The value of each element in

the S matrix is the influence of the risk on the corresponding work package due to the
spread of risk.

T =S+ (MBS -RBS) (13)

T is the absolute risk matrix. The sum of the last row and the last column is the absolute
risk factor of the project. According to the risk assessment of each risk and process, the
risk factors and measures are classified.

S=[xyz] (14)

Suppose the homogeneous coordinate of the vector X is x, and the three-dimensional
homogeneous  coordinate = of the three-dimensional feature  point is

oNp
S =[xy, z,l]T ,A= [337 }, which is the three-dimensional coordinate transformation
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Rt

matrix. 4= [ o

J is the internal component parameter matrix used by the digital
camera, and is the external component matrix obtained by marking the digital camera.

A= [:‘;0;,?’1 ] , if the homogeneous coordinates of the contrasted image point S = [ p,q]T

are S = [ P9, I]T , then the relationship between them can satisfy the Formula:

AS = AVAS (15)

Among them: A is a constant. According to the plan made in the previous section, the
set of matching points is determined and the problem of three-dimensional reconstruction
is transformed into a Jacobian problem of known matching points. The Jacobian
algorithm is an algorithm that is based on the symmetric point and calculates the
eigenvalues and eigenvectors of the matrix.

Assuming that the n-th order matrix 4 is a symmetric matrix, choose a value a,,
within the factors that it is not a diagonal and its absolute value should be kept to the
maximum, and then use the plane torsion transformation matrix R, to implement the
orthogonal similar transformation Formula to 4.

4 =R AR a (16)
1 0 0 " pq

Among them: the function of R, is r,, =cos&;r,

=sin#;r,, = arcsin6;r,, = arccos 6,
r; =0,i,j# p,q.

Calculate the angle 6 according to the following Formula:

2a
tangd = —2H (17)

App — dyq

The number A4,4,,4,,..,4,, is the eigenvalue of the matrix, and the i-th column

(i =0,1,2,...,n— 1) in the product of each plane rotation matrix is the eigenvector of the

contrast.

Based on the discussion, using the Jacobian algorithm, the eigenvalues and
eigenvectors of the n-th order symmetric matrix 4, the fundamental matrix, the rotation
matrix R and the displacement matrix ¢ can be calculated respectively.

(1) If S=In, In is the identity matrix, then its basic matrix 7 is n=txR
(2) If the basic matrix is n=txR, then R can be solved by the following Formula, where:
R'R=1,detR =1
min, = |E—1xR| (18)

(3) The most commonly used similarity estimation method is to calculate motion and
engine parameters, where 6 is the average correlation between motion and system
parameters €, and X is the correct point setting.

(4) After knowing (R, f), the coordinate value P of the feature point in the three-
dimensional space can be calculated. The setting (m,m') is the mapping of point P
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on the two images on the front, and the coordinate value of point P can be corrected
by the following Formula, the parameter a,, with the largest absolute value of the

diagonal parameter.
P = aRPM1n,, (|m = m[" +|m’ = [ (19)

(5) Assuming that the established accuracy control parameter is &, if |a| < &, then the

substitution calculation process ends. At this time, the diagonal parameter
a; (i =0,1,2,....n— 1) eigenvalue A has the same value. The eigenvector of the 4,

comparison is the i-th column in the matrix S. If |a| > &, then the substitution

calculation process remains.

(6) Using Formulas (20), (21), (22), (23), (24), calculate the parameters in the plane
transformation matrix and the parameters of the matrix A1 that is replaced with it.

X=dy Y _%(aﬁq - a/’/’) (20)
w = sin(y). —2—,sin20 = w (21)
X+’

sinf=—=2L—

o 2(1+w? (22)
cos@=+/1-sin2 @

ag,) =a,, cos? 0+a,, sin? @+a,, cos20 23)
=, mn2 2 1
a\)=a,,sin?> 6+a,, cos® 6+a,, sin20
O i
all ap/.co.sﬁgaqjsm@b
al)=—q sin@+a_cos
aV =40 = 0,4 ¥ i a > (24)

pp P a=a, cosO+a,sind,
A
a)=-a,sinb+a,cos0,

(7) Repeat steps (4)—(6) to calculate.

Steps (1) and (2) are transformation matrix problems, which should be solved using the
Quaternion-Representation method. Steps (3), (4), (5), (6) are non-linear minimisation
problems, which should be solved using the Levenberg-Marquardt method to obtain a
grid structure composed of characteristic points BV coordinates.

4.4 Scalability and network performance test and result analysis

First, test the throughput inside the virtual network. Since the container is added in this
chapter, the throughput of the container needs to be tested. The internal throughput of the
virtual network refers to the maximum rate at which the device can operate without
losing frames in the video stream, that is, the maximum rate test of the virtual network
system. The test results show that the throughput between containers connected to the
same virtual network is 7893.67 Mb/s, which shows that the network card in the
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container limits the throughput to gigabit. After adding a container-based virtual router
between the two containers, the throughput is reduced to less than 1000 Mb/s. It can be
seen that the container router has a relatively large impact on the throughput. Therefore,
VM-based virtual routers are selected to provide routing services in subsequent
performance tests. Each test result is a value obtained after 6 tests. Since the network
card used in the test only supports Gigabit networks, the test results of real and virtual
networks should be around 1000 Mb/s. When the transmitter bandwidth is between 400
Mb/s and 800 Mb/s, the packet loss rate does not exceed 0.01%. This small packet loss
has almost no impact on standard networks. The amount of packet loss is obvious, and it
is actually 800 Mb/s. Although the rapid increase of modern network users has reduced
the transmission bandwidth, it can still achieve high-transmission bandwidth while
maintaining low data packet value, as shown in Figures 9 and 10.

Figure 9 Throughput test results delay test results (see online version for colours)
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Figure 10 Packet loss rate test results (see online version for colours)
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From the three experiments conducted on the three networks, the modern real-time cloud
broadcasting technology based on the cloud system outlined in this article can build a
more efficient and functional environment.

5 Discussion

Based on the traditional AR system model to refine and form a new network model,
establish feature points and tracking modules, establish a simulation model and improve
through practice to find the best model. In the established simulation model, the
feasibility and scalability of the network are tested by packet loss rate test. The test
results show that the reliability of the network simulation model is high, and it can be
applied in the research of civil engineering construction.

The network virtual reality technology uses software systems, database systems and
hardware systems to simulate private environments on virtual servers to generate
integrated physical experiments that can listen, touch and watch. In future research,
taking into account the application expectations, we will also focus on the overall
development of high-tech technology.

6 Conclusions

Network virtual reality technology uses computer resources to simulate multiple
independent virtual computing environments, namely virtual machines, on a physical
server. These virtual machines can not only participate in communication as terminal
hosts, but also serve as virtual switches and virtual routers to build large-scale simulation
networks. Because network virtual reality technology uses virtual resources to simulate a
complete network environment, although it cannot be compared with network simulation
in scale, it can effectively support the accurate evaluation of operating systems, network
protocols and kernels. Therefore, it has become the mainstream technology of network
experiment and effect evaluation platform.
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