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With the in-depth development of the application of virtual reality technology, people have higher and higher requirements for
the complexity and realism of virtual scene, which far exceeds the real-time processing ability of computer graphics hardware.
Back to this, there is an urgent need to solve the contradiction between the complexity of the scene and the real-time
interaction. In this paper, the real-time visualization of real-time distributed virtual reality is studied in many aspects. Starting
with the analysis of the characteristics of real-time visualization technology of distributed virtual reality, this paper studies the
system structure of real-time distributed virtual reality, puts forward the idea of realizing real-time distributed virtual reality
visualization, introduces grid scientific computing model, and constructs a three-dimensional vertical visualization platform of
distributed virtual reality. The visual analysis of virtual reality is carried out for the corresponding slope and corresponding
geological conditions; the comprehensive analysis of spatial distribution is carried out by using three-dimensional visualization,
the relevant contents of real-time display, and the generation and real-time display of realistic graphics. In order to increase
the realism of 3D image, visibility judgment, and blanking technology, the level of detail model and texture mapping is used.
The simulation results show that the grid scientific computing model is effective and can support the three-dimensional visual
analysis of distributed virtual reality.

1. Introduction

With the continuous development of social economy, engi-
neering construction has become more and more common,
but there are still certain limitations in engineering construc-
tion supervision, construction effect, and safety monitoring
[1]. Especially for the safety monitoring of the project, it is
necessary to monitor the stability of the soil as well as to ana-
lyze the surrounding environmental influence factors [2].
Different from the construction in the plain, the construc-
tion in the mountainous area is often affected by many fac-
tors such as geology and construction process [3, 4]. It
should be noted that there are still certain bottlenecks and
limitations in the current monitoring methods and monitor-
ing technology [5, 6]. Although the analysis results can be
obtained through the corresponding external equipment
and monitoring system, the degree of visualization is not
high, and more importantly, the specific status and specific

physical changes of the overall project cannot be obtained
in all directions, and the actual project changes can hardly
be fed back. Meanwhile, it is difficult to realize safety moni-
toring and geological time-space analysis [7, 8]. Therefore,
effective safety supervision is the main development trend
of realizing three-dimensional, real-time data collection
and automation of data processing [9, 10]. Experts within
the industry have also begun relevant exploration and
research, such as the use of monitoring instruments to real-
ize three-dimensional visual analysis of objects and compu-
tational analysis, but there is still no operational solution
for safety monitoring in complex environments [11, 12].
The continuous development of computer technology has
promoted the continuous improvement of technology in
various fields [13, 14]. The use of grids for scientific
computing is a new form of computing, which uses com-
puters scattered in different locations to form a combined
logical computer, that is, “physical distribution, logical
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concentration”, and each distributed computer is used as one of
the important nodes to calculate network nodes and provide
this service to users [15–17]. Commonly used network calcula-
tions are grid calculations, which are used by users online with
various services. Traditional slice visualization has specific
properties of three-dimensional data and two-dimensional
data, and the information expressed simultaneously is relatively
small and one-sided. There is no fixed connection between
such adjacent information, and the three-dimensional fluctua-
tion of reflection cannot be realized [18–20]. Therefore, the
conversion is from a two-dimensional plane to a three-
dimensional back. Meanwhile, it can effectively get rid of the
limitations of three-dimensional data and two-dimensional
attributes. A complete three-dimensional model can be made
through specific three-dimensional data, which can ensure that
the three-dimensional data under a series of scattered two-
dimensional images can achieve omni-directional and full-
view viewing [21, 22].

Distributed virtual reality is one of the popular types of
visual analysis, so its spatial recognition, scientific calculation,
and recognition have become the focus of domestic scholars.
However, the scientific definition of how to use distributed
computing to realize virtual reality has become a huge chal-
lenge, which can explain how to use distributed computing to
realize virtual reality. At present, other classification methods
are relatively single, and it is not accurate to obtain the charac-
teristics of distributed virtual reality. The grid scientific com-
puting model is applied to the scientific computing process of
distributed virtual reality space recognition. This method can
apply the distributed virtual reality as the current prior knowl-
edge to the scientific computing process of distributed virtual
reality space recognition according to the spatial characteristics
of distributed virtual reality. The information gain method is
used to obtain the distributed truth of the content of distributed
virtual reality, and the grid scientific computing model is used
to constrain the spatial weight, integrate the space with high
meaning similarity with the distributed meaning information,
and construct the spatial recognition scientific computing
model of distributed virtual reality, respectively. By construct-
ing a random forest spectral model system, the parallelization
of the model greatly improves the efficiency and timeliness.

In view of these shortcomings and requirements, based
on the grid scientific computing model, taking a hydropower
project as the entry point, the three-dimensional visualiza-
tion analysis is performed in the geological environment
through the safety monitoring and analysis of it. In view of
its complexity of the calculation and simulation, the distrib-
uted methods are used to carry out virtual reality simula-
tions, monitoring and analyzing hydropower project slope
safety data fields all day long in the form of three-
dimensional cloud diagrams, realizing analysis and evalua-
tion of safety, and aiming to provide three-dimensional
safety visualized monitoring and analysis methods and tech-
nologies for hydropower project construction.

2. Basic Knowledge and Related Technology

2.1. Overview of Visualization and Virtual Reality
Technology. As far as scientific computing is concerned, its

essence is to gain insight and mining potential laws and phe-
nomena in data through computational means. It orientates
at not only the data itself, but also the analysis and under-
standing of the specific information used, and pure statistics
on the data itself has made it difficult to find the potential
law and information [23, 24]. The development of computer
technology has made it possible to speed up complex calcula-
tions. Meanwhile, simple data summary tables can be replaced
by intuitive visual images, which can actually highlight the
accurate grasp and understanding of information. The in-
depth development of three-dimensional technology allows
people to feedback the three-dimensional data scene of the
three-dimensional image through the three-dimensional
image [25, 26].

The rendering and display of 3D scene algorithms can be
carried out in two ways. One is to render according to the
specific surface shape. Its essence is to construct the geomet-
ric unit in the middle by relying on the corresponding data
field, and on this basis, the specific surface drawing is real-
ized according to the specific three-dimensional graphics,
such as the is surface of the hillside; the second is to
construct a planar two-dimensional image through a three-
dimensional data field, that is, to first generate a three-
dimensional overall stereo image is surface. This method
has a good fidelity effect, and the images projected to two
dimensions can also ensure the integrity of the attributes,
but the amount of calculation is too large, and the calcula-
tion time is correspondingly longer [27, 28].

For virtual reality technology, it is a fixed scene gener-
ated by computer technology, where multiple devices or dis-
play and equipment are used to achieve immersive analysis
of the user and to achieve harmonious interaction with vir-
tual objects or targets in the surrounding environment.
The virtual reality scene generated in this way can be a sim-
ulation of the real world or can be a virtual world of fantasy.
It has two special features, that is, immersion and interactiv-
ity, respectively. The immersion style takes the user as the
first perspective, as if it actually exists in a fixed scene, allow-
ing them to experience personally; the interactivity is that
the user and the surrounding environment can communi-
cate and interact, rather than simply passive changes.

In the related technologies of virtual reality, the three-
dimensional reality becomes an important means to achieve
immersion and is also a necessary way to enable people to have
a first perspective. For the human body, stereo vision is pro-
duced by the corresponding binocular parallax, especially for
two images with parallax; the brain is used for effective process-
ing, which can realize the mutual viewing of the same point on
the screen. Although the perspective can be processed through
perspective and other methods, it still produces a certain
amount of parallax. In the long run, it causes too heavy burden
for the eyes. For stereoscopic reality, its essence is to use the
same scene to calculate the corresponding perspective view
from the left and right perspectives to generate two parallax
images. Finally, according to the corresponding mobile device,
the left and right eyes can see the corresponding images,
thereby achieving an immersive three-dimensional sense.

The specific principle is shown in Figure 1. Assuming to
initialize a three-dimensional space, by setting the original
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coordinates, left and right eyes, while analyzing the distance
between the two eyes and projecting them into a specific
XOY plane, it is clarified that the position of the object over-
laps with the focus position of the left and right eyes. The
specific image coordinates can be calculated by as

xLp = xe − c/2ð Þ + x − xe − c/2ð Þð Þ × ze
ze − z

,

xRp
= xe − c/2ð Þ + x − xe − c/2ð Þð Þ × ze

ze − z

�

yLp = yRp
= ye + y − yeð Þ × ze

ze − z
:

, ð1Þ

Stereoscopic display is to further assist in the under-
standing and analysis of the attributes, spatial positions,
and characteristics of the three-dimensional data. It is
formed by the fusion of two specific left and right images;
that is, by looking at the two images, more information
about the perspective view can be obtained.

From the current development of scientific computing
visualization, virtual reality provides basic support for the
visualization of scientific and technical computing, which
is an inevitable trend. Interactive visualization can be real-
ized in the scene constructed by virtual reality technology,
and corresponding information can be obtained more fully
and more intuitively, and specific complex data can be fur-
ther mined and analyzed.

In the virtual reality scene, the corresponding equipment
can be used to observe the three-dimensional scene. It is to
put yourself in the virtual reality three-dimensional scene, that
is, to put yourself in the underground space, analyze the spe-
cific structure of the stratum, and realize the full interpretation
and interpretation of the three-dimensional data, which is
impossible to achieve by other display methods.

2.2. Grid Scientific Computing Model. The essence of the so-
called network scientific computing is to use specific
resources and site-related functions to implement high-

level distributed grid computing to ensure the transmission
and reception of data. The service layer of the network has
nothing to do with specific resources and functions, but is
related to specific regions and institutions. The specific net-
work structure layer is used to realize the exchange of infor-
mation services. Network application tools provide more
specialized services and implementations. The specific appli-
cation layer can be used by users to achieve specific develop-
ment. Users can achieve customized development and use of
network scientific computing through different levels of
interfaces and service resources.

The specific relationship between each layer is shown in
Figure 2:

In a specific campus network, users can perform a large
number of calculations according to specific scientific exper-
iment models, which requires high-performance grid scien-
tific computing as support. Therefore, the grid scientific
computing model can be used to effectively achieve rapid
calculation and cost saving.

The grid scientific computing model uses a fixed net-
work as the corresponding communication network and
uses Ethernet and Fast Ethernet as the communication
medium. Figures 3 and 4 show the basic functions of the
specific server and grid node.

For the grid server, its specific task functionsmainly include:

(1) Management tasks. When the server receives the
corresponding tasks, the specific tasks can be divided
into specific small units, and the assigned subtasks
can be received and effectively processed. When all
the subtasks are effectively processed, the final con-
crete result can be formed. During operation, the
specific percentage and completion percentage can
be displayed, and the completion of subtask nodes
can be monitored simultaneously

(2) Manage nodes, including dynamic addition and
withdrawal of nodes, and implement real-time detec-
tion and analysis of nodes

(8, 0, 6) (10, 0, 6)

X

(5, 8, 0)(2, 8, 0)
Z

Y

Figure 1: Schematic diagram of stereo display.
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(3) Deal with various abnormal situations

(4) Realize grid computing in different scenarios
through various API interfaces

(5) View the specific calculation status and final calcula-
tion result

For the grid node segment, its main functions are as
follows:

(1) According to the corresponding calculation request,
analyze the specific subtask and return the corre-
sponding result

(2) Effectively process the divided subtasks

(3) Detect the specific responding server, and realize the
fixed time data detection of the server through effec-
tive monitoring of the port, and feedback the corre-
sponding result

For grid computing, the specific concurrent tasks that
are executed do not need to be implemented at the specific
command level, but are approached and analyzed through
different subtasks. The specific steps are as follows, taking
a fixed calculation parameter as an example for analysis:

2.3. Geological Conditions and Visual Analysis of Slope. Tak-
ing a hydropower project as an example, the surrounding
environment is composed of corresponding metamorphic
rocks and also includes specific crushed soil. Relatively
speaking, the rock mass is relatively stable. However, after
long-term weathering and solarization, the rock quality
becomes soft and relatively loose. Meanwhile, according to
the corresponding structural analysis, it can develop into
more small faults.

In terms of specific natural structures, the relative weath-
ering degree of the slope on the left is obviously affected by
the surroundings, but the marble is relatively hard, indicat-
ing that it is affected by weathering and does not change

much, while the green schist is and relatively soft due to its
own texture, so it is greatly affected by the environment.
Especially for the strongly weathered interlayer, it realizes
specific development in specific distribution.

In terms of specific monitoring items, it mainly uses dis-
tributed virtual reality to monitor the following indicators,
mainly including:

(1) Surface deformation monitoring points are used to
realize deformation and slope deformation trends.
The direction of the river is the specific X direction,
the direction of the constant current is the Y direc-
tion, and the specific settlement deformation direc-
tion is the specific H direction

(2) A multipoint displacement meter is used to monitor
the unloading relaxation deformation and local
block sliding displacement of the shallow internal
rock mass of the slope. The measuring point passes
through the upper and lower walls of the main faults,
which can effectively monitor the deformation of the
blocks between the faults

(3) In the setting under specific observation conditions,
the rock masses on the left and right banks are used
for deformation observation; that is, visualization
analysis is performed through distributed virtual
reality three-dimensional dimension by arranging
the corresponding observation piers when the left
and right banks are fully visible

(4) In order to evaluate the corresponding effect, the
monitoring effect of installation force measurement
is analyzed by analyzing specific guidance, feedback,
and corresponding prestress

3. Visualization Analysis of 3D Distributed
Virtual Reality

Due to the randomness of the data collected and the splitting
nature of the node characteristics, it is possible to ensure the
construction of a visual analysis method with no connectiv-
ity between the determinants acquired, which can be used
for scientific computing and have the features of initial par-
allelism. The scientific computing visual analysis algorithm
for spatial recognition can effectively provide feedback on
the decision parallelization, node parallelization, and feature
selection. Parallelization processing is performed on the data
collected based on the scientific computing visualization
analysis method, which enables the parallelization of sample
data in the computing process by dispersing a number of
computer nodes. Compared with the traditional single
machine recognition method, the method proposed in this
paper can effectively save the I/O operation and avoid the
excessive use of network bandwidth. In accordance with
the data acquired from parallel computing, the idea of paral-
lelization based on the scientific computing visualization
analysis method is adopted in this paper to design a strategy
for the parallel implementation of scientific computing

Application layer

Grid application tools
layer

Grid service layer

Grid structure layer

Figure 2: Hierarchical structure.
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visualization analysis by combining the framework features
of the scientific grid computing model.

The parameters of the scientific grid computing model
should be initialized and then perform the related operations
based on the Baum-Welch algorithm. The results obtained
by using the scientific computing visualization and analysis
algorithm are highly dependent on the initial parameters. It
is necessary to initialize the transformation matrix to deter-
mine whether 0 is obtained based on the transfer matrix or

after the iterative operation. The sequence of observations is
defined as O = o1o2,⋯, oT , and the following can be obtained

P O λjð Þ ≥ P O λjð Þ ð2Þ

where PðOjλÞ is calculated based on the forward-backward
algorithm. With regard to the RFAM parameter λ and the
state i, the forward probability αtðiÞ is defined as the following:

User interface API

1. Unified resource management
2. Node and thread scheduling
3. Task management
4. Network communication service
5. Exception handling

Submit the program to
return the result

Dynamic join and
dynamic exit

Figure 3: User grid diagram.

User interface

Grid server

Exception
handling

Subtask
management

module
Grid node

Figure 4: Server grid node diagram.

public void initialize( String[] args) {
if( args.length ! =1) {
System.err.println( "Args Error") ;
System.exit( 1) ;
}
int digit=Integer.parseInt( args[0]) ;
subjobNum=digit/9;
for( int i=0; i<subjobNum; i++) {
SubjobObject subj=new SubjobObject( i, i∗9) ; //Generation of subtask
subjobList.add( subj) ;
}
}

Public boolean mergeSubjob( ) {//Merge subtask
String finResult="3.";
for( int i=0; i<subjobNum; i++) {
SubjobObject subj=( SubjobObject) subjobList.get( i) ;
finResult+=subj.subResult;
}
// output the final result
outputResult(finResult);
return true;

}

Algorithm 1:
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αt ið Þ = P o1o2 ⋯ oT , qt = ijλð Þ ð3Þ

where αtðiÞ stands for the probability that the parameter A
generates a sequence ðo1o2,⋯,otÞ and the state at time t is ot .

Thus, PðOjλÞ can be calculated by using the following
forward algorithm:

(1) Initialization

α1 jð Þ= jbj o1ð Þ, 1 ≤ j ≤N: ð4Þ

(2) Recursion

αt ið Þ = bi otð Þ 〠
N

j=1
αt−1 jð Þαjt

" #
, 2 ≤ t ≤ T , 1 ≤ i ≤N: ð5Þ

(3) End

P O λjð Þ = 〠
N

j=1
αT jð Þ: ð6Þ

At the same time, βtðiÞ and ξtði, jÞ are defined as the fol-
lowing:

βt ið Þ = P ot+1ot+2 ⋯ oT , qt = i, λjð Þ, ð7Þ

ξt i, jð Þ = P qt = i, qt + 1 = j O, λjð Þ: ð8Þ
Based on the forward-backward algorithm, ξtði, jÞ can

also be expressed as [2]

ξt i, jð Þ = P qt = i, qt+1 = j O, λjð Þ
P O λjð Þ =

αt ið Þαijbj ot + 1ð Þβt+1 jð Þ
P O λjð Þ =

αt ið Þαijbj ot+1ð Þβt+1 jð Þ
∑N

i=1∑
N
j=1αt ið Þαijbj ot+1ð Þβt+1 jð Þ

:

ð9Þ

The probability γtði,mÞ that the system is in the m-th
mixed component of the state i at the moment t can be
obtained as the following:

γt i,mð Þ = αt ið Þβt ið Þ
∑N

i=1αt ið Þβt ið Þ

" #
μj,mN ot , μj,m, Σj,m

� �
∑M

m=1ωj,mN ot , μj,m, Σj,m
� �

2
4

3
5:
ð10Þ

Firstly, the training set with the labels is used to train
various types of RFAM, respectively. It is assumed that the
types of scientific computation that requires spatial recogni-
tion is k = f1, 2,⋯,Kg, and then, the model parameter for
each type is λk. The posterior probability is maximized based

on the maximum likelihood criterion, while taking the
Bayesian formula into consideration at the same time. Thus,
the following can be obtained:

�k = arg max
1≤k≤K

P λk Ojð Þ = arg max
1≤k≤K

P O λkjð ÞP λkð Þ
P Oð Þ : ð11Þ

It is assumed that the prior probabilities PðλkÞ of each
type are the same. As PðOÞ is irrelevant to k, the decision
is omitted as the following.

�k = arg max
1≤k≤K

P O λkjð Þ: ð12Þ

As PðOjλkÞ is very small, the overflow of the floating
point can occur during the computer operation; its logarith-
mic value is often taken. With regard to multiple observation
sequences, it is only necessary to perform weighting on the
individual equations.

4. Results and Analysis

For the large tonnage and super long prestressed anchor cables
excavated in hydropower projects, the main purpose is to con-
trol the deformation of the slope. Related dynamometers must
be installed on the anchor cables at fixed intervals. According
to relevant statistics, multiple anchor cable dynamometers are
installed on the slope of the left bank.

The corresponding software is used to carry out effective
statistics and generate monitoring results within a specific
period. As some mobile devices may be damaged, data
acquisition and analysis are only carried out for instruments
that can work normally, and data analysis is carried out
based on the data acquired by the instruments.

From the specific analysis results, after the anchor cable
is fixed, the scope of its change can mainly include the fol-
lowing stages:

(1) The first is the rapid loss stage. For the loss of
anchoring force, it is caused by the daily loss of
anchoring force due to the loosening of the anchor
cable steel strand or the daily loss of rock mass com-
pression within the anchoring range

(2) For the fluctuation of the anchoring force, it mainly
reflects that the amplitude of the anchoring force is
small, which may cause contraction, rebound, and
stress adjustment to achieve continuous repetition

(3) The steady change is mainly reflected in the anchor-
ing force change tending to be stable and concretely
showing a downward trend until it stabilizes. At this
stage, part of the anchor cable will cause a large-scale
change of anchoring force, which may be caused by
the relative development of the rock mass in the
environment and the interference of human factors
caused by construction

Several sets (groups) of multipoint displacement gauges,
anchor stress gauges, dislocation gauges, joint gauges,
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reinforcement gauges, and strain gauges are arranged in the
3-layer shear-resistant tunnel to monitor the deformation of
the shear-resistant tunnel, and osmotic pressure gauge is
also arranged to monitor the groundwater level changes of
the slope rock mass.

In view of the above analysis, a visual analysis of the
results is carried out, with the aid of a specific elevation envi-
ronment and corresponding equipment. The change of
anchoring force of other cables is the corresponding negative
values, which effectively represents that the anchoring force
of this part is showing a downward trend. In terms of using
the outlet in a specific environment to achieve a greater loss
of anchoring force, a small increase appears in the anchoring
force of other cables. In this case, the whole is in a relatively
stable stage, and individual anchoring forces may change,
which is caused by man-made construction interference.
According to the corresponding calculation results, the
results of the distributed virtual reality three-dimensional
visualization analysis basically coincide with the actual
detection results. From an overall point of view, due to the
specific development of local rock masses in this part of
the hydropower project area, the stress adjustment changes,
and the specific anchor cable anchoring force is in the corre-
sponding change and fluctuation stage, which coincide with
the slope deformation monitoring results. Therefore, it can
be seen from the results of the simulation experiment that
the grid scientific computing model is effective.

4.1. Grid Scientific Computing. For three-dimensional visual-
ization modeling, 15 computers are set up in a certain local
area network as test equipment, of which 5 hosts and servers
are in the same subnet, and 10 hosts are not in the same sub-
net. The connection is achieved through which appears the
set gateway. The single processors are calculated and tested
in series, respectively, and 40 decimal places are reserved
for the specific calculation accuracy. The specific processing
results are shown in Figure 5:

For a single processor, the specific calculation results are
exactly the same as the distributed calculation results of the
grid scientific computing model. In order to ensure the spe-
cific grid performance, the results of the specific processor
operation are analyzed and compared with the calculations
of the grid scientific computing model, and the network
transmission time can be ignored. After comparison, the
time taken by grid scientific calculation is significantly
shorter than that of single processor calculation. The specific
grid calculation time should meet the following:

TThe internet =
Tstand−alone processing

N
, ð13Þ

where, among them, N is the number of nodes in network
computing.

From the specific experimental data, the grid scientific
computing model is more efficient and effective.

4.2. Search of Mersenne Prime. For the three-dimensional
model search, 15 machines are set as test equipment in a cer-
tain local area network. Among them, 5 hosts and servers are

in the same subnet, and 10 hosts are not in the same subnet.
The connection with the server is realized through the set gate-
way. The analysis settings and initialization of the search are
performed separately, and the calculation is performed from
the specific grid scientific calculation model. Meanwhile, the
single processor is used for serial calculation to search for
the corresponding virtual reality three-dimensional model.
The results obtained are shown in Figure 6:

5. Conclusion

In order to meet the growing needs in the fields of flight sim-
ulation, interactive GIS, virtual shopping, digital earth, and
game entertainment, real-time distributed virtual reality
visualization technology has become more and more impor-
tant. Developed countries have always attached great impor-
tance to the development of virtual reality technology.
Especially after the end of the Cold War, the transfer of
investment focus has made the actual combat exercises sub-
ject to economic and political restrictions, prompted them to
further study the new technology and environment of virtual
reality, improve the experimental level of virtual reality, and
made remarkable achievements. The virtual reality technol-
ogy in China is still in its infancy. Although it has made
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Figure 5: Calculated experimental results.
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Figure 6: 3D model search experiment results.
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some achievements, there is still a big gap compared with
developed countries. Therefore, it is urgent to develop the
cause of virtual reality in China, and visualization technol-
ogy is an important aspect of virtual reality.

Aiming at the problems existing in the visualization
analysis of distributed virtual reality, this paper applies the
grid scientific computing model to the visualization analysis
of distributed virtual reality. Based on the detailed analysis of
the characteristics of previous distributed virtual reality and
combined with the characteristics of distribution, this
method constructs the grid scientific computing model,
mainly from the structure of the model. The data character-
istics and the dynamic changes of the model are optimized
to obtain the optimal parameters of the grid scientific com-
puting model. Finally, the analysis of experimental results
shows that the method proposed in this paper can carry
out visual analysis according to the spatial state of distrib-
uted virtual reality. This method can effectively improve
the timeliness and timeliness of scientific calculation of dis-
tributed virtual reality spatial recognition.
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