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In the past, railway line planning usually required engineers to design based on their own experience after a series of field visits, leading to
heavy workload and low efficiency. Moreover, operation and maintenance management is more complicated due to an abundance of
railway station equipment. Based on the above problems, this paper first puts forward the railway transportation line planning and design
method based onBuilding InformationModeling (BIM) technology. Besides, LocaSpaceViewer realizes the three-dimensional (3D) visual
scene modeling of the railway environment to improve the efficiency of railway line planning and design. Secondly, the railway station’s
visual operation and maintenance management system is constructed via BIM Technology. Besides, the Internet of ,ings (IoT) is
combined with edge computing and deep learning technology to build a 3D model of station equipment, collect data in real time, and
analyze data efficiently. Finally, the design effect of the model, the performance of the visual management system, and the test results of
network transmission delay are displayed and analyzed. ,e results show that BIM can construct the 3D visualization model with high
fidelity for the railway environment. ,is model can get a reasonable line planning scheme and analyze its feasibility, provide a reliable
basis for engineers to plan railway transportation lines, and improve design efficiency. In addition, the GPU occupation rate, CPU
occupation rate, andmemory occupation rate of the operation andmaintenancemanagement system in different operating environments
are within the standard range; whenmultiple clients access the system, the system data access delay is 100% less than 8ms, which has good
performance. Furthermore, the performance of the IoT transmission data real-time scheduling model and the edge computing opti-
mization algorithmapplied to this system is better than other popularmethods, which can significantly improve the operation efficiency of
the system. ,is study aims to enhance the efficiency of railway transportation line planning and station operation and maintenance
management with the help of digital technologies.

1. Introduction

In recent decades, with the development of the railway
industry, railway traffic has become a quite familiar and
indispensable part of people’s lives. Railway transportation
uses trains to transport passengers and goods, which is
characterized by large transport volume, fast speed, low cost,
and invulnerability to climate [1]. ,e passenger transport
function of the railway provides great convenience for
people’s travel, and its freight function plays a crucial role in
China’s social material production and economic

development [2]. At present, the railway cannot be replaced
by other modes of transport (e.g., highways, waterways, or
flight lines). China has invested substantial human and
material resources in railway construction, bringing the
railway construction into the stage of rapid development [3].
In addition, the line planning and design of railway trans-
portation is a vitally fundamental link in railway engi-
neering, directly affecting the general operation of railway
transportation [4]. Furthermore, the operation and main-
tenance management of railway stations is a vital link in
railway transportation engineering, which is related to the
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convenient travel and even safety of passengers [5].
,erefore, it is of great practical significance to strengthen
the line planning of railway transportation and station
operation and maintenance management.

,ere are still various problems in the process of railway
construction. Firstly, railway lines usually span a large area
and face complex topographic and geological conditions,
resulting in difficulty in the planning and design of railway
transportation lines. Secondly, railway transportation engi-
neering covers an extensive range of disciplines, and it is hard
to smoothly carry out the collaborative work between various
departments. ,irdly, the transportation flow increases year
by year, hampering the operation and maintenance of railway
stations [6]. Recently, with the popularization of computer
and information technology, railway construction is gradually
developing in the direction of globalization, intelligence, and
virtualization [7]. Specifically, Building Information Model-
ing (BIM) is the primary technology widely used in this
process, which has brought new opportunities for the de-
velopment of railway construction [8]. Neves et al. analyzed
the application of BIM Technology in track repair research.
,e authors used various BIM-based tools to create three-
dimensional (3D) and 4D BIM models to realize the spatial
and parameter representation of track and the simulation of
main construction tasks. ,ey emphasized the feasibility and
necessity of applying BIM technology in railway track repair
through practical case analysis [9]. Lee et al. constructed an
automatic 3D modeling system of railway bridges based on
BIM Technology. ,ey proposed a method of developing 3D
solid modeling and placement module of transportation
infrastructure. ,en, they verified the applicability of this
method by developing the user interface of the integrated 3D
model assembled by these modules 10. Choi et al. proposed a
way to automatically create a BIM model in tunnel design
without converting 2D drawings. ,is method allowed en-
gineers to use BIM for tunnel design, make maximum use of
linear information, and modify the BIM model timely when
linear information changed [11]. From the above existing
research results, BIM Technology can build 3D models of
railway track, bridge, tunnel, and other infrastructure to assist
the efficient development of railway track repair and archi-
tectural design, and dramatically improve work efficiency.

In the past, engineers had to spend considerable time in on-
site investigation for line planning during railway construction,
usually resulting in heavy workload and low efficiency.
Meanwhile, the management system of railway stations gen-
erally only provides information related to the storage and
dispatching of the vehicle and passenger movement and cannot
monitor each piece of equipment in the station, so it needs to be
maintained manually. Based on this, the railway transportation
line planning and design method is proposed based on BIM
Technology. ,en, the visual operation and maintenance
management system for railway stations is constructed based on
BIM technology. Besides, the deep learning technology im-
plements the real-time scheduling of Internet of ,ings (IoT)
data and optimizes edge computing. Finally, the design effect of
the model, the performance of the visual management system,
and the test results of network transmission delay are displayed
and analyzed. ,is paper innovatively applies BIM technology

to railway line planning and design and station equipment
operation and maintenance management, significantly im-
proving railway construction and management efficiency and
quality. However, due to the short research period, the indi-
cators set up here for the system performance test are not
perfect. ,is study aims to improve the efficiency of railway
transportation line planning and station operation and main-
tenance management with the help of digital technologies.

2. Railway Line Planning Method and
Establishment of Station Operation and
Maintenance Management System

2.1. Analysis on Key Technologies

2.1.1. IoT Edge Computing Principle. With the advent of the
era of big data, Internet technologies are increasingly im-
proving. Among them, the development of IoT has made the
connection between things and things a reality. It primarily
collects the required information in time through various
sensing devices, and realizes the connection between things and
things, things and humans, and things and networks through
the Internet, to facilitate identification, management, and
control [12]. However, with the increasing number of terminal
devices in the EC environment such as intelligent monitor units
and sensors, an enormousmagnitude of data will generate at the
edge of the network. If massive data are all processed and
transmitted in the cloud, it will bring huge congestion pressure
and high delay to the network [13]. ,erefore, EC technology
came into being [14]. EC refers to an open platform integrating
network, computing, storage, and application core capabilities
on one side of the object or data source to furnish the nearest
end service [15]. It aims to disperse the things that need to be
processed in the core node to each edge node close to the end-
user for processing, to realize the purpose of an efficient data
processing system.,e edge of EC refers to any computing and
network resources between the data source and the path of the
cloud computing center [16]. Figure 1 reveals the EC
architecture.

At present, EC has been popularized in many fields
around the world. Lv et al. proposed a collaborative com-
puting method to alleviate the huge computing pressure
brought by the single mobile edge server computing mode
with the increase of data volume, which further improved the
computing performance of the mobile EC system [17]. Lv
developed the Max-PSN-cache algorithm to meet the in-
creasing social demand for the IoTand reduce the risk of data
leakage in the IoT system. ,ey found that the max-PSN-
Cache algorithm was superior to other algorithms in the hit
ratio and average response speed of centralized and distrib-
uted fiber optic gyroscope systems with edge nodes, indicating
the effectiveness of this cache algorithm [18].

2.1.2. BIM Technology. BIM Technology is a data-based tool
applied to engineering design, construction, and manage-
ment. It can construct the visual 3D of building engineering
via digital technology to provide the model with a building
engineering information database including geometric
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information, professional attributes, and state information
of building components [19].,e primary goal of employing
BIM technology is to integrate all information in the whole
project process from architectural design, construction,
operation, to the end of the whole life cycle of the building
into a 3Dmodel information base.,is operation can realize
the integration, transmission, and sharing of architectural
information [20]; enable engineers and technicians to cor-
rectly understand and effectively respond to various building
information; and lay the foundation for the cooperation of
the design team, construction organization, facility opera-
tion department, and other participants [21]. BIM has a
powerful analysis function, which can adjust, judge, and
analyze different design schemes to determine the best
design scheme, conducive for the profound acquaintance
with the work amount and estimating the cost by technicians
[22]. BIM Technology plays a vital role in improving pro-
duction efficiency, saving cost, and shortening construction
period [23]. To sum up, the BIM Technology has conspic-
uous values and advantages, as presented in Figure 2.

Compared with the traditional two-dimensional (2D)
designmethod, the 3Dmodel established by BIM technology
not only maintains the accuracy of the 2D model but also
results in a remarkably intuitive effect [24]. Each component
in the BIM information model carries digital information.
When the information in a component in the model is
modified, the BIM technology will present the changed
results to ensure the accuracy of modification [25].

3. Analysis of the Line Planning and Design
Railway of Transportation Based on BIM

An intuitive and real 3D railway visualization scene covers
diverse essential elements, including artificial features,
mountains, and rivers. However, there are many mountainous
areas in China, forming a complex geographical environment,
which requires a considerable amount and varieties of data, so
an integrated platform is needed as a support [26]. InfraWorks
is a mainstream BIM software. Firstly, it can quickly create a
wide-range 3D visualization scenewith high fidelity, and realize
the design scheme in amore intuitive and clearer way under the
existing scenes. Secondly, after completing the design work,

InfraWorks can analyze the feasibility of the design results.
Finally, the design model can be rendered by InfraWorks to
record realistic line roaming video and realize the dynamic
demonstration of the design scheme [9].

3.1. Railway 3D Visual Scene Modeling via InfraWorks
Platform

3.1.1. Data Acquisition and Import. ,e LocaSpace Viewer is
taken as a source of geographic information data here. Loca-
Space Viewer is a digital Earth software that supports various
online maps (such as Google Maps) loading, image elevation
data download, three-dimensional geographic information data
browsing, measurement and annotation, adding data in mul-
tiple formats, and other functions [27]. ,e terrain and images
of a certain area are downloaded from LocaSpace Viewer and
imported into InfraWorks for modeling.

3.1.2. 3D Scene Modeling Based on the Collaborative Design
through InfraWorks and Civil 3D. Civil 3D is also a main-
stream BIM software. Its main function is to create 3D visual
and digital terrain through different sources of data such as
geographic information system (GIS) and point files, and
manage and analyze the terrain to improve the accuracy of
terrain modeling [28]. ,e most reliable raw measurement
point data, i.e., the point file, is selected to carry out terrain
modeling. ,e measurement point data can be expressed in
the form of Civil 3D points in the graphics, and can also
record the external text files [29]. ,e terrain is created by
generating points in Civil 3D and adding point editing.

,e terrain jointly created by InfraWorks and Civil 3D is
more standardized and closer to the real terrain in practice.
InfraWorks and Civil 3D have good data exchange ability, and
can effectively integrate models and scenarios in different data
formats, to make the line planning scheme of railway trans-
portation more reliable. ,e general direction of railway lines
can be preliminarily obtained by constructing the 3D railway
model, but many details need to be further optimized by using
the horizontal, vertical, and cross dynamic functions in
InfraWorks.

Cloud Data
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Cloud

Edge Node 

Edge
Equipment 

Figure 1: EC architecture.
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3.2. Line Planning and Design Method for Railway
Transportation Based on InfraWorks

3.2.1. Line Plane Design. To ensure the security and
smoothness of the train track, it is necessary to reasonably
select the basic plane alignment (straight line, circular curve,
and transition curve) of the line in combination with the
actual situation of different sections. It is also essential to
ensure that the curvature and change of the line are con-
tinuous. ,rough InfraWorks, the user can select the line
creation tool and directly drag the line horizontal manip-
ulator to design the line segment. Besides, the designer can
use the shortcut context menu to add a horizontal curve to
the selected line tangent, and change the horizontal curve
radius through the curve intersection or curve radius ma-
nipulator. In addition, the user can click the curve radius
control grip of the curve and expand convert geometry to set
the spiral.

3.2.2. Line Vertical Profile Design. ,e road vertical profile
is the unfolded surface after the road is cut vertically
along the center line. ,e spatial position of the road can
be accurately judged by combining the longitudinal
section map and the plane map of the road. ,e vertical
profile of the railway transportation line is composed of
two parts, namely, the slope section and the vertical curve
connecting the adjacent slope sections. In the design
process of the vertical profile of the railway line, it is
necessary to comprehensively consider the plane con-
ditions and geological conditions of the line. InfraWorks
has the preliminary design and optimization functions of
line profile.

3.2.3. Line Cross Section Design. ,e road section along the
normal direction is called the road cross section map, which
is mainly composed of the cross section design line and the
ground line. InfraWorks provides underground tunnels with
rectangular and horseshoe cross sections.

3.2.4. Route Selection Scheme Roaming Display. After the
completion of the line design, the storyboard function of
InfraWorks can be employed to make a dynamic demon-
stration of line roaming according to the previous design
scheme. ,e scene around the line can be adjusted to the
optimal visual effect by setting the parameters such as time,
wind direction, and cloud amount. ,e production of sto-
ryboard dynamic demonstration is mainly realized by
connecting a series of snapshot views into animation.

4. Construction of the Railway Station Visual
Operation and Maintenance Management
System Based on BIM Technology

4.1. Construction of Visual Operation and Maintenance
Management System for the Railway Station. ,e operation
process of the railway station visual operation and main-
tenance management system based on BIM technology can
be described as follows. First, geometric information, pro-
fessional attributes, and status information of all compo-
nents in the railway station are collected by networked base
stations, surveillance cameras, and sensors, and transmitted
to the IoT information platform for system scheduling.
Information collection plays a critical role in the decision-
making and analysis of the operation and maintenance
process, and it is also the foundation of the normal operation
of the system. After the information is collected, artificial
intelligence technology is used to analyze and process the
information to realize the real-time and dynamic manage-
ment of resources and information in the operation of the
station. Figure 3 displays the architecture of the railway
station visual operation and maintenance management
system based on BIM technology.

4.2. Real-Time Scheduling Model for IoT Transmission Data
Based on Deep Reinforcement Learning (DRL)

4.2.1. IoT Data Security Discrimination. ,e IoT trans-
mission data model should be constructed first to realize the

Value advantages
of BIM 

Shorten project duration

Improve production efficiency

High performance project results

Reliable and accurate project budget

Cost savings

Contribute to innovation and
advanced nature of projects 

Convenient for equipment
management and maintenance

Figure 2: Significance of the BIM technology.
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real-time scheduling of information in the IoT under a safe
network environment. ,e characteristic samples CT of the
IoT transmission data scheduling should be collected based
on the time period node T. ,e acquisition process can be
expressed as follows:

CT �
x′XV(M + N)

T
. (1)

In equation (1), x′ indicates the bit sequence of data
transmitted by the IoT, T denotes the transmission period,
andXV signifies the distributed sequence of data transmitted
by the IoT. Besides, M and N represent the maximum and
minimum bytes of data transfer. ,e real-time characteristic
quantity of transmitted data can be calculated by equation
(1).

In the real-time scheduling process of IoT transmission
data, the maximum number of feature distribution collected
by data information needs to meet the adaptive analysis
amount of scheduling information, which is calculated
according as follows:

sm(t) �
ciCTx′

V
. (2)

In equation (2), sm(t) refers to the adaptive analytic
quantity, V stands for the real-time consumption of data
information acquisition in IoT data transmission, and ci

denotes the transmission rate coefficient.
According to the scheduling algorithm of the shortest

information transmitted in the IoT, the information with the

shortest real-time running time in the system is preferen-
tially scheduled. ,e frequency domain time balance control
model Am of real-time scheduling of IoT transmission data is
described as follows:

Am �
u(i,d) + z(i,d) + x(i,d)

CR

. (3)

In equation (3), u(i,d) represents the information
transmission compensation coefficient; z(i,d) denotes the
rate modulation coefficient; x(i,d) refers to the transmission
frequency coefficient; CR represents the maximum capacity
of information balancing for real-time scheduling of IoT
data transmission.

sm(t) is combined with the real-time equalization
control optimization method to construct a feedback
equalization model Fz, according to which the security of
network transmission data can be judged. ,e model can be
written as follows:

Fz �
Amsm(t)

ni

. (4)

In equation (4), ni signifies the random transmission of
data information.

,e security judgment method of network transmitted
data is as follows. If Fz <CTni, the transmitted data cannot
achieve feedback balance, and then, it is judged as unsafe
data. On the contrary, if Fz >CTni, the transmitted data is
safe, and real-time scheduling can be carried out in the IoT.

Object parameters Object properties

Establishment of BIM
digital information model 

CameraBase station Sensing device

Data integration
management platform 

Information acquisition

IOT Cloud computing Big data Artificial Intelligence

Simulation Analysis Optimization Policy decision

Figure 3: Architecture of the railway station visual operation and maintenance management system based on BIM.
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4.2.2. Construction of the Real-Time SchedulingModel for IoT
Transmission Data. ,e packet loss rate is a key factor to be
considered in IoTdata transmission. It is the ratio of the number
of lost packets to the sent data set. Here, DRL technology is
adopted to implement signal transmission, which plays an
important role in promoting the receiving node to receive
effective data amount and receiving time.,eminimum packet
loss rate in IoT data transmission is taken as the research
objective, and a big data scheduling model based on DRL
technology is constructed. ,e data allocation method of
scheduling target is as follows.

Firstly, the Transmission Control Protocol-friendly Rate
Control (TFRC) algorithm is used to calculate the broad-
band B(m, t) of the m-th transmitting node at time t to
determine the online broadband. ,en, S(m, t) is deter-
mined to minimize Ft, as shown in equations (5) and (6).

Ft � 
n

m�1
L(m, t)S(m, t), (5)

Sreq(t) � B(m, t) 
n

m�1
S(m, t). (6)

Among equations (5) and (6), Ft signifies the bus trans-
mission rate, L(m, t) and S(m, t) represent the packet loss rate
and sending rate of the sending node m in time (t, t + Δt),
Sreq(t) indicates the normal data transfer rate of the node, and
B(m, t) refers to the bandwidth upper limit at the moment t of
the m-th transmission node in the IoT network.

Taking the minimum packet loss rate as the research
objective can promote the receiving node tomake full use of the
effective transmission broadband of the sending node.,is can
not only cause some nodes with high transmission rates to
continuously transmit data but also greatly increase the load.
Moreover, other nodes cannot participate in data transmission
effectively. Based on this, the contribution thinking of DRL
technology is introduced into the model, as described below.

,e contribution factor a(m, t) is implanted to all sending
nodes, which is mainly used to describe the ratio between the
contribution amount C(m, t) of node m from the initial entry
into the system to time t to the sum of all nodes’ contributions.
,e contribution C(m, t) of node m is the difference between
the upload amount of node m and the download amount from
other nodes, which is calculated as follows:

C(m, t) � 
t

0
f(β)dβ. (7)

In equation (7), β stands for the element rate. In practical
applications, the download of node m can be regarded as its
upload quantity, which can be expressed as follows:

C(m, t)′ � 
N

j�1


N

j�1
t Dj − Dm . (8)

In equation (8), j and m represent the number of
uploaded node sequences, and D signifies the lock fre-
quency. ,erefore, the contribution factor a(m, t) can be
expressed as follows: .

a(m, t) �
C(m, t)

kC(m, t)′
. (9)

In equation (9), k denotes the number of data trans-
mission cycles. It is essential to select as many edge nodes as
possible, to reduce the time delay and loss in network data
transmission.,e sum of squares of each period after a node
enters the system and can be used as the online duration.,e
online duration U can be written as follows:

U � 
n

m�1
m te − ts( 

2
o. (10)

In equation (10), ts indicates the time when a node enters
the system, te denotes the time when the node is pushed out
of the system, and o represents the number of system entries.

In summary, the real-time scheduling model based on
IoT transmission data can be expressed as follows:

F(t)′ � 
n

m�1

S(m, t)L(m, t)a(m, t)


i
j�1 te − ts( 

2
j

,

Sreq(t)″ � U 
n

m�1
S(m, t).

(11)

4.3. EC Optimization Algorithm of IoT Based on DRL.
DRL technology has been used above to optimize the effi-
ciency and security of real-time scheduling of data trans-
mitted in the IoT. However, not only data scheduling but
also data processing efficiency in the era of big data should be
considered to improve the overall efficiency of the operation
and maintenance system. ,e specific content of the EC
optimization algorithm of the IoT is as follows.

4.3.1. Settings of the Execution Process of IoT EC. ,e ex-
ecution process of EC is as follows.

,e work index set in the network is set as
A � 0, 1, . . . , a, . . . , A{ }. For the local computing part (1 −

αi)ai of the IoT, (1 − αi)ai is set as the delay of local exe-
cution, and ut

i is set as the frequency of the central processing
unit (CPU) during calculation. ,en, the execution delay zt

i

is calculated according to

z
t
i �

1 − αi( aidi

u
t
i

, (12)

In equation (12), di denotes the communication channel
length. Denote di as the energy consumption generated
when executed locally, as shown in the following equation:

y
t
i � pi u

t
i  1 − αi( aidi, (13)

In equation (13), pi refers to the energy density in the
IoT.

Set the overall computing time as σt
i , and the local

computing CPU frequency ut
i can be calculated by
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u
t
i � min

1 − αi( aidi

σt
i

, u
tmax
i . (14)

Equation (15) describes the data transmission rate si of
the IoT.

si �
W

β(t)
+

b(t)fi

X
2 . (15)

In equation (15), W denotes the wireless bandwidth in
the IoT, and β(t) refers to the accumulated energy value of
the IoT in the calculation period. Besides, fi signifies the
transmission power of user data in the IoT, and X2 indicates
the variance of Gaussian white noise.

,e delay time t0i of the calculation process is calculated
based on equation (15), as shown in the following equation:

t
0
i �

ai

σt
i

. (16)

4.3.2. Allocation of Computing Resources at the Edge of the
IoT. In the present work, the Convolutional Neural Net-
work (CNN) model is adopted to allocate the computing
resources at the edge of the IoT. Specific methods are as
follows:

,e convolution result r(n) of the two signals are
expressed in discrete form, as shown in the following
equation:

r(n) � j(n)∗ l(n) � 
∞

m�−∞
j(m)l(n − m). (17)

In equation (17), n and m represent the length of se-
quences; l(n), j(m), and j(n) represent discrete sequences in
resource allocation, and h(n − 1) denotes a signal in EC.

,e weights and biases in the process of resource allo-
cation are set according to the parameter characteristics of
CNN model, which are taken as the connection number.
,en, the parameter number U in the calculation can be
expressed as follows:

U � Nk ∗ mc ∗ sk ∗ qk(  + 1. (18)

In equation (18), mc signifies the number of channels in
EC, and sk and qk stand for the width and height of the
convolution kernel, respectively. ,en, the reasonable al-
location of the calculated quantity mc ∗ sk ∗ qk can be
expressed as follows:

p
a
i (t) �

mc ∗ sk ∗ qk

r(n)
. (19)

5. Experiment and Test Methods

5.1. Data Sources. In the experiment of railway line plan-
ning, this paper takes the Hohhot West Railway Station as
the research object.,is area includes 15 tracks of Tanghu up
and down lines, Beijing Baotou passenger dedicated line, and
station yard, with complex railway equipment, poor on-site
inter-visibility conditions, and great difficulty in surveying

and mapping. It takes two months to measure according to
the traditional method. In this paper, LocaSpace Viewer
obtains the 3D geographic information of the area, and BIM
establishes the 3D model. Moreover, MATLAB 7.0 pro-
gramming software simulates the system and algorithm
proposed here and carries out relevant test experiments.

5.2. Development Environment of the Visual Operation and
Maintenance Management System for Railway Station.
,is system is developed in Windows 10 system. ,e
configuration of running equipment is suggested to be more
than the Central Processing Unit (CPU) i3, a graphics card
over GTX1060, a 100 MBIT/s network port, and a Cluster
Communication Port, namely, a COM serial port, a Uni-
versal Serial Bus (USB) serial port, more than 4GB of
memory, and a hard disk more than 500G.

5.3. Test Method for Overall Performance of the Visual Op-
eration and Maintenance Management System for Railway
Station. ,e visual operation and maintenance manage-
ment system for railway stations must have good perfor-
mance in the operation process to prevent the network
transmission delay, card frame, and even collapse when the
system continues extensive data reading operations.,is test
mainly uses the resource monitor of the Win 10 system, and
takes the CPU occupancy rate, Graphics Processing Unit
(GPU) occupancy rate, and computer memory usage as
indicators to investigate the overall performance of the
system under different environments and conditions. In
general, CPU occupancy rate is below 90% by standard, and
computer memory usage is less than 80%.

5.4. Network Transmission Delay Test Method of the Visual
Operation and Maintenance Management System for the
RailwayStation. In the network transmission delay test, 1, 2,
4, 8, and 16 clients are used to access the server, respectively.
,e total network delay and single network delay are cal-
culated through the time difference between the system
client and the server. In the local area network, the delay less
than 5 milliseconds proves that the system has good
performance.

5.5. Test of the Real-Time Scheduling Model for IoT Trans-
mission Data. In the present work, the traditional real-time
scheduling method of IoT transmission data is compared
with the model reported here, and the scheduling time and
data integrity of the twomodels under different transmission
data bandwidths are tested.

5.6. Test of the IoT EC Optimization Algorithm. Here, the
popular improved cat swarm algorithm [30] and edge-cloud
cooperation algorithm [31] are selected for comparison.
Moreover, the server occupied time and computing waiting
time are taken as the test indexes to compare with the IoT EC
optimization algorithm based on DRL reported here.
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6. Experimental Results and Design Effect

6.1. Construction Results of the 3D Railway Visual Model.
,e core of high-fidelity 3D railway visual scene model is
describing and analyzing the spatial objects in a certain area.
Figure 4 displays the 3D railway visual model constructed
based on InfraWorks and Civil 3D in this report.

As shown in Figure 4, the 3D visual model based on
InfraWorks and Civil 3D has the outline of primary elements
such as mountains, trees, and railway tracks. ,is model can
show the spatial position, geometric shape, and route di-
rection of all objects in the region in a quite intuitive way,
with strong authenticity and vitality. ,e 3D railway visual
model designed here provides an important basis for en-
gineers and technicians to accurately understand the re-
gional terrain and carry out the planning and design of
railway transportation lines.

7. Design Results of Comprehensive Route
Selection Scheme for Railway Transportation

Figure 5 describes the design scheme of the comprehensive
route selection for railway transportation based on
InfraWorks.

From Figure 5, the geological conditions, river trend, and
mountain distribution in this area are complex, so the above
factors must be comprehensively considered in the planning
and design of railway lines. InfraWorks can create different
route planning schemes within the same model and analyze
the feasibility of different schemes based on the actual sit-
uation.,e black lines in Figure 5 indicate several reasonable
line schemes with different directions but the same desti-
nation through InfraWorks in BIM. ,e engineer can an-
alyze these schemes according to his or her own experience
and conduct line planning after comprehensive consider-
ation combined with the analysis results output by Infra-
Works. ,is method can support technicians to quickly
decide the best route scheme of railway transportation,
saving massive time and cost.

Figure 6 provides the roaming demonstration.
After the basic direction of the railway transportation

line is preliminarily determined, it is also necessary to use the
storyboard function of InfraWorks to record the roaming
dynamic demonstration of the design scheme. Technicians
can elaborately analyze and judge the selected scheme
through the roaming demonstration with high fidelity. From
the roaming dynamic demonstration of the railway route
selection design scheme in Figure 6, the 3D railway model is
optimized by the horizontal, vertical, and horizontal dy-
namic functions in InfraWorks. After a series of rendering
by the storyboard, the railway track, train, sky, house, cloud
layer, and other elements are refined, with high fidelity.
Consequently, technicians can conduct in-depth discussion,
analysis, and scheme optimization of the design scheme
based on the roaming dynamic demonstration together with
other department personnel. ,is model provides a basis for
the collaborative work of the design team, the construction
unit, the facility operation department, and other
participants.

8. Construction Results of the 3D Visual
Model for the Railway Station

Figure 7 illustrates the 3D roaming dynamic demonstration
screen of the 3D visual model for the railway station
established based on BIM technology in this report.

As shown in Figure 7, the spatial position and geometric
shape of all people, components, and devices in the 3D
scenes of the railway station are visually presented. For
example, the spatial position and distance of elevator relative
to the platform or column are demonstrated in the scene, as
well as the positioning of people in the station space. People
can accurately understand the spatial layout and scale of the
whole station and timely adjust unreasonable places through
the 3D model. Meanwhile, the visual operation and main-
tenance management system for the railway station reported
here can monitor all activities like equipment operation
status in real time, and make timely response to avoid
accidents.

9. Performance Test Results of the Visual
Operation and Maintenance Management
System for the Railway Station

Using the resource monitor of theWin 10 system, the overall
performance of the visual operation and maintenance
management system for the railway station is tested with the
GPU occupancy rate, CPU occupancy rate, and computer
memory usage as test indicators. ,e test results are pre-
sented in Figure 8.

According to Figure 8, the performance of this system
varies under different environments and conditions. ,e
average GPU occupancy rate of the system is about 63.2%,
the lowest is 40.02% after start-up, and the highest is 88.56%
when the system alarms.,e average CPU occupancy rate of
the system is about 8.4%, the lowest is 1.23% at normal
operation, and the highest is 18.34% at alarm. ,e average
memory usage of the system is about 38.3%, the lowest is
33.41% after start-up, and the highest is 41.29% when the
system alarms. In summary, the three indicators of the
system in operation are the highest when the system alarms
but also within the standard range. ,erefore, the overall
performance of the system is excellent, in line with the
standard.

10. Network TransmissionDelay Test Results of
the Visual Operation and Maintenance
Management System for the Railway Station

Figure 9 indicates the network transmission delay test results
of the visual operation and maintenance management
system for the railway station.

As shown in Figure 9, as clients increase, the number of
Queries Per Second (QPS) responded by the system is en-
larging, from 6,529 QPS responding to one client to 69,079
QPS responding to 16 clients. In the test results, the average
ratio of data access delay less than 1 millisecond is about
99.95%, the average proportion of less than 2 milliseconds is
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(a) (b)

Figure 4: 3D terrain model of railways. (a) Railway bridge. (b) Railway track.

Figure 5: Design scheme of the comprehensive route selection for railway transportation.

(a) (b)

(c)

Figure 6: Roaming demonstration of the design scheme of integrated route selection for railway transportation. (a) 3D railway model
prospect; (b) 3D model of rail and house; (c) 3D model of the transportation train.
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(a) (b)

(c)

Figure 7: 3D scene displays of the railway station. (a) 3D scene of the railway station security hall; (b) 3D scene of the waiting hall; (c) 3D
scene of the elevator and staircase.
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Figure 8: Performance test results of the visual operation and maintenance management system for the railway station.
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around 99.97%, and the proportion of less than 4 milli-
seconds reaches 99.99%. In summary, the visual operation
andmaintenance management system for the railway station
has good real-time performance and runs smoothly with
high fluency when multiple clients access.

11. Test Results of the Real-Time Scheduling
Model for IoT Transmission Data

11.1. Test Results of Data Scheduling Time. Figure 10 illus-
trates the test results of data scheduling time of the real-time
scheduling model for IoT transmission data based on DRL
designed here and the traditional real-time scheduling
method.

From Figure 10, when the traditional method schedules
IoT transmission data, the scheduling time shows an obvious
upward trend with the increase in transmission data
bandwidth, proving that the traditional method cannot
complete real-time data scheduling. When the model
designed here allocates the IoT transmission data, the
scheduling time is generally controlled within 10 seconds.
Besides, when the transmission bandwidth of data is greater
than 0.6Mb/s, the scheduling time shows an obvious
downward trend, which can realize the real-time scheduling
of the IoT transmission data.

11.2. Test Results of Data Integrity. ,e test results of IoT
transmission data integrity of the two data scheduling
models are shown in Figure 11.

,rough Figure 11, in the experimental process, the
integrity rate of the IoT transmission data scheduled by the
traditional method is between 47% and 53%, with an average
of 49.73%, generally at a low level. ,e data integrity rate of
the model reported here ranges from 84% to 96%, with an
average of 91%.,is result is significantly higher than that of
the traditional method, which can ensure data integrity in
the process of scheduling IoT transmission data.

12. Test Results of the IoT EC
Optimization Algorithm

12.1. Test Results of Server Occupancy Time. Figure 12 pro-
vides the test results of server occupancy time of the im-
proved cat swarm algorithm, edge-cloud cooperation
algorithm, and the optimization algorithm reported here in
the IoT EC.

According to Figure 12, the average server occupancy
time after optimization by the improved cat swarm al-
gorithm is about 65 seconds; the average occupancy time
after optimization using the edge-cloud cooperation al-
gorithm is 56.9 seconds; and the average occupancy time
after optimization through this algorithm is about 17.3
seconds. ,erefore, all three algorithms reduce the server
occupancy time in the process of IoT EC, but the opti-
mization method of IoT EC based on DRL proposed here
achieves a significantly better performance than the other
two methods.

12.2. Test Results of the Calculation Waiting Time. ,e test
results of the calculation waiting time of the three algorithms
at the edge of the IoT are presented in Figure 13.

Figure 13 shows that the average calculation waiting time
of the improved cat swarm algorithm is about 99.9 milli-
seconds; the average waiting time of the edge-cloud coop-
eration algorithm is 81.1 milliseconds; and the average
waiting time of DRL algorithm is 27.4 milliseconds. It can be
concluded that under the condition of the same number of
tasks, the computation waiting time of the DRL algorithm
designed here is significantly lower than that of the other two
algorithms.

13. Result Discussion

A railway transportation line planning and design method is
developed based on BIM technology. Besides, LocaSpace
Viewer is taken as the source of 3D geographic information
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Figure 9: Network transmission delay test results of the visual operation and maintenance management system for the railway station.
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data. ,e mainstream software in BIM is used to establish
and optimize the 3D visualization scene and generate the
railway line planning scheme. Finally, the Hohhot West
Railway Station is the research object for the railway line
planning and design experiment. ,e results demonstrate
that BIM technology can build the 3D visualization model of
the railway environment of high fidelity. ,is is mainly due
to the collaborative work of InfraWorks and Civil 3D,
making the railway 3D visualization scene more standard-
ized and closer to the actual natural terrain. Meanwhile,
InfraWorks can also obtain a practical line planning scheme
and analyze its feasibility to provide a reliable basis for
engineers to plan railway transportation lines and improve
design efficiency.

Furthermore, this paper constructs a visual operation
and maintenance management system of railway stations
based on BIM technology and puts forward the IoT data
transmission real-time scheduling model based on DRL
technology and the IoT edge computing optimization al-
gorithm.,eMATLAB 7.0 programming software simulates
the Hohhot West Railway Station to carry out the relevant
test experiments. ,e results indicate that the GPU occu-
pation rate, CPU occupation rate, and memory occupation
rate in different operating environments are within the
standard range; when multiple clients access the system, the
system data access delay is 100% less than 8ms, which has
good performance. Meanwhile, when scheduling the IoT
transmission data, the scheduling time is generally
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controlled within 10 s, realizing the real-time IoT data
scheduling. Moreover, the integrity rate of scheduling data is
between 84% and 96%, with an average of 91%, significantly
higher than traditional methods.,erefore, the performance
of the real-time IoT transmission data scheduling model
based on DRL is much higher than that of conventional
methods in scheduling time and data integrity, which can be
applied to the visual operation and maintenance manage-
ment system of railway stations. In addition, the average
server occupancy time of the IoT edge computing optimi-
zation algorithm is about 17.3 s, and the average computing
waiting time is 27.4ms, which is much lower than the
optimization method proposed by Kumar and Singh [30]

and Wu et al. [31]. ,erefore, the IoT edge computing
optimization algorithm based on DRL can significantly
reduce the computing cost and time. ,is scheme is feasible
to the railway station visual operation and maintenance
management system and can effectively improve its overall
efficiency.

14. Conclusions

With the advancement of society, railway transportation has
become an indispensable part of people’s travel, social
material production, and even Chinese national economic
development. However, there are some problems in the

Improved cat swarm algorithm
Edge cloud cooperation algorithm
Deep reinforcement learning algorithm

10

20

30

40

50

60

70

80

90

Se
rv

er
 el

ap
se

d 
tim

e (
s)

200 300 400 500 600 700100
Number of Tasks

Figure 12: Test results of server occupancy time.

Deep reinforcement learning algorithm
Edge cloud cooperation algorithm
Improved cat swarm algorithm

0

20

40

60

80

100

120

140

160

180

Se
rv

er
 el

ap
se

d 
tim

e (
s)

200 300 400 500 600 700100
Number of Tasks

Figure 13: Test results of the calculation of waiting time.

Wireless Communications and Mobile Computing 13



process of railway construction, such as difficult line plan-
ning and design, and challenging station operation and
maintenance management. Based on the above background,
this paper puts forward the planning and design method of
railway transportation line based on BIM technology. Sec-
ondly, the railway station visual operation and maintenance
management system is constructed based on BIM tech-
nology. ,en, the real-time IoT data scheduling and the
optimization of edge computing are realized via deep
learning technology. Finally, the design effect of the model,
the performance of the visual management system, and the
test results of network transmission delay are demonstrated
and analyzed. ,e results suggest that the 3D visualization
model of railway environments with high fidelity can be
established by BIM. In addition, a reasonable line planning
scheme can be obtained and feasibility analysis can be
carried out for engineers to provide a reliable basis for
railway transport line planning and improving design effi-
ciency. ,e GPU usage, CPU usage, and memory usage of
the management system in different operating environments
are all within the standard range. When multiple clients
access the system, the system data access delay is less than
8ms, providing excellent performance. ,e real-time
scheduling model of IoT transmission data and IoT edge
computing optimization algorithm applied to the system are
superior to other popular methods in performance, which
can significantly improve the operating efficiency of the
system. ,is paper innovatively applies BIM technology to
railway line planning and design and station equipment
operation and maintenance management, enhancing the
efficiency and quality of railway construction and man-
agement. However, due to the time limitation, the indexes
set up here for system performance testing are not perfect.
Future research should extend related test indexes to im-
prove the system performance. ,is paper aims to optimize
the railway transportation line planning and station oper-
ation and maintenance management efficiency via digital
technologies.
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