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Abstract: The implementation of railway intelligent construction is the need of national strategic
development and the demand of society. Based on the idea of system engineering, this paper proposes
a three-dimensional railway intelligent construction system architecture composed of a full life cycle,
management level and technical support. Based on this architecture, a “three-step” implementation
path is proposed. Then, it analyzes the technology support framework required in the architecture
based on Building Information Modeling (BIM), incorporating Global Positioning System (GPS) and
Geographic Information System (GIS), algorithmic prediction and machine learning technology, In-
ternet of Things (IoT) and artificial intelligence technology, big data and cloud computing technology,
and the application of railway intelligent construction system architecture is analyzed by taking a
railway tunnel project in Zhejiang Province of China as an example. Finally, it discusses the problems
that may be encountered in the implementation of railway intelligent construction and puts forward
relevant suggestions. The results show that railway intelligent construction is an essential way. At
present, China’s railway intelligent construction is still in the primary stage. The design organization
should do a good job in the top-level design and accumulate sufficient data for the later stage. All
parties in the middle stage of construction should do a good job in the induction and integration of
information and accumulate sufficient experience. In this way, we can integrate into the advanced
stage and give full play to the advantages of software and hardware integrated applications such as
BIM, IoT, big data, cloud computing and intelligent devices so as to truly realize the intellectualization
and modernization of railway construction.

Keywords: railway engineering; intelligent construction; BIM; big data; Internet of Things; cloud computing

1. Introduction

After decades of development, global informatization is still accelerating at an amazing
pace. At present, countries all over the world are promoting intelligent social development.
Smart city construction in the United States is moving forward rapidly and continuously
updated [1]. The UK has formulated the corresponding smart city evaluation index [2],
and other European countries are also constantly exploring the accurate definition of in-
telligent society and ways to achieve it [3–5]. In 2016, the Japanese government proposed
a development plan to build a world-leading super intelligent society [6]. South Korea
launched NSSP smart city program, promoting the construction of a smart city under new
technologies and new standards [7]. In China, a smart society has been established by
the Chinese national government as the target form of social development. Its urban and
rural construction is still needed to be promoted according to the new concept and new
model of the digital city [8,9]. As the main force of urban and rural construction and an
important participant in social development, the engineering construction industry must
make profound changes to improve its informatization level by changing ideas so as to
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meet the needs of the development of a smart society [10,11]. Railway engineering construc-
tion is a complex system engineering, which has the characteristics of a long construction
cycle, many participating units, difficult organization and high quality standards [12–15].
Railway engineering construction urgently needs to open up the interface between infor-
mation technology and traditional construction and complete the intelligent construction of
railway so as to promote the lean, intelligent, efficient, innovative, green and coordinated
development of the railway construction process [16–18].

In recent years, BIM (Building Information Modeling), Internet of Things (IoT), big
data, artificial intelligence and other new-generation information and communication
technologies have developed vigorously. The effective integration of new technology and
traditional railway construction technology can not only give new capabilities to various
production factors in the railway engineering construction system but also bring a new
revolution. At present, these emerging technologies are widely used in the construction
of smart construction [13,19–23]. Ning, X. et al. [13] established a construction simulation
model based on a virtual geographic environment to solve the spatial conflict problem
arising in the planning and design phase of high-speed railroad construction, and the
obtained parameters can provide a scientific method for preferring the construction plan
and assessing the full-cycle performance, and improve the project design efficiency to a
certain extent. Shin, M. H. et al. [19] considered the application of BIM technology to
the construction and maintenance phases of railroad infrastructure in Korea and verified
through pilot applications that the technology has a significant effect on improving the
quality of work and cost expenditures throughout construction and completion. Yang, Q.
et al. [20] applied the concept of information technology in railroad tunnel construction,
combining numerical simulation means and information technology to select a construction
plan more suitable for the characteristics of the surrounding rock and further optimize
it. Shin, M. [21] studied the prospects of BIM technology in the Korean railroad industry,
verifying the advantages of this technology over traditional construction through field
research. Silva, C. P. et al. [22] introduced a simulated annealing optimization algorithm to
calculate the monitoring of the forces on railroad concrete rail sleepers, based on which
the safety performance of the sleepers was evaluated, and an optimized vibrating scheme
was given accordingly. Yuan et al. [23] studied the design of a railroad line selection
scheme based on machine learning, which introduced the Dueling Double-Deep Q Learning
Network (D3QN) to train the model, and the method can realize the automatic finding of
the line scheme with the optimal objective function, and it has been well verified in the
engineering examples.

It is not difficult to find that various projects in the railroad construction industry
are forming close links with information technology, but they can only solve some prac-
tical engineering problems in fragments without forming a complete architecture. How
to integrate them has become an urgent problem to be solved. To solve this problem,
many scholars have also made effective attempts and achieved certain results. You [24]
analyzed the development bottlenecks and constraints of the construction industry and
proposed a general functional architecture of intelligent construction systems based on
this, which provided a theoretical basis for the design of intelligent construction systems
for different engineering types. Changwei, Y. et al. [25] analyzed and compared railroad
construction projects in Asian and some European countries, established a corresponding
risk assessment system for railroad projects and, based on this, established a BP neural
network model for both continents. Shao S et al. [26] constructed a three-level evaluation
index system for evaluating the operations of high-speed intelligent railroads in China,
which covers a number of representative indicators and a logical hierarchy of evaluation.
Shi J et al. [27] studied a whole life cycle technology framework based on “intelligent
construction, intelligent service, intelligent management, and operation and maintenance”
using a railroad hub in Chongqing, China, as an example. Tian et al. [28] analyzed and
researched the intelligent construction of railroad tunnels and proposed the corresponding
functional architecture in five aspects, including multi-source heterogeneous geological
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information fusion and intelligent interpretation, intelligent evaluation of surrounding
rock quality, intelligent design theory and method, intelligent construction technology and
information control platform, which provide certain technical support and research ideas
for decision makers and workers in the field of intelligent tunnel construction.

Although some scholars have proposed corresponding functional architectures for
railroad intelligent construction, studies that integrate the whole life cycle of construction,
management level and technical support are rare. Railway engineering construction is a
complex project, and system engineering means are required to achieve high quality and
high efficiency in the whole life cycle. Systems engineering is a method to design, develop,
manage and control based on large and complex research systems for specific purposes
in order to achieve the overall best, and is an effective means to solve complex problems.
Therefore, for the current situation of intelligent railroad construction in China, this paper
proposes a three-dimensional functional architecture that integrates life cycle, management
level and technical support based on the Hall methodology in system engineering and
explores the path that needs to be experienced to realize the change of architecture, ana-
lyzes the corresponding technical support architecture, introduces and analyzes part of the
functions in the three-dimensional architecture with a railroad tunnel project in Zhejiang
Province, China as an example, and finally analyzes the possible problems in the develop-
ment and gives some suggestions. The study shows that continuing to move forward in
the direction of this architecture will help to realize intelligent railroad construction as soon
as possible.

2. Hall Methodology

Hall methodology, also known as the three-dimensional Hall structure, was proposed
by American scholar A.D. Hall in 1969. Its emergence provides a new way of thinking
for solving huge and complex problems. Once put forward, it has been widely used all
over the world. Three-dimensional Hall structure divides the whole system engineering
activities into seven steps: clarifying problems, establishing a value system or evaluation
system, system analysis and system synthesis. The seven steps are closely linked. From the
order of completing these steps and the various skills and methods required to complete
the steps, it can be divided into three dimensions: time dimension, logic dimension and
professional dimension (also known as knowledge dimension). Its theoretical structure is
shown in Figure 1.

Sustainability 2021, 13, x FOR PEER REVIEW 3 of 14 
 

the intelligent construction of railroad tunnels and proposed the corresponding functional 
architecture in five aspects, including multi-source heterogeneous geological information 
fusion and intelligent interpretation, intelligent evaluation of surrounding rock quality, 
intelligent design theory and method, intelligent construction technology and information 
control platform, which provide certain technical support and research ideas for decision 
makers and workers in the field of intelligent tunnel construction. 

Although some scholars have proposed corresponding functional architectures for 
railroad intelligent construction, studies that integrate the whole life cycle of construction, 
management level and technical support are rare. Railway engineering construction is a 
complex project, and system engineering means are required to achieve high quality and 
high efficiency in the whole life cycle. Systems engineering is a method to design, develop, 
manage and control based on large and complex research systems for specific purposes in 
order to achieve the overall best, and is an effective means to solve complex problems. 
Therefore, for the current situation of intelligent railroad construction in China, this paper 
proposes a three-dimensional functional architecture that integrates life cycle, manage-
ment level and technical support based on the Hall methodology in system engineering 
and explores the path that needs to be experienced to realize the change of architecture, 
analyzes the corresponding technical support architecture, introduces and analyzes part 
of the functions in the three-dimensional architecture with a railroad tunnel project in 
Zhejiang Province, China as an example, and finally analyzes the possible problems in the 
development and gives some suggestions. The study shows that continuing to move for-
ward in the direction of this architecture will help to realize intelligent railroad construc-
tion as soon as possible. 

2. Hall Methodology 
Hall methodology, also known as the three-dimensional Hall structure, was pro-

posed by American scholar A.D. Hall in 1969. Its emergence provides a new way of think-
ing for solving huge and complex problems. Once put forward, it has been widely used 
all over the world. Three-dimensional Hall structure divides the whole system engineer-
ing activities into seven steps: clarifying problems, establishing a value system or evalua-
tion system, system analysis and system synthesis. The seven steps are closely linked. 
From the order of completing these steps and the various skills and methods required to 
complete the steps, it can be divided into three dimensions: time dimension, logic dimen-
sion and professional dimension (also known as knowledge dimension). Its theoretical 
structure is shown in Figure 1. 

Hall three-dimensional structure

Time dimension Logical dimension Professional dimension

Problem 
setting

System 
designing

System 
synthesis Modelling

Implementation plan

Design 
making

Optimization

Operations 
research

Cybernetics

Management 
science

…

Update 
stage 

Operation or 
production stage  

Analysis or 
development  stage 

Planning 
stage  

  Design 
stage 

Installation 
Implementation stage  

Operation 
stage  

 
Figure 1. Hall three-dimensional theoretical structure diagram. 

In the three-dimensional structure diagram, the time dimension is the time sequence 
from the beginning to the end of the whole system engineering activities, which is divided 
into seven stages: planning, design, analysis or development, operation research or pro-
duction, installation, operation and update. In each stage of the time dimension, a think-
ing process is required. This process is the logical dimension, which includes seven steps: 

Figure 1. Hall three-dimensional theoretical structure diagram.

In the three-dimensional structure diagram, the time dimension is the time sequence
from the beginning to the end of the whole system engineering activities, which is divided
into seven stages: planning, design, analysis or development, operation research or produc-
tion, installation, operation and update. In each stage of the time dimension, a thinking
process is required. This process is the logical dimension, which includes seven steps:
problem setting, system design, modeling, optimization, decision making and implemen-
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tation plan. The professional dimension lists the knowledge and skills in construction,
commerce, law, management, etc., that need to be used in the implementation steps of
the project. The three-dimensional structure system vividly represents the framework of
system engineering research, which can be further expanded at any stage or step to form a
hierarchical tree system.

3. Railway Intelligent Construction

As for railway intelligent construction, there is no unified definition in the indus-
try [29,30]. In this paper, it is defined as a deep integration of various information and
communication technologies (BIM, IoT, big data, cloud computing, artificial intelligence,
and so on) and robotic devices with the railway construction process. Through human–
computer interaction, perception, decision making, execution and feedback, it can realize
the intelligent construction method of railway construction. Its characteristics [31] are
shown in Table 1.

Table 1. Intelligent construction characteristics.

Characteristics Detailed Description

Overall perception Carry on comprehensive and thorough information perception of key elements such as
personnel, machine, object and environment in railway engineering construction

Intelligent diagnosis Diagnose the obtained data and information, form the evaluation of railway construction
quality, safety, efficiency and other indicators

Intelligent decision
The main difficulty of railway construction management is massive data. Through certain
algorithms, decision-making information can be extracted from massive data to provide

reference for construction management and construction decision making
Collaborative interaction All participants can better coordinate and interact and fully realize resource sharing

Autonomous learning From the massive data of the diary month, we continue to learn independently so as to
adapt to the needs of railway construction and development

3.1. Transformation of Construction Mode

The traditional railway construction system consists of two parts: the human–physical
system. “Human” refers to the various staff involved in the project, including the executive,
management and decision-making levels, while “physics” refers to the machinery and
equipment involved in the whole life cycle of the project. “Human–physical system” is to
use people to directly control machines to complete different tasks. Related perception,
analysis, decision making, learning and cognitive activities are completed by human beings
themselves. At this stage, the physical system can replace part of human manual labor, and
the amount of manual labor is determined by the level of mechanization.

Compared with traditional construction methods, the biggest change in intelligent
construction systems is that a third party-information system is added between the
human and physical system. As shown in Figure 2, people can indirectly control the
physical system by controlling the information system. That is, an information system
can replace people to do some work so as to reduce people’s work pressure and improve
work efficiency. In addition, the fundamental reason why the intelligent construction
system is superior to the traditional construction system is that the information system
can carry out independent learning and has a self-growing knowledge base. When
there is sufficient data accumulation, the information system is a “person” with rich
experience, which can carry out intelligent control, intelligent analysis and decision
making, and intelligent information interaction.
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3.2. System Architecture

The essence of railway intelligent construction is to build a set of information space,
which can realize the flow of data between the information space and the physical space.
It is a closed-loop enabling system that realizes the functions of state perception, real-
time analysis, scientific decision making and accurate execution. Solving the complex
and uncertain problems in the process of railway construction improves the efficiency of
resource allocation and realizes resource optimization. Railway intelligent construction
itself is a complex system with rich and colorful contents and a huge scale. Based on Hall’s
three-dimensional theory, this paper constructs the architecture of a railroad intelligent
construction system from three dimensions: life cycle, management level and technical
support, as shown in Figure 3.

1 
 

 
Figure 3. System architecture of intelligent railway construction.
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In this architecture, the “life cycle” corresponds to the time dimension in Hall’s three-
dimensional theory. In this dimension, the whole life process of railway construction is
divided into four stages in chronological order: survey and design, on-site construction,
completion acceptance and operation and maintenance. An efficient and intensive manage-
ment process is formed in different stages in combination with the functional dimension.
The dimension of “management hierarchy” corresponds to the logical dimension in Hall’s
three-dimensional theory. The whole cycle of railroad construction needs to make the next
decision based on data information; for example, geographic information is needed in
the survey and design phase, and the subsequent decision on relevant design parameters
based on mapping data, etc. The construction phase needs to monitor key point feature
values to ensure the quality of the project, and the operation phase also needs to implement
monitoring, and the data obtained will also determine the management staff scheduling
measures. Due to the complex nature of railway engineering construction, the data and
other information are scattered and not centralized. Each professional system operates
independently, which leads to the decline of the unity and security of data management.
The owner cannot see the overall picture of the project construction in time and effectively.
Therefore, a hierarchical intelligent construction management system dominated by the con-
struction unit is constructed in this dimension. In this paper, it is sorted from small to large,
followed by team, work area, bid section, project, whole road, research and application
leading group. In a specific project, all participants participate in the project construction,
obtain corresponding permissions from the system according to different needs, each par-
ticipant takes what they need, and each performs its own responsibilities so as to effectively
realize the efficient coordination of the project. The dimension of “technology support”
corresponds to the professional dimension in Hall’s theory. The specific technologies can
include BIM technology, GPS and GIS, algorithm prediction and machine learning tech-
nology, Internet of Things and artificial intelligence technology, Internet technology and
cloud platform, big data and cloud computing technology, which can be used throughout
the whole life cycle and all levels of management, that is, based on the system architecture
to achieve cost management, schedule management, quality control, contract management,
information management, etc. Various project intelligent management functions can start
from a single local intelligence and eventually form a convenient and clear organic whole,
and then realize the overall intelligence of business management.

Taking the local intelligence of cost management as an example, in the survey and
design stage, determine the contract price of the project and the market price of resources,
prepare the cost plan, control the cost in real time according to the cost plan, compare
the actual cost with the target cost, and make necessary deviation correction and plan
adjustment. Different from the traditional construction model, at this time, the changes cor-
respond to the synchronous update of the whole system, and the traces of the construction
process are retained. Driven by information flow as a whole, the implementation has been
strengthened. It is conducive to promoting the standardization, standardization and fine
management of the construction process. Based on the system architecture, engineering
informatization can be greatly promoted. The key to the implementation of this model
is that construction enterprises must make full use of the advantages of BIM Technology
and Internet technology to build a “digital construction site”. Management personnel of
all participants should pay attention to BIM visual management, dynamic integration of
project management information, data interconnection, dynamic site management, etc.

4. Realization Path of Railway Intelligent Construction
4.1. “Three Steps” Strategy

As can be seen from the system architecture constructed in the previous section, the in-
telligent construction system first realizes local intelligence and then gradually “empowers”
more and more through interconnection and comprehensive integration, with wider cover-
age, more and more powerful intelligent functions, and finally realizes overall intelligence.
According to the development status of railway engineering construction informatization
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and artificial intelligence technology and the development law of intelligent technology
itself, from the perspective of continuous systematization and upgrading of intelligence (as
shown in Figure 4), the development process of railway engineering intelligent construction
can be divided into three stages: primary, intermediate and advanced: three steps, and
finally the overall realization of railway intelligent construction.
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Primary stage: the “perception stage”. In the primary stage of the development of
railway intelligent construction, we should take the digital manufacturing route to realize
state perception. Railway participating enterprises need to actively explore the integrated
application of new generation communication technologies such as the “Internet of Things”,
“big data” and “mobile Internet” to form a large database of the industry and realize the
digital and intelligent construction of a single project. At this stage, a project construction
management platform based on the BIM model can be built based on BIM Technology
and the Internet so that all participants can pay timely and effective attention to the latest
developments of the project through the platform. It can effectively solve the problems such
as poor information exchange in the construction of traditional projects so that all participants
can cooperate through the platform. At this stage, people can get used to using modern
information technology, that is, to find giants and then stand on the shoulders of giants.

Intermediate stage: the “substitution stage”. After the experience and data accumu-
lation in the primary stage, networked manufacturing is realized on the basis of digital
manufacturing in the primary stage. In this stage, the “giant” found in the primary stage
is truly applied to the construction technology to realize manual replacement, effectively
improve labor productivity and increase the comprehensive benefits of the project.

Advanced stage: that is, the “wisdom stage”. After the data accumulation in the
primary stage and intermediate stage and the practical experience in the intermediate stage,
it enters a higher “wisdom stage”. At this stage, the application of technology has been
quite mature. The intelligent brain can not only know the past (based on rich databases) but
also understand the present and even predict the future. At the same time, it can also make
decisions for difficulties encountered. That is to realize the transformation from “giving
fish” to “giving fish” in the railway industry. Truly realize the intelligent construction of
China’s railway.

4.2. Intelligent Construction Technology Support

Information technology is developing rapidly all over the world, and there must be
sufficient technical support to realize intelligent construction. In this paper, we combine
the characteristics of the railroad construction industry, take BIM technology as the support
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and integrate it with other technologies to form the technical support framework of railroad
intelligent construction.

4.2.1. BIM Technology

BIM (Building Information Modeling) technology is currently a popular technology
in the world. The premise of China’s railway intelligent construction is the digitization of
engineering information, and an important means of digitization of engineering construc-
tion is BIM technology. BIM technology is a popular technology in China, and it is also the
future development trend in the field of engineering construction in China. BIM can be
understood as creating a corresponding information system in the whole life process of
entity construction to realize information sharing and lean construction. This information
system (model, modeling and management) includes a shared database, database appli-
cation (obtaining and pushing data), database creation and application standards. BIM
technology is based on a three-dimensional solid model. On the basis of the 3D model, the
4D model is formed by adding progress, and the 5D model or even nd model is formed by
adding cost-related information. The emergence of BIM Technology does not change the
essence of design and construction in the engineering construction industry but affects the
way of information transmission to project participants.

4.2.2. Other Technologies

(1) GIS and GPS technology
GIS (Geographic Information System) technology can provide a “network map”, on

this basis, and the planning and site selection of railway projects can be carried out; GPS
(Global Positioning System) technology can carry out three-dimensional positioning, sur-
veying, mapping and lofting processing of projects, and it can also be used to locate railway
vehicles in the later stage and implement traffic control. The transportation status, com-
bined with the BIM management platform, can be dispatched at any time, and reasonable
emergency measures can be arranged.

(2) Algorithm prediction and machine learning technology
Before construction, mature or innovative algorithms can be used to predict the key

variables with the information obtained from the preliminary survey, and the prediction
can also be made at the later stage of construction operation with the data collected in
the preliminary stage, which can grasp the next development trend in advance and play
an early warning role. At the same time, the relevant data will be uploaded to the cloud
platform and other references for the management body, which helps to control the quality
of the project in advance.

(3) IoT and artificial intelligence technology
Intelligent monitoring and testing equipment can be introduced, equipment communi-

cation can be realized through IoT technology, and the engineering participants themselves
can obtain the final desired information without much involvement. In this process, the
tedious procedure of human-operated equipment is eliminated, and the step of extracting
equipment information is also dispensed with, saving time and labor to a great extent.

(4) Internet technology and cloud platform
The obtained data information is presented on the cloud platform through Internet

technology, and each management level can upload and collect information related to
itself, while information can be exchanged and interconnected between different levels,
ultimately ensuring that each intelligent function can achieve overall collaboration and
efficient completion.

(5) Big data and cloud computing technology
There are countless railroad projects all over the world, using the Internet technology

to collect a large amount of data on railroad construction projects through cloud computing
and big data processing technology to know about the current situation and development
prospects of the industry in advance, while the development of the railroad industry will
also provide corresponding reference values for other industries.



Sustainability 2022, 14, 6945 9 of 15

Under the traditional construction management mode, the information of all partic-
ipants cannot be transmitted in time, resulting in problems such as increased cost. The
emergence of BIM enables all participating units to realize effective data sharing and bet-
ter collaborative interaction. Combine BIM technology with the Internet of Things, big
data, cloud computing, artificial intelligence and other new-generation information and
communication technologies, robots and other related equipment. Jointly serve the whole
life cycle of project construction, and its combination diagram is shown in Figure 5. It
is equivalent to a rehearsal before the actual construction project, which is of milestone
significance in improving the project efficiency, saving the project cost and discovering the
problems existing in the design and construction scheme in time.
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As a collective technology, BIM integrates planning, design, construction, manage-
ment and other links into an organic whole. The emergence of this technology conforms
to the trend of informatization, intelligence and information intelligence in engineering
construction. BIM technology is quietly promoting the second information revolution of
engineering construction and has stood at the outlet of the times. Taking BIM technology as
a breakthrough has greatly promoted the information process of engineering construction.
BIM technology has extended from the model as the core to the information as the core
management system. It integrates all the information of an engineering project into an
engineering BIM model, forming the core idea of taking the whole life cycle of engineer-
ing products as the overall management. In the BIM model, each component and each
operation has a unique code, and there is a one-to-one mapping relationship between the
code and the operation. So that each business in the management phase can be associated
with the model. Form a substantive model integrating various information of engineering
projects. All participants take what they need and perform their responsibilities so as to
effectively realize the efficient coordination of the project.

5. Case Studies

The intelligent construction of railroads based on systems engineering described in
this paper is dependent on the corresponding technical and economic development, so it
is still difficult to fully realize such intelligent construction. A subway tunnel project in
Zhejiang Province, China, has adopted a certain degree of intelligent construction platform,
so this section further details the intelligent construction of railroads based on this project.
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5.1. Platform Content and Characteristics

The platform contains five modules: GIS + BIM information display, construction
monitoring, operation monitoring and management, maintenance management, and whole
life analysis and evaluation (Figure 6). There are four major innovations: firstly, it realizes
data integration and application based on BIM and GIS model, which can realize dynamic
scene reproduction, correlate 3D model and physical equipment on site, map equipment
operation status on 3D model in real time, truly restore real-time operation status of equip-
ment on site, and help complete whole-life analysis and evaluation; secondly, it realizes
real-time equipment perception and can gather real-time transmission construction or oper-
ation monitoring data of equipment through IOT sensors for unified analysis and display.
In addition, it can help command and decision aid, with data as the driver, supported
by algorithms, using expert knowledge mapping and expert knowledge experience to
assist in decision making; furthermore, it can realize the support of inspection and digital
intelligence through artificial intelligence and big data analysis and other technologies,
realizing real-time display of equipment status, real-time analysis of data trends. Finally,
it can realize the support of inspection digital intelligence, through artificial intelligence
and big data analysis and other technologies, realize the real-time display of equipment
status, real-time analysis of data trends, intelligent warning of defects, accurate positioning
of faults, and improve the efficiency and quality of the inspection.
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5.2. Model Establishment Based on GIS and BIM

The project realized the establishment of the urban metro tunnel information model
based on the macro geography of GIS combined with the micro refinement of a single BIM
(Figure 7). Specifically, firstly, the BIM data of the urban metro tunnel system are introduced
into GIS, and the native LOD (level of detail) technology is used to parameterize the 3D
objects in the BIM into a triangular network, which generates GIS models with different
levels of detail. Secondly, the instantiation technology is used to optimize a large number
of common objects in the BIM, combine with GIS coordinate position to realize reuse
modeling, realize model lightness through data format conversion and data optimization,
improve rendering efficiency and effectively support the realization of system functions.
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5.3. Tunnel Section Monitoring and Algorithm Prediction

Monitoring devices such as surface strain gauges, inclinometers and acceleration
sensors are deployed in the tunnel section during the construction phase, and these devices,
combined with technical means such as the IoT, can transmit information to the intelligent
construction platform. Figure 8 shows the monitoring map of the convergence change of
the section shown by the platform. In addition, based on the surface settlement monitoring
data of the tunnel in the early stage, the platform has tried to introduce machine learning to
build a prediction model combining two algorithms of the sparrow search algorithm (SSA)
and extreme learning machine (ELM) to predict the surface settlement caused by tunnel
excavation in the later stage (Figure 9), and it can be found that the algorithm has a better
prediction effect in this project. The monitoring and prediction data are used to study and
judge the subsequent development trend, and the platform can automatically warn in case
of data abnormality and give certain solutions for reference of the project-related personnel
in conjunction with big data analysis.
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5.4. Full Life-Cycle Analysis and Evaluation

Through machine learning, artificial intelligence, IoT, Internet and other information
processing technologies, monitoring data and abnormal events can be captured and imple-
mented, and corresponding index evaluation models and performance evolution models
can be formed through the built-in evaluation algorithm library of the platform (Figure 10).
Carrying out implementation evaluation can further predict the future development trend
and, at the same time, follow up the operation and maintenance. This cycle is repeated and
followed up, forming a continuous life cycle evaluation system, and all evaluation indicators
and evaluation results are presented in the model platform based on GIS and BIM.
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In general, the construction intelligence of China’s highway industry is more promi-
nent compared with the slow development of intelligent construction in the railroad
industry, which is closely related to the characteristics of the railroad project itself. The
intelligent construction platform of a subway tunnel in Zhejiang Province of China de-
scribed in this section has achieved, to a certain extent, the digital tracking and evaluation
of the whole cycle, but the collaboration between various management levels and the
final cost, schedule, quality, contract and information intelligent management still lacks
corresponding technical support, and the technology used needs to be further strengthened,
so that further innovation on this basis can be considered in the subsequent development.

6. Discussion and Suggestions

The emergence of BIM technology conforms to the trend of informatization, intelli-
gence and information intelligence in engineering construction. However, at present, the
application of BIM technology in the construction field is relatively mature, but railway
engineering is still in its infancy because of its strip rather than point complex nature.

Since the boom of Bim in 2003, many scholars have studied and analyzed BIM technol-
ogy, covering many fields such as railway bridges, tunnels, urban rail transit and municipal
administration. Some scholars have also studied the progress management, cost man-
agement, safety management and collaborative management of BIM Technology in the
construction stage. Although the use of BIM has many advantages, the promotion of BIM
still has a long way to go and faces many problems. In recent years, China has successively
promulgated various relevant policies. With the support and guidance of the policies, vari-
ous professionals continue to explore. They have been widely used in housing construction,
highway, railway, water conservancy and other engineering fields and have also made
some achievements. However, at present, there are still many problems, such as more
early-stage exhibitions and less construction process, more effective publicity and fewer
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landing projects, and problems such as more pilot applications and less comprehensive
development. In addition, because the railway engineering construction itself has a long
construction cycle, many participants, large investment in the early stage, and the income
is mainly in the later stage, it will encounter some resistance in the early implementation,
which requires the regulation of national macro policies.

In addition, China’s railway intelligent construction is controlled by the development
of computer technology. To realize the system architecture of railway intelligent construc-
tion, on the one hand, we should solidly complete the digital “make-up course”; on the
other hand, we need to promote the development of “parallel”. It should be recognized that
our informatization and digitization foundation is still quite weak. This requires relevant
researchers to further study and explore BIM technology and its joint application systems
with other technologies.

7. Conclusions

(1) At present, many fields of engineering construction around the world are in the
key period of modernization and information transformation and upgrading. In
the long run, China’s railway intelligent construction is the only way. This paper
gives the definition of railway intelligent construction, then constructs the railway
intelligent construction system architecture from the three dimensions of life cycle,
management level and technical support based on Hall’s three-dimensional theory in
system engineering, and puts forward the “three-step” implementation path based
on this architecture. Through the 3D functional architecture, the intelligent manage-
ment functions of cost management, schedule management, quality control, contract
management and information management are finally realized.

(2) Taking 3D railroad intelligent construction system architecture as the guide, combined
with the development situation of Chinese railroad construction, this paper proposes
a “three-step” realization path. It discusses the technical support framework that
needs to be taken into account to realize 3D railroad intelligent construction, that is,
based on BIM, integrating GPS and GIS, algorithm prediction and machine learning,
IoT and artificial intelligence technology, big data and cloud computing technology.

(3) An intelligent construction platform of a railroad in Zhejiang Province, China, has
achieved some of the functions proposed in this paper to a certain extent, but it can be
further developed on this basis. China’s railway intelligent construction is still in the
primary stage. Seizing the rare opportunity brought by the new round of scientific
and Technological Industrial Revolution and accelerating the formulation of China’s
intelligent railway development strategy is of great significance to continuously
maintain the leading global position of China’s high-speed railway. Under the general
trend of new technology and industrial revolution, it is suggested that the railway
engineering construction should deeply promote the application of BIM Technology,
build a solid digital foundation and at the same time integrate other technologies
together to help upgrade the intelligence of railroad construction.
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