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In recent years, with the development of the economy, the building industry has developed rapidly. However, due to the frequent
construction safety accidents caused by natural factors and human factors, construction safety issues have also attracted the
attention of the government and all walks of life. The widespread use of the Internet has made CPS an advanced technology that
adapts to new social development methods and strengthens national construction. In this paper, in order to reduce the losses
caused by construction accidents, firstly, the types of safety accidents are analyzed. Secondly, on the basis of CPS technology, a
safety system for building workers is constructed, which is mainly composed of four parts, which are personnel management
system, risk crosswarning system, monitoring, early warning system, and remote monitoring system, combined with related
supporting systems. Finally, the fuzzy evaluation method is used to evaluate the safety system. It is concluded that in the process
of building safety construction, prejob training should be conducted to help workers establish safety awareness, and workers’
contact with not safety areas should be minimized to reduce accidents in advance; the safety supervision system constructed in
this paper will help improve the management level of building safety management and reduce the incidence and losses of
accidents. The evaluation results prove the superiority and effectiveness of the system.

1. Introduction

For a long time, the construction industry in the world
belongs to the accident-prone industry, and the security situ-
ation is very serious. The frequent occurrence of construction
safety accidents not only causes heavy casualties, construc-
tion period delay, and economic loss but also brings great
pain to the casualties and families, causes harm to the whole
society, threatens the development of the industry and the
reputation of the government, and its direct and indirect
social and economic losses are very huge. The problem of
construction safety has attracted wide attention from all
walks of life. How to improve the safety performance of
construction industry is the common focus of academia
and industry.

In order to reduce the losses caused by accidents in the
construction industry, both experts in relevant research fields
and managers in the construction front line attach great

importance to the safety supervision of builders. At present,
with the birth of AR/VR technology, the construction indus-
try will also apply AR technology to prevent accidents. Using
AR technology to simulate the virtual construction site,
builders only need to wear VR glasses, and they can experi-
ence the construction site firsthand and feel the possible
changes of body feeling and surrounding environment before
possible accidents. For example, in practical work, similar
“experience” can be used to predict the danger in advance.
Compared with the traditional safety training for workers,
this method reduces the occurrence of accidents to a certain
extent. However, it is not scientific to predict the occurrence
of accidents only based on the experience of workers.

With the introduction of CPS technology, it has been
widely used in many fields. For example, government work,
smart campus, transportation, smart home, and even our
daily communications are the embodiment of the CPS appli-
cation. This paper will use the CPS technology to achieve
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safety supervision of builders, in order to reduce the
occurrence of accidents and reduce the loss of personal and
property caused by accidents.

CPS is a comprehensive, physical and controllable multi-
dimensional intelligent system, which can realize real-time
perception, dynamic control, and information service of
complex system, which has the characteristics of safety, reli-
ability, implementation, and efficiency [1–3]. Compared with
the traditional Internet of Things system, the intelligent fire
control system based on CPS can realize the intelligent pro-
cessing of fire control system and meet the complex work
requirements of fire monitoring and intelligent watch
through the crossintegration of fire control business logic,
big data, and artificial intelligence.

In the construction safety management system andmajor
laws and regulations [4, 5], European countries and some
developed countries started earlier, developed more balance,
and paid more attention to the staff. To investigate the causes
of construction site safety accidents, there are the following
main problems: unreasonable layout of construction site,
which makes different working areas have a cross section
[6]; insufficient safety inspection, which makes the potential
safety hazards in construction site not found and eliminated
in time [7]; poor management of machinery and equipment,
which cannot be repaired or replaced in time [8]; the aging of
power lines has not been updated in time, which leads to the
occurrence of workers’ electric shock accidents [9], and the
level and quality of safety protection in construction need
to be improved. At the same time, due to the lack of safety
awareness and self-protection awareness of builders [10],
measures that cannot be strictly implemented as required
lead to frequent accidents. In order to reduce the occurrence
of workers’ safety accidents, experts and scholars from vari-
ous countries have proposed solutions, for example, the
“truss” structure proposed by British scholar Mayton, which
is a system that renders and infers building safety through the
real-time streaming of the construction site environment.
Literature [11] proposes a proximity sensing and alarming
technique for heavy construction equipment operation. Liu
Hongling and others focused on building safety detection
and designed a large-scale building safety remote detection
system based on the CPS technology. The networking of
database transmission and its security information process-
ing system are given. Considering building safety, Teizer
and Cheng [12] and other people proposed an automatic
approach hazard indicator to collect perceptual information
about the intersection of workers and mobile devices, which
is helpful to identify dangerous areas in the construction site.
In urban underground business district, which is an impor-
tant form of comprehensive utilization of urban under-
ground space, Tan Zhanglu established a three-in-one
safety management system of urban underground business
district based on CPS to ensure its safety. In the literature,
wireless sensor networks are deployed on the construction
site to monitor potential hazards that workers may face.

The CPS has a wide range of applications and has appli-
cations in the field of construction worker safety supervision.
With the continuous development of the economy, the devel-
opment of the construction industry has been accelerated. As

far as cities are concerned, the construction of residential
buildings, large shopping malls, and entertainment and lei-
sure places has brought convenience to people. However,
compared with manufacturing industry, construction
production has the characteristics of large amount of infor-
mation, many uncertainties, and complexity. The CPS
technology has a wide application prospect in the field of
construction.

This paper is mainly divided into five parts. In the first
part, in order to solve the loss caused by frequent accidents
in the construction industry, the CPS technology is applied
to the construction site, and some work done by relevant
scholars and the basic concepts of the CPS are introduced.
The second part introduces the technical structure of the
CPS and applies it to the field monitoring management,
safety management, early warning of dangerous areas, and
building materials in the construction process. The third
part, according to the characteristics of the construction
industry, regards each construction site as a whole and con-
structs a construction site safety supervision system which
is composed of personnel management system, risk cross-
early warning system, panic and early warning system, and
remote monitoring system based on the CPS technology.
These four subsystems have a clear division of labor,
constitute a whole, and are carried out on a construction site.
In the fourth part, the fuzzy evaluation method is applied to
evaluate the safety supervision system and verify the rational-
ity of the system. The last part is a summary of this paper.

2. Application of the CPS Technology in
Building Construction

For occupational safety and health costs, there are prevention
costs and accident costs. The relationship between them is
shown in Figure 1. Among them, the amount and difference
of prevention cost and accident cost are affected by the
change of safety level [13].

The three curves in Figure 1 show that T is the total cost
of occupational safety and health, C is the accident cost, P is
the prevention cost, and the three meet T = C + P. It can be
seen from the figure that when the accident cost and preven-
tion cost are the value at theM point, the total cost is the low-
est and is the profit maximization point from the enterprise’s
point of view. On the left side of point M, the accident cost
investment is relatively high and the prevention cost is rela-
tively low. When the cost input is allocated according to it,
many benefits can be brought; for example, it has a great
impact on the stability of the human heart, and at the same
time, it will bring corresponding benefits to the enterprise.
On the right of pointM, the increase in preventive cost input
can improve the worker’s work efficiency and speed up the
completion of the work, so the benefit can offset the cost of
the total input; that is, the increase in the total cost does
not necessarily reduce the benefit. Therefore, there is a
unified relationship rather than a confrontation between pro-
duction efficiency and safety level [14]. Enterprises’ invest-
ment in construction can bring certain economic benefits,
and it is particularly important to reduce accidents.
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The application of the CPS technology in a construction
site provides better solutions to many problems. The CPS
technology detects unsafe factors at the construction site
through information sensing devices such as radio frequency
identification (RFID), global positioning systems, gas sen-
sors, and human behavior sensors [15]. When a dangerous
situation is detected, it sends a signal to the field workers in
time to let the staff make safety protection, so as to reduce
the adverse effects of accidents on the construction site. The
CPS technology is mainly divided into three layers [16]: the
physical layer, the network layer, and the information layer,
as shown in Figure 2.

The physical layer contains the hardware of CPS, such as
sensors and actuators. The actuators directly or indirectly
change the physical world, and the sensor samples sense the
physical world.

The network layer is only responsible for the transmis-
sion of information and plays an important role in connect-
ing the physical layer and the information layer, so it is
regarded as an independent layer. The network layer includes
various communication protocols and devices of the
network, such as hubs, switches, and routers.

The information layer is responsible for the processing of
information, including the calculation, identification, pattern
matching and other processing of the information collected
by the physical layer, the preservation of all kinds of informa-
tion in the system, the management and configuration of the
system, the making of decisions and orders based on
perception, and the scheduling of tasks and resources.

2.1. On the Supervision and Management of Construction
Site. In the safety management process of the construction
site, the application of the CPS technology can not only effec-
tively supervise and manage the things and construction
operations on the construction site but also actively respond
to and warn the unexpected safety accidents on the construc-
tion site. The CPS technology has the advantages of high sen-
sitivity, small space occupied for laying, and resistance to
electromagnetic interference. It is suitable for application in
the field of construction safety monitoring. In addition, the
CPS technology can also effectively monitor the operation
of high-rise buildings, bridges, roads, tunnels, water conser-
vancy, and dam projects and can make timely response when
danger occurs. In order to detect and monitor the impact

force, shape control, and vibration damping in the construc-
tion project, the perceptual devices belonging to the percep-
tual layer in the CPS technology are pasted in the wall of
the monitored area and some movable devices and laid in
the middle of the engineering structure. Through the analysis
of the data returned by the sensors, the defects and deficien-
cies existing in the construction process are corrected in time.

2.2. Safety Management in the Construction Site. In the con-
struction industry, safety accidents may occur at any time.
Therefore, the safety hazards at the construction site have
become the most important aspect of the daily monitoring
and supervision work of the construction party and contrac-
tor. The application of the CPS technology can give early
warning to the occurrence of safety accidents in the construc-
tion site. The technology of CPS is used to monitor the risk
factors at the construction site, and the RFID marking is
put on the protective shed near the entrance or exit or on
the protective equipment at both ends of the elevator well-
head. In addition, corresponding commands such as tag
number, hazard protection level, hazard parameter judgment
threshold, and alarm information are input into the radio fre-
quency identification chip, which should be consistent with
the location and requirements of the building. Accordingly,
the management of safety factors in the construction site is
realized.

In the construction industry, it is difficult to monitor the
safety of workers working at high altitude. At this time, the
same RFID sign can be installed on the safety configuration
of the safety helmet and seat belt of the high-altitude workers.
Then, according to the building information model, the posi-
tion of high-altitude workers can be accurately positioned. In
the event of a dangerous accident, it is convenient for the
operator to be found by the site safety management person-
nel in the shortest time. The management personnel take
safety measures quickly to avoid the accident as far as
possible.

2.3. Early Warning of Dangerous Areas. As an industry with
high incidence of dangerous accidents, the environment of
the construction site is usually relatively complex and scat-
tered. In addition, most of the construction site workers are
less educated. Workers have insufficient knowledge of the
hazards and are prone to enter relatively dangerous work
areas, posing a great threat to the safety of construction
workers. When construction workers overlap with dangerous
areas, it means that there are constructors entering danger-
ous areas. At this time, the CPS technology will immediately
issue a danger warning to warm constructors to leave danger-
ous areas immediately.

2.4. Safety Management of Building Materials. High-quality
building materials are an important guarantee for the quality
of construction projects. Only when the building materials
are guaranteed, the quality of building construction can tend
to a good direction. Therefore, the safety management of
building materials is also very important in the entire con-
struction project. In terms of quality control of building
materials, the CPS technology can identify building materials
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Figure 1: Occupational safety and health expense model.
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by barcode sweeping, so that it is not necessary to open the
outer packaging or protective layer of building materials.
The CPS technology can easily identify the encoding of build-
ing material microelectronic chips by scanned code. Workers
can use the CPS technology to control the quality of building
materials. At the same time, Internet technology also helps to
achieve transparent quality monitoring and management of
building materials, which facilitates staff to grasp building
materials and construction information at any time.

In short, as an emerging industry in the era, the CPS tech-
nology has been increasingly applied in the development of
all walks of life. The CPS technology can play a great role in
the construction safety management of the building industry.
The application of the CPS technology in the construction
site can help to realize the safety management of the con-
struction site, protect the property and life safety of personnel
on the construction site, and provide guarantee for the safe
production of the construction industry.

3. Construction Safety System Based on CPS

This paper establishes a safety supervision system based on
CPS, which is composed of personnel management system,
risk crossearly warning system, alarm and early warning sys-
tem, and remote monitoring system. Personnel management
system is the foundation, including all the management
objects. Risk crossprediction system is the center and the
most important functional module. The alarm and early
warning system is an information output module, which
undertakes the function of information release. The remote
monitoring system is the eye of the system, which pays atten-
tion to the changes of the system in real time. The four sub-
systems cooperate with each other and work together.

The construction safety system should follow certain
principles. In the process of construction safety management,
not a technology is suitable for a certain operation, but the
integration of many technologies to realize the comprehen-
sive management of people, objects, and computers in con-
struction, so as to realize the purpose of early warning of
danger and reduce accident risk. In the construction process,
the selectivity faced by the staff should be minimized, that is,
the uniqueness of the system implementation. The construc-
tion site is a dynamic process of continuous change, so the
parameters of the equipment collected by sensors in the man-
agement system are constantly updated, which requires the
continuous operation of the safety system. According to the
principles of building construction safety system and the
three characteristics of the CPS, perception of objects, infor-
mation transmission, intelligent processing, and the CPS
technology can be applied to it. The perceptual layer of the
CPS perceives some parameters of construction facilities set
in advance and transmits these information to the network
layer. The network layer analyzes the returned information
and makes corresponding judgments according to different
dangerous situations by setting threshold. The application
layer makes certain decisions based on the judgments made
by the network layer, dangerous early warning, accident han-
dling, and so on.

Safety management in the construction industry has the
characteristics of high mobility of construction team, com-
plex composition of staff, and staff intensive. The results of
the survey of construction workers are shown in Figure 3,
which are the age structure of construction workers, the pro-
fessional level of construction workers, and their working
years.

Through the analysis of the survey results, the construc-
tion workers have a weak understanding of building
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Figure 2: The structure of CPS.
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expertise. Therefore, it is necessary to continuously train the
construction workers’ expertise to improve builders’ aware-
ness of dangers and to make timely and accurate respond
when the danger occurs. However, the supervision of con-
struction safety is not enough to improve the quality of
workers. Therefore, it is necessary to build a safety supervi-
sion system on the basis of the CPS, consisting of personnel
management system, risk crosswarning system, alarm and
early warning system, and remote monitoring system.

3.1. Personal Management System. In the construction pro-
cess, people are an important part, and the disorderly activi-
ties of workers have become one of the important factors
inducing safety accidents. Workers have their own specific
working areas, and the operation happens occasionally when
someone enters a nonown area. Therefore, real-time supervi-
sion of workers is needed to avoid some accidents. Here, the
personnel management system is set up to input the finger-
prints of each staffmember. Workers brush their fingerprints
into the work and life fields. For those who do not belong to a
certain range, because their fingerprints are not in the system
of the work area, they cannot enter the work area. In this way,
only the trained workers can enter the corresponding work-
ing area, which greatly reduces the accidents caused by the
inexperience of the workers in a certain aspect. Based on this,
a personal activity control system is constructed, and its
structure is shown in Figure 4.

3.2. Risk Crosswarning System. The system uses the trajectory
intersection theory, which considers that accidents are prone

to occur when there is an overlap of time and space between
an unsafe behavior of staffmembers and the unsafe state of a
certain equipment in the construction site. For example,
there will be large trucks loaded with raw materials in and
out of the building construction environment. Because of
the complex environment and dense personnel, there will
be blind areas in the operation of trucks for drivers. At this
time, if the staff, who are working in the blind area, do not
pay attention to the approach of trucks, there is no time to
avoid the accident.

Risk crosswarning system is used to make staff aware of
the danger and take timely measures to avoid accidents.
The system uses the function of information transmission
and reading between the RFID reader and the electronic tag
[17]. It attaches the electronic tag to the staff at the construc-
tion site and installs the dangerous reader in each device. The
dangerous areas set by different devices are different. When a
worker enters a dangerous area, the reader receives a signal
from the electronic reactor worn by the worker and sends
out a dangerous warning message to remind the worker to
leave the area as soon as possible. This situation is reflected
in the management center of the security department, show-
ing the situation of crossrisk.

3.3. Monitoring and Early Warning System. The monitoring
and early warning system mainly arranges wireless sensors
for real-time monitoring of key positions in the construction
site. The monitored data are transmitted to the integrated
information processing center through the wireless sensor
network to realize remote monitoring. Once the monitored
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Figure 3: Survey results of construction workers.
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data exceeds the threshold set by the system, the early warn-
ing system sends out dangerous warning signals to remind
the construction site staff to take immediate measures and
avoid accidents. Figure 5 is a schematic diagram of the
monitoring and early warning system.

Every year, in the accidents caused by construction, the
falling objects and collapses at high places account for a large
proportion. Therefore, these two items become the focus of
monitoring. The main monitoring objects are tower crane,
scaffolding, formwork engineering, structure, earth and rock,
collapse of piles, and so on. Each monitoring object has its
corresponding monitoring content, such as the tower crane,
which mainly observes the displacement of the tower seat,
the degree of inclination, and the stress of the tower body.
The data obtained from these monitoring objects are dis-
played in real time on the terminal in the form of text and
graphics and are usually reflected to users in the form of
curves, pies, histograms, and other intuitive forms. In this
paper, the data of settlement observation of the main build-
ing during the construction of an office building are analyzed
to determine whether the building is safe or not. According
to the engineering practice, the datum points and settlement
points are laid out for the office building. Figure 6 is the plan
layout for setting settlement points. The black dots represent
the location of the settlement induction device, with a total of
19 monitoring points.

Table 1 is the data attributes to be recorded at each
monitoring point. This paper only shows the data records
of some monitoring points on a certain day.

During the monitoring period, P5 monitoring point is
selected and its broken line diagram deformation of deforma-
tion amount and the deformation after denoising treatment,
as well as the residual diagram before and after processing,
are displayed on the screen of the monitoring center, so that
the staff of the monitoring center can more intuitively judge
whether the building is dangerous enough, as shown in
Figures 7 and 8.

Through the observation of Figures 7 and 8 , the staff can
judge whether the settlement of the building will affect the

safety of the building, and if it exceeds the safety limit, the
staff can immediately start the danger warning.

3.4. Remote Monitoring System. Remote monitoring system
is based on camera technology and image recognition
technology, through the installation of camera equipment
in the construction area to achieve the supervision of the
operation process, construction area monitoring, security
hazard detection, and other functions and to improve the
efficiency of safety supervision. Among them, the supervi-
sion of the operation process mainly includes whether the
workers wear safety protection devices according to the
requirements, whether there is an operation that violates
the construction process, and whether the worker is not
concentrated in the operation process. The supervision of
the hidden safety hazards removes the faults and hazards
from the real-time inspection of the equipment. The safety
status monitoring is used to check the situation in time
when there is a danger in the construction site, and the
accident scene can be controlled remotely to reduce the
safety risk. The operation process of the system focuses
on monitoring the work process and eliminating the
hidden safety hazards in the construction site.

The four systems in the safety management system of
the construction site based on the CPS technology are
mutually reinforcing, and their functions are overlapping.
The personnel management system guarantees the orderli-
ness of the construction area and avoids the illegal opera-
tion of nonoperators. The risk crosswarning system plays
the role of dangerous warning and avoids the injury acci-
dents caused by unconsciousness. The monitoring and
early warning system is mainly aimed at the subprojects
which are more dangerous in the construction process,
The monitoring and early warning of the whole time can
help the management personnel to find hidden dangers
of safety accidents in time and take measures in advance
to avoid casualties. The remote monitoring system can
not only change the current situation of safety supervision
and inspection in the operation process but also help
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Figure 4: Personal activity control system.
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managers to control the construction area as a whole. The
four systems perform their respective functions and com-
plement each other to jointly achieve the safety manage-
ment objectives in the construction process.

In addition to technically avoiding accidents, workers
are required to be trained before the job. The management
personnel conduct regular inspections and real-time mon-
itoring of the equipment in strict accordance with the
requirements, conduct standardized management accord-
ing to the system requirements, and strictly restrict unsafe
behavior. Safety protection hardware on site is also one of
the important factors to reduce accident injury. When the
danger occurs, the emergency system will be launched to
evacuate the staff on site in time and carry out emergency
rescue quickly so as to reduce the damage caused by the
accident.

Site
mangement

Mangement
center response

Exceeding
threshold

Stop operation
timely evaluation

Force, settlement, deformation, etc Temperature, dust, etc 

Foundation
ditch Template Scaffolding Cower

crane Structure Environment Site alarm

Force, etc

Figure 5: Schematic diagram of monitoring and early warning system.

Figure 6: Plane layout of settlement observation points.

Table 1: Building settlement monitoring data.

An office building-surface settlement monitoring daily report
Survey point
number

Initial measurement
(m)

Last measurement
(m)

This measurement
(m)

Deformation
(mm)

Deformation rate
(mm/d)

P1 67.14231 67.14286 67.14247 -0.39 -0.39

P2 67.13701 67.1377 67.1373 -0.43 -0.43

P3 67.04162 67.04234 67.04153 -0.81 -0.81

P4 67.00955 67.01019 67.00876 -1.43 -1.43

P5 67.00615 67.00964 67.00538 -1.56 -1.56

P6 67.05787 67.05851 67.05703 -1.48 -1.48

0 2 4 6 8 10 12 14 16
Observation times

0

10

20

30

40

50

60

70

A
ct

ua
l m

ea
su

re
m

en
ts

Primary Data
Denoise Data

Figure 7: P5 monitoring raw data and denoising data.
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4. System Evaluation

The building safety management system based on the CPS
system is aimed at predicting engineering risks through
effective management measures, preventing accidents, and
reducing the loss of life and property caused by accidents.
Therefore, the performance of the system is closely related
to the loss caused by accidents on the construction site.
Therefore, this paper examines the performance of the build-
ing safety supervision system based on the CPS.

In the process of construction, danger and safety are rel-
ative, and there is no clear boundary. Therefore, this paper
uses the fuzzy evaluation method [18] to evaluate the system.
The basic steps are as follows [19–24]:

Firstly, the evaluation grade of system safety is estab-
lished, which is safety, safer, general, severe, and dangerous.
The evaluation result is determined in a certain interval.
The setting of the score is shown in Table 2.

For convenience of calculation, grade coefficients are set
to integers.

Secondly, the weights are calculated. The comparison
criteria are based on the Saaty scale method [25], which is
shown in Table 3.

According to Table 3, the two pairs are compared
between two layers, and the scale values are calculated, and
the corresponding judgment matrix is calculated, as shown in

A =
a11 ⋯ a1n
⋮ ⋱ ⋮

an1 ⋯ ann

2
664

3
775: ð1Þ

Calculate the weight according to formula (2):

AW= λmaxW ð2Þ

Among themλmax is the maximum eigenvalue of matrix
A, and W is the eigenvector corresponding to the maximum
eigenvalue of matrix A. The weight of the index is checked by
normalizingW. If the consistency is not satisfied, the original
judgment matrix needs to be modified until the consistency is
satisfied. Formula (3) is a consistency test formula [26].

CI = λmax − n
n − 1 : ð3Þ

Among them, CI is the consistency index, λmax is the
largest eigenvalue of matrix A, and n is the order of judgment
matrix. The formula for calculating the average random con-
sistency index CR is

CR = CI
RI : ð4Þ

When CR < 0:1, the judgment matrix satisfies consis-
tency. RI is an average random consistency index, and its
specific value varies with the order of the judgment matrix.

4.1. Accident Prevention Evaluation. According to the con-
struction safety system based on the CPS technology [27],
the corresponding indicators and evaluation system are
established, as shown in Figure 9.

From Figure 9, it can be seen that the comprehensive
evaluation index system consists of five parts, which are oper-
ating personal management system, monitoring early system,
risk crossearly warning system, visual monitoring system,
and relevant supporting system.

Table 4 is the parameter symbols set according to the
main control content of each subsystem.

Taking reduction of the possibility of an accident as a stan-
dard, according to the judgment criteria of Saaty scale method,
two or two indexes are compared to get their respective impor-
tance. Accordingly, the judgment matrix A of the personnel
management system, the judgmentmatrix B of themonitoring
and warning system, the judgment matrix C of the risk cross-
over and warning system, the judgment matrix D of the visual
monitoring system, and the corresponding system judgment
matrix E can be obtained [28], as follows:
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P5 monitoring point.
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After calculation, the maximum eigenvalues of matrices
A, B, C, D, and E are 2.0, 6.6, 4.2, 3.04, and 3.07,
respectively, and the corresponding eigenvectors of the
maximum eigenvalues are a = ð0:75,0:25Þ, b = ð
0:31,0:32,0:07,0:15,0:12,0:03Þ, c = ð0:52,0:32,0:06,0:10Þ, d =
ð0:74,0:18,0:08Þ, and e = ð0:70,0:24,0:06Þ, respectively. The
eigenvectors are obtained by normalization, so each element
in the vector is the weight value of the corresponding fac-
tor. According to formula (4), the average randomness
index CR of each judgment matrix is less than 0.1; that
is, each judgment matrix satisfies the consistency.

The weights calculated for each index are sorted, and
Table 5 is obtained.

The weights of each index are shown in a histogram.
Figure 10 shows that the weights are divided into three inter-
vals according to the size of the weights [29]. The weight in
the third interval is more than 0.5, the weight in the second
interval is between 0.25 and 0.5, and the weight in the first
interval is between 0 and 0.25.

Looking at Figure 10, there are four indicators with
weights greater than 0.5, namely, special equipment/regional
access control (A1), human and dangerous area (C1), opera-
tion process supervision (D1), and safety training and educa-
tion (E1). This shows that in the case of accident prevention,
effective control of the four indicators in the third section is
the key to prevent accidents.

Indicators with weight values in the second interval are
tower crane (B1), foundation pit engineering (B2), and
human and equipment (C2), and the weight values of these
three indicators are similar, and there are intersections
among the indicators. During construction, tower crane acci-
dents accounted for the majority of all kinds of accidents. As
one of the important equipment in the construction site,
safety management of tower crane has become an important
measure to prevent accidents.

Most of the indicators are in the first interval, but there
are still some indicators with larger weights, such as active
area control (A2), environment (B4), template engineering
(B5), safety hidden danger monitoring (D2), and safety pro-
tection (E2). As a passive safety measure, safety protection
can effectively protect workers in a potentially dangerous
working environment and avoid accidents. The control of
active area avoids construction workers entering unfamiliar
environment and accidents caused by workers’ wrong opera-
tion. Safety hidden danger monitoring and template engi-
neering belong to “machine” and “environment” of human-
machine-environment, respectively. As the main object of
accident injury, the people’s supervision and monitoring of
“machine” and “environment” can avoid accidental energy
release and cause human injury.

Other weight indicators are not very different, but they
also play an important role in the prevention of safety acci-
dents. In the process of safety supervision of construction site
workers, any safety measure in the construction safety system
based on the CPS technology is indispensable.

5. Conclusion

Firstly, in view of the losses caused by frequent accidents on
the construction site, the characteristics of the construction
personnel and the construction site are analyzed. This paper
applies the CPS technology to construction operation and
constructs a safety supervision system consisting of person-
nel management system, risk crosswarning system, monitor-
ing and early warning system, and remote monitoring
system. According to the characteristics of the CPS technol-
ogy, the perception layer perceives the scene and transmits
it to the network layer in the form of data. The network layer
analyzes the data through a program set in advance and feeds
back the analysis to the application layer. The application

Table 2: Standard table of evaluation grade.

Level 1 2 3 4 5

Evaluation value X < 15 15 ≦ X < 40 40 ≦ X < 60 60 ≦ X < 80 80 ≦ X

Evaluation language Dangerous Severe General Safer Safety

Table 3: Saaty scale method.

Meaning Scale value

Xm and Xn are equally important 1

Xm is slightly more important than Xn 3

Xm is obviously more important than Xn 5

Xm is more important than Xn 7

Xm is extremely important than Xn 9

2, 4, 6, and 8 are the two adjacent median values

Safety supervision system for
construction workers based on CPS

Operating personal management system

Monitoring early system

Risk cross early warning system

Visual monitoring system

Relevant supporting system

Figure 9: Comprehensive evaluation index system.
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layer makes specific responses, such as risk warning and
accident command, to reduce the losses caused by accidents.

Secondly, in this paper, the fuzzy comprehensive evalua-
tion method is used to evaluate the performance of the sys-
tem; it verifies the feasibility of the safety supervision
system of construction workers based on the CPS technology
and further concludes that avoiding workers’ contact with
dangerous areas is an important factor to reduce accidents.
According to the statistics of annual construction accidents,
it is known that high-altitude falling and collapse account
for the majority of accidents, and by controlling human con-
tact with dangerous areas, accidents can be effectively pre-
vented. From the evaluation results, this method has also
achieved good results and advantages. Therefore, the safety
supervision system constructed in this paper will improve
the level of construction safety management and reduce the
incidence of accidents, which is worthy of adoption by
construction enterprises.

Finally, due to the limitations of research conditions,
resources, and time, some aspects need further study. In the
follow-up study, more scientific research methods such as
observation and experiment can be used to collect data on
safety behaviors and safety results. Meanwhile, as leaders
and policy makers and executors, managers of construction
enterprises and staff of safety supervision departments of
the government are also included in the study. The theoreti-
cal contribution of this article is to provide a new method for
the field of safety management and expand the research
horizon of related issues.
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