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Abstract. High data loss rate exists in the mobile monitoring system of assembly
tower crane in construction. Therefore, a mobile monitoring system of assembly
tower crane based on Internet of things technology is designed. Hardware part:
adopt 32-bit data bus, integrate common high-definition multimedia interface;
Software part: make use of space geometry principle to construct anti-collision
model of tower group, transmit terminal parameters of tower crane safety mon-
itoring system, optimize remote communication protocol of assembly building
construction by using internet of things technology, and set up function of mobile
monitoring system of tower crane. The experimental results show that the aver-
age loss rate of the two systems is 27.871%, 37.807% and 37.452% respectively,
which shows that the higher loss rate is improved after the combination of IOT
technology.

Keywords: Internet of Things technology - Assembly building - Tower crane -
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1 Introduction

Prefabricated building is a new type of building structure, which responds to the call of
national energy saving and green construction, and makes the building industry develop
from field work to factory and industrial production. With the rapid development of
science, technology and economy, tower cranes are more and more widely used in
modern buildings, and the safety monitoring system of tower cranes is also developing
continuously [1-3]. The outline of the 13th Five-Year Plan for Housing and Urban-
rural Development to improve the preparation and implementation level of urban and
rural planning puts forward clear requirements for promoting green buildings, promoting
green and low-carbon construction, developing fabricated buildings and accelerating the
transformation of the production mode of the construction industry, and at the same time
gives high support to the applicability and advancement of advanced fabricated building
technologies and product systems, and the construction of national fabricated building
production bases. Now the country has more than 400 regular manufacturers of tower
cranes, and the annual number of tower cranes by 10% or so growth rate. It can be said
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that the country is a tower crane production country. Not only to ensure the quality of the
building, but also to improve labor efficiency, shorten the construction period, reduce
pollution, do our best to meet customer needs, with good prospects for development. The
assembled building conforms to the concept of green building in the whole life course
and can realize the real recycling. However, with the continuous increase in the number
of tower cranes, the quality of the various manufacturers, leading to tower cranes in the
construction process there are a variety of risk factors. The annual average number of
accidents caused by the global safety of the tower crane on personal safety and material
and financial losses. At the same time, every province and city promotes the development
of the green structure of the future construction industry from the height of sustainable
development of social economy. Therefore, strengthening the real-time monitoring of
tower crane construction, improve the safety factor of tower crane, is an urgent and
important task at present. However, it is unavoidable to find the fault and find out the
cause of the fault through real-time monitoring, so as to reduce the incidence of tower
crane accidents and improve the safety factor and work efficiency.

Therefore, the mobile monitoring system for prefabricated tower crane based on
Internet of things technology is designed. Tiny210 is used as the main circuit board,
and ARM920T core and 32amba bus interface are used to construct the hardware part
of the mobile monitoring system of the prefabricated tower crane for building construc-
tion, which improves the overall operating efficiency of the system. By studying the
anti-collision model, we can judge the distance between tower cranes and improve the
monitoring effect of the system. Realize the connection of things based on Internet of
things technology, and enhance the connection ability of monitoring system. Through
the main functional modules of the tower crane mobile monitoring system, the mobile
monitoring server of the tower crane is debugged, and the mobile monitoring system
design of the prefabricated construction tower crane based on the Internet of things
technology is completed.

2 Hardware Design of Mobile Monitoring System for Assembly
Tower Crane in Construction

TINY210 is used as the main circuit board in the mobile monitoring system of assembly
tower crane in construction. TINY210 is an ARM Cortex-A8 framework from the core
circuit board, its performance is very high. It is an 8-layer circuit board, its integration is
very high, reasonable use of gold deposit technology. S3C2440 is a Samsung chip solu-
tion designed to provide high performance and low cost for consumer electronics and
handheld terminal devices. It uses ARM920T as its core and has a five-stage pipeline.
TINY210 core board application of the instruction set for the ARM v7, its main proces-
sor is Samsung S5PV210 chip, which can run up to 1 GHza S5PV210 chip application
of the PowerVR SGX540 engine, whether 2D or 3D images can be smoothly acceler-
ated, and can also play 1080P video, format can be MPEG4, H.263, H. 264 and so on.
The 32AMBA bus interface has the advantages of low power consumption and simple
operation, so S3C2440A can be used to develop handheld devices and practical solu-
tions for developers. It provides a relatively perfect solution in cost, power consumption
and performance. At the bottom of the TINY210 core board is a double row of pins,
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spaced two millimeters apart, that pull out most of the functional pins normally used by
the main processor. The core board also integrates a common high-definition multime-
dia interface to make it easy for users to extend the functionality available. TINY210
standard with 512 Mb DDRZ memory, using 32-bit data bus, single-channel mode, run-
ning frequency of up to 200 MHz. S3C2440A is designed for image processing and
other multimedia applications by Samsung. The main frequency is up to 400 MHz. It
supports the network very well, and provides rich on-chip devices, such as 8-channel
10-bit ADC, touch-screen interface, I2C bus interface, USB host, USB device, SD host
card, MMC card interface, 2-channel SPI and internal PLL clock frequency doubling.
As the first step of automatic monitoring and control, sensor technology will be applied
to this design. Sensor is a device to realize energy conversion. In other words, sensor
is a device that can sense external information, such as light, force, sound, heat, and
so on, and convert these external information into voltage or current signal which is
convenient to operate according to reasonable methods. S3C2440A provides a complete
set of general-purpose system peripherals, and makes the whole system consumption
is minimal, because it has many commonly used function modules, so it also saves the
trouble of adding additional equipment. It uses professionally stable CPU core power
chips and reset chips to ensure system runtime stability, and supports booting from Nand
Flash and Nor Flash. According to the working principle of the sensor to classify, com-
mon capacitance sensor, resistance sensor, inductance sensor, Hall sensor, photoelectric
sensor, thermocouple sensor, etc. According to the physical quantity of the sensor to clas-
sify, common have weighing sensor, displacement sensor, temperature sensor, pressure
sensor, gas sensor, etc. The system hardware architecture is shown in Fig. 1:
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Fig. 1. Schematic diagram of the system hardware architecture

As can be seen from Fig. 1, the system hardware includes: camera, microproces-
sor, WIFI transmission module, video transmission part, video display terminal and
video capture front end. Core board with 512 Mb of memory, and can be equipped with
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1GB flash memory, can smoothly run a variety of operating systems, including Android,
Linux, WINCE system. SDRAM bytes are 64M, NorFlash and NANDFIash are 2M bytes
and 32M bytes, SDRAM chip model is HY57V561620FTP/MT48LC16M16A2,
32M bytes is the capacity of each chip, 16-bit is the width of data, and 32-bit is made
up of two pieces. According to the nature of the sensor output signal to classify, the
common on-off sensor, its output is 1 or 0. The output signal of analog signal sensor
is analog signal. A digital sensor whose output signal is a pulse signal or binary code.
The history of sensors can be traced back a long time, and it can be said that sensors
have been around since the invention of devices with detection capabilities. However, in
the past, the status of sensor technology in contemporary science and technology is not
high, leading to the slow development of sensor technology. In NAND Flash, pages and
chunks are used as the basic read-write unit, which can greatly improve the efficiency
and reduce the cost of production. In NAND Flash, pages and chunks are used to store
the necessary programs, such as bootstrap Uboot, Linux kernel and file system image. At
present, the development of sensor technology has been closely linked with the develop-
ment of science and technology. Sensor technology, communication technology and PC
technology have become the pillars of information industry. The relationship between
the input and output signals of the sensor is called the basic characteristic of the sen-
sor, i. e. the input-output characteristic, which can be divided into static and dynamic
characteristics.

3 Software Design of Mobile Monitoring System for Assembly
Tower Crane in Construction

3.1 Construction of Tower Group Collision Prevention Model

Tower group anti-collision function Tower crane safety monitoring system is one of
the core functions. Before programming the anti-collision software module, we need to
study the anti-collision model. The aim of the study is to find an efficient and accurate
way to calculate the minimum distance between the tower crane and the tower crane in
real time, and make different responses when the minimum distance reaches the warning
threshold. Before the tower crane safety monitoring system is put into use, its function
must be tested. As the tested object, the safety monitoring system of tower crane has not
only the common characteristics of the system, but also its own uniqueness. Therefore, it
is necessary to analyze the overall structure and functions of the system under test before
testing, and summarize the requirements of the test software according to the specific
function points. Besides judging the distance between the tower crane and the tower
crane, the model should be able to judge the type, direction and position of the collision,
and help the operator to avoid the danger. The anti-collision model provides warning and
response when the distance between the tower crane and the tower crane or between the
tower crane and the obstacles is less than the safe distance. Regarding the tower crane
as a space, suppose that under the premise of the known three-dimensional coordinates
of the tower crane, the « is a point on the line and the « coordinate is (K, Gy, Ly), and
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the distance between the two points with the shortest distance is calculated as follows:

Ky = K1 + 251
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At this point, the distance between two lines in space becomes the distance between
a point and a line in space. In geometric mathematics, the process of finding the distance
between a point and a line in space is as follows:
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In formula (2), ¢ denotes a relational parameter. The working environment of tower
crane is complex and its motion state is various, so it is necessary to analyze all the
possible collision conditions and the possible collision types of the conditions, and
sort out the relationship between them to form a systematic and specific procedure
to judge the collision conditions. So as to achieve targeted and comprehensive and
effective. Safety monitoring systems for tower cranes involve the Internet of Things
technology, software engineering technology, wireless sensor network and remote data
communication technology and other related fields [4, 5]. The monitoring terminal of
tower crane (hereinafter referred to as RTU) is installed in the operating room of the
tower crane. Its functions include: collecting sensor data and communicating between
tower cranes through ZigBee wireless transmission network. The wireless transmission
module is used to transmit the position, displacement, rotation angle, speed and other
information of the tower crane, and the space geometry principle is used to calculate and
detect the distance between the two tower cranes and between the tower and the protection
zone in real time, and to provide early warning and alarm alarm when the alarm and
warning threshold set by the scheme is reached [6]. In order to facilitate the subsequent
maintenance and expansion, the monitoring terminal (RTU) adopts modular design.
Roughly divided into 3 layers: interface display layer, software processing layer and
hardware processing layer. The hardware layer collects parameters by sensor, receives
and transmits data by communication module, and the software layer is responsible for
data processing, including anti-collision calculation by parameters and running data.
The interface display layer is responsible for data and image display, and has good
man-machine interaction.

3.2 IOT Technology Optimized Assembly Building Construction Remote
Communication Protocol

The Internet of Things (IOT) is an extended and extended network based on the Internet,
whose core and foundation remains the Internet [7]. At the same time, its client extends
and expands to any item and between items for information exchange and communica-
tion. Society has become smarter, more convenient and safer by connecting everything
around it with the Internet of Things. The overall flow chart of the mobile monitoring
system of the assembled tower crane based on the Internet of things technology is shown
in Fig. 2:
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Fig. 2. Overall flow chart of mobile monitoring system of assembled tower crane based on Internet
of things technology

Assembly building wireless communication network is characterized by dynamic
topology, self-organizing network and multi-routing, which can overcome the obsta-
cles of special geographical and climatic environment and is easy to expand. Applying
wireless communication network technology to tower crane security monitoring system
has more flexibility than traditional wired monitoring system. Because the system not
only simulates the configuration center to complete parameter configuration, but also
simulates the collision scene of tower crane terminals, the communication protocol is
designed into two kinds: communication and configuration module communication pro-
tocol and communication protocol between towers. According to the design principle
of communication protocol, the similarities of data frames are refined, and the format
requirements of uplink and downlink frames are designed [8]. The protocol version is
for the extensibility of the protocol, compatibility between the versions, to facilitate the
subsequent upgrade of this article used in the protocol version of 0x04, length of 4 Bits.
So in the system, the communication between tower crane and tower crane, the commu-
nication between tower crane and server, the communication between tower crane and
configuration software are wireless communication, improve the flexibility and conve-
nience. In the system, the communication between the tower crane and the tower crane
is through the ZigBee wireless communication module for data transmission, the model
used is the Shun Zhou SZ205 series. The functionality of the Fabricated Building Net-
work indicates that the Internet of Things (IOT), at any time, in any environment, in any
article, in any person, enterprise, commerce, by any means of communication, meets any
service requirements provided, achieves the interconnection of goods to goods, people to
goods, and people to people, elevates the Internet to a new dimension and is the trend of
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future network communication [9, 10]. Before communication, we need to understand
the characteristics of ZigBee module, do relevant test, according to its characteristics
and the requirements of the design algorithm, its main parameters are set as follows:
network type is peer-to-peer, that is, any data sent out by a tower crane, other tower
cranes can receive, node type is the terminal node. On the basis of formulas (1) and (2),
the partial derivative of the model is obtained. If the extreme value of the equation is
required to be obtained, the partial derivative of the unknown number shall be obtained
and the partial derivative shall be 0. The expression formula is as follows:

n(e—1D*
ng

In formula (3), the 1 represents the minimum value of ¢. Frame type is to distinguish
between different functions of the data frame, length of 5 Bits. The length of the informa-
tion segment saves the specific number of bytes of communication information, which is
convenient for positioning and reading. The equipment code is the unique identification
of the object under test. The safety monitoring terminal of the tower crane of the object
under test in this paper selects the IIVIEI number, which is unique and consists of 15
Arabic numerals with the number of bytes of 3 Bytes. In an assembly building, different
ZigBee communication modules must have the same channel and ID, baud rate, and in
the case of a star network, the address of the module must not be the same. On a large site,
if there is more than one tower group, the interference between different towers needs
to be taken into account, so that different IDs and channels can be used to avoid the
interference between different towers. Therefore, a program that can change the channel
and ID through software is added to the program. The information section is the specific
information of the communication. Check bit is to ensure the accuracy of the data, the
information segment data after CRC check, save the check result value, length is 2 Bits.
The configuration information transmission frame is applied to the configuration func-
tion module, which is used to transmit the parameters that need to be set by the terminal
of the crane safety monitoring system. Because of the upper limit of the length of the
information segment of data frame, exceeding the upper limit may lead to the increase
of packet loss rate and bit error rate. In addition to the online service platform can be
real-time view of the running status of the tower crane, the software designed in this
paper allows the use of PC monitoring software, site monitoring of the status of the tower
crane. Through the monitoring software installed on the site computer and connected
with ZigBee wireless communication module, users can monitor the lifting, luffing, wind
speed, moment, alarm, violation and other information of the tower crane on the spot.
The communication between the tower crane and the field monitoring software is based
on the communication protocol with the online platform, sending out a frame of state
data every second. The basic information includes the coordinate information of tower
crane, the length of tower arm and so on, which can be encapsulated into one frame. But
the reserve information is many, therefore encapsulates each reserve the data the frame.
The test software simulates one or more monitoring terminals after configuring the tower
group, obstacles and other information for the tower crane under test. The communica-
tion protocol is the same as that between towers. The system under test needs to simulate
the tower crane safety monitoring terminal (RTU) to transmit and receive data frames.

0 3)
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After the installation of the safety monitoring system, it is necessary to configure the
terminal with the initial data, such as the coordinate, height and moment curve of the
tower crane, and correct the data of amplitude, height, hoisting weight and 0° angle,
so that the system can work normally. In the system designed in this paper, these data
are still configured in wireless way. Configuration data personnel do not need to climb
on the tower crane, only on the ground to operate the computer configuration software,
you can achieve the terminal configuration parameters. Among them, the tower group
identification code marks different tower groups, each tower machine of the same tower
group has the same field value, the role of the same frequency tower group identification
code in the same city is different, thus avoiding the same frequency interference, the
length of 6 bits. Tower crane identification code marks the same tower group differ-
ent tower cranes, to facilitate the communication with each other to distinguish each
other, the length of 6 bits. The information section is the interactive information section
between the towers, and due to the operation of the anti-collision algorithm, the real-time
operation data of each tower crane of the same tower group (such as rotation, amplitude
variation, lifting height, etc.) are required. The configuration software can read the cur-
rent parameters of the terminal and send the set parameters to the terminal wirelessly.
After receiving the information, the terminal can set the parameters according to the
content.

3.3 Setting Up the Function of Mobile Monitoring System of Tower Crane

The safety monitoring system of tower crane can detect the lifting height, luffing, lifting
weight, inclination and wind speed of the tower crane, and present them to the driver
through the screen with intuitive images and values, and give an alarm when the height,
lifting weight, inclination, wind speed, torque and turning angle exceed the limits. The
communication protocol between the Internet of Things and the mobile monitoring server
of the tower crane shall comply with the communication protocol standards of the mobile
monitoring server of the tower crane. The monitoring of obile monitoring server for tower
crane can be divided into two categories: monitoring and control. Real-time monitoring
tower crane mobile monitoring server running state, and to show the curve, namely
oscilloscope function. Generally speaking, the working environment of tower crane is
complex, not only there are adjacent tower cranes, but also there are sidewalks, buildings
and other sensitive areas. The main functional modules of the mobile monitoring system
for tower cranes are shown in Fig. 3:

From Fig. 3, it can be seen that the main function modules of mobile monitoring sys-
tem for tower crane include wireless network module, communication protocol module,
site configuration monitoring module and tower crane group communication module.
The control of the monitoring server includes checking the parameters, status and alarm
information, modifying the parameters and debugging on line. The interface must show
the parameter information of the monitoring server for the convenience of the user. The
software needs to be suitable for different types of tower crane mobile monitoring server,
so the parameters on the interface need to match the type of tower crane mobile monitor-
ing server. In order to achieve this goal, the sensing layer of the crane safety monitoring
system collects and transmits the real-time operating data of the tower crane, such as
amplitude change, rotation and height of the tower crane. These data can be presented to
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Fig. 3. Main function modules of mobile monitoring system for tower crane

the operators through the LED interface, and the alarm can be given before the collision
occurs through the communication between adjacent tower cranes and the anti-collision
algorithm. In terms of performance, the real-time monitoring of the tower crane mobile
monitoring server is mainly to monitor the current, speed, voltage and other operating
state, which changes quickly, so the sampling frequency should be up to 4 kHz. Accord-
ing to the functional requirements of the software, the Android terminal sends control
commands to the monitoring server, which can check the parameters of the driver, dis-
play the status and alarm information, modify the parameters, and debug the driver. At
the same time, in view of the demand of supervision and management of tower cranes
on various construction sites, the safety monitoring system of tower cranes uploads the
operation data and illegal operation data of the tower cranes at this moment to the plat-
form of the management center so as to achieve effective supervision and management.
Based on the practical application of tower crane safety monitoring system, the func-
tion table of the system is summarized. On the one hand, because of the difficulty of
developing test tools and the consumption of time and manpower, if the object under test
changes slightly, the test software will change greatly or even need to be redeveloped,
which leads to the low utilization of test tools. Oscilloscope realization of the function:
Android receive sampling data, according to the value of sampling data plotted curve,
display monitoring objects and data. Different parameters have different range of values.
While displaying the data, the graph needs to be translated and scaled so as to be easy
to observe. In order to view the parameter configuration and monitoring data of mobile
monitoring server of tower crane later, configuration parameters and monitoring data
need to be stored. On the other hand, some automation requirements may be difficult to
achieve or even impossible to achieve, the development process may cost more than the
object under test. Therefore, it is necessary to analyze the specific situation, in the trade-
off between the two, in the current conditions as much as possible scalable, reusable.
Software architecture is defined as: according to the design principles, the use of different
modes of thinking on the system structure to implement a reasonable arrangement. The
software also has file-sharing capabilities for remote collaboration and troubleshooting.
Of course, the terminal software should be suitable for different models of tower crane
mobile monitoring server. In terms of performance, monitoring frequency is required to
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reach 4000 Hz. If the development of software analogy to build a house, then first of all
to lay a good foundation, put up a good structure of concrete columns, if the house is
not reasonable, then the follow-up construction work is not good, even if the completion
may not be solid. By the same token, architecture plays a fundamental and decisive role
in software development.

4 Application Testing

4.1 Test Readiness

Site Environment: This project is mainly to ensure the safety of construction, so the
site testing was carried out in a construction site. Firstly, the tower crane is calibrated
according to the calibration process. After calibration, the displayed value of height
is compared with the actual value, and the difference is corrected according to the
calculation formula. The construction site includes 15 residential buildings, in each
residential corner of the outer wall and the site gate and logistics management office
and other key parts of the installation of a total of 35 video surveillance equipment.
Secondly, under the tower crane, the data of the tower crane are read and configured
behind a building to verify the feasibility of wireless configuration and the reliability
of long-distance communication. CPU: Intel (R) Core (TM) 2Auad CPU Q9500 @
2.83 GHz, memory: 1.96 GB, operating system: Windows, database: MySQL, web
server: Tomcat. When testing the logic of the system’s internal code, XUnit is used
to do white-box testing, write unit test code, and try to ensure that all test units are
covered. Finally, let the tower crane hook down, every other period of distance, with the
configuration software to read a set of sample value data, fill in the corresponding actual
representative height, read to more than 3 groups of data, with the software to calculate
the correction value. At the same time, the internal logic of the software system is
verified through code walking and checking. Open ZLG-CANBUSTest debug software,
ANBUS communication baud rate is set to 1 Mbps, using the Andro ID terminal to read
parameters configuration interface motor parameters.

4.2 Test Results

The application effect of the monitoring system is tested, and the monitoring system
based on BIM and the monitoring system based on deep learning are selected to carry
out the comparative test. The packet dropout rates of the three systems were tested under
different data frame intervals. The experimental results are shown in Tables 1, 2, 3, 4
and 5:

From the Table 1, the packet loss rate of the BIM based mobile monitoring system
for prefabricated construction tower crane is 82.006%—85.477%; the packet loss rate of
the deep learning based mobile monitoring system for prefabricated construction tower
crane is 82.004%—-87.412%; and the packet loss rate of the mobile monitoring system
for prefabricated construction tower crane in this paper is 69.745%-73.660%. We can
see that the average loss rate of the two systems is 71.972%, 83.996% and 84.695%,
respectively. The low packet loss rate of the designed system proves that the monitoring
effect of the designed system is better.
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Table 1. Data frame time interval 10 ms packet loss rate (Mbps)

Number of Mobile monitoring Mobile monitoring Mobile monitoring

experiments system of assembled system of tower crane in | system of assembled
tower crane based on assembly construction tower crane in
BIM based on deep learning | construction

1 85.316 86.004 71.066

2 84.915 85.113 72.469

3 82.006 87.412 70.135

4 83.774 85.025 69.745

5 82.919 86.747 73.448

6 85.014 85.316 72.148

7 84.223 84.117 73.645

8 85.477 85.933 72.018

9 85.009 83.645 73.162

10 84.131 82.419 72.459

11 83.799 83.112 71.455

12 82.545 84.794 70.040

13 83.746 85.316 71.645

14 82.945 82.004 72.484

15 84.121 83.475 73.660

From the Table 2, the packet loss rate of BIM based mobile monitoring system for
prefabricated tower crane in construction is between 40.236% and 51.615%; The packet
loss rate of the mobile monitoring system of the prefabricated tower crane based on
deep learning is between 44.055% and 46.919%; The packet loss rate of the mobile
monitoring system of the prefabricated tower crane for building construction in this
paper is between 35.122% and 37.004%. We can see that the average loss rate of the two
systems is 36.042%, 44.439% and 45.705%, respectively. The low packet loss rate of
the designed system proves that the monitoring effect of the designed system is better.

From the Table 3, the packet loss rate of BIM based mobile monitoring system for
prefabricated tower crane in construction is between 26.314% and 38.512%; The packet
loss rate of the mobile monitoring system of the prefabricated tower crane based on
deep learning is between 25.890% and 33.784%; The packet loss rate of the mobile
monitoring system of the prefabricated tower crane in construction is between 14.024%
and 19.845%. We can see that the average loss rate of the two systems is 15.802%,
33.649% and 28.777%, respectively. The low packet loss rate of the designed system
proves that the monitoring effect of the designed system is better.

As can be seen from the Table 4, the packet loss rate of the BIM based mobile
monitoring system for prefabricated tower cranes in construction is between 17.949%
and 21.647%; The packet loss rate of the mobile monitoring system of the prefabricated
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Table 2. Data frame time interval 50 ms packet loss rate (Mbps)

Number of Mobile monitoring Mobile monitoring Mobile monitoring

experiments system of assembled system of tower crane in | system of assembled
tower crane based on assembly construction tower crane in
BIM based on deep learning | construction

1 40.236 48.445 36.121

2 51.615 47.022 36.748

3 43.33 46.919 35.122

4 47.116 45.388 36.077

5 45.849 45.117 35.948

6 44.120 46.023 36.745

7 43.649 46.879 35915

8 42.116 45.011 37.004

9 45.467 46.822 36.129

10 42.008 45.188 35.202

11 43.615 44919 36.749

12 44.898 43.722 35.124

13 43.164 44.055 36.112

14 44.202 45.199 35.134

15 45.199 44.869 36.499

tower crane based on deep learning is between 18.636% and 22.114%; The packet loss
rate of the mobile monitoring system of the prefabricated tower crane in construction
is between 9.064% and 13.155%. The average loss rate of the two systems is 11.509%,
19.932% and 20.174%, respectively. The low packet loss rate of the designed system
proves that the monitoring effect of the designed system is better.

From the Table 5, the packet loss rate of the BIM based mobile monitoring system for
prefabricated tower cranes in construction is between 5.222% and 8.125%; The packet
loss rate of the mobile monitoring system of the prefabricated tower crane based on deep
learning is between 7.064% and 8.692%; The packet loss rate of the mobile monitoring
system of the prefabricated tower crane in construction is between 2.495% and 5.162%.
We can see that the average loss rate of the two systems is 4.033%, 7.012% and 7.90%,
respectively. The low packet loss rate of the designed system proves that the monitoring
effect of the designed system is better.

According to Table 1, Table 2, Table 3, Table 4 and Table 5, the average packet loss
rates of the three methods are compared, and the comparison results are shown in Fig. 4:

It can be seen from Fig. 4 that the average packet loss rate of the BIM based mobile
monitoring system for prefabricated construction tower cranes is 7.012%, the average
packet loss rate of the deep learning based mobile monitoring system for prefabricated
construction tower cranes is 7.910%, and the average packet loss rate of the mobile
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Table 3. Data frame time interval 100 ms packet loss rate (Mbps)

Number of Mobile monitoring Mobile monitoring Mobile monitoring

experiments system of assembled system of tower crane in | system of assembled
tower crane based on assembly construction tower crane in
BIM based on deep learning | construction

1 26.314 28.447 16.316

2 31.156 29.613 15.942

3 29.548 28.451 16.945

4 27.825 27.005 19.845

5 26.447 28.391 15.642

6 27.363 27.544 18.001

7 36.845 28.612 16.495

8 37.442 27.331 15.848

9 36.915 25.890 14.349

10 37.122 26.745 15.006

11 38.205 27.288 14.317

12 37.466 28.311 15.212

13 38.512 31.548 14.036

14 37.555 33.784 15.045

15 36.018 32.693 14.024

Table 4. Data frame time interval 500 ms packet loss rate (Mbps)

Number of Mobile monitoring Mobile monitoring Mobile monitoring

experiments system of assembled system of tower crane in | system of assembled
tower crane based on assembly construction tower crane in
BIM based on deep learning | construction

1 21.166 20.105 13.155

2 19.648 19.877 11.048

3 18.546 18.636 10.978

4 17.949 21.495 11.666

5 20.316 19.645 12.648

6 22.084 18.374 11.745

7 20.784 19.462 10.979

8 19.346 21.007 11.546

(continued)



Design of Mobile Monitoring System for Tower Crane 601

Table 4. (continued)

Number of Mobile monitoring Mobile monitoring Mobile monitoring

experiments system of assembled system of tower crane in | system of assembled
tower crane based on assembly construction tower crane in
BIM based on deep learning | construction

9 18.455 18.655 12.485

10 19.752 19.064 11.616

11 20.613 21.003 12.748

12 21.647 22.114 11.036

13 19.860 21.549 9.064

14 20.499 22.077 10.515

15 18.312 19.552 11.404

Table 5. Data frame time interval 1000 ms packet loss rate (Mbps)

Number of Mobile monitoring Mobile monitoring Mobile monitoring

experiments system of assembled system of tower crane in | system of assembled
tower crane based on assembly construction tower crane in
BIM based on deep learning | construction

1 6.946 7.064 3.421

2 5.648 8.122 2.495

3 7.565 7.422 3.884

4 8.125 7.136 4.100

5 6.315 8.595 3.676

6 5.222 8.166 4.019

7 6.718 8.122 3.677

8 7.998 8.636 4.552

9 6.349 7.161 3.134

10 7.009 8.495 4.815

11 8.115 8.692 5.162

12 6.348 7.446 4.888

13 7.495 8.055 3.469

14 8.006 7.226 4.181

15 7.414 8.316 5.021

monitoring system for prefabricated construction tower cranes in this paper is 4.033%.
The average packet loss rate of the designed system in this paper is lower than that of
the comparison method, which proves that the effect of the mobile monitoring system
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The monitoring system designed in this paper
----------------- BIM based monitoring system

Monitoring system based on deep learning

Average packet loss rate /%

| | |
4

200 400 600 800 1000
Data frame interval / ms

Fig. 4. Comparison results of average packet loss rate of different methods

of the prefabricated tower crane in building construction based on the Internet of things
technology is better.

5 Conclusion

Based on this background, this paper designs and realizes the test software, which can
replace the traditional manual test mode, save manpower and material resources, shorten
the test cycle, and improve the production efficiency. At the same time, in order to solve
the problems of the driver’s vision blind zone and inconvenient communication with the
signal flag bearer, a mobile monitoring system based on Internet of Things is designed.
The system combines video compression technology, Wi-Fi wireless transmission tech-
nology, image tracking processing technology, Linux technology and S3C6410 micro-
processing technology. The test results show that the mobile monitoring system designed
in this paper has a good application effect.

Fund Project. In 2021, the “14th Five-Year Plan” of Hunan Province Educational Science
“Planning for College Students’ Employment and Entrepreneurship Research Special Project “Re-
search on the “Golden Course” Construction of the Integration of Innovation and Entrepreneurship
Courses and Ideological and Political Colleges in Higher Vocational Colleges-Taking the High-
speed Railway Whole Industry Chain Plan New Entrepreneurship Education as the Example
example. Project approval number: XJK21BXJ020, number: XJ211082.
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