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Abstract— To facilitate remote data acquisition and control of
devices, Internet of things is a popular research field. Various
factors are involved in the construction phase of highway
engineering. In order to make proper decisions according to
status of the engineering project, corresponding data should be
obtained and processed in time. In this work, on-site construction
site monitoring station is implemented with embedded Linux
system, various kinds of sensors can be connected with it. Data
can be stored and process at the station and uploaded to the data
sharing cloud platform. Browser and Android App clients can
connect to the on-site monitoring station or the data sharing
platform. With the help of the data and instruction relay function,
in both sceneries, data can be shared in real time and
instructions can be sent to the on-site monitoring station
instantly.

Keywords— Construction Site, Monitoring, Internet of
Things(IoT), Highway Engineering, System

I. INTRODUCTION

The highways in some parts of China are affected by the
local topography and geology, hydrology and climate, and
most of them across the mountain or river valleys, it causes
the number of structural infrastructure, such as bridges,
tunnels and slope protection engineering has increased, and
the long-term service makes the infrastructure ageing.
Meanwhile, geological hazards and floods have been
exacerbated by the highway operation safety problems such as
the degree of deterioration. The elimination of potential safety
hazards as soon as possible to ensure the safety of people's
lives and property as well as state-owned assets.

At present, China's highway mechanization and
informatization degree is low, it mainly relies on manual
monitoring, which has low efficiency and high risk of manual
inspection in harsh environment. Moreover, disasters are
mostly found after the event, the monitoring system can not be
warned in advance. Therefore, it is necessary to target the new
generation of information technology and artificial
intelligence and other cutting-edge technologies in the world.
Building a highway infrastructure monitoring system based on
the intelligent Internet of Things platform to meet the needs of
the transformation and upgrading of the highway
infrastructure industry, so as to create a "smart highway"!-4],
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II. RELATED TECHNOLOGIES

A. Internet of Things

Internet of things® today is a famous research topic.
Internet of things is made up of interconnected electronic
equipment, the electronic equipment information could be sent
through the Internet or other communication protocols as well
as control instruction, as a result of the highway infrastructure
in the process of the real-time monitoring, it will produce
large amounts of data, so the information into the human-
computer interaction and artificial intelligence is used to
analyse the data processing. IoT can provide the processed
data by analysing the traffic condition and predict user-
required information by adopting a deep search in the present
colossal data volumel®.IoT technologies are increasingly
being deployed to support the operation and maintenance of
complex highway infrastructure assets’l. IoT provides an
effective way of interactions among the web devices with the
traffic embedded sensors, services, actuators, and other
interconnected networks!®!.

B. Embedded Linux system

Embedded Linux is an operating system that simplifing and
modifing the Linux operating system so that it can run on an
embedded computer system!®. Embedded Linux system not
only has the characteristics of infinite open source code, but
also integrates the characteristics of embedded operating
system, which makes its performance excellent and portability
good. It is very efficient in collecting, analysing and
processing data, and can guarantee the real-time performance
of information.

II1. PROPOSED SYSTEMS

In the system, data should be acquired in real-time, status
of the monitored construction site should be updated at
interval. At construction sites, because of the complex
conditions, such as blast, cable damage, are often countered.
Thus, power supply and network connection are not reliable.

In order to provide continuous service, the on-site
monitoring station should work independently for hours
without network link and power supply.
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In most instances, network link is available. The data
acquired by the on-site monitoring station should be uploaded
to the data sharing cloud platform. Thus, the data can be used
by the clients which are not located at the construction site.
The authorized clients connected to the data sharing cloud can
also send instructions to the specified on-site monitoring
station via the relay function provided by the data sharing
cloud.

The construction site monitoring system for highway
engineering is designed according to these requirements. The
architecture of it is given as following.

A. Overall System

The proposed system comprises on-site monitoring station,
cloud platform and clients. Each monitoring station is located
at a specified construction site. Multiple on-site monitoring
stations can be connected to the same cloud platform. Data
storage, analysis and network service are implemented at the
cloud platform. The structure of the overall system is show in
Figure 1.
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Figure 1. Overall system structure and data flow

PC clients and mobile clients connect to the cloud platform.
Original acquired data and analyzed results can be accessed in
this way. Data storage service is located at the cloud,
historical monitoring data are stored in the cloud.

Data analyzing service is also available at the cloud
platform, thus, engineering condition varying trend can be
figured out. These results are available to the authorized
clients.

B. On-site Monitoring Station

At the on-site monitoring station, data acquisition, power
management and communication module are integrated. Their
work is conducted by the central control module. The
structure of the on-site monitoring station is shown in Figure
2.
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Figure 2. The structure of the on-site monitoring station

As shown in the figure, sensors at the construction site are
connected to a corresponding data acquisition unit. Data
acquisition commands are sent to the sensors by the data
acquisition unit, the latest values are returned to the data
acquisition unit from the sensors.

All the data acquisition units are connected to the data and
power bus. They receive commands from the bus and send
acquired data back to the bus.

The central control module is connected to the data and bus
also. It sends data acquisition commands to the data
acquisition units and receives the acquired data via the bus.
The power management module which control the power
supply of the power bus is also connected to the central
control module. Its work is conducted by the central control
module. Thus, data acquisition and power supply of the on-
site monitoring system are both controlled by the central
control module.

C. Data and Instruction Flow

During the construction phase of highway engineering,
various indexes should be monitored at interval. The on-site
monitoring station acquires corresponding data according to
schedule customized in advance. These data are then uploaded
to the cloud platform.

The clients connected to the cloud platform can view the
acquired data. They can also send instructions to any on-site
monitoring station when necessary. The content of the
instructions is various, such as updating data acquisition
interval, resetting status of the station. The data flow of the
overall system is also shown in Figure 1.

IV.REAL IMPLEMENTATION

At the construction site of highway engineering, power
supply and network may become unavailable from time to
time. In order to overcome this challenge, the on-site
monitoring stations have to work independently for dozens of
hours.

According to the requirements, the system is implemented
according to Figure 3. In this approach, both data sharing
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cloud and on-site central control module provide client
service.

When network is not available, clients can connect directly
to the on-site central control module and access the latest
acquired data. With the support of the computing power of the
on-site central control module, data washing, analysis and
early warning algorithms are implemented. The status of the
construction site is maintained by the on-site system status
management process according to the algorithms in real-time.
The latest result status is shown via the status indicator, which
use lamps with different color to indicate different status of
the system. If the status is danger, both sound alarm and status
indicator are used to inform the managers at the construction
site. Database is also used to store the acquired data and the
status of the on-site monitoring station.

Figure 3. The relationship between the parts of the system

Clients serving is used to serve the clients connected
directly to the on-site monitoring station. Data upload and
relay service is used to upload latest acquired data to the data
sharing cloud and relay the commands to and from the data
sharing cloud.

In the data sharing cloud, on-site central control module
management, network requests management, real-time data &
instruction relay, data analysis report and database are
comprised. All the on-site central modules are connected to
this platform. Authorization and data link to the on-site
monitoring is managed and maintained by the on-site central
control module management. Data upload is forwarded to the
database and the data analysis report process algorithm.

In the database system, the acquired historical data of the
on-site stations are stored. The analysis results of the data are
also stored in it.
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Figure 4. On-site central control module

Real-time data and instruction relay function is also
implemented in the data sharing cloud. Then, if the clients
send instructions to an on-site central control module, it is
relayed to the specified central control muddle instantly. The
data from any on-site control module can be relayed to the
clients in real-time.

In the on-site monitoring station, the central control module
serves as the heart. It is show in Figure 4, with the model
name is Field Controller 2020.4. The specification of it is
listed in TABLE 1. The size of module is small the power
consumption is low. Thus, it can be conveniently mounted to
the on-site system and operate for a long period time without
consume much energy.

TABLE 1. SPECIFICATIONS OF THE ON-SITE CENTRAL CONTROL
MODULE
Item Specification
Power Supply Requirement DC, 12V
Power Consumption <2.5W
Working Temperature Range | -30~80°C
Fieldbus Type RS485
Communication Interface iﬁﬁG’ Wi,
Instruction Set of CPU Mips
Operating System Linux
Supported API Python, C/C++

Because various popularises communication interfaces are
integrated with the module, it can upload data and provide
web service to clients conveniently.

With the help of Linux operation system, a lot of functions
can be implemented in this module. Both Python and C/C++
supported by the module. Its capability can be extended easily.
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Figure 5. On-site monitoring station

In the on-site monitoring station, the central control module
is connected with auxiliary devices such power management
system, execution system, communication antenna. The
configured on-site monitoring station is shown in Figure S.

[Tr——— =
L ce © & cuinstantives.net 5001 -k ] o =
[ L m WEEN  WAEE QRN

Export Laser Rasull esv

=i B

TRAR

Figure 6. Browser client

The data sharing cloud platform is running at the cloud,
which is implemented with Django and Redis. Http server and
WebSocket are both implemented for communication purpose.

Browsers connected to the cloud can access the data in real-
time. The original data and charts are given visually. The
running effect of browser client is shown in Figure 6.

Android App client is also implemented. Acquired data,
status of the monitoring station and historical chart are shown
on the user interface. If it is authorized, threshold, status of the
station can also be updated. The Android App client is shown
in Figure 7.
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Figure 7. Android App client

V. CONCLUSIONS

In this research, based on data sharing cloud and on-site
monitoring station, all the engineering data corresponding to
the sensors can be acquired remotely. With the help of
instruction relay service of the cloud service, the devices
connected to the on-site monitoring station can be controlled
remotely in real-time. The on-site central controller module
has powerful processing capabilities, can make actual
judgments of the construction site based on acquired sensor
data, and can work independently without relying on the data
sharing cloud platform. Browser client and Android App
clients are implemented, thus, the on-site monitoring stations
can be accessed and controlled conveniently.

ACKNOWLEDGMENT

This work is funded by Sichuan Chuanjiao Road and
Bridge Co., LTD. and conducted in the MOE key laboratory
of special area highway engineering. The authors are grateful
to the laboratory teachers for their valuable suggestions.

REFERENCES

[1]  Council TC CCaTS. “The Program of Building National Strength in
Transportation”. Bulletin of the State Council of the People's Republic
of China, 2019(28): 5-10.

[2] Lalitha K, Pounambal M. “IoT-based traffic management”. 2nd
International Conference on Computing, Communications and Data
Engineering, CCODE 2019, February 1, 2020 - February 2, 2020, 2020:
155-161.

[3] Sharifi A Z, Zia G a J, Azizi M F, et al. “Applying IoT on
Contemporary Traffic System”. 16th International Conference on
Wireless and Optical Communication Networks, WOCN 2019,
December 19, 2019 - December 21, 2019, 2019.

[4] Medina C A, Perez M R, Trujillo L C. “IoT paradigm into the smart
city vision: a survey”. Joint 10th IEEE International Conference on
Internet of Things, iThings 2017, 13th IEEE International Conference
on Green Computing and Communications, GreenCom 2017, 10th
IEEE International Conference on Cyber, Physical and Social
Computing, CPSCom 2017 and the 3rd IEEE International Conference
on Smart Data, Smart Data 2017, June 21, 2017 - June 23, 2017, 2017:
695-704.

[5] XuL D, He W, Li S. “Internet of things in industries: A survey”. IEEE
Transactions on Industrial Informatics, 2014, 10(4): 2233-2243.

[6] N. Soni and J. Saraswat, "A review of IoT devices for traffic
management system", 2017 International Conference on Intelligent
Sustainable Systems (ICISS), pp. 1052-1055, 2017.

ICACT2021 February 07 ~ 10, 2021



International Conference on Advanced Communications Technology(ICACT)

[71  Trotter L, Harding M, Mikusz M, et al. “loT-enabled highway
maintenance: Understanding emerging cybersecurity threats”. IEEE
Pervasive Computing, 2018, 17(3): 23-34.

[8] Rabby M KM, Islam M M, Imon S M. “A review of IoT application in
a smart traffic management system". Sth International Conference on
Advances in Electrical Engineering, ICAEE 2019, September 26, 2019
- September 28, 2019, 2019: 280-285.

[91 Xiaoguo WAN. “Design of storage System of Internet of Things based
on Embedded LINUX ”.Tianjin Polytechnic University, 2017.

Xiaojun HOU is a senior engineering in Sichuan
Chuanjiao Road and Bridge Co., LTD. He
received the B.S. degree at 1999 in highway and
urban street engineering from Xi’an Highway
University. His interests are construction
management of  highway engineering,
infrastructure  monitoring and  intelligent
transportation systems.

Heng WU is a postgraduate student at the
Highway School of Chang'an University. He
oo received the B.S. degree at 2019 in road bridge

and river crossing engineering from Hubei

A Polytechnic University. His current research
interests are intelligent detection technology for
infrastructure, engineering data analysis.

- received the B.S. degree at 1999 in highway and
- urban street engineering from Xi’an Highway
University, the M.S. degree in road and railway

engineering at 2004 from Chang’an University,

the Ph.D. degree in Computer Science at 2010

from Xi’an Jiaotong University. His interests

are infrastructure monitoring, big data mining for engineering, highway
assets management system and artificial intelligence application.

Ting PENG is an associate professor in the
Highway School of Chang’an University. He

ISBN 979-11-88428-07-6

Xiaoling WANG is a senior accountant in the
Xi 'an branch of the People's Bank of China. She
received B.S. degree at 1998 in  accounting
from Shanxi University, the M.S. degree in
transportation planning and management at 2002
from Chang’an University. Her interests are
financial audit and data analysis.

Taoyan ZHOU is a postgraduate student at the
Highway School of Chang'an University. He
received the B.S. degree at 2019 in Civil
engineering from  Anhui  University Of
Technology. His current research interests are
intelligent detection technology for
infrastructure, engineering data analysis.

Kesheng YANG is a postgraduate student at the
Highway School of Chang'an University. He
received the B.S. degree at 2019 in road bridge
and river crossing engineering from Chang'an
University. His current research interests are
intelligent detection technology for
infrastructure, engineering data analysis.

ICACT2021 February 07 ~ 10, 2021





