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Abstract: This chapter aims to construct a relatively complete, universal, and highly reliable road
surface state monitoring and perception system through the research of the Al contact road recon-
struction project of an international airport (hereinafter referred to as the “airport”). The system
design is based on on-the-spot investigation, theoretical analysis, and engineering practice, using
vibrating string type and resistive strain sensors as sensing means, real-time high-frequency signal
acquisition technology as the guide, 4G router for wireless communication technology as the media,
and storage technology for monitoring system based on server storage terminals. In combination
with engineering background, aircraft motion state, main landing gear configuration, sensor selec-
tion and evaluation, and other major factors, the actual monitoring information needs of the plane
are fully taken into account, as well as the difference in sensor information types, and the system
design is carried out by stratification and classification.
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1. Introduction

Traditional Structural Health Monitoring refers to non-destructive testing of the monitored ob-
ject, including the collection and analysis of various internal structural state data to detect and iden-
tify structural damage states!!l. The process of health monitoring includes obtaining measured values
of dynamic response information from the acquisition system through sensors embedded in the field.
Then characteristic factors that are sensitive to damage are extracted from the measured response
values and statistically analyzed using second-order thinking to evaluate the current health and ser-
vice status of the structure.

This paper constructs an airport rigid pavement condition monitoring perception technology
based on the existing monitoring system technology originated from structural health monitoring. It
mainly utilizes embedded sensors and real-time high-frequency signal acquisition technology to
guide the monitoring system. It uses 4G routers for wireless communication technology and the latest
server storage technology for monitoring system storage terminal monitoring system. This technol-
ogy can carry out long-term and stable real-time monitoring of airport pavements and is an automatic
monitoring system with minimal manual intervention. The system integrates multiple interdiscipli-
nary comprehensive technical means, including but not limited to structural mechanics, dynamics,
signal processing, sensing technology, communication technology, and materials science fields!®l. Ta-
ble 1 shows the relevant information.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 1. Analysis of science and technology support Angle of airport rigid pavement state moni-
toring and sensing system

Monitoring requirements Using the technology Application direction
Early age panel temperature A series of early age reference characters
such as environmental field and strain are
Early age panel strain Chord strain sensor mo_nitored tp provide refe_rence f(_)r load v_ari-
ation and line superposition during service
period
The depth of influence of aircraft load on the
The base of stress Soil pressure box foundation was obtained by monitoring the

stress and working state of the foundation
Monitor the bottom support state of the
panel, evaluate the contact state between the

Stress on top of base Soil pressure box surface layer and the base layer, and timely
find the phenomenon of empty
Real-time monitoring of the longitudinal
Longitudinal strain of panel Resistance strain gauge strain of the panel under the taxiing condi-
tion
L " Panel health diagnosis under long service
Long-term monitoring objectives status

It is worth noting that the construction of the current airport rigid pavement state monitoring

system still has the following difficulties:

(1) Common sensors and their cables in the market fail due to disturbance;

(2) The applicability of monitoring sensor range and precision to engineering structures;

(3) It is difficult to break through the technical barriers between the subsystems of the monitoring
system;

(4) The stability and durability of the monitoring system is doubtful;

(5) The storage, transmission and display of a large number of real-time monitoring data are difficult
to be solved in one stop;

(6) How the network becomes the medium of real-time online, remote monitoring and data transmis-
sion;

(7) Conflict between monitoring system construction and mechanized construction;

(8) The reliability and effectiveness of signal acquisition of monitoring system need to be verified;
(9) Monitoring system is difficult to use remote client and mobile phone client remote control and
monitoring.

How to ensure the smooth design of airport rigid pavement state monitoring and perception
system, and can cooperate in the construction of mechanized pouring operation has become an ur-
gent problem to be solved. This paper takes the engineering example as the test platform to carry out
the design work.

2. MATERIAL AND METHODS

2.1. Study Condition

The International Airport located in Fujian Province, China, is an essential aviation hub along
the southeast coast of China and one of the 12 trunk airports in China. The airport began operations
in 1983 with a flight area of 4D. In 1994, the second phase of the reconstruction and expansion project
was carried out, adding asphalt concrete to the original 2700m cement concrete runway surface. At
the same time, the runway was extended 700m to the northeast and changed to an asphalt concrete
surface, upgrading the grade of the airport flight area to 4E. The runway at the airport has been dam-
aged.

The subject of this research, the Al connection channel, has undergone several decades of air-
craft heavy load cycles and has experienced damage such as plate angle fracture, rutting, and broken
plates. Such damages directly or indirectly affect the normal operation of flights. This research project
is based on the Al contact road reconstruction project, attempting to conduct intelligent experimental
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studies on the test plate. The intelligent test plate test site is located in the Al airport renovation
contact road and has a total area of 1088 m?2. The contact way of the intelligent test plate is transformed
by selecting one of the plates on the airplane wheel track as an experimental research object.

2.1.1. Aircraft motion state

According to the technical standards for the flight area of civil airports, the taxiing movement of
a fully loaded aircraft is interpreted as follows: the aircraft enters from the vertical contact road at the
end of the runway, waits in line at the take-off waiting area, and enters the take-off position guided
by the ground signal light.

The A1 contact way is the main entryway for aircraft onto the runway. The pavement covers all
the trajectories of the plane’s taxiing, slow stop, and acceleration turning movements. The landing
gear is located in the airfield runway waiting position. Before entering the runway, the plane stops
with the front brakes on the contact way and waits for ATC clearance instructions or slides and turns
before entering the airport runway.

2.1.2. A1 Contact Channel Overview

The size of the contact channel is 16mx68m, east-west, the longitudinal joints between the plates
using tongue-and-groove joint, the horizontal joints using false joints, the transverse construction
joints using force rod flat joints.

The plate size of Al connecting passage is 4mx4m, the 28-day bending and tensile strength of
modified cement concrete is 5.0mpa, the 7-day compressive strength of lean concrete base is no less
than 10Mpa, and the average texture depth of cement concrete surface is no less than 0.8mm (deter-
mined by sand filling method). The schematic diagram of plate section structure before and after the
modified connecting passage. The transformation project of the contact road will be carried out
within the range of 68m along the middle line of the taxiway with two silos on each side. The total
thickness of the base and surface layer on the road panel will not change, and the thickness of the
surface layer will be increased.

2.2. Design principles of monitoring system

Based on the experimental research and the actual site conditions, an appropriate cement con-
crete slab was selected on the reconstructed Al connecting road of The Airport as the construction
carrier of the intelligent plate perception system. The monitoring system selects and designs the op-
timal monitoring system scheme based on the actual situation of road surface control in the domestic
airport flight area, taking into account the practical demand, cost efficiency, and universality princi-
ples, and combines with The Airport reconstruction project.

2.2.1. Construction and Implementation of Channel Panel State Monitoring and Perception System

The system is based on the pavement in the flight area and obtains the state information of the
pavement structure, such as internal temperature, stress and deformation, and the force of soil foun-
dation and base layer, by means of embedded sensors. Real-time online monitoring technology is
used for remote transmission and management of data, and collaboration is implemented for system
construction.

2.2.2. Monitoring and Analysis of Strain Behavior of Early-Age Road Face Slab in Construction

The transverse strain behavior of the road face slab during the early age of construction and the
corresponding relationship between the development of strain and the temperature change of the
panel are monitored and analyzed using embedded vibrating string sensors and temperature mod-
ules as the main sensing means. This enables monitoring and analysis of early age temperature and
strain in the pavement.
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2.2.3. Mechanical Behavior Monitoring and Analysis of Underdeck Under Aircraft Taxiing Load

The monitoring system captures the response state of the underdeck panel under the action of
aircraft load by using a sensor embedded at a fixed point as the monitoring terminal. This includes
monitoring and analysis of the stress and strain behavior of the panel under the load, as well as the
stress state data of the soil foundation and base. By doing so, the mechanical behavior of the under-
deck under aircraft taxiing load can be monitored and analyzed.

2.2.4. Providing Pre-Research Support for Dynamic Response of Airport Road Structure

The monitoring system provides theoretical guidance for maintenance and diagnosis of pave-
ment structure in service and pre-research support for dynamic response of airport pavement struc-
ture. Various monitoring data obtained from the airport pavement state monitoring and perception
system are analyzed to evaluate the dynamic response of airport road structure. This provides valu-
able information for future maintenance and design improvement of airport pavement structure.

2.3. Sensor scheme design

2.3.1. Sensor Layout

The sensor layout should be based on the road surface design, construction process and moni-
toring needs, and the following principles should be followed: a) The arrangement should be reason-
able and the coverage area should be large enough to obtain comprehensive and accurate response
state information of the road surface; b) The layout should be uniform and avoid uneven distribution,
which may cause certain errors in the analysis of monitoring data; c) The sensor layout should be
based on the corresponding measurement point; d) The layout should consider the possibility of fu-
ture maintenance and replacement of the sensor, and avoid damage to the sensor due to maintenance
and replacement difficulties.

2.3.2. Sensor Maintenance

Regular maintenance is necessary to ensure the normal and stable operation of the sensor. The
sensor maintenance includes: a) Regular inspection of sensor performance and output, and timely
detection and troubleshooting of faults; b) Regular cleaning and dust removal to avoid affecting the
measurement accuracy and service life of the sensor; c) Regular calibration of the sensor to ensure the
measurement accuracy of the system; d) Regular replacement and upgrade of the sensor to improve
the monitoring technology and meet the needs of scientific research work. The sensors used in mon-
itoring test of intelligent test board are shown in Table 2.

Table 2. Summary of sensors used in monitoring test of intelligent test board.

Monitoring con- Monitorin
5 Sensor Model Plane Layout Section layout g
tent quantity
Temperature and
P . TJ-MRO1 vibrating Top, middle and bot-
transverse strain of " . Plate center 3 (Early age)
string strain sensor tom of the board
concrete panel
DH1204 concrete 6 (connect
Dynamic strain of ) Center, corner,  Top and bottom of ( )
embedded resistance (+2 sleep)
concrete panels ) Plate edge the board
strain gauge (+3 Backup)

Supporting state of
the top surface of
the base and dy-

namic strain of the

The top surface of the
XHZ-410S resistive ~ Center, corner, base, the top surface 10 (connect)

earth pressure gauge of the foundation and (+1 Backup)

Plate edge
the lower 300mm

track foundation
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3. RESULTS AND DISCUSSION

3.1. System overview

The track status monitoring and sensing system is designed to enable accurate, reliable, and
continuous observation of airport pavement. The system uses vibrating string and resistance strain
sensors as sensing means and real-time high-frequency signal acquisition technology as guidance to
acquire measurement information of panel mechanical deformation, in-board temperature, earth
pressure, dynamic strain, and other parameters during the early stage of construction. The collected
data is then transmitted using 4G router wireless communication technology to a server storage ter-
minal for storage and analysis.

The system is designed to achieve long-term stable work, online real-time transmission of data,
and remote control. It is highly reliable and has high adaptability to the system environment. The
system is designed to provide long-term service and can be used for all-weather monitoring and
sensing of the airport pavement, as shown in Figure 1.

Overall, the monitoring system is based on the Internet of Things technology and is designed to
provide accurate and reliable information on the condition of airport pavements. The system pro-
vides valuable insights for maintenance and diagnosis of pavement structures in service and provides
pre-research support for dynamic response of airport pavement structure.

The track status monitoring

) Data acquisition Data storage () Data’ transmission Supporting
\Se-nsor Subsystem . subsystem s subsystemag il — = Eacilities

Figure 1. Composition of channel status monitoring and sensing system.

The track status monitoring and perception system is mainly composed of sensor subsystem,
data acquisition subsystem, data storage subsystem, data transmission subsystem and supporting
facilities. The sensor subsystem is located in the runway of the flight area, and the data acquisition
subsystem, data storage subsystem, data transmission subsystem and supporting facilities are located
in the boundary outside the runway of the flight area.

3.2. Subsystem design

3.2.1. Sensor subsystem

The sensor subsystem is the acquisition terminal of the whole system, which is a key link to
restrict the long-term normal and stable service of the monitoring system. It includes the structure of
the sensor itself, the package device of moisture-proof and anti-rolling, and the fixed device of stable
position. The sensors used in this monitoring include vibrating string strain gauge, resistance strain
gauge, and resistance earth pressure box. All of them are embedded sensors, which not only avoid
the influence on the normal service of the runway, but also use high-range and high-precision sensors
to timely transmit the internal status of the track surface to the acquisition equipment, as shown in
Figure 2.
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(a) TJI-MRO1 vibrating string strain (b) DH1204 resistance strain gauge (c) XHZ-410S resistive earth pres-
sensor sure box

Figure 2. Sensor subsystem.

3.2.2. Data acquisition subsystem

The data of the monitoring system is varied due to the different types of sensors. The monitoring
signals returned by the system can be divided into frequency signals and optical signals according to
the principles of different sensors.

(1) Vibrating string sensor system

(DTJMCU2-36 automatic data acquisition system. The system is produced by Changsha Taijia
Electronic Technology Co., LTD. MCU2-36 channel module adopts 2-36 channel distributed design,
2-36 separate frequency and temperature channels are compatible with each other without interfer-
ence. In order to improve the acquisition accuracy of frequency and temperature, 24-bit ADC is used
for ADC conversion. The module system adopts moisture-proof and waterproof measures, and the
design protection level reaches IP55. It can be combined with the external power supply sting to
realize the power supply stability under special circumstances. The built-in GPRS data transmission
module and Bluetooth module can realize the debugging and installation of mobile APP on site, and
the collection, management and analysis of data at the back-end WEB and client side. The external
485 and the Internet of Things module can be better matched according to the field situation shown
in Figure 3 and Figure 4.

TR
I s | 1

(a) Top view of the instrument (b) Side view of the instrument

Figure 3. TIMCU2-36 automatic data acquisition system.
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Figure 4. Interface of the DAServer integrated data acquisition management software.

(2) resistive sensing system

(DDH5971 distributed online monitoring and analysis system. The system is produced by
Jiangsu Donghua Testing Technology Co., LTD., including DH5971 acquisition controller and
DHS5971 strain collector. The system can realize all-weather online monitoring, and realize barrier-
free connection with various types of collectors, including common strain, vibration, temperature,
displacement, etc. It uses 100 Mbit Ethernet communication to connect to the computer, and can rec-
ord multi-channel signals for a long time without interruption. All channels work in parallel and
synchronously, and the maximum continuous sampling rate can reach 200Hz/ channel. Distributed
online system mainly consists of hardware and software cooperation, starting sensor, acquisition and
controller, as well as computer software, among which the collector and controller are interconnected
by RS485. Generally, the controller can receive two channels of signals. Each channel can receive eight
collector systems. Each collector has four ports for receiving signal inputs. The maximum synchro-
nous sampling frequency is 200Hz shown in Figure 5 and 6.
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Figure 5. Diagram of connecting the DH5971 distributed online monitoring system.
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Figure 6. Controller expansion connection diagram of the DH5971 distributed online monitoring
system.

(2)DHDAS software. The main functions of the software are: parameter setting (setting system
parameters, channel parameters, etc.), display module (cursor display, window display, graphic dis-
play, etc.), signal analysis module (data preprocessing, spectrum analysis, frequency response anal-
ysis, statistical analysis, correlation analysis, etc.), sensor calibration module (static calibration, etc.),
which can be real-time online monitoring and display of measurement information. At the same time,
the monitoring data can be generated in various formats for secondary analysis and processing.

DHDAS software is the medium and basic software of the data acquisition subsystem. Through
searching instruments and connecting instruments, all the collected data can be displayed in real time
and saved in the local server. It is a real-time display system for dynamic high-frequency monitoring
data acquisition shown in Figure 7.
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Figure 7. DHDAS software page
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3.2.3. Data storage subsystem

(1) Vibrating string monitoring data
TJMCU2-36 distributed module can realize fully autonomous and automatic collection and stor-
age of monitoring signals of connected sensors. The supporting DAServer data acquisition and inte-
grated management software uses Access2007 database as a data storage tool. Remote display and
control can be realized by installing SIM traffic 4G card in TIMCU2-36 automatic data acquisition
system. Data can be recorded locally and output in Excel format or picture format shown in Figure 8.
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Figure 8. DAServer local interface for exporting stored data.

(2) resistive monitoring data

(DDELL R740 rack server. In terms of hardware, the storage system uses Dell 2U rack-mounted
server to store monitoring data with a sampling frequency of 100Hz. The server has dual E5-2609V4
dedicated processor, 16G running memory, 4T disk capacity, hot-swapable SAS disk type, 750W dual
electric guide rail, H3330 disk array card. The drive type is DVDRW. The high-performance CPU and
high scalability provide technical support and guarantee for the normal operation of the monitoring
system and the storage of massive monitoring data. The monitoring data of the resistive sensor is
stored in the hard disk of the server, and the data can be obtained and downloaded through the
remote control of a third party shown in Figure 9. Figurel0O and Figure 11.

Switch VGA port LDC menu VFLash media |
button button LDC screen card slot USB interface Bum optical drive

Hard disk drive

Figure 9. Front view of the DELL R740 server.
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Operating
status lamp PCLE slot 213 PCLE slot 4/5 PCLE slot 6/7

IDRAC Remote Senalport VGA port USB port 4-port Gigabit Power supply equipment
management network adapter

Figure 10. Rear view of the DELL R740 server.

444mm

Figure 11. DELL R740 server diagram.

@DHDAS software. In terms of software, storage rules, storage path, storage mode, project
name and test name are set on the DHDAS software. Generally, 100M is a project test file, which is
saved in the local server in real time. When data, charts and reports need to be retrieved, parameters
can be set and output file type can be selected. Support Excel, MATLAB, Word, picture and other
formats shown in Figure 12.

Used to enter the test name
Set the storage path

MMultiple storage options are
available

Figure 12. Storage rule setting page of the DHDAS software.

3.2.4. Data transmission subsystem

The data transmission system is mainly based on modern communication technology to realize
real-time remote transmission of field monitoring data. Optional data transmission modes include
3G/4G wireless communication, fiber dedicated line communication, Beidou satellite communica-
tion, microwave base station communication, etc. Due to the large data volume and high real-time
requirements of the project data, strict requirements are put forward for transmission rate, delay and
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accuracy. Through the comparison of transmission rate, reliability, construction and maintenance
cost and other aspects, the focus is on avoiding the interference of wireless network distribution to
airport signals. 3G/4G wireless communication technology is intended to be chosen as the data trans-
mission system scheme of this system shown in Figure 13.

Figure 13. IR915L-TL01-W-S 4G industrial wireless router.

TeamViewer remote control software. The application program that can be used for remote cli-
ent control can transmit and display pictures and files when the remote connection is shared. When
the software is started for the first time, the partner ID can be generated on the two computers to
establish the connection. The software supports remote restart, breaking the firewall restrictions. Re-
alize remote control and data transmission download to the local operation (if necessary, through the
sunflower auxiliary work) shown in Figure 14.

—/ = X
Log in Allow remote conirol Current equipment
Control remote computer
on't have an account P N
¢ ower-on equipmen
Your D Partner D -, w Host name
+* Remote control v . -
————
My host
® cont password
{9 conference S m © Remote control
zhan
|} Computers and contacts File transfer

B 47 Remote assistance
W chat Unattended vist Y v Host binding

4 Devicelist

Authorize easy access ~ Find fun Hu Match boot equipment detection
. Mobile screen detection
projection

E TeamViewer # The connection is ready b

Figure 14. Team Viewer remote control software interface.

3.2.5. Supporting facilities

(DThinkVision Industrial display. Industrial LCD can adapt to extreme environment, stable op-
eration, long service life, dustproof grade of 6, waterproof grade of 8, and has anti-magnetic, shock-
proof, anti-ash and other functions, the interface for VGA and AV interface, DVI digital signal inter-
face, provide real-time display terminal for the monitoring system.

(@SD-6822 Shield Guardian Cabinet. To prevent interference from the external environment to
the collection devices and prevent the running temperature of the host server from being too high,
the cabinet can effectively protect and cool the collection devices and ensure the normal operation of
the monitoring system. The cabinet adopts SPCC thickened cold-rolled steel plate technology,
equipped with cooling fan at the top, wiring groove at the bottom, convenient line security, easy to
disassemble, stable structure, strong corrosion resistance, surface skim electrostatic spray shown in
Figure 15 and Figure 16.
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Figure 16. SD-6822 Shield Guardian cabi-

Figure 15. ThinkVision Industrial display. :
net.

4. Discussion

The airport pavement condition monitoring and sensing system designed in this chapter is based
on 4G wireless communication technology, breaking the technical barriers among network transmis-
sion, sensor terminal, collection and demodulation equipment, server storage and remote client dis-
play, and forming a replicable, highly stable, highly anti-interference, automatic, intelligent, inte-
grated and networked remote monitoring technical scheme. The high and low frequency monitoring
method can capture the mechanical behavior of each stage of the track surface and help the stable
operation of airport traffic facilities.

According to a survey conducted by Keithlley Company in 1999, 60% of engineers intend to use
remote monitoring technology in future applications. Intelligent monitoring technology is of great
value to the development of civil engineering discipline. China has accumulated a lot of monitoring
experience after the 21st century, but it is still not mature. In the era of 5G Internet of Things, the
status monitoring and perception system will usher in new opportunities:

(1) The scale of the current monitoring system varies greatly, and whether the monitoring scale
and effect reach the standard is still a mystery. A set of standard standards should be formed for
intelligent monitoring of civil engineering industry.

(2) Most monitoring systems are still stand-alone versions, and the compatibility and scalability
of data interfaces and formats of each system are poor, so computer technology and electronic tech-
nology should be developed in tandem.

(3) The low latency (millisecond delay) of 5G network enables the monitoring system to have
richer development space in data transmission, which can be expanded successively in the aspects of
threshold warning and automatic alarm, and can even introduce AR (virtual reality) technology for
auxiliary observation.

(4) In terms of remote real-time online display, the addition of 5G technology can upgrade "Air-
port pavement condition monitoring and perception system" into "airport pavement condition mon-
itoring intelligent system". Through the slow live broadcast of 4K video (external visual information),
the measured mechanical response state of the track panel (structural microscopic deformation and
damage identification), 3D simulation (finite element simulation real-time comparison and verifica-
tion), to achieve the integration of online and offline.

5. CONCLUSION

The summary is as follows:

1. The monitoring system is composed of four subsystems, including the sensor sub-
system, data acquisition subsystem, data storage subsystem, and data transmission
subsystem. The sensor subsystem is responsible for sensing the mechanical defor-
mation and other related parameters of the airport runway. The data acquisition sub-
system is responsible for processing and converting the sensor signals. The data stor-
age subsystem is responsible for storing and filtering the measurement data. The
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data transmission subsystem is responsible for transmitting the data to the remote
monitoring center.

2. The monitoring system adopts a modular design approach to improve the scalability,
reliability, and efficiency of the system. The system can be easily expanded or up-
graded to meet the changing monitoring requirements of the airport runway.

3. The monitoring system architecture design includes the selection of vibration and
resistance sensors, data acquisition, and transmission modules, as well as server stor-
age and communication protocol design. The entire system architecture design en-
sures reliable, accurate, and continuous monitoring of the airport runway.

Overall, the track status monitoring and perception system is designed to provide accurate and
reliable information about the condition of airport pavements. The system integrates several new
technologies such as wireless communication, sensor technology, and server storage to provide real-
time and continuous monitoring of the airport runway. The system also includes safety measures to
ensure the stability and safety of the monitoring system. The monitoring system is designed to pro-
vide valuable information to improve the design and maintenance of airport runways in the future.
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