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Abstract: If the production and construction information of asphalt mixture are tightly coupled and
quality control is performed in real time, it is possible to minimize quality degradation and solve
problems early. For these objectives, a cloud-based IoT (Internet of Things) PQMS (Pavement Quality
Management System) was developed in this study. As a result, drivers and managers can monitor
construction information and identify problems using monitors and apps. In 2023, it will be applied
to national road construction sites to verify the effectiveness of the proposed cloud-based IoT POMS
and address potential problems.
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1. Introduction

Asphalt pavement has a different performance life depending on quality management
during production and construction. However, non-real-time quality management system
does not guarantee sufficient performance. Recently, with the rapid development of
Internet technology, the era of real-time management of pavement quality has arrived. A
lot of research has already been conducted on how to solve the poor quality of pavement
construction by monitoring the construction process in real-time [1,2]. Dong et al. applied
IoT and 5G technologies to develop a technology to collect and transmit data from mixing
plant, transportation vehicles, and paving and compaction processes [3]. And Beainy
developed a technology to evaluate the compaction quality in real-time and non-contact by
measuring the vibration response of the compaction roller [4]. This study aims to extend the
performance life of asphalt pavement through the acquisition, transmission, and processing
of quality information at each stage of asphalt pavement construction using IoT technology.

To achieve these objectives, a cloud-based IoT POMS(Internet of Things Pavement
Quality Management System) was developed in this study. A technology has been de-
veloped to transmit construction quality information of dump trucks, asphalt pavers,
and compaction rollers to the cloud. Through the analysis and processing of transmitted
information, drivers and managers can use monitors and apps to monitor construction
information and identify problems.

2. Method

Real-time field quality management system for asphalt pavement construction de-
veloped in this study is shown in Figure 1. The quality management process in asphalt
pavement construction can be largely divided into three categories. First, at the asphalt
paver, the quality related to the paving of the mixture can be managed through the paving
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control IoT module. Second, at the compaction roller, the quality related to compaction can
be managed through the compaction control IoT module. Third, after construction, the final
compaction quality can be managed with compaction test equipment. Quality management
information can be transmitted to the cloud using IoT technology, and through this, the
level of quality control can be improved. In this study, the modules to be attached to the
equipment of each process was developed, and monitoring software that can check quality
control information in real time was developed.
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Figure 1. Real-time field quality management system for asphalt pavement construction.

3. Results

The modules including various sensors and devices to be attached to asphalt paver,
compaction roller, and compaction test equipment were developed. In addition, quality
information and navigation monitoring software that operators of asphalt paver and
compaction roller can utilize was developed.

3.1. Asphalt Paver

The climate sensor, RTK GNSS, LTE, infrared camera, monitor, integrated board, and
beacon were attached to the asphalt paver as shown in Figure 2a. The climate sensor
collected weather information at the time of construction and will be used for big data
analysis in the future. The RTK GNSS collected precise location information of asphalt
paver during construction. The infrared camera collected the temperature of the mixture
and the surface temperature of the pavement. The beacon recognized the truck that has
arrived and made it possible to link the production information of the asphalt mixture.
The integrated board stored the collected information, and the LTE device transmitted the
stored information to the cloud. The information that the operator of the asphalt paver can
see was as shown in Figure 2b. The operator can check the collected information such as
the location and speed of the paver, the temperature of the transported mixture, and the
surface temperature of the pavement through the monitor.
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Figure 2. JoT PQMS related to asphalt paver: (a) Installed sensor; (b) Monitor.

3.2. Compaction Roller

The accelerometer sensor, RTK (Real Time Kinematic) GNSS (Global Navigation
Satelite System), LTE (Long Term Evolution), monitor, analysis board, and infrared tempera-
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ture sensor were attached to the compaction roller as shown in Figure 3a. The accelerometer
sensor measured the vibration of the roller and estimated the degree of compaction. The
RTK GNSS collected precise location information of compaction roller. The infrared temper-
ature sensor collected the compaction temperature. The analysis board stored the collected
information and analyzed the degree of compaction. And the LTE device transmitted the
stored information to the cloud. The information that the operator of the compaction roller
can see was as shown in the Figure 3b. The operator can check the collected information
such as the location and speed of the roller, the compaction temperature, and compaction
navigating through the monitor.

M =
Accelerometer | RTK GNSS, o or:wo.r. Infrared P
SeriEor LTE nalysis Temperature 5
Board Sensor \ m
{ 23
»

i | (4 3m | 7 o s ene
T 5 ot
-_— Jit %
Advancing EntireLength 80m/75m)
Forward A Paver  85m
15%
Target 3-6 levh bt
, 3 15mm V B
(a) (b)

Figure 3. JoT PQMS related to compaction roller: (a) Installed sensor; (b) Monitor.

3.3. Compaction lest Equipment

The lift sensor, image capturing sensor, RTK GNSS, road condition detection device,
GPR (Ground Penetrating Radar) sensor, and DMI (Directional Movement Index) were
attached to the compaction test equipment as shown in Figure 4. The image capturing
sensor and road condition detection device collected pavement condition information
immediately after construction. The GPR sensor collected information inside the pavement
to estimate the degree of compaction. DMI and RTK GNSS collected location information
of equipment.
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Figure 4. IoT PQMS related to compaction test equipment.

4. Discussion

The real-time quality control system for asphalt pavement construction developed
in this study was tested at a test bed in Yeoncheon. The quality control information
collected from the test bed is being compared and analyzed with actual information. It is
planned to evaluate the applicability by solving the problems found in the analysis and
applying it to the actual asphalt pavement section to be constructed by the Ministry of
Land, Infrastructure and Transport.

5. Conclusions

In this study, a cloud-based IoT Pavement Quality Management System was developed
to minimize quality degradation and address problems early by tightly coupling production
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and construction information of asphalt mixture and performing real-time quality control.
Through the system, drivers and managers can monitor construction information and
identify problems using monitors and apps. The proposed cloud-based IoT PQMS will be
applied to national road construction sites in 2023 to verify its effectiveness and address
potential problems. The results of this study demonstrate the potential of IoT technology in
improving pavement quality management and paving the way for further development in
this field.
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