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Abstract: In order to maintain a suitable road pavement level with limited resources, a management
system must be established. In order to achieve this goal, a program using Al (artificial intelligence)
was developed to manage and evaluate a sizable volume of survey data. A national highway pave-
ment data management system (PDMS) built on the WEB was also constructed. By connecting several
artificial neural networks, the Al crack analysis algorithm was created and taught to automatically
recognize cracks in road photos and calculate crack rates. In the PDMS, the current condition of
a national highway can be shown on a map, and all the data are updated to allow for verification
in increments of 100 m for each lane. The system was also improved to enable the collection of
information on the detailed survey section’s pavement repair specifics according to survey year.
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1. Introduction

Korea is facing budget constraints as the length of managed roads continues to grow.
As a result, with limited resources, a system that can maintain road pavement conditions
at an appropriate level or higher is required. To this end, a Road Pavement Management
System (PMS) was developed to efficiently manage road pavements in a timely and effective
manner [1]. Previously, investigations were conducted on road sections, as requested by the
Land Management Office. Since 2022, the crack rate, plastic deformation, and longitudinal
smoothness of 38,000 km/lane of the national road has been investigated [2]. Due to the
increased data generated through this complete inspection, crack analysis performed by
existing personnel is ineffective. As an alternative to this, a study on the introduction of an
Al crack analysis program was conducted. Furthermore, a study was conducted to advance
the pavement data management system (PDMS) for general national highways so as to
efficiently manage pavement condition surveys and maintenance performance data.

2. Road Pavement AI Analysis Program
2.1. Program Structure

The developed crack analysis program’s artificial intelligence model was designed
by combining the crack area detection and classification models. The crack area detection
model identifies the cracked area in the road image and binarizes the cracked and non-
cracked areas into 0 and 1, respectively. Following that, the crack classification model
categorizes the cracks into linear cracks, turtle cracks, and so on. The two models are
combined to create a database that can be used to determine the types and risk of cracks.
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2.2. Artificial Intelligence Learning Process

By segmenting images and analyzing specifically processed data, additional UNET++
artificial intelligence research was carried out to enhance the functionality of the current
experimental crack analysis application. Data scaling and data rotation were performed in
an amplification process, along with the learning data.

2.3. Automation of Road Crack Analysis Program

The previously examined road image must be loaded before the program automatically
analyzes the road for the automation of crack analysis software. Therefore, a system was
created using the automation tool so that the software could trace the path from the folder
selected as the road survey image, import the image, and then automatically link and
present the analysis results. The program's user interface during automatic analysis is
shown in Figure 1.

Figure 1. Automated analysis tool user interface.

3. Advanced National Road Pavement Data Management System (PDMS)
3.1. Pdms Database Construction

The database was classified into the route condition management of general national
roads, the pavement condition investigation area, the maintenance performance manage-
ment area, and the general national road pavement condition investigation area. It was
established in order to annually collect pavement, bridge, and tunnel condition information
and traffic volume data for general national road pavement condition management.

3.2. PDMS Functional Configuration

The route status of general national roads was configured to manage each route's align-
ment and attribute information based on the geographic information system (GIS). General
national road geographic information is used to manage data on the route numbers, road
alignments, junctions, the start and end points of bridges and tunnels, and administrative
districts for the 51 routes in the country [3]. Attribute information is configured to manage
the management agencies, the number of lanes, pavement types, and pavement thickness
information. Figure 2a shows the route status of the general national roads as process
information and attribute information, respectively.
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Figure 2. (a) Route status of general national roads (geographic information). (b) Management of
pavement condition survey data.

The general national road pavement condition survey is managed in relation with
the data of each section, and the data management function is classified according to the
characteristics of the surveying equipment. The PES (Pavement Evaluation Surveyor) takes
pictures of the damage on the pavement surface in the survey section and investigates
the plastic deformation and longitudinal flatness through sensing. In addition, pavement
conditions such as cracks and pothole repairs are evaluated through the analysis system,
and the results are uploaded to the PDMS for management.

The visualization function was enhanced, as shown in Figure 2a. As the pavement
condition survey of general national roads has been operated as a complete enumeration
survey system since 2021, the pavement condition survey and analysis data, regardless of
the existing number of lanes, can be realistically verified for each lane.

As shown in Figure 2b, the survey data on the pavement conditions of general national
roads across the country were managed by linking the survey area with GIS for the general
national roads. For each survey spot, the pavement condition and other status-related
information are classified and managed using the designated spot number. By choosing
the survey part shown on the map, one is able to check the pavement condition state and
other information on current status.

4. Pothole Information Management
4.1. Pothole Information Linkage

Two devices are in operation according to the Land Management Office, and they
are mounted on vehicles to detect potholes in the operating section. The detected pothole
data were linked to the road work management safety guard app through a related service.
In addition, a system was established to link pothole information from among the work
information managed by the Road Work Management Safety Keeper app to PDMS.

4.2. Pothole Status Map

The pothole status map is a function that visually provides pothole information using
an electronic map, and it is divided into a pothole distribution map and a location map.
The pothole status map is built to provide various manipulation tools such as style setting,
inquiry options, map control, legend setting, and regional development according to the
Land Management Office.

The pothole status map is divided into a pothole distribution map and a location map,
as shown in Figure 3a. The pothole distribution map displays the number of potholes
according to region as defined by the Land Management Office, with the color according to
the legend. The pothole location map is implemented to display the locations of potholes
on the electronic map.
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Figure 3. (a) Types of pothole status map. (b) Information verification function according to
pothole location.

The blue and orange dots indicate pothole locations on the status map. A blue dot is a
pothole that has been repaired, and an orange dot is a pothole in the repair process. When a
dot is selected by enlarging the pothole status map, the corresponding pothole information
can immediately be checked on the electronic map. When the displayed pop-up of the
pothole is clicked, a detailed information page of the corresponding pothole is requested.
Figure 3b depicts the information-checking function for each pothole location.

5. Conclusions

In this study, research was conducted to develop a crack analysis program using road
survey data, advance the pavement data management system, and establish a pothole
information management system to efficiently address the increased management extension.
As a result of the study, the following conclusions were obtained:

1.  Objective crack analysis results were derived by developing a road pavement crack
analysis program using Al Its accuracy is improved using a designing that excluded
anomalous objects on the road surface. In the future, this system’s accuracy could
be improved by performing additional learning to exclude abnormal items such as
manholes and expansion joints. Based on the derived results, an efficient maintenance
management system based on consistent standards would be possible.

2. The system was enhanced so that the survey data and analysis results of paved general
national roads can be checked in units of 100 m per lane using a map. In addition,
improvements were made so that survey agencies, analysis agencies, and road man-
agement entities can be used to efficiently manage roads through the visualization of
survey and analysis results, maintenance sections, and budgets using the advanced
general national road pavement data management system. In the future, the usability
of this system could be improved by upgrading the construction data upload function
and the automatic budget allocation function.

3. The pothole information management function is used to monitor pothole occurrence
and repair status for general national roads and establish a pothole status map and
pothole list. The built pothole information management function makes it possible to
take immediate action for potholes in general national roads. Furthermore, it would
be possible to efficiently conduct pothole repair by analyzing pothole occurrence
frequency per region.
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