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Abstract

The existing human-centered safety diagnosis method for structure maintenance has problems with
time, cost, accuracy, and safety. Recently, many attempts have been made to quickly and accurately
check the condition of structures for maintenance by utilizing equipment. In this research, a framework
was established to derive the priority of repairing cracks based on a 3D model after data was obtained
by combining LiDAR, high-resolution camera, and thermal imaging camera with drones. Drones serve
as a moving object for obtaining data and can be used in places where it is difficult to access with
manpower, thereby improving the safety of workers. The framework is as follows: Step 1 is obtaining
data of a structure through each sensor, which is classified according to two purposes. In Step 1-1, Point
Cloud Data is obtained through LiDAR, and crack images of the structure are obtained through high-
resolutions camera. In this step, data can be obtained to determine the accurate location and size of
cracks in the structure. In Step 1-2, thermal imaging data for measuring the depth of cracks is obtained
through thermal imaging camera. Step 2 is processing and integrating data obtained through each
sensor for 3D visualization of cracks on the structure. The PCD obtained through LiDAR is made into a
mesh after removing noise, and a 3D model is constructed through texturing using high-resolution
images and thermal images on the mesh, respectively. Step 3 is deriving the repair priority of cracks
identified on the 3D model. Each crack has different characteristics such as location, size, and depth.
For crack repair, cracks are classified according to grade and the repair priority is determined by
considering the characteristics of crack. The framework can contribute to improving the economic
efficiency, accuracy, and safety of structure maintenance by presenting criteria for deriving crack repair
priorities.
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1. Introduction

Recently, the importance of maintenance has been emphasized due to the expansion, complexation,
and rapid aging of construction projects. Old structures have weak durability, making them susceptible
to problems such as leakage, cracking, and infiltration of weathering factors, which can lead to corrosion
of reinforcing bars, concrete spalling, delamination, and reduced durability. To ensure the continuous
safety management of structures, more advanced and continuous maintenance technologies are
necessary [1]. However, current maintenance is labor-intensive and costly, and the visual inspection
method of workers can vary depending on their skill and experience, which highlights the need for an
objective safety inspection method [2]. In the construction industry, various attempts are being made to
utilize drones for efficient and economical maintenance of old structures [3]. Previous studies on
structural inspection technology using drones include Han. (2021), who conducted proximity
photography and thermal imaging inspections of large structures that are difficult to access and visually
inspect using human labor [4]. Kim et al. (2021) generated an orthographic image of dam facilities using
drone photogrammetry technology and examined the validity of the technology [5]. Shin et al. (2022)
developed a 3D structural analysis model by acquiring data from inside and outside of old structures
using images captured by drones and ground-based LiDAR scanners to create 3D structural drawings
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[6]. Many studies use drones equipped with sensors such as cameras and LIiDAR to acquire structural
data and utilize 3D modeling for maintenance. In this study, we equipped drones with LiDAR, high-
resolution cameras, and thermal imaging cameras to acquire data, and developed a framework for
prioritizing crack repairs based on 3D models after processing and integrating. Each sensor used in this
study has its own advantages. LiDAR is useful for efficient acquisition of vast 3D data in wide areas,
while high-resolution cameras can identify weathering states such as cracks from captured images.
Thermal imaging cameras can also identify cracks and are effective in achieving more accurate results
when used in combination with observations from regular images.

2. Methods
2.1. Instruments

The equipment used for data acquisition for 3D modeling in this study was as follows: a Matrice 300
RTK drone(Figure 2a) was used in Step 1, which is a quadcopter weighing 6.3 kg with a payload of 2.7
kg and a maximum flight time of 55 minutes, and has a manufacturer-declared range of 8 km. The
Zenmuse L1 LiDAR(Figure 2b) was used, which has an accuracy of 0.1 m per 50 m in the horizontal
plane and 0.05 m in the vertical direction. It has a maximum range of 190 m at a surface reflectivity of
10% and a measurement speed of 240,000 points/second [7]. In Step 1-2, the Zenmuse P1
camera(Figure 2c) was mounted on the drone, equipped with a DL 35 mm F2.8 LS ASPH lens with a
resolution of 8192 x 5460 pixels (45 Mpix). In Step 2, the Matrice 30T drone(Figure 2d) was used to
acquire data using the mounted thermal camera.

(c) (d)

Fig. 2. (a) Matrice 300 RTK; (b) Zenmuse L1; (c) Zenmuse P1; (d) Matrice 30T
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2.2. Research framework

The framework built in this study is shown in Figure 1. Step 1 is divided into two detailed steps according
to the purpose to collect structure data using each sensor. In Step 1-1, Point Cloud Data is acquired
through LIiDAR and a crack image of the structure is obtained using a high-resolution camera. Through
this process, data can be acquired to determine the exact location and size of cracks in the structure. In
Step 1-2, thermal image (temperature) data is acquired to measure the crack depth using a thermal
imaging camera. Step 2 is to visualize the cracks in the structure in 3D by processing and integrating
the data acquired by each sensor. The PCD obtained through LIiDAR is made into a mesh after removing
noise, and a 3D model is built through texturing using high-resolution images and thermal images. Step
3 is the step of deriving the priority of crack repair confirmed through the built 3D model.

Step 1. Data Acquisition

/Step 1-1. Point cloud data & RGB Images \ /Step 1-2. Thermal Images \

Drone with Thermal
imaging camera

\ LiDAR Camera

Step 2. Processing & Integrating Data

Thermal images

Texturing

Step 3. Deriving the repair priority of cracks

Fig. 1. Research Framework.

2.2.1. Step 1.
In the framework of Step 1, the target site is scanned using the Matrice 300 RTK with Zenmuse L1

LiDAR and high-resolution camera, Zenmuse P1. Firstly, in Step 1-1, the target site is scanned using
Zenmuse L1 LiDAR to acquire point cloud data (PCD). In this study, a part of Chosun University located
in Gwangju, South Korea was selected as the target site for scanning. The flight for PCD acquisition
was conducted at an altitude of 30m, a speed of 3.8m/s, and with a 70% overlap, taking approximately
11 minutes to cover an area of about 6,200m2. The high-resolution image acquisition was conducted
using the Zenmuse P1 camera. The flight parameters were set to the same altitude and speed as for
PCD acquisition, with both vertical and horizonal overlap set to 80%, taking approximately 9 minutes to
scan the same target site. In Step 1-2, the target site was scanned using the thermal camera mounted
on the Matrice 30T. The flight was conducted at an altitude of 30m, a speed of 2m/s, with a vertical and
horizonal overlap of 90%, taking about 40 minutes to acquire thermal images. Table 1 shows the flight
settings and duration for each equipment used in Step 1-1 and 1-2.
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Table 1. An example

Step Payload Altitude(m) Speed(m/s) Time(min) Overlap
1-1 Zenmuse L1 30 3.8 11 70
Zenmuse P1 30 3.8 9 80
1-2 Matrice 30T 30 2 40 90
2.2.2. Step 2.

Step 2 involves processing and integrating data acquired from each sensor to visualize 3D cracks in
structures. For data processing and integrating, Pix 4D Survey and DJI Terra software were used in this
study. First, the point cloud data (PCD) acquired through LiDAR is processed to remove noise and
create a mesh. This step visualizes the 3D position information for maintaining structures. The created
mesh is then used to build a 3D model using texture work with high-resolution images and thermal
images. Texture work is performed on the mesh using high-resolution images and thermal images

acquired from LiDAR to confirm the accurate 3D coordinate of the cracks.

2.2.3. Step 3.
Step 3 is a process of determining the priority of repairing cracks based on the 3D model built in Step

2. Each crack has different characteristics such as location, size, and depth. To repair the cracks, they
are classified into different grades based on their characteristics, and the priority of repair is determined.

3. Results
3.1. Step 1.

In Step 1, we acquired data using drones, LIiDAR, high-resolution cameras, and thermal cameras
through three flights. During a total flight time of about one hour, we acquired 121,443,499 points through
LiDAR (Figure 2), 528 images with a resolution of 8192 x 5460 through high-resolution cameras (Figure
3), and 914 images with a resolution of 1280 x 1024 through thermal cameras due to relatively high
overlap (Figure 4) for analysis.

Fig. 2. Raw data_121,443,499 points.
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Fig. 4. Raw data_914 thermal images
3.2. Step 2.

In Step 2, Pix 4D Survey and DJI Terra software were used to process and integrate the raw data
acquired from the instruments. Firstly, the noise and outliers in the LiIDAR point cloud data were removed
(Figure 4a). This is a crucial step to ensure the quality of the 3D model and to reduce analysis time.
Next, point clouds were extracted from the high-resolution and thermal images for integrating with the
LiDAR data. The Pix 4D software used in this study found feature points and correspondences between
images to calculate the location, direction, and elevation of the camera and generate point cloud data
in 3D format. The extracted point clouds were integrated and made into mesh(Figure 4b), and then each
image was texturized to build the 3D model. Figure 5 shows the final 3D model textured with the high-
resolution image (Figure 5a) and thermal image (Figure 5b).
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(b)

Fig. 5. (a) Model textured with high-resolution images; (b) Model textured with thermal images

3.3. Step 3.

In Step 3, cracks in a structure are classified and prioritized for repair based on their location, size, and
depth, as this approach is more cost-effective. This step involves examining the location, size, and depth
of cracks in the constructed 3D model to determine the priority of repair, which enables data-driven and
efficient repair work. In the 3D model built in this study, the 3D coordinates of each point and the length
and volume of the particular points can be checked.

4. Conclusion

Resently, human-based safety inspection methods have issues with time, cost, accuracy, and safety.
To address this, this study proposes a sensor-integrated 3D model-based crack detection framework
for maintaining old structures. The framework consists of three main steps. In Step 1, data is acquired
using a drone equipped with LIDAR, high-resolution camera, and thermal camera. In Step 2, the data
acquired from each sensor is processed and integrated to visualize a 3D model. In Step 3, the priority
for repairing identified cracks is determined from the constructed 3D model. Using this framework, a 3D
model of the structure for crack maintenance was built. The accurate 3D coordinates, size, and other
characteristics of the cracks in the structure can be quantitatively confirmed and managed, improving
accuracy. In addition, the thermal images can be used to detect structural damage that is difficult to
identify with the naked eye. Moreover, the data acquisition process is safe and can be completed within
a short time of about an hour, compared to the conventional inspection method. This study has
limitations in that only commercial software was used to perform 3D modeling, despite the wide range
of algorithms available for post-processing in 3D modeling. Future research will address these limitations
through: 1) evaluating the applicability of various data preprocessing algorithms for improving 3D model
refinement, 2) verifying the accuracy of crack classification in structures, and 3) performing advanced
analysis to determine priorities for crack repair.
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