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Abstract

Maintenance and rehabilitation of the road are very serious actions. Therefore, road
conditions should be inspected accurately before taking these actions. Manual and visual
inspection in the field is the traditionally used method to monitor road conditions.
However, it is time-consuming, labor-intense and costly. In addition, the traditional
inspection method is unsafe directly for the inspectors and indirectly for primary users of
the road, such as pedestrians and drivers. In this study, the unmanned aerial vehicle (UAV)
was used to inspect the road condition. UAV technology is becoming a valuable tool for
collecting data efficiently and accurately. The proposed method involved three steps. First,
several images were acquired from a UAV flight. Then, these images were used to generate
a three-dimensional (3D) point cloud, digital surface model and orthomosaic. Finally, road
distresses were detected and measured from two-dimensional (2D) and 3D data. The
measurements obtained from the proposed methodology were compared against the
measurements obtained from the traditional inspection method. It was found that both
measurements produced similar results. In conclusion, the use of the UAV measurement
technique was found to be suitable for detecting road distress. Given the advantages of
the proposed methodology, it can also be inferred that UAVs can be used instead of the
traditional inspection method.
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Ozet

Yolun bakimi ve iyilestirilmesi cok dnemli eylemlerdir. Bu nedenle, bu eylemler yapiimadan
once yol kosullari dogru bir sekilde incelenmelidir. Arazideki manuel ve gérsel olarak
yapilan inceleme, yol durumunu izlemek igin geleneksel olarak kullanilan yéntemdir.
Ancak, bu, zaman alici, yogun emek isteyen ve maliyetli bir yéntemdir. Buna ek olarak,
geleneksel inceleme ydntemi sadece denetleyiciler igin degil ayni zamanda yayalar ve
sdrtictiler gibi yolun birincil kullanicilari igin de giivenlik problemi olusturur. Bu ¢alismada,
yol durumunun incelenmesi icin insansiz hava araci (IHA) kullaniimaktadir. IHA teknolojisi,
verileri verimli ve dodru bir sekilde toplamak igcin 6nemli bir ara¢ haline gelmektedir.
Onerilen yéntem iic adimdan olusur. ilk olarak, iHA ucusundan bircok gériintii elde edilir.
Daha sonra, gériintiiler, li¢ boyutlu (3B) nokta bulutu, sayisal yiizey modeli ve ortomozaik
olusturmak igin kullanilir. Son olarak, iki boyutlu (2B) ve 3B verilerden yol bozukluklari
tespit edilir ve élciiliir. Onerilen metodolojiden elde edilen éiciiler, geleneksel inceleme
ybénteminden alinan 6lgiilerle karsilastirilmistir. Her iki 6l¢iimden de nispeten benzer
sonuglar elde edilmistir. Sonug olarak, IHA élciim tekniginin kullanimi yol bozukluklarini
tespit etmek igin uygundur. Onerilen yéntemin avantajlari géz 6éniine alindidinda,
geleneksel inceleme yéntemi yerine iHA'nin kullanilabilecedi sonucuna varmak olduk¢a
glivenilirdir.

Anahtar kelimeler: IHA, SYM,Ortomozaik, Yol bozukluklari, Tekerlek izi, Cukur
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1. Introduction

Imaging and analysis studies with unmanned aircraft vehicle (UAV) are carried out by different disciplines such as
agricultural applications, urban mapping, topographic mapping, mining, coastal management, forestry and many other
disciplines (Bugday, 2018; Doshi et al., 2015; Feng et al., 2015; Gulci, 2019; Johansen et al., 2019; Ochoa and Guo, 2019;
Pijl et al., 2019; Tomastik et al., 2019). Besides, current practices and regulations for civil engineering are summarized
by Yildizel and Calis (2019). Thus, UAV systems become a valuable supporting tool for researchers and practitioners who
deal with problems in many fields in fast decision-making, maintenance, and improvement of the applications. One of
the areas that lately starts to use UAV technology is transportation engineering. Maintenance and rehabilitation of the
road are very serious activities and the compressive data collections regarding the condition of the road are necessary
to decide whether or not these actions are needed.

Traditionally, an assigned person goes out there and monitor the condition of the road. However, the traditional
inspection methods are time-consuming, labor-intense and unsafe not only for drivers but also for other users of the
road (Kim and Ryu, 2014; Saad and Tahar, 2019; Tan and Li, 2019). Today, some major software and application
developers promote some civilian mobile applications. Users of the road provide information about road conditions,
thanks to these mobile applications (Saad and Tahar, 2019). However, this information is limited and does not provide
detailed information regarding road conditions. Over the years, new technologies and approaches are also introduced
to inspect road conditions more effectively (Kim and Ryu, 2014).

Road inspection methods can be classified into three methods, namely, vibration-based method, two-dimensional
(2D) image-based method and three-dimensional (3D) model-based method. In the vibration-based method, vibration
due to road roughness is analysed in real-time. However, complete detail of the road is not inspected and the equipment
for this method is costly (Eriksson et al., 2008). In the 2D image-based method, several images are processed by
traditional image processing algorithms to inspect road conditions. Similarly, several technologies such as laser scanner,
Kinect sensor and stereo vision are used to produce a 3D model of the road surface to inspect road conditions (Gezero
and Antunes, 2019; Neupane and Gharaibeh, 2019). However, these methods are very expensive and require a long
post-processing time (Kim and Ryu, 2014; Yadav and Singh, 2018).

UAV technology is also introduced to monitor road conditions. Several studies produce 3D models of road surfaces
using UAVs. Zhang (2008) proposed a strategy for monitoring unpaved road conditions and developed a UAV based
remote sensing system for obtaining road image and collecting road condition parameters. Inzerillo et al. (2018)
proposed a semi-automated technique for diagnosing the road pavement distress with the use of structure from motion
(SfM). Saad and Tahar (2019) and Tan and Li (2019) also developed a 3D model of the road surface from UAV images
and then they used a software to detect road distress in the paved road. The authors stated that the proposed
approaches are convienent to inspect road conditions.

In this study, we focus on the detection of road distress namely, rut and pothole on the paved road surface from
point clouds, digital surface model (DSM) and orthomosaic obtained by UAV images. The main objective and
contribution of this study are to inspect road condition using 3D model produced from low-cost UAV systems. The
advantage of this approach over traditional inspection methods is that it is performed in normal traffic flow.

The remainder of the study is organized as follows. First, the study area is presented. Then, the proposed
methodology is summarized. The results are discussed in the next section. Finally, the conclusion and final remarks are
summarized in the last section.

2. Study Area

The study area is located in Artvin, Turkey. Figure 1 presents the study area and the location of the selected road. The
local road that connects Artvin Coruh University Seyitler Campus and several areas such as the biggest high school in
Artvin, a large-extent housing area and main Police Station etc. was selected. The inspected road, which was
approximately 100 meters long, included several potholes and ruts.
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Figure 1. a) Location of the study area and b) selected road presented on the orthomosaic

3. Material and Methods

This study comprised four basi steps. The first step is to make traditional measurements in the field to which the
proposed UAV-based method was compared. The next three steps are related to the proposed methodology in this
study. Firstly, a UAV flight was conducted over the study area to capture the complete detail of the study area. Then,
the images obtained from the flight were processed through an image processing software to generate
photogrammetric products. The image processing step involved image alignment (initial processing), dense point cloud
generation (point cloud and mesh), DSM and orthomosaic production (DSM- DTM and orthomosaic), as seen in Figure
2. In the last step, several road distresses were detected and measured from orthomosaic and DSM data using Global
Mapper Software.
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Figure 2. The overall methodology and image processing flowchart
3.1. UAV Device and Data Acquisition

DJI Phantom 4 RTK (P4RTK) mini UAV was used to investigate the selected road in this study. It is a low weight platform
of 1391 g and has a flight time of about 25-30 minutes. It uses GPS, GLONASS, BeiDou and Galileo positioning systems.
The camera of UAV has a 20 M CMOS sensor that offers 5472 x 3648 image resolution (Peppa et al., 2019). Ground
sampling distance (GSD) is calculated as H/36.5 cm per pixel, where H denotes flying altitudes in the meter unit. The
average flight altitude was around 5.5 m. It was important to capture images close to the ground to produce high-
resolution data. Extra attention was paid not to fly close to the wires, buildings and vehicles in the flight area.

The production of photogrammetric data from UAVs is a preferred technology today. Thus, a wide range of software
has been developed for flight planning, monitoring and communication between the operator and the UAV.
Furthermore, automatic flight software do not require human control except for security reasons. Operation plans are
prepared by selecting the region whose map will be produced. Then, the overlap and flight heights are set in parallel to
the demand for high-resolution data.

In order to improve the image alignment accuracy and to acquire a detailed point cloud, in addition to the nadir
(vertical) image, oblique image capturing can be performed. Figure 3 summarizes image acquisition types, which can be
done with the UAV. The nadir direction image means that the direction of the lens is perpendicular to the ground or
object. In this study, the oblique images were captured by adjusting the camera angle to 60° degrees. Therefore, several
images that give great detail condition of the road were obtained.

Since Fixed ground control point (GCP) marking method requires intense labor, it is not preferred in this study.
Instead of indirect georeferencing of the reconstructed model, direct georeferencing methods is preferred. To do that,
the images must always be geotagged with the GNSS/INS (Global navigational satellite systems and inertial
measurement unit) data for the camera location and orientation of each image.
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Figure 3. Image acquisition types: vertical and oblique images
3.2. UAV Data Process

For 3D modeling, different software packages that follow the standard structure from motion (SfM) workflow of oblique
images and nadir direction images have been used in many studies Javernick et al. 2014). Some of the widespread SfM
software packages are the Agisoft Metashape, Pix4DMapper, 3Df Zephyr, SURE, MicMac (MM), VisualSFM (VSFM), and
ContextCapture. There are differences in the agorithims used in these softwares, specifically in image processing and
matching step as well as some parameter setting. However, most of the software produce similar results in the
alignment of the images, the production of dense point clouds, and the generation of a triangulated network in DEM
and orthomosaic. In general, the only input data required by these software to perform 3D model generation are
acquired images. If GCPs or GNSS/IMU data are available, this data contributes to the positioning of the generated maps.

In the study, the Pix4DMapper (www.pix4d.com) software was used to process acquired UAV images. In the first
part of the 3D reconstruction process, the software prepares the images to match extracted features for bundle block
adjustment using variations of the Scale Invariant Feature Transformation (SIFT) algorithm (Lowe, 2004).

Subsequently, the image locations and orientations are determined in the bundle block adjustment by evaluating
the detected and matched key points after the image alignment process. Multi-view stereo (MVS) algorithms are used
to produce detailed object surface geometries in high-dense 3D point cloud and triangular mesh models. Different
algorithms are implemented in different software and these software do not provide detailed information on this step
since they are commercial software. However, the semi-global matching (SGM) based stereo method is commonly used
to achieve accurate, pixel-based matching with high stability. With the Pix4DMapper software, more than 20 million
points were reconstructed in the dense point cloud production step.

Since the orthomosaic is a 2D map, the orthomosaic generation is different from photo stitching. Each pixel on this
map contains the location and RGB color information. The orthomosaic has a uniform scale. Thus, 2D measurements,
such as distance and area on the orthomosaics are possible. It does not contain camera distortion and therefore, it
corrects the different scales based on the distance. The orthomosaic production is based on the orthorectification
process, which uses undistorted images and DSM data.

3.3. Detection and Measurement of Road Distress

It is possible to measure the surface distress from any computer-aided design (CAD) or geographical information system
(GIS) based software. In this study, the Global Mapper software was used to detect several ruts and potholes. Then, the
features of ruts and potholes on the road surface were measured on a 3D DSM and 2D orthomosaics.
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Four different features, namely, diameter, perimeter, length and depth were measured using the Global Mapper
Software. Specifically, diameter, perimeter and depth were used for four potholes while length and depth were used
for ruts. Firstly, a polygon was drawn manually on the 3D model and 2D orthomosaic for the detection of the pothole
as shown in Figure 4. Then, the perimeter of the pothole was calculated as the sum of the length of each line that
encloses the polygon. The diameter of the pothole was also measured as the maximum distance from one corner to
another. In addition, the length of the rut was measured as the maximum distance with road distress.The depth of the
potholes and ruts were calculated from the DSM profiles as shown in Figure 5 and Figure 6, respectively. In these figures,
yellow lines represent the direction of profile. Road slope should be taken into account when taking the direction of
profile. For this, it is possible to benefit from the contour lines. Thus, the profile following the contour line is taken and
the slope factor is eliminated. Rut and pothole depths on the profile were obtained more accurately.

609.63 m

609.50 m

608.50 m

608.25m

608.14 m

050m 075m 100m

Figure 4. a) DSM and b) orthomosaic based pothole measurements
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Figure 5. Pothole detection and measurement
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Figure 6. a) Rut length, b) profile perpendicular to the slope of the road and c) depth measurement on profile
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4. Results and Discussions

Four potholes and seven ruts were detected in the study area. Four measures, namely diameter, length, perimeter and
depth were measured manually in the field using a ruler and tape meter. The measures obtained from both field and
Global Mapper Software are presented in Table 1. In addition, the accuracy assessment was conducted to compare the
measurements obtained from the field and Global Mapper Software. Equation 1 shows the error (E) between two types
of measurements.

E=M Software M Field (1)

where Mg .o IS @ measurement obtained using the Global Mapper Software and |\/|,:ield is a measurement

obtained from field inspection. A positive error value means that the measurements obtained from the Global Mapper
Software are greater than the measurements from field inspection while a negative error value means that the
measurements obtained from the Global Mapper Software are lower than the measurements from field inspection.
Zero error value is obtained when two types of measurements are equal to each other.

Table 1. Differences between measurements from field inspection and from the Global Mapper Software for
diameter, length, perimeter and depth of the road distress.

Road Distress  Road Distress DlameteErr(rr:r) Error LengthE(rr?gr Error
ID Type Field UAV (m) (%) Field UAV (m) (%)

Distress 1 Rut - - - - 9.200 8.895 -0.305 -0.033
Distress 2 Pothole 4420 4.411 -0.009 -0.002 - - - -
Distress 3 Rut - - - - 1.800 1.748 -0.052 -0.029
Distress 4 Rut - - - - 4400 4.201 -0.199 -0.045
Distress 5 Rut - - - - 3.400 3.350 -0.050 -0.015
Distress 6 Pothole 1.030 1.015 -0.015 -0.015 - - - -
Distress 7 Pothole 0.890 0.893 0.003 0.003 - - - -
Distress 8 Pothole 0.760 0.761 0.001 0.001 - - - -
Distress 9 Rut - - - - 6.500 6.345 -0.155 -0.024
Distress 10 Rut - - - - 1.900 1.946 0.046 0.024
Distress 11 Rut - - - - 9.900 9564 -0.336 -0.034

Road Distress  Road Distress Perlmettlazrrig}) Error Depth érrT:z)r Error

ID Type Field UAV (m) %) Field UAV (m) (%)

Distress 1 Rut - - - - 0.092 0.093 0.001 0.011
Distress 2 Pothole 6.550 6.250 -0.300 -0.046 0.094 0.088 -0.006 -0.064
Distress 3 Rut - - - - 0.035 0.072 0.037 1.057
Distress 4 Rut - - - - 0.111 0.104 -0.007 -0.063
Distress 5 Rut - - - - 0.040 0.035 -0.005 -0.125
Distress 6 Pothole 3.280 2.958 -0.322 -0.098 0.077 0.074 -0.003 -0.039
Distress 7 Pothole 2720 2.854 0.134 0.049 0.079 0.092 0.013 0.165
Distress 8 Pothole 2.250 2514 0.264 0.117 0.069 0.065 -0.004 -0.058
Distress 9 Rut - - - - 0.091 0.092 0.001 0.011
Distress 10 Rut - - - - 0.030 0.044 0.014 0.467
Distress 11 Rut - - - - 0.060 0.072 0.012 0.200

When it comes to diameter, the error between two types of measurements ranges from 0.1 cm to 1.5 cm. These
errors are considered small when taking into account the advantages of using the Global Mapper Software over field
inspection. Similarly, a range from 0.1 cm to 3.7 cm was obtained when measuring the depth, which is also considered
small. On the other hand, the errors are higher for length and perimeter. Specifically, a range from 2.0 cm to 15.5 cm
was obtained for length and a range from 13.4 cm to 32.2 cm was obtained for the perimeter. It is most likely to have
human-error in field inspection. For example, the shapes of the four potholes are irregular. It is hard to detect the
boundary of these potholes in field, which leads to relatively higher human-error.
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To assess the differences between two types of measurements, the root mean square error (RMSE) is also reported in
Table 2. RMSE is defined as the following equation;

N
Z (M Software M Field )2

RMSE =4[ (2)
N-1

where N is the number of observation and Mg, .. and M4 are described as above.

Table 2. The root mean square error (RMSE) for diameter, length, perimeter and depth of the road distress

Sample Size (N) RMSE

Diameter 4 0.010
Length 7 0.076
Perimeter 4 0.301
Depth 11 0.009

These RMSE values were also consistent with the conclusions above. Smaller RMSE values were obtained when
measuring the diameter, length and depth while larger RMSE values were obtained for the perimeter.

In addition to these discussions, a commonly used hypothesis test, so called t-test, was applied to statistically testing
whether the mean of the differences between two types of measurements is equal to zero. The null hypothesis, Hp and
alternative hypothesis, Ha are as follows;

HO : zuerror = O

. 3)
HA ) /uerror # O

where U, is the mean of the differences between two types of measurements. The null hypothesis is rejected

when the absolute value of the test statistic |tiest| is greater than or equal to the critical t-value. The t-test results are
shown in Table 3 for four different scenarios. For example, the four errors obtained when measuring diameters were
used for the t-test. The test statistic |test| is 1.1785 and the critical t-value is 2.7764 at 5% significance level. Since the
test statistic is higher than the critical t-value, the null hypothesis is refused to reject. t-test is refused to reject for all
scenarios. This means that both measurement types produce statistically similar results.

Table 3. The t-test results at 5% significance level

| teest | Critical t values Decision
Diameter 1.1785 2.7764 Refuse to reject null
Length 0.599 2.3646 Refuse to reject null
Perimeter 0.3525 2.7764 Refuse to reject null
Depth 1.2047 2.201 Refuse to reject null

The observations show that the measurements obtained using the Global Mapper Software are similar to those
obtained from the traditional inspection method. In addition, the errors obtained in this study are similar to those
obtained by Saad and Tahar (2019) and Tan and Li (2019). Given the advantages of using the Global Mapper Software
over the traditional inspection method, it can be concluded that the Global Mapper Software produces reasonable
measurements and they can be used instead of the traditional inspection method.
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5. Conclusion

In transportation engineering, road condition inspection is a challenging process and requires a complete detailed
picture of the road before taking maintenance or rehabilitation actions. However, traditional inspection methods are
time-consuming, labor-intensive and unsafe for all users of the road.

UAV is a lately growing technology used in many fields, including transportation engineering. This study used the
UAV data to detect road distress. Specifically, UAV was operated over the study area to evaluate the road condition
through several images. Then, the Pix4dDMapper software, a commercial image processing software, was used to
produce the photogrammetric products. The image processing step involved image alignment, dense point cloud
generation, DSM and orthomosaic production. Finally, several road distresses were detected and measured from the
orthomosaic and DSM data using the GIS-based Global Mapper Software.

The measurements obtained from the Global Mapper Software were compared against the measurements from the
traditional inspection method. It was found that both measurements produced relatively similar results.

We can conclude that the use of the UAV measurement technique is suitable for detecting potholes and ruts on the
road surface. With the help of UAV images, detailed information about the road surface can be obtained from 2D and
3D data. In addition, it is easier to determine the ruts and potholes on the road surface in the office environment than
to measure in the field because 3D model production is automatic, fast, safe and high resolution.
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