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Keywords Abstract
UAV Rural areas are areas that are surrounded by high mountains and are very rough and
Rural area mapping therefore transportation is insufficient. The measurement of these areas has also caused
Accuracy assessment it to be time consuming and costly. With the development of technology, the rapid
development of Unmanned Aerial Vehicles (UAV) technology has begun to be used not
Research Article only in the military field, but also in the civilian fields. One of these areas was rural areas.
Received: 25.05.2022 In this study, the measurement of the mine field in the rural area was made by the UAV
Revised: 23.06.2022 photogrammetry method and Digital Elevation Model (DEM) and Ortomosaic were
Accepted: 28.06.2022 produced. Accuracy analysis was carried out with the control points measured in the
Published: 30.06.2022 field on these produced maps. In this direction, it has been concluded that UAV

technology can be used in rural areas.

1. Introduction

The environments where economic activities are based on the evaluation of natural resources, where face-to-
face relations are relatively more common, where the rules of life are largely shaped according to traditions and
customs, where technical and technological developments and economic, social and cultural developments take
place more slowly and therefore with a delay are called rural areas. Obtaining 3D location data is difficult in terms
of time and cost when it comes to rural areas, hard-to-reach areas and large areas in terms of surface area [1-3].

Traditional methods have been used to obtain 3D location data until today. However, these methods, especially
in rural areas, have affected the accessibility of high mountains, which show significant changes in sudden changes
in land heights, but have a negative impact on accessibility [4-5].

With the development of technology, the rapid development of Unmanned Aerial Vehicles (UAV) technology
has begun to be used not only in military fields but also in various civilian fields. One of these areas was rural areas.
Studies such as mapping rural areas, topographic mapping of the earth, monitoring and planning of mining
operations, and determination of forestry and forest areas have begun to be carried out using UAV technologies
[6-7].

With UAVs, which is a remote sensing technology, it is possible to obtain high resolution data in a short time
with less labor and with comprehensive analysis. Images of a work area are taken by equipping UAVs with sensors
suitable for the work to be done, and data processing can be done with many software [8-9].

The mapping of rural areas with the help of UAV technology is carried out with the UAV Photogrammetry
method, which is considered a sub-science of photogrammetry. UAV photogrammetry is generally a
photogrammetry process using photographs taken with a camera integrated into an aircraft [10-11].

While providing more flexibility with UAVs compared to traditional data collection methods, less time is spent
in the working area and also provides significant cost advantages. In addition, thanks to the Global Navigation
Satellite Systems (GNSS) integrated into the new type of UAVs, the latitude, longitude and height information of
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the pictures taken are among the advantages of this system. In addition, the presence of a GNSS module and the
ability to take pictures automatically with these UAVs contribute to a significant reduction in distortion
(translation, rotation and offset). Moreover, the data obtained by UAVs with their low altitude flight capability and
advanced technical imaging systems contain significantly higher resolution and much more detailed information
compared to the data obtained from satellite images and manned aircraft [12-15].

There are many open source and commercial software that works integrated with UAV photogrammetry. Many
of these software is based on Structure from motion (SfM) proprietary algorithms. SfM is a photogrammetric
imaging technique used to predict 3D structures from arrays of two-dimensional (2D) images. In the SfM method,
3D structures are created from a series of overlapping frames. SfM in a short time; It has had a transformative
impact on geoscience research, providing extraordinarily fast, cost-effective and easy 3D measurements [16-19].
The reason for this is that the SfM technique also offers the possibility of integrating photographs taken from
different shooting platforms, both terrestrial and aerial, if certain working methods are followed. The main
difference between traditional stereoscopic photogrammetry and the SfM method is that the calculations required
to obtain the precise position of a point in 3D space are fully automated and precise positioning of the cameras is
not required [20-23].

In a study by Lee & Choi [16], 89 photos were obtained by flying autonomously for 30 minutes at 100 m altitude
using a rotary wing UAV (DJI Phantom 2 Vision). A digital surface model Digital Elevation Model (DEM) was created
by processing the collected data. Comparison of the X, Y, Z coordinates of the five ground control points (GCP)
measured by the Differential Global Navigation Satellite Systems with those determined by UAV photogrammetry
shows that there is a mean square error of about 10 cm. At the end of this study, they reported that rotary vane
UAV photogrammetry can be effectively used as a technology that can replace or complement existing topographic
measurement equipment in open pit mines [24-26].

Dogruluk et al. [24]| examined the performance analyzes of filtering methods from DEM production in rural
areas. Collecting control points with field measurements for absolute accuracy assessment of filtering results
contributed significantly to the results of the study. In addition, it was emphasized that the use of high-resolution
optical images of the study area would be meaningful in terms of allowing different methods to be used in accuracy
analysis [27].

Akgul etal. [25] carried out DEM production of forest areas with UAV photogrammetry. It has been emphasized
that UAVs are an important tool that will contribute to high-precision studies for forestry studies, since more
sensitive data such as Lidar data of forest areas are not yet available or widespread [28-30].

In this study, UAV Photogrammetry of the open mining area, which is one of the rural areas, produced DEM and
orthomosaic maps and the accuracy of these maps was examined.

2. Material and Method

A rural area belonging to the province of Burdur, shown in Figure 1, was chosen as the study area. The reason
for choosing this region is that it is a rural area far from the city center, difficult to reach and not easily accessible.
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Figure 1. Location map of the study area where the rural area is located
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2.1. Data collecting

In this section, 30 control points (CP) points were established in the rural area. At these CP, 18 were used as
GCP and 12 as checkpoints (ChP). These points were measured with the Topcon GR5 Global Navigation Satellite
Systems (GNSS) rover in the ITRF96 datum system (Figure 2).
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Figure 2. Distribution of GCP and ChP to study area

Phantom 3 PRO brand UAV and integrated ground control systems were used as a flying carrier platform for
generating DEM data and taking high-sensitivity images (Figure 3). The photographs were obtained from different
angles and overlapped from a height of 30 m. In Table 1, the technical specifications of the UAV are given.
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Figure 3. Phantom 3 Pro UAV

Table 1. Phantom 3 Pro UAV

Features Value

weight

Maximum Takeoff Speed 5m/s
Minimum Takeoff Speed 3m/s
Maximum Speed 16 m/s
Maximum Tilt Angle 350

Satellite Positioning Systems GNSS/GLONASS
Sensor size 1/2.3”

Lens 20 mm

2.2, Data Processing

Agisoft Metashape software was used for photogrammetric evaluation. First, the GCP points measured in the
field were transferred to the software and the photographs were marked. Then, 3D modeling was done in Agisoft
Metashape software. As a result of the study, orthomosaic map and DEM map of the study area were produced
(Figure 4).
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(a)
Figure 4. a) Orthomosaic map of the study area, b) DEM map of the study area

2.3. Accuracy Assessment

18 GCP and 12 ChP were homogeneously established in the study area. The coordinates of these points were
measured by GNSS rover. These coordinates are accepted as reference coordinates. Square mean error equations
were used in the accuracy analysis. The accuracy of the photogrammetric project was calculated using control
points not used in georeferencing [19-20-21]. In this context, orthomosaic and DEM control points were defined
and their coordinates were compared with the GNSS coordinates examined, and RMSE,, RMSE,,, RMSE, horizontal

970m

950 m

940m

930m

920m

910m

$90m

879m

(b)

accuracy measures were obtained as defined in the equations given below:

Vx,y,zi =XY, ZChPi -X7Y, ZGNSSL-

[Vv]
n—1

RMSE,,,, = +

(1)

(2)

Table 2. Error-values and RMSE of ChPs

ChP VxVx VyVy VzVz
1 8.10 11.50 15.20
2 3.60 4.80 14.50
3 9.30 12.80 21.00
4 8.70 9.20 19.00
5 8.60 9.80 18.70
6 6.90 5.80 16.40
7 11.60 8.70 21.80
8 7.90 11.80 17.80
9 8.00 5.20 11.80
10 11.80 4.80 23.80
11 13.10 14.70 5.70

12 4.20 7.80 8.70

RMSE 3.04 3.12 4.20
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In line with these data, the mean position errors in the X, y and z coordinates of the digital map produced using
the UAV photogrammetry technique were found to be +3.04, +3.12, and +4.20 cm, respectively.

3. Discussion and Conclusion

This study showed that this is readily possible with UAV photogrammetry technology in rural areas. UAVs can
be used without problems on such terrain. UAVs allow practical, very fast, accurate, and cost-effective
measurements in difficult and impassable terrain conditions. The 3D model was created in a short time. It provides
a highly practical solution for monitoring mining area progress, identifying discrepancies, making good decisions
for the future, and planning in light of those decisions. Examining the accuracy of the output products produced at
the same time indicates that they can be used within the scope of the study.
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