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Abstract

Unmanned aerial vehicles are used in many areas with the developing technology. These
areas are increasing day by day and have met with intense interest due to these
increases. The systems called drone, which is one of the systems that can be controlled
by unmanned aerial vehicles, were first used as both weapons and surveillance
equipment in military areas where there is risk. Along with the developing technology, it
has also been used by many disciplines in civilian areas. It has started to be used in
various application areas with its labor capacity and low cost compared to the classical
photogrammetry method in obtaining high spatial and temporal resolution images in a
short time. UAVs are used in various fields such as the creation of three-dimensional
earth models, high-resolution orthophoto production, transportation network planning,

Published:15.12.2021 land monitoring, determination and monitoring of forest, mine and agricultural areas.
Geometric accuracy in orthophoto maps is of great importance in cartography
applications. It provides the opportunity to obtain many data that can form a basis for
various disciplines. In this study, point cloud, orthophoto, digital elevation model (DEM)
was produced from the images obtained by the unmanned aerial vehicle. Dilution

processes due to point cloud density were carried out.

1. Introduction

With the development of technology and the increase in the demand for unmanned aerial vehicles (UAVs), the
usage areas have expanded and started to attract attention from researchers and scientists. Later, as this interest
attracted the attention of the civilian population, it was able to get rid of its use only in military fields and find the
opportunity to be used in civilian life as well. With the development of technology, it has been realized by
producing more suitable sizes and equipment for civilian users, at low costs. As it has become more affordable and
widely available to civilian users, it has also found wide application for civilian and commercial purposes such as
aerial photography, mapping, and scientific data collection. This has shown the effectiveness of unmanned aerial
vehicles to a great extent in todays and future studies.

UAV is an aircraft that provide manual flight or act autonomously on a predetermined flight plan and return to
the take-off point after completing the mission [1]. Unmanned Aerial Vehicles, also called drones, are classified as
fixed wing and rotary wing according to their flight capabilities. Fixed wing UAVs are generally used for scanning
large areas, and rotary-wing UAVs are used for scanning smaller areas [2].

UAVs, namely drones, help many different disciplines such as forestry, archaeology, documentation and
protection of cultural heritage, wildlife surveys, environmental monitoring, traffic control and regulation,
mapping, transportation, construction, energy fields and pipelines, geological fields, coastal monitoring, landscape
planning, mining, disaster monitoring and prevention, rescue work, agriculture and spraying, deformation
monitoring [3].
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While technical academic studies were carried out on UAVs in the past, it is now becoming a sector. Different
types of studies on UAVs have also begun to take their place in the literature. Titles such as R&D, cost, social ethics,
UAV aviation standards regulations can be given as examples of different titles that have started to be seen in this
field in the literature. Compilation, classification, standardization of terms is important for academic and industrial
studies to progress healthier and easily [4].

The photogrammetric potential of UAVs has been evaluated by applying it in various studies in the recent past.
Itis also used in many applications today. In addition to these studies, research continues to increase the accuracy
of the orthophoto maps and DEMs [5-11].

In line with these developments in UAV photogrammetry, current map production, three-dimensional (3D)
modeling, production, stock and casting area cubage calculations, rock detection, geological mapping, excavation
planning and installation of hyperspectral cameras, alteration and mineral detection in open mines, vertical. The
method is also used in studies such as mapping inaccessible points [12-15].

Images taken with UAVs are transformed into meaningful data by means of appropriate processing software.
By combining the images taken in the software, many useful data such as 3D point cloud, solid model, orthophoto,
digital elevation model (DEM) are obtained. With these data, appropriate disciplines can easily perform the
operations they need. In this study, a mining area was chosen as the study area. 3D model of the mine area, point
cloud, orthophoto, and digital elevation models were obtained. These data were processed in context capture
software by taking photos with the help of an unmanned aerial vehicle. Photos of the working area are DJI brand
Phantom 4 Pro model. With the help of the photographs obtained, data that will serve as a base for many disciplines
have been produced. These data will provide significant convenience in the areas where it is desired to be used.

2. Method
2.1. Unmanned aerial vehicle (UAV)

Unmanned aerial vehicles (UAVs) are pilotless aerial vehicles equipped with digital cameras and, unlike
traditional remote sensing methods, provide high resolution temporal and spatial images at low cost. UAVSs, also
called by different names such as unmanned aerial system, aerial robot, pilotless aircraft, are remotely controlled
aerial vehicles that can carry cameras, sensors and communication equipment.

In other words, unmanned aerial vehicles can be defined as aircraft that automatically fly in the air with the
help of GPS control without the need for a pilot [16]. UAVs are remotely controlled by a pilot on the ground, and
they are vehicles that fly automatically with pre-made flight planning.

2.2. Classification of UAVs

According to the technical specifications of UAVs, it is possible to make two main classifications (according to
their weight, fuel-energy usage source, wing structure, automatic or remote control, etc.) and usage purposes
(military and civil). Classification is given in Figure 1 as a diagram.

2.2.1 According to their weight

These are the classification types based on the maximum take-off mass, the distance that the UAV can perform,
the time it can stay in the air, and the maximum altitude it can reach. Classifications based on one or more of these
parameters in different combinations constitute the majority of classifications on UAVs in total. The reason why
these parameters are widely preferred in classification is based on UAV applications, it is observable, measurable
and functional / operational features [4].

2.2.2 According to the Fuel-Energy source
The fuel system used in this classification is decisive. Pilotless, disposable UAVs, which are fueled during

production at the factory, are the first head for the fuel system. Another topicis UAVs that use a fuel system suitable
for refueling from the ground station, ship deck or any other place.
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Figure 1. UAV classification

2.2.3 According to the wing structure

It is a classification made in two parts as fixed and non-fixed / rotary wing types. In general, fixed wing is
preferred in the design of aircraft and helicopter type UAVs. The variable wing cap can also be divided into three
subheadings such as wing size, wing position and wing form that can change during flight [4].

2.2.4 According to the automatic-remote control

It is an important parameter that distinguishes UAVs from other aircrafts. Considering that pilotless flight is
aimed, the importance of the control system is understood more. When we look at the classifications made
according to this parameter, we can list various control systems in accordance with the technological development
of UAVs: Applications controlled by an operator up to a certain distance from a ground control center are called
"direct control". Another classification is “observed control”. Here, the UAV can act autonomously, may be partially
or completely intervened by a pilot, or observable movement can be achieved with a number of commands. Third,
the incompatible - autonomous control head can be examined. Pilotless and autonomous, that is, independent
movement is provided by pre-programming. What is meant by incompatibility is the inability to go beyond this
pre-programming during the flight. After the programmed flight has started, no strategic change can be made in
the movement or adaptation to external factors occurring during the flight. In the autonomous control system,
which is examined as the fourth title, control is provided by a fully integrated UAV control system without any
operator intervention. Thus, compatibility with external factors or new applications becomes possible [4].

2.2.5. Military

When considered in the broadest sense, military applications can be examined in 3 parts as land, air and sea
applications. Used in military applications; Vehicles that can reach an altitude of 3000-8000 meters, have a take-
off weight of 150-1500 kg, and can stay in the air between 2-48 hours are seen. Military activities are mostly in the
form of control, surveillance and intelligence activities. Apart from these, another field of use in the military field
is work in dangerous groups such as chemical, biological, nuclear and radiological activities.
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2.2.6 Civil

UAVs have started to be used in civil-commercial applications as well as military aviation activities, so they are
easily adapted to daily life and become a current topic for academic studies. It also offers very advantageous
solutions for civilian users. In addition, UAVs are used in many areas such as oil lines, railway lines, control of tall
buildings, agricultural spraying, product yield detection, post-earthquake imaging and many similar areas.

3. Application
3.1. Fieldwork

In this study, DJI Phantom 4 Pro (Figure 2) has been selected in a mountainous, rugged area with a mine. Before
the flight in the application area, pre-flight plans were made by going to the land for exploration purposes.

Within these plans, the establishment of the ground control points (GCPs) to be placed on the land has been
done. GCPs are homogeneously distributed over the land. The dimensions of the GCPs are square and 50x50 cm
long points are used. After the ground control points were determined, the geodetic coordinates of these points
were determined with the Topcon Hiper SR brand GNSS measuring device. A total of 12 GCPs have been
established in the entire area.

Figure 2. DJI Phantom 4 Pro

The flight altitude was determined as 80 m, at the end of the flight, a total of 620 photographs were taken.
Photographs can achieve more accurate image matching with 80% longitudinal and 60% transverse coverage. For
this reason, all flights in the study area were carried out by considering the mentioned cover rate. In addition, all
flights in the study area were completed on the same day and as soon as possible, minimizing the effect of sunlight.
And the photos were uploaded to digital media for processing [17].

3.2. Office work

After the land operations were completed, the images taken were transferred to the computer environment
and made ready for processing. Before transferring to the appropriate modeling software, the captured images
should be checked for points to be considered. If there are corrupted photos, they should be removed in order not
to affect the quality of the model to be created. After the photos were checked, they were transferred to the context
capture software, which is a 3D modeling software.

The software models photos according to the Structure from Motion (SfM) principle. Structure From Motion
(SfM) photogrammetric image matching algorithm, which was developed to predict three-dimensional 3D
structures from the combination of local motion signals and two-dimensional image sequences, is the basic
principle of new generation and widely used cloud-based image matching software [18-20].

The 3D model of the land was obtained by processing the photographs with the software. In addition to this,
point cloud, orthophoto of the supply, digital elevation model and map were drawn. These data form significant
bases for many studies. Thanks to these data, coordinate values can be obtained from the desired location of the
land thanks to the land slope height information, 3D model and point cloud, and thanks to the coordinated model.
Considering the mining area in the field, many data such as volume calculation can be obtained based on the
excavations carried out in this area.
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3.3.Product information
3.3.1. Point cloud

The point cloud cluster (Point Cloud Library) has a data structure that contains multidimensional data. Point
clouds are generally used to represent three-dimensional data, which consists of x, y, and z coordinates. In
particular, the z-coordinate only records the distance of the camera from the object surface according to the depth.
Point data is mostly used to show the outer surface of some objects. Each point in the point cloud can contain
normal direction or color data as well as geometric coordinates. As this data is added to points, cloud sizes increase.
When RGB color data is added to a three-dimensional point cloud, this cloud can now be six-dimensional [21].

3.3.2. Orthophoto

It can be defined as the name given to orthophoto images on which map edge information, grids, contour lines,
place and position names and similar cartographic information are added. It is a photo map produced in standard
or random scales by combining orthophoto image particles, obtained by adding contour curves, height
information, map edge information on the orthophoto images obtained by eliminating the errors caused by the
curvature effects and height differences (relief shift) in the images. In the production of orthophoto maps,
combined operations such as photographic edge enhancement, color separation or a combination of these can also
be applied as special cartographic operations. Orthophoto maps; It is widely used by the relevant institutions in
national security projects as well as in the renewal /updating of the cadastre, urban transformation/zoning project
base, agriculture, forest, disaster management information systems such as geographic information system and
decision support projects.

3.3.3. Digital elevation model (DEM)

Digital surface model is a surface where all objects are included, besides the plain land surface, obtained from
the location and height information of the earth, vegetation, trees, buildings [22-23]. When the flight height is less,
the DEM will be obtained with more resolution [24]. Until now, too many scholars used UAV technology to obtain
DEM. Many engineering projects such as landslide site [25-26], rockfall site [27], shoreline detection [28], cultural
heritage modelling [29-30] and pond volume measurement [31] have been solved with this technology.

4. Results

Before the flight operation with an unmanned aerial vehicle in the field studies, land exploration and
establishment of ground control points of the area to be flown were carried out. Then, the geodetic coordinates of
the ground control points were measured with the GPS/GNSS instrument. These coordinates were used in
combining the photos obtained from the unmanned aerial vehicle via software and converting them to the country
coordinate system. These data allowed to take measurements with real coordinates on the supply. Photos were
processed in context capture software. The photographs were taken from 80 m height and the overlay ratios were
determined as 80-60%.

As a result, point cloud (Figure 3 and Figure 4), orthophoto (Figure 5) and digital elevation model (Figure 6)
were created in the country coordinate system from the photographs, which were completed by means of software
in the office environment. The data obtained will provide convenience when there is a desired measurement in
the future due to the land roughness and from the mine located in the land. With the point cloud, many studies
such as volume calculation of the area to be excavated on the mine site and elevation differences can be easily
performed.
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Figure 4. Mine excavation site point cloud
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Figure 6. 2D and 3D Digital elevation model

7. Conclusion

The possibility of reaching inaccessible or dangerous areas without putting anyone in dangerous situations or
dangerous areas with low cost and risk has led researchers to unmanned aerial vehicles as an alternative to
classical aerial photogrammetry. In this study, three-dimensional modeling and orthophoto maps were obtained
from the study of unmanned aerial vehicles. The position error of the products obtained as a result of the study
was calculated as # 3.1 cm on average, and the height error was calculated as * 8.6 cm on average.
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In obtaining three-dimensional models, it is important to take vertical pictures as well as oblique pictures.
Height accuracy was therefore higher than position accuracy. It has been concluded that compared to conventional
aerial photogrammetry, baseline maps of small areas, digital terrain models, digital elevation models and
orthophoto maps used by many disciplines can be produced in a shorter time and more economically, with
appropriate position and altitude errors, by using Unmanned Aerial Vehicles.

Thanks to the aerial imaging and measurement systems with the unmanned aerial vehicle, the desired data can
be collected in all kinds of terrain conditions, both sensitively and in a short time. While drones can generate data
that takes a few hours, people using traditional methods need days, weeks, or months depending on their
workload. In addition to these advantages of the use of UAVs in mining, the data generated by the UAV is
comprehensive, sensitive and can be analyzed in many ways as it provides digital transmission.

The obtained point cloud, orthophoto and digital elevation models will have many working bases. In addition
to geodetic measurements, it has been seen that it can be done in difficult terrain conditions more easily and in a
short time without requiring much labor.
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