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ABSTRACT

Background: Mining has a long history and significantly impacts national economies, but it also 
causes considerable environmental damage. Forest areas are particularly affected, and sustainable 
management practices are essential for natural resource utilization. Effective rehabilitation of open-
pit mining sites is crucial before, during, and after mining operations This study focuses on the 
rehabilitation process of an open-pit mining site located at the boundary of mountainous forest 
areas. Landform (slope geometries) measurements and boundary checks were conducted using 
the UAV-based PPK method. UAV flights were conducted at two different times over a period of 
approximately seven months. Orthophoto images and DEMs from both flights were used to measure 
slope width, height, and angle, and to monitor boundary violations during the rehabilitation process. 
The calculation of slope geometry values was performed using ArcGIS software. 
Results: Results indicate that the quarry area expanded by 1,044 m², its perimeter increased by 25 
meters, and the slope grade changed over the seven months. According to the results of the first 
and second flights, the average slope width, height, and angle were 7.39 m, 12.45 m, and 83.46°, 
respectively, in the first flight, and 16.09 m, 13.33 m, and 40.48°, respectively, in the second flight. 
Additionally, no boundary violations of the quarry were detected.
Conclusions: The UAV-based PPK method effectively prevented data loss in rugged and difficult-
to-access quarry areas. This study demonstrates that public administration can use UAV systems to 
monitor and control rehabilitation works during and after mining activities.

Keywords: Rehabilitation; PPK Mode; Slope Geometry; Field Survey; Türkiye.

HIGHLIGHTS

The geometry of the quarry in the rehabilitation process was easily measured with UAV.
In 7 months, the quarry area has expanded by 1044 m² and its perimeter by 25 m.
The results were not consistent with the required rehabilitation values.
By using the UAV-based PPK method, data losses in difficult areas were prevented.
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INTRODUCTION

With the increase in the human population in the 
world, an increase in the consumption of natural resources 
is also observed (Kalaycı and Uzun, 2017; Özşahin et 
al., 2018). The principle of sustainability is taken into 
consideration in the management and utilization of natural 
resources and requires observations and measurements to 
be made at certain time intervals. These observations and 
measurements can cover a wide range of interdisciplinary 
research involving economic, ecological and social balances 
(Carabassa et al., 2019; Gann et al., 2019; WBCSD, 2019). 

Open-pit mining, or in other words, surface mining, 
is a type of production applied in areas where the ore is 
located close to the surface of the earth, in order to extract 
it economically by removing the cover layer on the mine 
when necessary. The spread and size of the ore close to the 
surface have enabled open-pit mining to diversify within itself. 
(MEUCC, 2020). In the open-pit mining method, the activities 
can be listed as preparing the surface by removing vegetation 
and topsoil, breaking the rock layers or breaking them with 
the help of explosives, loading the cover layer and removing 
it from the land, and extracting the mine and removing it 
from the land (Kalaycı and Uzun, 2016). Although mining 
operations have a great contribution to national economies, 
it is widely recognized that they also have major and various 
negative impacts on the environment. These impacts include 
loss of productive forest and soil, sinkhole formation, loss of 
biodiversity, pollution of groundwater, etc. (Zhu et al., 2020). 

Restoration works for the reorganization and 
improvement of the nature disturbed by mining activities 
include a series of planning and implementation works before, 
during, and after the operation. Post-operational nature 
restoration can be realized through the planned and sequential 
implementation of reclamation, rehabilitation, monitoring, and 
inspection works (Ulusoy and Ayaşlıgil, 2012). Rehabilitation 
works generally include landform, soil, and vegetation works 
(Kalaycı and Uzun, 2016). Areas disturbed as a result of mining 
activities are used for original land use, forest, agriculture, 
recreation, nature conservation and wildlife, residential and 
industrial uses, special reserves, solid waste and rubble storage 
areas, etc. (Topay et al., 2007; Bangian et al., 2012).

Many geotechnical applications, including civil 
works, are carried out in mining sites for the purpose of 
operation, and the natural soil structure and soil cover are 
changed. Measures are taken in different categories in 
order to reduce or improve the negative impacts that may 
occur at the boundaries of the land where surface mining is 
carried out and in the immediate vicinity (Festin et al., 2019). 
Stabilization of excavation slopes resulting from surface 
mining has an important place in engineering science. 
Slopes may fail by falling, overturning, sliding, spreading, 
yielding, or combining types of stability (Özgenoğlu, 1986). 
In the areas where the materials generated during and 
after surface mining activities are stored or in the slopes 
created; the material forming the slope cannot resist gravity 
and moves downwards. Natural or artificial reinstatement 
of sites whose stability effects have been reduced and 
whose natural structure has been disturbed (Pratiwi et al., 

2021). Thus, the factors affecting stability are eliminated or 
reduced except for an environmentally sensitive working 
activity. Measurement science and techniques are utilized 
to prevent significant deformation or movement by 
eliminating the stress to which a structure is exposed (Festin 
et al., 2019; Ren et al., 2019).

Control supervisors in the public administration 
are responsible for monitoring and inspecting quarries. 
These supervisors monitor the quarry permit limits and 
check whether the slope step widths, heights, and angles 
are made according to the standards. According to the 
law applied in Turkey, the quarry operator submits to 
the public administration a technical report prepared by 
experts on the stages of the rehabilitation process in the 
area where the quarry operator carries out mining activities 
every year according to the implementation schedule. 
The rehabilitation project shall be prepared by the quarry 
operator within one year after the completion of the 
mining activity, and the site shall be made suitable for use. 
At the end of the three-year follow-up period following 
the completion of the rehabilitation by the operator or 
according to the type of mine, the follow-up periods given 
in the rehabilitation project are taken as basis. Control 
supervisors in public administration determine whether the 
commitments made under the rehabilitation project have 
been fulfilled. If it is determined that these conditions are 
met, the responsibility of the operator for the area where 
the mining activity is carried out is terminated (RTOG, 2010).

Several methods and criteria are available in the 
scientific literature to assess and measure quarry restoration 
(Zipper et al., 2011; Espinoza et al., 2013; Macdonald et al., 
2015; Carabassa et al., 2019; Zhu et al., 2020), but they are 
very specialized and time-consuming. There is also a lack of 
appropriate assessment tools for technicians involved in such 
activities, such as quarry engineers, restoration managers, and 
quality control supervisors in public administration (Carabassa 
et al., 2019). In the management of natural resources, the use 
of decision support systems is an important tool in studies 
that observe the balance of utilization and conservation. 
Geographic Information Systems (GIS) and remote sensing 
(RS) techniques are often favored in all natural resource 
management science-related research (Chen et al., 2018; Zhu 
et al., 2020; McKenna et al., 2020). 

In mountainous mining areas with difficult terrain 
conditions, obtaining data with traditional surveying 
techniques is very labor-intensive and tiring. Today, 
UA methods are more preferred instead of traditional 
ground surveying techniques, which are costly. With the 
development of technology, ground, aerial, and satellite-
based data collection methods provide great advantages in 
terms of speed and cost. The data collected with modern 
methods and tools are quickly analyzed and made available 
to applied disciplines (Kabadayi and Uysal, 2019). Robotic 
systems developed in recent years provide researchers 
with different measurement techniques, saving time and 
economy. Rapidly gaining momentum are UAV systems, 
evaluated within the scope of close-up photogrammetry 
and classified into various classes (Watts et al., 2012). These 
systems are preferred for measurement and evaluation 
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studies covering sciences such as forestry, agriculture, 
mining, construction, etc. due to their temporal flexibility 
and ability to produce precise data (Colomina and Molina, 
2014; Akgül et al., 2016; Tercan, 2018; Türk et al., 2024).

Over the last decade, multiple earth observation 
and UAV-based sensors in a wide range of study locations 
have contributed to the growing understanding of post-
mining vegetation development (McKenna et al., 2020). 
UAV systems are utilized in the implementation of the 
project prepared for the monitoring of mining activities, 
improvement, and regulation of natural habitats or selected 
for this purpose (Ren et al., 2019). UAV systems are used 
in monitoring the boundaries of quarry operation permit 
areas, in areas that can be used as settlements within or 
outside the boundaries of the neighbourhood area, or 
in areas planned to be opened for daily use. In addition, 
in the case of slope and slope stability with trenching; 
these systems can be used as a surveying technique in 
monitoring the slope angle, slope step width, and height 
criteria (Kun and Özcan, 2019; Yavuz, 2019) and calculating 
the excavation-filling volume (Raeva et al., 2016; Ulvi, 2018; 
Tucci et al., 2019; Canh et al., 2020; Türk et al., 2022). In 
models requiring high precision and accuracy, the position 
information obtained from the GNSS-GPS module on the 
UAV is insufficient. Different GNSS techniques are used 
to ensure that the position parameters of the UAV have 
centimeter accuracy (Rehak et al., 2013). This high precision 
includes direct georeferencing, real-time kinematics (RTK) 
and post-process kinematics (PPK) technologies (Taddia 
et al., 2020). PPK measurement technique provides an 
alternative solution in areas where the topographical 
structure and the coverage limits of the stations providing 
data are not suitable for satellite-based positioning 
(forested and mountainous areas) (Eker et al., 2021).

In Turkey, quarries are inspected by control 
supervisors in the public administration every month 
during their operation. In these controls, whether there is 
a discrepancy between the delivered site and the used site, 
whether there is any other activity other than the permitted 
activity, whether there is any other facility other than the 

permitted facilities, whether there is any damage by using 
forest roads, whether the rehabilitation project is complied 
with (slope angle, slope step width and height, boundary 
violation), and other deficiencies detected, if any (RTOG, 
2010). In engineering science, excavation slopes are formed 
as a result of surface mining. The angle of the ground 
surface with the horizontal is called “slope.” Slope is also 
used in the sense of sloping surface. The angle of the slope 
with the horizontal is the “slope angle.” The vertical distance 
between the base of the slope and its upper surface is 
called “slope height.”  The point where the surface of the 
slope and the base of the slope intersect is called the “slope 
heel.” The part between the slope heel and the top of the 
slope is defined as “slope width” (Figure 1).

In order to reduce rehabilitation costs, rehabilitation 
works should also be considered during mining activities 
(WBCSD, 2019). For mining sites operating within forest 
boundaries, the regulation applied in Turkey states that 
control inspectors in the public administration control 
rehabilitation works while mining activities are in progress 
(RTOG, 2010). In forest areas, reconstructing the landform 
modelled according to natural systems and creating 
topographic heterogeneity at various scales is the first of 
the reclamation works (Macdonald et al., 2015).

The width, height, and angle values of the slope steps 
to be rehabilitated should be compatible with the values 
in the contract with the public administration of the mine 
operator. In order to control these values, coordinates are 
taken at certain intervals from the innermost and outermost 
parts of each slope step with the help of Cors-GPS. After 
the received data is computerized, measurements are 
made to check whether the width, height, and angles of the 
slope steps are suitable for rehabilitation of the mine pit. 
However, since the open mine sites are generally located in 
mountainous areas, the topography is rugged and difficult 
to access, and the field measurement methods are more 
difficult and time-consuming in terms of occupational 
safety. In this study, the UAV-based PPK method was used 
to obtain data, and the disadvantages of other methods 
were eliminated.

Figure 1: Slope parameters: β) slope angle, H) slope height, L) slope width, a) slope heel, b) slope crest and ab) slope 
surface.
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The aim of this study is to measure the landform 
(slope geometries: slope step, width, and angles) and 
boundary tracking using the UAV-based PPK method 
during the rehabilitation process of an open-pit mining site 
located in mountainous forest boundaries.

MATERIAL AND METHODS

Study area

The study area was selected as an open-pit mining 
operation operated by a private company within the 
boundaries of Tatlıdere (Düzce/Turkey) Forest Management 
Sub-Directorate (FMS) located in the southwest of the 
Western Black Sea Region (Figure 2). The quarry, which 
is approximately 16 km away from the city center, has an 
average elevation of 430 m above sea level and is an II-A 
limestone site. The quarry permit area is approximately 
112237 m² and the works were started in 2012, and 
production is still continuing. In the study area, UAV flights 
were carried out in two different time periods, and the 
quarry was monitored for approximately 7 months. The 
total area of Tatlıdere FMS is 4428 ha, of which 4090 ha is 
forested and 338 ha is unforested. The quarry subject to the 
study operates in a forest area.

Due to its location, Tatlıdere FMS is under the 
influence of both the Black Sea Climate Zone and the 
Central Anatolian Climate Zone. The average annual 
temperature of the region is 13.2 °C, and the average 
annual rainfall is 833.5 mm. The annual average highest 
temperature of the study area is 19.4 °C, and the average 

lowest temperature is 8.6 °C. The highest temperature was 
42.4 ºC in July, and the lowest temperature was -20.5 ºC 
in January. Differences in the climatic characteristics of the 
region have led to the formation of a rich range of plant 
diversity. The forests of the plan unit are generally leafy 
forests. The main tree species of Tatlıdere FMS are beech 
(Fagus orientalis), hornbeam (Carpinus betulus), sessile oak 
(Quercus petraea), yellow pine (Pinus sylvestris), and larch 
(Pinus nigra). There is a stand of beech (Fagus orientalis) in 
the study area (Türk and Balaban, 2025).

In the study, the first flight was performed on 30 
September 2021, and the second flight was performed on 
19 May 2022 with the DJI Phantom 4 RTK UAV platform, and 
a CHCN X91 GNSS receiver (centimeter accuracy) was used 
for coordinate receiving (Figure 3). The DJI Phantom 4 RTK 
platform is equipped with a 20-megapixel camera capable 
of taking photos in the visible range (RGB) provided by the 
manufacturer. The UAV system is equipped with a multi-
frequency RTK/PPK GNSS module that provides high 
position accuracy.

Obtaining UAV digital images

The flight planning process was created with the DJI 
GS RTK application from the control of the DJI Phantom 4 
RTK system. In this context, firstly, DEM data was obtained in 
Global Mapper software for the study area. A flight plan was 
prepared by transferring the DEM data of the site and vector 
data (in KML format) covering the boundaries of the flight 
area to the controller via SD card (Figure 4). Then, using these 
data, adaptive flight planning was carried out depending on 
the size of the area and the battery capacity of the UAV.

Figure 2: Study area and its surroundings.
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Using the DJI Phantom 4 RTK UAV system with the PPK 
application module, two flights were performed in PPK mode in 
a quarry, which is an open mining area. PPK mode was chosen 
because the area is mountainous, and RTK mode avoids data 
loss due to satellite errors. The images taken within this scope 
were planned to have 60% front and 70% side overlap ratios 
and a flight height of 150 m. The CHCN X91 GNSS receiver was 
used as a solution for PPK static measurement positioning. 
When the UAV was in the air in PPK mode, the Rover 
observation file “Rinex.obs” (RINEX observation data) was 
saved directly to the SD memory card. The GNSS receiver was 
fixed with a tripod at a location with known coordinates, and 
the measurement was started in static mode at an antenna 
height of 200 cm. Since RINEX observation data should cover 
the entire flight, static data acquisition was performed for 
15 minutes before and 15 minutes after the UAV flight, for a 
total of 30 minutes excluding the flight time. The static data is 
stored in the internal memory of the GNSS receiver in a special 
file format, “.HCN.”.

Processing of digital images taken by UAV

After the flights were completed, Agisoft Metashape 
Professional Version 1.5.2 software was used to process the 

images taken by the UAV and produce point cloud, DEM, 
and orthophoto images with high resolution and accuracy 
(Agisoft, 2022). The software was run on the Windows 10 
64-bit operating system. The accuracy level of the image 
orientation process was set as medium, and the quality 
settings were selected as high for the other depth maps 
and dense cloud production stages. The outputs of the 
photogrammetric analysis of the images are DEMs and 
orthomosaics in “tiff” format. Correction of camera positions 
for images taken in PPK mode was performed using CHC 
Geomatics Office 2 software. “PPKRAW” files for rover 
and base observation files and “HCN” files for GNSS base 
station were imported into the software, and the corrected 
camera positions were saved as a CSV file after processing. 
The corrected camera positions saved as CSV were 
replaced with the uncorrected camera positions in Agisoft 
Metashape software, and the PPK data were analyzed and 
balanced orthomosaic and DEM were produced (Figure 5).

Measurement of Slope Step Geometry in Open-Pit 
Mining Rehabilitation

In the rehabilitation of quarries under the control 
of the public administration, it is checked whether there 
is a violation of the boundaries of the operation area 
and whether the width, height, and angles of the slope 
steps are made according to the contract. Therefore, the 
quarry boundaries, slope width, height, and angle were 
determined from the orthophoto and DEM data obtained. 
Slope geometry measurements vary depending on the 
purpose of rehabilitation of the sites disturbed as a result of 
mining activities. For example, if the mine site will be used 
as a forest after the operation, the slope width and height 
should be maximum 10 m and the slope angle should be 
maximum 75°. If it is to be used for recreational purposes, 
the slope height cannot be more than 3 m, the slope width 
cannot be less than 5 m, and the slope angle cannot be 
greater than 30° (RTOG, 2010). In this study, rehabilitation 
works as a result of open-pit mining activities are aimed 
to be used as forest. First- and second flight orthophoto 
images were used to trace the quarry boundaries, and its 
boundaries were digitized with polygon vector data created 

Figure 3: UAV DJI Phantom 4 RTK System, b) CHCN X91 
GNSS receiver.

Figure 4: Obtaining DEM data and preparation of flight plan.
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in ArcGIS 10.3 software. In the measurement of the width 
of the slope step of the quarry, using the point vector 
data created in the same way, a point was placed every 20 
meters on each slope step and digitized using line vector 
data over these points, and the values were obtained from 
the attribute data (Figure 6). For the height measurements 
of the slope steps, the height values of each step were 
calculated by using orthophoto and DEM data by using the 
ArcGIS software Interpolate Line interface over each point. 
The difference between the highest and lowest values 
was determined as slope height (Figure 7). In addition, in 
measuring the slope angles, the height (y2-y1) and width 
(x2-x1) values at each point of the slope were entered into 
the slope formula (m=(y2-y1) / (x2-x1) * 100), and then 1° 

was accepted as approximately 2.2%, and the percentage 
slopes found with this coefficient were converted into 
degrees, and calculations were made.

RESULTS

Photogrammetric products (orthophotos and DEMs) 
that evaluate both horizontal (X and Y) and vertical (Z) 
position accuracies were created with the images obtained 
from PPK flights. When the location error estimates of all 
cameras in the orthophoto images generated as a result 
of the PPK method are analyzed, the total average camera 
location error after PPK balancing solution is calculated 
as 0.7 cm. This value is better than the UAV-based RTK 

Figure 5: Correction of image positions in CHC Geomatics Office 2 PPK levelling software and reconstructed: a) 
orthophoto image, b) DEM.
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total average camera position error. Figure 8 shows the 
orthophotos and DEMs of the flights. When the orthophotos 
and DEMs are analyzed, the change in the open-pit mining 
slopes during the 7-month period can be easily seen.

The area of the quarry was 106390 m² with a 
surrounding area of 1869 m in the first flight and 107434 
m² with a surrounding area of 1894 m in the second flight. 
In a period of approximately 7 months, the quarry area 
has expanded by 1044 m², its perimeter by 25 m, and the 
slope grade has increased. Production work has not yet 
started in the expanded section, and the forest trees in 
this section have been cut and made ready for operation. 
The boundary coordinates of the quarry permit area were 
transferred on the orthophoto obtained from the last flight 

(Figure 9). It was determined that there was no violation of 
the quarry boundary. It is understood that with this method, 
permission boundary coordinates can be easily checked.

According to the results of the first flight data, the 
maximum, minimum, and average slope width, height, and 
angles of the quarry slope step width, height, and angles 
are 16.46 m, 3.31 m, and 7.39 m, respectively. The maximum, 
minimum, and average slope heights were 17.88 m, 4.10 
m, and 12.45 m, respectively. In addition, the maximum, 
minimum, and average slope angle values were 136.76°, 
43.62°, and 83.46°, respectively. According to the second 
flight data results, the maximum, minimum, and average 
slope width values of the quarry slope step width, height, 
and angles were 29.45 m, 4.67 m, and 16.09 m, respectively. 

Figure 6: Slope step width measurement in orthophoto images.

Figure 7: Slope step height measurement in orthophoto images.
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Figure 8: First flight; a) orthophoto, b) DEM, second flight; c) orthophoto, d) DEM.

Figure 9: Monitoring of open-pit mining boundaries and changes.
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The maximum, minimum, and average slope height values 
were 23.05 m, 2.09 m, and 13.33 m, respectively. In addition, 
the maximum, minimum, and average slope angle values 
were 78.27°, 12.33°, and 40.48°, respectively (Table 1). In their 
contract with the public administration, the quarry operator 
committed to a slope width and height of 10 meters each 
and a maximum slope angle of 75°. The results obtained 
do not match with the values in the commitment given by 
the quarry operator. In this case, the public administration 
makes the necessary warnings.

DISCUSSION

In the literature, studies on the use of UAV systems in 
quarry rehabilitation studies are limited.  Studies are generally 
related to material calculation and photogrammetric 
verification.

In the study, the total average camera position error 
after the PPK balancing solution was calculated as 0.7 cm. 
This value is better than the UAV-based RTK total average 
camera position accuracy. In the studies carried out, it has 
been observed that the most accurate photogrammetric 

products required in forestry, etc. studies can be obtained 
with this approach without the use of UAV systems (Tomaštík 
et al., 2019; Türk and Öcalan, 2020). Türk et al. (2022) 
reported that the average camera position accuracies 
determined by RTK and PPK methods on orthophotos were 
2.5 cm and 0.8 cm, respectively, and that more accurate 
measurements were obtained with the PPK method.

In the study, the open-pit mining was monitored 
for 7 months and spatial changes were easily detected. In 
addition, the width, height and angles of the quarry slope 
step were easily measured from the UAV system data. 
In many areas, ground changes have been tried to be 
determined by using UAV systems. Ambrosia et al. (2011) 
and Hinkley and Zajkowski (2011) revealed the change 
by mapping forest fires in their studies. In another study, 
Fladeland et al. (2011) monitored polar sea ice. Furthermore, 
Eker et al. (2018) monitored and analysed active landslides. 
It is also used for the study of invasive species (Hardin et al., 
2007), grassland mapping (Breckenridge and Dakins, 2011; 
Laliberte et al., 2011; Laliberte and Rango, 2011), hydrology 
and riparian practices (Hervouet et al., 2011) and precision 
agriculture (Hunt et al., 2010).

First flight results Second flight results 
Sample No Slope Width (m) Slope Height (m) Slope Angle (º) Sample No Slope Width (m) Slope Height (m) Slope Angle (º)

1 4.15 4.10 44.90 1 16.50 9.92 27.33
2 3.31 6.52 89.55 2 16.42 15.03 41.61
3 3.31 7.69 105.62 3 28.04 15.08 24.45
4 5.41 10.29 86.42 4 23.67 14.06 26.99
5 7.53 12.98 78.38 5 23.10 15.02 29.56
6 7.26 12.59 78.86 6 23.76 14.15 27.07
7 6.90 11.72 77.23 7 22.71 16.05 32.12
8 4.38 10.60 109.89 8 25.98 16.02 28.03
9 6.08 8.51 63.60 9 17.30 18.04 47.39
10 5.17 15.16 133.40 10 11.48 9.03 35.77
11 5.15 11.08 97.82 11 8.42 3.04 16.40
12 8.51 9.28 49.56 12 7.85 6.02 34.86
13 8.44 13.25 71.37 13 4.67 6.01 58.43
14 5.33 8.02 68.44 14 4.74 6.14 58.90
15 4.44 6.20 63.54 15 22.22 19.09 39.05
16 4.33 13.03 136.76 16 23.07 17.05 33.60
17 3.49 9.98 129.81 17 20.79 19.06 41.67
18 4.00 8.86 100.68 18 12.25 21.09 78.28
19 6.83 16.02 106.59 19 19.12 21.11 50.18
20 5.92 16.10 123.54 20 17.80 16.06 41.02
21 6.32 13.36 96.11 21 13.36 15.03 51.14
22 5.84 15.61 121.47 22 16.98 15.12 40.47
23 8.06 15.41 86.89 23 11.21 14.08 57.11
24 8.34 15.19 82.77 24 13.61 15.07 50.30
25 7.55 11.80 71.06 25 15.41 15.02 44.30
26 9.02 15.88 80.04 26 12.93 13.02 45.75

Table 1: Quarry slope step geometry measurement results.

Continue...
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CONCLUSIONS

In this study, slope geometry was measured, and 
control of boundary violations was investigated by using 
the UAV-based PPK method in the rehabilitation process 
of open-pit mining sites (quarries). The average camera 
position accuracy determined on the orthophoto by the 
PPK method in the study area was 0.7 cm. The slope 
geometry of the open quarry in the rehabilitation process 
was easily measured, and some of the results found did 
not comply with the terms of the contract between the 
public administration and the owner. By using the UAV-
based PPK method in rugged and hard-to-reach areas 
such as quarries, possible data loss was prevented. 
The public administration’s use of UAVs in the control 
of rehabilitation works during and after the activities 
of the open quarry provides significant advantages in 
terms of labor, occupational safety, time, and control. 
More precise results were obtained by using the PPK 
method in the controls performed with the UAV. Since 
UAV inspections are easier and faster than traditional 
methods, open-pit mining sites can be inspected more 
frequently in shorter periods. These controls will facilitate 
boundary monitoring and slope geometry monitoring 
and measurement.
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