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1. Introduction

Today, developments in technology and science have helped some innovations to enter human life [1]. The
increasing population, the decrease in natural resources, and the effects of people on air, water, and soil have
made it important to measure and monitor the environment. With modern weather, and terrestrial and satellite-
based technologies, data is obtained more accurately and quickly, and the results can be presented in different
ways by making the necessary analyses [2, 3].

Studies in the field of aviation have led to the development of Unmanned Aerial Vehicles (UAVS), which
are used for different purposes in military and civil fields today, with the use of communication, electronics,
and navigation technologies together. Thanks to the cost, speed, and time benefits of the UAV, it has become
widespread all over the world as it is in our country. In applications performed with the UAV, which is offered
as an alternative to conventional methods; better spatial and temporal resolution and lower cost data generation
are provided.

With the developing technology, UAVs are used in military studies, meteorological and geological
investigations, natural disaster management, examination of archaeological sites, examination of landslides,
international border patrol, forest fire detection, and examination of radiation levels [4-9]. In recent years, the
Global Navigation Satellite System (GNSS) and high-resolution cameras have been integrated and it has
started to be used in scientific studies for remote sensing, digital map production, and photogrammetry [10].

2. Unmanned Aerial Vehicle (UAV) Definition and Classification

In addition to various definitions of UAV made by more than one institution, there are also definitions made
by academics.

According to the North Atlantic Treaty Organization (NATO), UAV; is defined as an aircraft that does not
contain any living things, can fly remotely or autonomously, can be removed by loading certain equipment on
its fuselage, and can return and land after completing the mission [11].

According to the Turkish Language Association, UAV; is defined as a vehicle equipped with the tools
needed for the surveillance and control of a certain area in terms of security and flown by remote command
[12].

According to the General Directorate of Civil Aviation (SHGM), affiliated with the Ministry of Transport
and Infrastructure, a UAV; It defines it as an aircraft operated as a component of Unmanned Aerial Vehicle
Systems, capable of flying continuously through aerodynamic forces, commanded by a UAV pilot remotely
without a pilot on it, or designed and flown by an autonomous flight UAV pilot [13].

Although there is no specific definition in the academic environment for UAVs, the most preferred definition
is They are aircraft that are not piloted, that are remotely commanded with various devices (camera, video
camera, laser scanning device, GNSS, etc.) on them in accordance with the purpose of measurement, or that
are flown autonomously by pre-planning the flight path [14].

As a result of commercial uses and developing technology, UAVs have been classified in various ways.
Although UAVs are classified according to their altitude status in international environments because of the
definitions made [15], SHGM classifies UAVs according to the load weight they can carry and their wing
structures. UAVs are divided into the fixed wing (Figure 1a) and rotary wings (Figure 1b) in terms of wing
structures.
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Figure 1. a) fixed-wing UAV, b) rotary-wing UAV

Fixed-wing UAV systems enable it to accelerate in the air by taking its power from the electric or internal
combustion engine in the tail, which neutralizes air friction thanks to its thin wings. Thanks to the control
surfaces inside its wings, it provides directional control and elevation in the air. Although these vehicles, which
can glide in the air with this wing structure, have a long stay in the air, the limited ability to take off and land
vertically is the shortcoming of fixed-wing UAVs [16]. Except for autonomous flight, it requires experienced
skill when it is desired to control it with manual use. In these systems, due to the difficulties experienced during
take-off and landing, a parachute is opened for landings and a launch pad or manual launch method is used for
take-offs [17].

Rotary-wing UAVs are more preferred by users today in terms of ease of use and cost. In these systems, the
motors simultaneously turn clockwise or counterclockwise to take off and gain manoeuvrability. Thanks to the
balanced thrust of the propellers located at the front and rear, it is ensured to stay in the air stably [16]. The
biggest advantage of rotary-wing UAVs is that they can land manually or automatically at a fixed point
vertically during take-off and landing. This feature enables users to use it easily without the need for
professional training. In addition, its high manoeuvrability, and ability to turn around and hang at a fixed point
provide many advantages. In addition to the advantages of rotary wing UAVs, there are also disadvantages.
Since they have a complex structure electronically and mechanically, their maintenance and repair are difficult.
Due to their slow movement in the air and low flight times, multiple take-offs and landings are required to
scan the work area. This increases operational time and budget [18].

UAVs are classified under four different headings according to the weight they lift [13]. These are

a) UAVO0: Maximum take-off weight between 500 g (included) — 4 kg,

b)  UAV1: Maximum take-off weight between 4 kg (including) — 25 kg,

c¢) UAV2: Maximum take-off weight is between 25 kg (included) — 150 kg,

d) [HA3: UAV3: UAVs with a maximum take-off weight of 150 kg (including) and more.

UAVO0 and UAV1 group systems are mostly used in areas such as archaeological sites, disaster areas, mine
sites, and construction areas, especially mapping studies in civil usage areas of unmanned aerial vehicles,
according to the UAV Systems Instruction legislation.

When the worldwide classifications of UAVs are examined, it is seen that there are similar regulations with
minor differences in the laws of China, Russia, Malaysia, England, Canada, India, Japan, EU and USA.
Countries such as the UK, Canada and Malaysia accept the UAV1 upper class as 20 kilograms. [19].

3. Working Principle of UAV

UAVSs: It is equipped with high-end devices such as GNSS, laser and infrared cameras. Unmanned aerial
vehicles consist of cruise control mechanism, data link mechanism, launch/lift mechanism and power source.
The front part of the UAV is where all the detectors and flight mechanisms are located. In the remaining part,
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there are hardware and software mechanisms. The UAV is controlled manually with a remote command
system. The rods on the control unit allow movements on different sides and allow the UAV to be adjusted by
keeping the UAV in balance with the trim buttons. In addition, the screens in the remote-control mechanism
are also used to obtain online video images from the fixed camera. In addition, UAVs can be flown
independently with the help of GNSS at a certain altitude on a predetermined line. Autonomous flights made
in this way have become more common today. This feature is an important reason for the increasing interest
of civilian users in UAV technologies. [20].
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Figure 2. Components of UAV Systems

4. UAV Usage Areas

Due to the low cost and high performance, they provide, UAVs are among the important technologies used
in aviation studies, as well as in military and civilian areas. The leading examples of UAVSs in history were
encountered during the First World War. In this context, UAVs have been used in reconnaissance, monitoring,
surveillance, mapping, and offensive activities for military benefits. [21].

With the production of UAVs that can be used in civilian life because of technological developments, there
are possibilities of use such as meteorological and geological investigations, international border patrol, natural
disaster management, forest fire detection, mapping of the earth, 3D terrain or city modelling, deformation
analysis, especially cartography activities [22]. Some usage areas of UAVs are explained below.

Usage in Agriculture: In agriculture, UAVs are generally used in precision agriculture. In addition, from
UAVs; determination of plant diseases, rapid evaluation of biomass and vegetation, determination of the area
covered by vegetation, investigation of plant status, determination of water stress in the plant, estimation of
plant physiological changes, identification of weeds, identification of product damaged by natural events,
observation of harvesting processes, It is also used for the purpose of estimating yield, determining the
moisture status of the soil, examining the soil for the next growing period, and agricultural spraying [23, 24].

=

Mapping Sensing



F. BASCIFTCI Vd., Selguk Universitesi Sosyal ve Teknik Arastirmalar Dergisi USTEK 2022 Ozel Sayis1 20(01): 120-128, 2022

Figure 3. Use of UAVSs in agriculture

Usage in forestry: It is used to determine the area to be intervened during the fire, to determine the area
damaged after the fire, to monitor many activities that may harm natural life, such as unauthorized cutting or
hunting activities in forest areas [25, 26].

Figure 4. Use of UAVs in forestry

Usage in Archaeology: Archaeological regions are places that change rapidly due to excavations and must
be followed continuously. Unmanned aerial vehicles are frequently used to monitor excavations in
archaeological sites [27] and to create digital elevation and digital terrain models of these regions [7, 28, 29].

Figure 5. Use of UAVs in Archaeology
Usage in mining: UAVSs, which are used in all phases of open pit mining plans, in the creation of production

maps, from field improvement studies to the control of step geometries and stability, are used extensively in
the realization of short-time and sensitive area and volume measurements in mining areas [30].
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Figure 6. Use of UAVs in mining

Usage in Disaster Management: The development of the disaster management system is one of the biggest
reasons to produce UAVs. UAVs are of great importance in quickly mapping the situation encountered in
disasters caused by both artificial and natural causes and taking the necessary precautions. With the developing
technology, UAVs are frequently used in the fight against disasters. These studies include monitoring the
landslide areas and conducting situation investigations, rapid map production during and after the earthquake,
evaluation of the current situation after hurricanes and storms, etc. can be described as studies [29].

Figure 7. Use of UAVs in Disaster Management

Usage in Energy and Telecommunication: It can be used in rural and mountainous areas where there are no
base stations, in the detection of leakage on power lines, in the examination of thermal insulation in buildings

and cities [26].
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Figure 8. Use of UAVSs in Energy and Telecommunication
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4.1. Use of UAVs in Cartography

Today, UAVs in the cartography; It is used in many areas such as producing orthophoto maps and digital
land models of settlement areas such as provinces, districts, towns and villages, mapping dam basins, mine
sites, quarries, and consolidation and classification of lands in all volume/area calculations.

3D position accuracy is very important in UAV systems used in cartography activities. Thanks to the
developments in technology and science in recent years, UAV systems have been strengthened with additional
equipment to minimize this position sensitivity. UAVs used in photogrammetric studies are equipped with
special camera systems suitable for their areas of use and different sensor systems suitable for their purposes.
Generally, these sensor systems can be digital cameras, video cameras, thermal cameras, multispectral
cameras, LIDAR systems or a combination of these [26].
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Figure 8. Use of UAVS in Cartography

5. Advantages and disadvantages of UAVs

Some of the superior aspects of UAVs over classical measurement methods are listed below [22].

e It can give healthier results than classical measurement methods in cloudy weather.

e The most important advantage of UAVs over other methods is that they can be used easily in life-
threatening areas and in application areas with high-risk potential. An example of risky areas; are
volcano zones, chemical storage areas, earthquake zones, floods, etc. areas such as natural disasters
and nuclear power plants.

e In classical methods, data is usually obtained after office work. However, in UAVS, this situation
provides rapid and simultaneous data acquisition.

e UAVs are also used in the creation of high-resolution texture maps for digital surface models and 3D
models. Rotary-wing UAVs can take pictures from a fixed point by moving the cameras on them
horizontally and vertically, as they can take off vertically and stay in the air in a suspended manner.
Thanks to these features, it can be used easily in creating 3D models or in special research.

¢ Although the cost varies according to the variety of technology used and the type of application, the
studies carried out with UAVs can be done at a lower cost compared to other classical methods.

Besides the advantages of UAVSs, there are also disadvantages [20]. These;

¢ Limited opportunity to work in windy weather,

e Limited time in the air,

o Limited flight altitudes,

e Problems during landing, take-off, and flight phases,

e Low carrying capacity,

e Being vulnerable to air attacks and defense systems,

Its ability to grasp hazards is weaker than piloted UAVSs.
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6. Conclusion

In this study, the types and usage possibilities of UAVs were investigated. Today, atmospheric research,
investigation of archaeological sites, an inspection of high voltage lines, land monitoring, agricultural studies,
natural disaster monitoring, landslide prediction, etc. UAVS, which are among the advanced technological
tools, are used in engineering studies. In addition, UAVs are used in 3D land and city modelling, cadastral
studies, and earth mapping applications.

Thanks to the developing technology, the use of UAVs in military and civilian studies has become
widespread. The use of UAVSs is increasing rapidly in engineering applications as a result of their convenience
in hard-to-reach areas, the completion of the works in a short time, and the opportunities they provide in terms
of economy and accuracy. By designing UAVs according to their intended use and equipping them with
technical devices, they have surpassed other aircraft and classical measurement methods. With the increase in
the use of UAVS, the demand for these vehicles is increasing.
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