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Keywords ABSTRACT

Hybrid UAV This study provides an effective solution to the problem of deflection on yaw
Rotor axes of air-vehicles capable of three-rotor Vertical Take-Off and Landing
UAV (VTOL). Most VTOL aircraft are produced with five rotors in national context.
VTOL Four of these rotors are used for landing and taking off and are positioned to
Yaw axis balance each other. The other rotor is positioned to fly with fixed wings.

Therefore, no deviation in the yaw axis is experienced during descent-off.
Three rotor VTOL configurations are available as an alternative to five rotor
VTOL air-vehicles. This study is available through the three rotor VTOL
prototypes that we have developed. The biggest drawback of three rotor
VTOLs is the instability due to the position of the rotors during takeoff. This
instability has been eliminated and three rotor VTOLS have been more
advantageous than other configurations.

* Corresponding author, e-mail: kursatcicin59@gmail.com

Authorship contribution statement for Contributor Roles Taxonomy

Kiirsat Cigin: Writing - original draft, Investigation, Visualization, Conceptualization, Methodology, Software, Formal
analysis. Emrehan Yavsan: Visualization, Supervision, Writing — review & editing.

Conflicts of Interest: The authors declare no conflict of interest.

Citation: Cicin, K., Yavsan, E. 2022. Minimizing deflection on the yaw axis on VTOL type air vehicles with three rotors.
International Journal of Aeronautics and Astronautics, 3(1), 1-6.


https://dergipark.org.tr/en/pub/ijaa
mailto:kursatcicin59@gmail.com
https://orcid.org/0000-0002-5638-6809
https://orcid.org/0000-0001-9521-4500

1JAA 2022 Minimizing deflection on the yaw axis on VTOL type air vehicles with
Volume 3, Issue 1 three rotors

1. Introduction

VTOL type aircrafts are hybrid vehicles that can travel vertically, take off and move off, like fixed wings. VTOL
type aircraft can be easily used in civilian and military areas due to reliability and lack of track requirements.
NASA's UAM (Urban Air Mobility) [1] project and the KAIA (Korea Aerospace Industries Association) civil
aviation works [2] are available to accelerate urban transport research in civil aviation. Most of the work on VTOLSs
with tilt rotor mechanism is theoretical work [3-5]. There are also different types of VTOL studies conducted
nationally [6]. Very few of these studies have been conducted on the tilt rotor. VTOL type air vehicles are divided
into tilt rotor (movable rotor) and non-tilt rotor (motionless rotor). Tilt rotors save energy and cost. This operation
is based on the VTOL type with three rotors and a tilt mechanism. The moment produced by three rotors during
vertical descent and departure causes a deviation in the yaw axis due to the position of the rotors. The tilt motors
are given more than 90° angles during vertical descent to remove the deflection. The position of the motors during
the vehicle's fixed wing flight is accepted by 0°. The rotors are positioned depending on the condition of the
deviation during descent-off. The flight controller determines the degree required for this location. The flight tests
have shown that the deviation in the yaw axis has been corrected.

1.1 VTOL (Vertical Take-off and Landing)

Drones (UAV) are divided into three fixed wing, rotary wing and hybrid (VTOL). VTOL type drones fly as rotating
blades, as a fixed wing during vertical descent and travel. With this feature, it doesn't need a track to land. It can
track as a fixed wing or rotary wing on the speed of the target during target tracking. In hazardous situations when
flying, the VTOL can switch to rotary wing mode and safely land. The main drawbacks of the VTOL type are the
cost and weight of energy consumption and the number of motors.

1.2 VTOL types

VTOL type air vehicles are categorized according to the condition of the rotors. These categories are shown in
Figure 1. SUAVI for tailsitter type of non-tilt multicopter rotor category [7] and Mirac K. Aksugur’s [8] operation
can be shown as an example.

QuadPlane
Tilt Rotor :
Motors Tilt for Non Tilt Rotor Motors Tilt?
use in both VTOL and Motors may or may not be used
Fixed Wing modes in both VTOL and FW modes

Two or More Multicopter Single/Dual Motor | Number of Motors?
Plane TailSitter Plane TailSitter] |TailSitter VTOL Stance?

Fig. 1. VTOL types according to rotor conditions [9]
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The rotating part of the electric motors is called the rotor. Figure 2 shows the rotor part of an electric motor.
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Fig. 2. Engine structure [10]

The rotors can be split into tilt and non-tilt. Non-tilt rotors are also divided by the number of rotors. They are
divided into multi-rotor (multicopter) or single/double rotor (single/dual rotor). Most VTOL type vehicles are
designed in the multi-rotor category of the non-tilt lever. Using five rotors, one rotor is fixed for the fixed wing
flight mode. VTOL named Tugberk was given as an example in Figure 3. These types of VTOLS are preferred
more frequently due to ease of manufacture and compliance with most tasks.

Fig. 3. Tugberk

2. VTOL with Three-Rotor Tilt Mechanism

The three rotor VTOL vehicle, Tulpar, used in this study, is given in Figure 4. Tulpar has a total weight of 4 kg.
The flight time is 30 min and the travel speed is 18 m/s. It can fly both as a rotary wing and a fixed wing. Tulpar
is designed with three rotors to minimize weight and power consumption, and the two leading rotors work on both
swivel and fixed wing flights. it falls into the plane category with tilt mechanism. The moving rotors are 920 kv
and can produce a maximum of 2360g impulse power with 11x5.5-inch propeller at 14.8V.

https://doi.org/10.55212/ijaa.1056802
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Fig. 4. Tulpar

2.1 Configuration types

VTOLs with three rotors have two different frame combinations. These combinations are shown in Figure 5. The
same orientation of the cruise propeller increases the yaw axis drift problem that we will refer to in the following
section (Title 2.2). Installing fixed wing propellers to absorb each other slightly reduces the deflection on the yaw
axis. For this reason, Tulpar has been selected as in configuration Type-2.

CcCWw

[ \ /C(W\ /((f‘-'.'\ /CW\

B [
&7 &7

Type-1 Type-2

Fig. 5. Propeller direction configurations [11]
2.2 Yaw axis deviation

On flights with Tulpar, it has been observed that the yaw axis deviation occurs during vertical descent approach.
The cause of this problem is caused by the momentum produced by the rotors. Fitting the propellers of the two
front rotors in the opposite direction absorb the torque of the motors/rotors. Yaw axis deviation occurs because
there is no moment in the tail section that dampens the rotor.

2.3 Presentation solution methods for instability

There are two methods for resolving instability on the yaw axis. The first of these methods is to move the tail part.
With the moving tail section, instability in the yaw axis will try to dampen by moving the tail pipe. The moving
tail section can affect the stability of the vehicle and create a safety issue when flying in a fixed wing mode.
Locking of the servo used for travel under load or failing to reach the desired position by noise can cause the
vehicle to fall. This method is not preferred due to security issues.

https://doi.org/10.55212/ijaa.1056802
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Another method is to give the moving tilt mechanisms an angle greater than 90° when takeoff. This method can
save cost and weight. The angle provided also does not create any safety problems during flight as it will only be
valid in drone mode.

w

iy

Fig. 6. Positioning the rotor for the vehicle [4]

Figure 6 shows the tilt mechanism on Tulpar. Figure 6 is a symbolic representation. Shows the position of the
rotors accepted by 90° and the maximum position of the rotors. CG (Center of Gravity) represents the center of
gravity of the vehicle.

2.4 Adjusting the angles of the tilt rotors

The angle of the tilt mechanisms is determined by test flights. After test flights, the logs (flight logs) that the flight
computer have been reviewed. The flight logs have analyzed the vehicle's compass data, looking at the amount of
deviation of the axes during the vehicle's vertical descent. The maximum tilt angle value of the tilt mechanism is
determined according to the amount of deviation. The specified value is defined in the flight controller and the
vehicle's rotors are assured that they do not exceed those values during flight. The value given is of the degree. If
this value is kept too low, the VTOL will not be able to compensate for the deviation in the yaw axis and will start
to rotate around its axis during vertical descent-off. If this value is held too high, the vehicle will react abrupt and
overly to deviations in the yaw axis. Following the flight tests, this value for Tulpar was determined by 13° on the
graph in Figure 7.

Value Graph
ATT Y (Se0heamng) i 3191 Mar J34.11 Meaa: 125391 BARO AR (m) (Vi -0.2% Max 20.57 Maan 5.33)

Fig. 7. Altitude and yaw axis graph
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In Figure 7, the red line gives the status of the yaw axis in degrees. The green graph gives the value of the height
in meters according to the vehicle's starting position. The X-axis shows the time in seconds, the right column on
the Y-axis shows the degree on the yaw axis, and the left column shows the height in meters. The lower left-hand
side shows the vehicle is in “QHover” mode, which is the takeoff mode. A small amount of deviation is visible as
soon as the vehicle is off the ground. The graph continued decisively. The maximum degree of tilt is 13° when
flying. The graph shows that this value is the best value for Tulpar.

5. Result

In this study, the yaw axis deviation of VTOLSs with three rotor tilt mechanism has been corrected. The solution is
an alternative to five common rotor non-tilt VTOLs. Compared to the five rotor VTOLS, the two leading rotors
work as both swivel wings and fixed wings saving a lot of cost and weight. The work conducted will contribute
significantly to the choice of three rotor VTOLs with tilt mechanism. Another disadvantage is that energy
consumption continues.
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Keywords ABSTRACT
Emergency Scenarios There is growing interest to use drones for application like delivery services,
Functional Architecture air taxi, surveillance, and inspection to reduce operational time and cost and
Multi-Copters increase the performance and functionalities. However, there are some risks

Physical Architecture related to using this technology one of them is the hazard to the humans and

assets in the case of an emergency scenario like motor failure. The current
technologies suggest to land as soon as possible in such these scenarios,
however finding and selecting a suitable landing area considering the
capabilities of the faulty drone and controlling the drone towards the selected
point is a problem which requires provisions during the design process of the
drone. The situations get more complex considering that the vehicle should be
able to adopt itself by its time varying environment. In this paper the system
approach is used to break the safety requirements to functional and physical
requirements and based on these requirement analyses, the functional and
physical architectures of the drone are designed. The proposed design suggests
that the drones aggregate their perception about the environment to maximize
the safety of people and assets through a special databank called potential
landmark databank.
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1. Introduction

Using autonomous drones for operations like good delivery, transportation and remote sensing proposes very
operational capabilities to improve the efficiency and reduce cost and time. However, they can lead to new
challenges in subjects like safety, security and reliability. So, the development of drone system is not limited just
to technical problems and many different perspectives should be included to develop a reliable and secure system.
This offers to employ system perspective during the design process to integrate different disciplines to achieve the
best operational solution. In spite of plenty of works which has been done on detailed problems like control system
design [1-7], path planning, obstacle avoidance, and navigation [8-10], there are few works which look the problem
in a system perspective. Forced landing of UAV was evaluated by [11] to propose an architecture to select the best
landing site between some pre-known candidate landing sites. However, this architecture cannot handle the
challenges raised by the changes in the environment. On the other hand, Ref. [12, 13] focuses on guidance of a
remotely piloted vehicle using natural landmarks and its landing on a selected area. The proposed architecture
relies on a remote operator which reduces its operability in some applications. Another problem which was not
considered in the previous studies was about the presence of humans in the landing area. Ref [14] uses data sources
like to incorporate the risks posed to property and people on the ground during the trajectory planning. The main
focus of this reference is risk while other factors like UAV capabilities, trajectory planning should be also included
it the functional and physical structure of the system. In this paper the problem of emergency landing is studied as
a system problem in which the safety requirement is considered as the top-level requirements and is mapped to a
concept of operations (CONOPS) and using this CONOPS the functional and physical architecture of the system
is developed. In spite of other references which employ a Down-Up strategy to propose solutions for some detailed
problems, in this paper the main problem is to convert the general problem of safe landing to some the detailed
problems using an Up-Down breakdown strategy and find the inter-relationships between these variety of
problems. Clearly presenting final solutions for all of these detailed problems are out of the scope of this paper.
However, using other researches presented in the literature and some initial evaluations possible solution
approaches will be also discussed in this paper.

2. Operational and Functional Architecture

To design an appropriate architecture for the multi-copter a precise definition of system of interest (SOI) and its
environment is required first. As depicted in Figure 1, the safe landing system (SLS), as the SOI, is a system which
should operate in an environment including the UAV, ground, flying space, peoples and assets and regulations.
The SLS is a system which can be used by a multi-rotor to provide maximum possible safety for humans, natural
environment and assets while following the mission of UAV. The top-level requirements, guaranteeing the safety
of the system, as defined for this system as:

Req. 1 - The SLS must be completely autonomous

Req. 2 - The SLS should minimize the hazards and risks for the people and assets in UAV engine-failure

scenarios

Req. 3 - The SLS should try to keep the UAV safe for future uses in engine-failure scenarios

Req. 4 - The SLS should try to enable the UAV to accomplish its operations in fault scenarios

Req. 5 - The SLS must be able to adopt itself with the changes in the environment (e.g., wind, night and day,

new constructions, disasters)

Req. 6 - It is recommended that the SLS has minimum supporting systems dependencies and human workload

Req. 7 — The SLS should be able to keep and share flight recordings for future flights

https://doi.org/10.55212/ijaa.1032693
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Environment

Fig. 1. System of interest and its environment

It is assumed that the UAV has a pre-determined trajectory to accomplish its mission in normal scenario. Here the
problem is to how the UAV should flight when at least one of its engines fails. Clearly the trajectory should be re-
planned considering the mission, safety issues and UAV capabilities. To solve this problem and based on the
definition of SOI, the operational architecture of the system is proposed according to the Figure 2. In this
operational architecture of the system, two definitions are used (Figure 3):

e Landing site: This is an area which the UAV can potentially land

e Landing region: Any desired area around the UAV which can fly to find the Landing Site

v Y

Recover Fine assessment of
the landing site

Phase 1 |

#» Prioritize the landing site’s
Phase 2 |
h

—*™ Fly toward the most prior landing region

Is selected
landing site Appropriate?

¢ Land

Update the map Phase 4 I

Rough assessment of the landing site

v

Update the priorities

Are UAV

at most prior landing
Region?

Phase 3

Fig. 2. Operational architecture of SLS
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Trajectory 3
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T s "
Landing Site4
Fig. 3. Operational architecture of SLS

According to this algorithm the UAV priories and monitors the landing site, updates its perception about the
environment and plans the trajectory to the selected site repeatedly during its flight. In this architecture the drone
first makes a coarse analysis using its available map to identify the possible landing sites and then prioritize them
based on criteria’s like required trajectory, emergency considerations and capabilities of the UAV to reach the site.
During the flight towards the selected site, the UAV uses its vision-based capabilities to update the map. Then the
updated map will be used to re-assess the selected site and update it if necessary. This assessment is rough to
increase the operational capabilities while using limited computational and sensing resources. When the drone
reached to a specific region around the landing site, called here landing region, it should make a fine assessment
of landing site considering criteria like suitability for land, collision risk in the case of presence of people or
animals. The computational and measurement capabilities are key factors on determining the landing region
dimension and the flight characteristics. Based on the fine assessment the UAV may continue to land or may abort
and switch to the next saved priority. Based on this architecture the system level functions of the are:

FCN 1 - SLS should be able to detect new Landing sites

FCN 2- SLS should initialize the potential landing sites list

FCN 3- SLS should make rough assessment of potential landing sites
FCN 4- SLS should make fine assessment of selected landing site

FCN 5- SLS should be able to update potential landing sites list

FCN 6- SLS should be able to flight towards the selected landing site
FCN 7- SLS should be able to land on the selected landing site

FCN 8- SLS should be able to propose a suitable trajectory for the flight
FCN 9- SLS should be able to analyze the position of the UAV

10
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The system requires suitable physical architecture to support these functions. The proposed architecture and its
relationship to the functions are presented in Table 1. According to this table the SLS system is decomposed into
four physical subsystems. The subsystems which are presented here, are themselves systems which was broken to
lower levels in the same manner. In the following section Lower-level requirements and operational and functional
architecture are presented. The final Product Breakdown Structure extracted from these architectural analyses are
presented in Fig. 4. The datils about the relationships between the PBS of subsystems and their functional and
physical architectures are also presented in the following section.

Table 1. Functional and Physical architecture relationship for SLS

Physical Element
Algorithms
LSD CCU RDSS
LA|RAA |FAA |SSA|TPA |FCA [LCA
K K
2 v
3 V
2 | 4 l
S
é 5 v J
Z [ v N ¢
7 V V v
8 V
9 J V
Safe Land
System
| |
1 1 1 1
Landing Site Command and| [Recorded Data Savin Algorithms
Detector (LSD) Control Unit System (RDSS) g
LSD Localization
Algorithm = Processor | = Processor ™ Algorithm (LA)
Rough Assessment
Algorithm (RAA)
Fine Assessment
LSD Sensor Interface Memory - Algorithm (FAA)
Site Selection

Algorithm (SSA)
Trajectory Planni
et [.SD) Interface i Algorithm ™ ﬂgﬁr?gm (%nlil'l};gg
Flight Control
Algorithm (FCA)
|1 Land Control
=y Databank =1 Interface Algorithm (LCA)

Fig. 4. Proposed Product Breakdown Structure (PBS) for SLS
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3. Subsystem Level Operational Architecture

3.1. Land site detector

In this section the system approach is applied to the LSD subsystem to determine the functional and physical
architecture of LSD. Considering the system level analysis, the LSD refers to

- all elements required to provide necessary information for detecting the landing sites
- databank for storing the landing sites during flight
- algorithms for detection the previously stored landing sites

- algorithms for finding the new landing sites

As the first step the requirements of LSD is extracted using the breakdown of the requirements at the system level.
These requirements and their relationships with the system-level requirements are presented in Table 2. Based on
these requirements the functional architecture of the land site detector is presented in Figure 5. According to this
architecture the landing sites are initially set by the RDSS based on the planned trajectory. The SLS functional
architectures suggests that during the flight it should be updated based on the new detected landing sites, as well
as the changes of the loaded landing sites and also newly detected landing sites. So, it is required to measure the
environment during the flight. Analysing the measured paramours and comparing it to the available data
(considering the current position of UAV) two main questions can be answered: Is a new site detected? And is an
available landing site conditions changed? Answering these questions helps to update the UAV databank of
potential landing sites.

Table 2. Requirements of LSD and their relationships with system level requirements

System Level
Requirements
No. Description 11234567
1-1 The LSD must detect mapped land sites (in LSD) during flight V|V
1-2 The LSD must detect new land sites during flight autonomously \ \
1-3 It is recommended that the LSD should use natural landmarks for detection \
1-4 The LSD calculations should be done CCU \
1-5 The LSD should be able to detect the land sites during the flight \
1-6 The LSD should contain information about the pre-identified landing sites \
1-7 The LSD should be updatable automatically using every new flight \ V|V
1-8 | The LSD should contain the risk of presence of people/assets in each landing site \
1-9 | The LSD should contain some measures about the suitability of each landing site \
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Receive initial landing
sites from RDSS

v

Start of Flight

-
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Check changes of the
detected land site

P Update databank

new land site
etected?

No

IsUAV Landed?

Fig.5. Operational architecture of LSD

This architecture offers the LSD functions as presented in Table 3. The physical elements required to apply this
functional architecture is also presented in this table. These elements should be analyzed similarly to determine
their requirements and if necessary, they can be considered again as a system to be designed or as a part to be
selected, ordered or implemented.
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Table 3. Functional and physical architecture relationship for LSD

Element
LSD LSD LSD Databank
Algorithm |Sensor| Interface
1-1 LSD receives position data N
1-2 LSD measures the environment characteristics N
1-3 LSD analyzes the measured characteristics N
1-4 LSD detects the mapped landing sites N
é 1-5 LSD detects new landing sites N
§ 1-6 The LSD receives initial landing site from RDSS N
= 1-7 The LSD receives the start signal from the CCU N
1-8 | The LSD checks the changes of current landing sites N
1-9 The LSD update its databank N
1-10 | The LSD receives the landing signal from the CCU N

3.2. Computation and communication unit

Similar to what which done for LSD the functional and physical architecture of CCU are determined in this section.
The CCU is the system which is responsible of conducting the calculation required by all subsystems of the SLS.
To design the CCU, the system level requirements have been broken down to the requirements related to this this
subsystem as presented in Table 4. The functional architecture of CCU is designed based on the derived
requirements as presented in Figure 6. According to this functional architecture three algorithms are running in
parallel during the flight: Flight Control Algorithm (FCA), Land Site Detector (LSD) and Localization Algorithm
(LA). Every time that LSD detects a new landing site or updates an available landing site, Site Selection Algorithm
(SAA) and Trajectory Planning Algorithm (TPA) will be run to determine the new trajectory to the best landing
site in failure scenarios. On the other hand, if LA shows that the UAV is in the selected landing site, the Fine
Assessment Algorithm (FAA) will be ran to accurately analyse the landing site in terms of the changes, presence
of the people and height map. If the selected landing site is suitable for land then Landing Control Algorithm
(LCA) should be ran else the selected landing site and the trajectory should be updated. In Table 5 the LSD
functions designed based on this architecture is presented and according to the analysis on requirements and
functions two subsystems are proposed for CCU: Processor and Interface.

Table 4. Requirements of CCU and their relationships with system level requirements

System Level Requirements
No. Description 112 (314|567
2-1 The CCU should be installed on the UAV N
2-2 The CCU should have connection on-line or off-line with PLSD N
2-3 The CCU should be able to run all algorithms N
2-4 The CCU should be able to transfer new found data to the RDSS N
14
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Table 5. Functional and physical architecture relationship for CCU
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Element
Processor|Interface
2-1 CCU Run LA, FCA, LSD, FAA, TPA and LCA algorithms N
172}
g |22 CCU update RDSS N
E 2-3 CCU should receive data from LSD N
=
= 2.4 CCU should start its computational algorithm after the start of flight N
Get Data from LSD
Start of Flight
L
Run LSD
Run LA Algorithm Run FCA
IsUAV
Reached to thte gelected land Opdated/New No
Stte: site information
received?
Run TPA
Run FAA
Run SSA
Run SSA ¢
Islanding site
suitable for land? Run TPA
Determine the
Run LCA current trajectory
Update Data on PLSD Update RDSS
End
Fig. 6. Operational architecture of CCU
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3.3. Algorithms

Algorithms are software elements which runs on CCU to provide necessary commands for the UAV to follow a
suitable trajectory. These algorithms are: Localization Algorithm (LA), Rough Assessment Algorithm (RAA),
Fine Assessment Algorithm (FAA), Site Selection Algorithm (Site Selection Algorithm (SSA), Trajectory
Planning Algorithm (TPA), Flight Control Algorithm (FCA) and Land Control Algorithm (LCA). It should be
noted that LSD and RDSS have their own algorithms which are considered directly as a part of these subsystems
and are not presented here. At the system level it is sufficient to determine the requirements of algorithms and look
them as parts which is not necessary to break more. The software developer uses the requirements to develop them.
These algorithms should be delivered based on specific delivery criteria which should be determined during the
design process. In Table 6 the requirements of different algorithms presented in this table are summarized.

Table 6. Requirements of algorithms and their relationships with system level requirements

System Level
Requirements
No. Description 1(2(|3|4]|5|6]7
4-1 The LA should be run on CCU to localize the UAV during the flight N
4-2 The LA should be able work without the need of interference of human (tuning, prioritizing, ...) N
LA | 43 The LA should be able to work when the UAV is rotating due to some engine’s failures N
4-4 The LA should be able to be adopted to localize the UAV during various environmental N
conditions
5-1 The RAA should be run on CCU to assess and score the sites which are already available in the | V N
map
RAA | 5-2 The RAA should consider the hazard probability to people and assets in scoring the sites (using N
LSD)
5-3 The RAA should consider the landing suitability in scoring the sites (using LSD) N
6-1 The FAA should be run on CCU and use SLS sensors to find and score new landing sites N
6-2 The FAA should consider the hazard probability to people and assets in its scoring mechanism N
FAA 6-3 The FAA should consider the suitability for landing in its scoring mechanism N
6-4 The FAA should be able to update LSD N
7-1 The SSA should be able to analyze the available sites (in LSD) to propose the best selected site | V
7-2 The SSA should minimize the hazards and risks for the people and assets in engine-failure N
scenarios
SSA 7-3 The SSA should try to keep the UAV safe for future uses in engine-failure scenarios N
7-4 The SSA should try to enable the UAV to accomplish its operations in engine-failure scenarios N
7-5 The SSA should decide the self-destruction mode if necessary N
8-1 The TPA must be run on CCU N
8-2 The TPA must use data of PLSD to plan the trajectory N
TPA 8-3 The TPA must propose trajectories which makes minimum risk to people and assets N
8-4 The TPA must propose trajectories considering the failure/abort scenarios R
9-1 The FCA must be run on CCU N
9-2 The FCA should be able to detect the failure of the UAV N
FCA | 9-3 The FCA should be able to control the UAV when some engines are failed N N
9-4 The FCA should be compensate the effects of environmental changes like wind NEIE
9-5 The FCA should use as minimum energy as possible
10-1 The LCA must be run on CCU N
10-2 The LCA should be able to land the UAV in normal scenario and when some engines are failed N
LcA 10-3 The LCA should be compensate the effects of environmental changes like wind N
10-4 The LCA should be able to land the UAV on unprepared landing sites N
16
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3.4. Recorded data saving system

The last subsystem is Recorded Data Saving System which is a ground system and is responsible to aggregate the
data collected during different flights to propose initial landing sites to any new flight. These subsystem
requirements are all related to the Req. 7 in system level requirements as presented in the Table 7. According to
the operational architecture of RDSS (Fig. 7), this system operates in two modes loading mod (Transferring data
to the UAV) and update mod (Receiving data from the UAV). In loading mod, the RDSS receives the planned
trajectory of UAV and based on this trajectory, determines the part of the map which is necessary to be send to the
UAV and then sends these data to the UAV. In update mod, the RDSS connected to a UAV after its operation to
receive its updated landing sites. After that RDSS analyses the changes in the maps and decides that how its
databank should be updated. This decision-making process is required to avoid updating databank based on any
unreliable recordings by the UAVs. According to the decision-making process the map will be updated at the end.
The functional architecture of the RDSS and its relationship with proposed physical architecture is presented in
Table 8.
Table 7. Requirements of RDSS and their relationships with system level requirements

System Level
Requirements
No. Description 1123|4567
11-1 | The RDSS should be able to get and store all flights recording from the UAV's N
11-2 The RDSS should be able to create and load updated maps into the UAVs N
11-3 The RDSS should be able to analyze and score the maps according to the N
requirements of LSD
( Start )
Wit -
Receive Updated
landing sites from LSD
Receive the planned *
trajectory
Analyze the new
* information
No
Select required landing
sites
) Update?
¢ ) Yes
L . UAVin
Send_ initial landing Receive
sites to LSD Yes mod? Update Databank
I
Figure 7. Operational architecture of RDSS
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Table 8. Functional and Physical architecture relationship for RDSS

Element
Processor|Memory| Algorithm | Interface
111 Check that UAV is connect.ion status and mod of N
connection
1-2 Receive planned trajectory from the UAV N
E 1-3 Select required landing site for the UAV N N N
% 1-4 Send selected landing sites to the UAV N
= 1-5 Receive Updated landing sites from UAV N
1-6 Analyze new information received from the UAV N ~ N
1-7 Update Databank ~ N
5. Conclusion

In this paper a system approach has been adopted to design the operational, functional and physical architecture
of the SLS. To breakdown the architecture between different levels of the system, requirements are used to
guarantee that the system level requirements are satisfied. In each level of the system, these requirements are
employed to propose an operational architecture for the subsystems. Based on this operational architecture the
functional and physical architecture of system/subsystem is extracted. Then the requirements of the
system/subsystem are breakdown as the requirements of the its subsystems. The process should be continued until
a part is achieved which can be selected or ordered according to a specific set of requirements and delivery criteria.
The proposed system, does not limit the SLS only to the UAYV itself but it proposes RDSS as a ground system to
aggregate the data gathered by different flights to ensure that always an updated perception about the map of area
is available. This system also reduces the operational cost of the system and increases the safety of the system.

In this process the derived requirements are mostly used in the design process. To improve the process, other types
of the requirements like design requirements can also be considered during the design process. More studies are
also required about the relationships between the elements of the system using tools like Design Structure Matrix
(DSM) or N*N Matrices.
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Keywords ABSTRACT
Ab-initio pilot The novel coronavirus disease- 2019 (COVID-19) is a major health crisis that
COVID-19 has affected several nations and the life of millions to date. The aim of this
Depression study is to examine the impact of COVID-19 on student pilots. To the best of
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Pilot Training
Stress

the authors’ knowledge, no study has been performed on the effect of COVID-
19 pandemic on the mental status of ab-initio pilots. As a cross-sectional study,
a self-administered 48-item survey was conducted among ab-initio pilots. A
total of 108 ab-initio pilots completed the survey. The Depression, Anxiety and
Stress Scale - 21 (DASS-21) was used to assess the mental health of the ab-
initio pilots. Independent-samples t-test and one-way ANOV A were performed
to explore contributing factors associated with the presence of depression,
stress and anxiety. Based on the findings, 24% of the ab-initio pilots had
anxiety on varying levels. 44.2% of the participants were depressed. Varying
levels of stress were detected in 45% of the ab-initio pilots. VVulnerability,
working conditions, isolation, social and mass media and the lack of job
opportunities were factors associated with stress, anxiety and depression
among the ab-initio pilots. This study showed that depression, anxiety and
stress were prevalent among the ab-initio pilots who were included in the study,
and the participants were adversely affected by the COVID-19 pandemic. The
mental health of ab-initio pilots needs the urgent attention of aviation
authorities and experts. This study contributes to the current literature on the
impacts of the COVID-19 pandemic and may make noteworthy contributions
to aviation safety.

* Corresponding author, e-mail: capt.bilalkilic@gmail.com

Authorship contribution statement for Contributor Roles Taxonomy

Bilal Kulig: Writing - original draft, Investigation, Supervision and Writing — review & editing, Melis Tabak: Writing —
review & editing, Investigation.

Conflicts of Interest: The author(s) declare no conflict of interest.

Citation: Kilig, B., Tabak, M. 2022. The mental health of ab-initio pilots during the COVID 19 pandemic. International
Journal of Aeronautics and Astronautics, 3(1), 20-27.



https://dergipark.org.tr/en/pub/ijaa
mailto:capt.bilalkilic@gmail.com
https://orcid.org/0000-0002-3773-6682
https://orcid.org/0000-0003-1765-2796

1JAA 2022

Volume 3, Issue 1 The mental health of ab-initio pilots during the COVID-19 pandemic

1. Introduction

On 11 March 2020, the novel coronavirus (COVID-19) was officially declared a global pandemic by the World
Health Organization (WHO) [1] The pandemic has had a devastating effect on people’s livelihoods, their health,
and the economy [2]. It had also adversely affected the global economy and public mental health [3]. Furthermore,
the COVID-19 outbreak has had a significant impact on the education system in the world [4]. To control the
spread of the novel coronavirus - 2019 (SARS-CoV-2), universities, schools and colleges had been closed in 107
countries by March 18, 2020 [5]. Distance learning was implemented as a solution throughout the COVID-19
pandemic lockdown period [3]. The COVID-19 pandemic has had a devastating impact on the aviation industry
[6]. The aviation market all around the world has experienced a substantial loss of traffic within a short period. A
number of airlines completely ceased their operations and filed for bankruptcy (Table I) [7]. Moreover, airline
crews have been on various furlough schemes such as unpaid leave and part-time employment as a result of the
diminished demand in air transportation [8].

Table 1. Airlines filed for bankruptcy due to pandemic [9].

Airline Servicing Date Bankruptcy Application Date Fleet Size
Flybe 1979 2020.03.05 63
Miami Air International 1990 2020.03.24 6
Trans States Airlines 1982 2020.04.01 45
Compass Airlines 2007 2020.04.05 56
Ravn Air 1948 2020.04.05 73
Braathens Regional Airlines 1976 2020.04.06 14
Germanwings 1997 2020.04.07 33
South African Airways 1934 2020.04.16 39
Virgin Australia 2000 2020.04.21 98
LGW 1980 2020.04.22 15
German Airways 1980 2020.04.22 20
Air Mauritius 1972 2020.04.23 14
Avianca 1919 2020.05.10 102
LATAM 1919 2020.05.10 315
Thai Airways 1988 2020.05.27 80
Level Europa GmbH 2017 2020.06.18 6
NokScoot 2015 2020.06.26 7
Aero Mexico 1934 2020.06.30 68
Avianca Brasil 1998 2020.07.06 10

The unprecedented burden of the severe outbreak of COVID-19 on the aviation industry has significant
implications for pilot training [10]. First, flight training organizations (FTOs) and aviation schools at universities
have globally ceased pilot trainings. Ab-initio pilot trainings across 40 countries worldwide have been severely
affected [11]. Second, the airline industry has faced the worst crises since the September 11 attacks which gave
rise to the mass unemployment of pilots [9]. Furthermore, the mental health of staff in the aviation industry might
have severely deteriorated due to the unprecedented impact of the COVID-19 pandemic [12].

In the context of aviation safety, the physical state and mental state of aircrew are of great importance. The mental
health status of pilots might severely affect the flight safety. It has been found that adverse mental state of pilots
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jeopardized the flight safety and gave rise to unwanted situations (e.g., near-miss, incidents and accidents) [13]. It
has been reported that degraded physical condition of pilots resulted in failures, errors, near-misses, incidents, and
accidents [14-16]. Factors affecting ab-initio pilots’ physical and mental state have been extensively studied [17-
19].

The impact of the COVID-19 outbreak has been extensively investigated in various industries including healthcare
[3] education [4], economy [20] and aviation [6]. Moreover, a considerable amount of literature has been published
on the impact of the COVID-19 pandemic on students [21,22]. Although extensive research has been carried out
on the impact of COVID-19, no single study which investigated the psychological impact of COVID-19 on ab-
initio pilots exists. With this consideration in mind, we set out to analyze the psychological impact of the COVID-
19 pandemic on ab-initio pilots.

2. Material and Methods

2.1. Participants

A 48-item survey was delivered online to 400 ab-initio pilots from four flight schools and two university-level
aviation schools. The response rate was 108/400. Of the participants, 54 (50.0%) had private pilot licenses (PPL),
47 (43.5%) had ab-initio pilot licenses (SPL), and 7 (6.5%) had commercial pilot licenses (CPL). The majority
(56.3%, N= 61) of the ab-initio pilots were between the ages of 17 and 23. Among the participants, 97 (89.8%)
were unmarried, and 11 (10.2%) were married. Ethical approval for this study was received from the Ozyegin
University Human Research Ethics Board (2021/01/05).

2.2. Survey

The survey which was used in the study was developed based on two previously reported surveys [20,23]. This
survey was organized into three parts. The first part was composed of 10 items questioning demographic
information. In the second part, there were 17 items regarding situations related to the COVID-19 pandemic. The
last part included the Depression, Anxiety and Stress Scale - 21 (DASS-21). DASS-21 contains 21 items to assess
3 emotional states (i.e., depression (items: 30,32,37,40,43,44, and 48), stress (items: 28,33,35,38,39,41, and 45),
and anxiety (items:29,31,34,36,42,46, and 47) [24]. The questions in the second part had 5-point Likert-type
response options (1 — strongly disagree to 5 — strongly agree). The questions in the third part (DASS-21 Scale) had
4-point Likert-type response options (1. Never — 4. Always). (Appendix)

2.3. Statistical analysis

We used Kolmogorov-Smirnov test to analyze the compliance of the parameters with normal distribution. In
addition to descriptive statistical methods, independent-samples t-test and one-way analysis of variance (ANOVA)
were used to analyze the results of the survey on a significance level of 5%. The reliability of 17 expressions was
determined by applying Cronbach’s alpha analysis. The Cronbach’s alpha coefficient was found to be 0.89. The
reliability of 21 expressions of the DASS-21 scale was also determined. It was found to be 0.93. Factor analysis
was performed to investigate the consistency.

3. Results and Discussion

It was revealed that the COVID-19 pandemic had a negative impact on the psychological states of the ab-initio
pilots who participated in the study. Of the participants, 24% (N=18) had anxiety on varying levels. Almost half
of the participants (44.2%, N=41) stated that they were depressed. Varying levels of stress were detected in 45%
of the participants.
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The participants were asked, “Have you ever received psychological support during the pandemic period?” To this
question, 9.3% of the participants (N=10) reported that they received psychological support during the pandemic
period. Among all participants, 0.9% (N=1) requested it. Approximately one-third of the participants (9.3%, N=10)
suggested that they had contact with a person who had a suspected or confirmed diagnosis of COVID-19. About
one-third of the 108 participants pilots who completed the survey (37%, N=40) said they had elderly or high-risk
individuals in their family.

The participants were asked whether their flight training was ceased or postponed. Almost two-thirds of the
participants (63%, N=68) stated that their flight training was ceased or postponed during the pandemic period.
Close to one-third of the participants (26.9%, N=29) said they had signed a cadet pilot agreement whereby the ab-
initio pilot commits to serve an airline for a specified term.

Based on the results, there were no significant differences in stress and depression levels based on the participants’
age, gender, marital status, type of pilot license or status of receiving psychological support.

A significant difference was found between the male and female participants. The female participants had a higher
level of anxiety than the male participants. One of the most striking results that emerged from the study was that
there was no significant difference between the levels of anxiety, depression and stress of the participants who had
cadet agreements and those who covered their training with their own budget (p > 0.05).

There was a significant difference in anxiety levels based on the age groups of the participants (p < 0.05). The
number of the participants at the ages of 17-23 was higher in comparison to the number of those who were 24 or
older. Flight training organizations should pay particular attention to younger pilots and plan supportive seminars,
courses and organizations. Flight training departments of universities may develop a career plan for their students
and graduates. Students may participate in career-related volunteer opportunities.

Female gender, being aged between 17 and 23, status of receiving psychological support during the pandemic
period, items related to vulnerability (16-19), working conditions (20-22), isolation (23,24), knowledge (26) and
the media (27) were factors associated with the presence of anxiety on varying levels.

School closures (e.g., FTOs and university-level aviation schools), items related to vulnerability (16-19), working
conditions (20-22), isolation (23,24), lack of job opportunities (25), knowledge (26) and the media (27) were
related to stress among the participants (Table 2).

The status of receiving psychological support during the pandemic period, items related to vulnerability (16-19),
working conditions (20-22), isolation (23,24), lack of job opportunities (25) and the media (27) were associated
with depression (Table 2).

It is well-known that the airline industry and air transport rely on keyworkers such as flight deck crew and cabin
crew. Previous studies have reported that the psychological status of pilots was severely affected during mass
disruptions in the past such as the September 11 attacks, the SARS epidemic, the Gulf War, and the recession in
the 1990s. Therefore, the investigation of the impact of the COVID-19 pandemic on pilots, especially ab-initio
pilots that are more vulnerable to stressors, is of great importance.

The findings of this study provided evidence that the COVID-19 outbreak had a significant impact on the
psychological status of the ab-initio pilots who were included in the study. It was found that more than 20% of the
participants had anxiety on varying levels, and more than 40% of them had different levels of stress and depression.
Aviation authorities may initiate preventive actions against the negative affect of the COVID-19 pandemic on ab-
initio pilots and publish recommendations for flight training organizations.

Contrary to expectations, there was no significant relationship between the participants’ statuses of having signed
a cadet agreement and their levels of depression, anxiety and stress.

It is interesting to note that the most significant factor related to stress among the participants was vulnerability.
This finding was directly in line with previous findings [23].
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Table 2. The comparison of 18 items related to the COVID-19 outbreak between the groups with and without
anxiety, stress, and depression

Anxiety Stress Depression
Anxiety absent Anxiety at any level P. Stress absent Stress at any level P. Depression absent Depression at any level P.
Med. Min Max Med. Min Max Med. ‘ Min Max Med. Min Max Med. Min Max Med. Min Max
Health of myself/ others
11 3 1 5 4 1 5 0.283 3 1 5 3 1 5 0.060 3 1 5 3 1 5 0.115
12 2 1 5 3 1 5 0.627 2 1 5 3 1 5 0.337 2 1 5 3 1 5 0.705
13 3 1 5 5 1 5 0.031 3 1 5 4 1 5 0.078 3 1 5 4 1 5 0.011
14 4 1 5 5 1 5 0.548 5 1 5 4 1 5 0.856 4 1 5 5 1 5 0.261
15 4 1 5 5 1 5 0.452 4 1 5 5 1 5 0.382 4 1 5 5 1 5 0.096
Vulnerability
16 3 1 5 4 1 5 0.001 2 1 5 3 1 5 <0.001 2 1 5 4 1 5 <0.001
17 2 1 4 3 1 5 0.003 2 1 4 3 1 5 <0.001 2 1 4 3 1 5 <0.001
18 2 1 4 3 1 5 0.002 1 1 4 3 1 5 <0.001 1 1 4 3 1 5 0.001
19 2 1 5 3 1 5 0.002 1 1 4 3 1 5 <0.001 1 1 4 3 1 5 <0.001
Work
20 2 1 5 4 1 5 0.002 2 1 4 3 1 5 <0.001 2 1 4 3 1 0,001
21 1 3 1 5 0.001 1 1 4 3 1 5 <0.001 3 <0.001
22 2 0.003 1 1 5 2 1 5 0,.005 1 1 5 0.013
Isolation
23 1 1 3 1 1 5 0.014 1 1 2 1 1 5 0.001 1 1 2 1 1 5 0.003
24 3 1 5 4 1 5 0.042 3 1 5 3 1 5 0.031 2 1 5 3 1 5 <0.001
The lack of job opportunities
25 4 ‘ 1 ‘ 5 ‘ 5 ‘ 1 ‘ 5 ‘ 0.125 ‘ 3 ‘ 1 ‘ 5 ‘ 5 ‘ 1 5 ‘ 0.011 ‘ 3 ‘ 1 ‘ 5 ‘ 5 ‘ 1 ‘ 5 ‘ <0.001
Knowledge
26 2 ‘ 1 ‘ 4 ‘ 2 ‘ 1 ‘ 5 ‘ 0.016 ‘ 1 ’ 1 ’ 4 ‘ 2 ’ 1 ’ 5 ’ 0.003 ’ 1 ‘ 1 ‘ 4 ‘ 2 ‘ 1 ‘ 5 ‘ 0.063
Media
27 2 [ 1 [ s [ 4 [ 1 [ s Joor][ 2 [ 1 [ 5 [ 4 [ 1 [ 5 [<0001| 2 [ 1 [ 5 [ 4 [ 1 [ 5 [ <000

The results of this study also showed that female gender and request for psychological support were associated
with varying levels of depression, anxiety and stress. This was in agreement with previous findings [3].
Furthermore, consistent with earlier findings reported by Aslaner et al., we identified the following factors that
had a significant negative impact on the participants’ mental health [3]:

e excessive exposure to pandemic news on social and mass media

e inadequate amount of valid information about COVID-19

e vulnerability

e lack of knowledge

e isolation

e lack of job opportunities

e hygiene in the workplace

4. Conclusion

In summary, we were able to demonstrate the negative impacts of the COVID-19 pandemic on the mental state of
ab-initio pilots. The findings of this study suggested that almost half of the ab-initio pilots had varying levels of
depression and stress, and a quarter of them showed different levels of anxiety. The impaired mental health of ab-
initio pilots may jeopardize the flight safety. Therefore, the findings of this study may contribute the flight safety
by implementing preventive actions against the contributing factors to mental health disorders (e.g., stress, anxiety,
and depression) [13].
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Finally, a number of important limitations need to be considered. First, the response rate was low. Second, the
sample was representative of ab-initio pilots on a national scale, but it would tend to miss students who were
hesitant to participate in the study.

It would be interesting to assess the effects of the COVID-19 pandemic on airline pilots, cabin crews and
technicians. Work towards examining the impact of the COVID-19 outbreak on the mental states of airline pilots
is in progress in our research team.

This study extends our knowledge on the impact of the COVID-19 pandemic on employees in the aviation industry.
This information can be used to develop targeted interventions aimed at planning ahead of time to provide support
for ab-initio pilots in the future.
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Appendix

SURVEY

Part 1. Demographics

1.Gender

Female

Male

Prefer not to say

2. Age

17-23

24-30

31 and older

3. Holding type of license

SPL

PPL

CPL

4. Marital status

Married

Unmarried

5. Did an airline company provide financial assistance for you with a certain time (5 years, 10 years, etc.) of service for tuition related expenses?
Yes

No

6. Has your flight training been ceased or postponed?
Yes

No

7. Do you have any comorbidities (additional disease)?
Yes

No
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https://doi.org/10.55212/ijaa.1071166
http://www.jast.hho.edu.tr/

1JAA 2022

Volume 3, Issue 1 The mental health of ab-initio pilots during the COVID-19 pandemic

8. Do you have elderly or high-risk individuals among the family or do you live with those?
Yes

No

9. Have you ever got in contact with a COVID-19 suspected person?

Yes

No

10. Have you ever received psychological support during the pandemic period?

Received

Requesting

Not requesting

Part 2. Situations related to the COVID-19 pandemic

Health of myself/others

11. | am worried about being infected.

12. I think | already got the infection.

13. I am worried about my/my family’s other health problems.

14. | am afraid of spreading the infection to my family or others.

15. | am afraid of my parents getting infected.

Vulnerability

16. | think the virus spread can not be controlled.

17. 1 don’t feel safe myself.

18. | feel my life is under threat.

19. | feel I lost control of my life.

Work

20. | feel stressed because of the increase in my workload.

21. I am afraid of doing my job (performing flight training).

22. | think there is not enough equipment (e.g., disinfection kit and protection mask) in training aircraft to prevent contamination and to be protected.
Isolation

23. I think I have been excluded by my relatives and other people because of my job.

24. 1 am afraid of being isolated or restricting my activities.

Lack of job opportunities

25. 1 am afraid of the lack of open position in aviation or lack of recruitment in aviation.
Knowledge

26. | think I have a lack of information about preventing the epidemic and protecting myself.
Media

27. News/ TV/ Social Media increases my stress level.

Part.3 DASS-21 Scale

28. | found it hard to wind down during the past week

29. | was aware of dryness of my mouth during the past week

30. | couldn't seem to experience any positive feeling at all during the past week

31. | experienced breathing difficulty (e.g., excessively rapid breathing, breathlessness in the absence of physical exertion) during the past week
32. | found it difficult to work up the initiative to do things during the past week

33. | tended to over-react to situations during the past week

34. | experienced trembling (e.g., in the hands) during the past week

35. | felt that | was using a lot of nervous energy during the past week

36. | was worried about situations in which | might panic and make a fool of myself during the past week
37. | felt that | had nothing to look forward to during the past week

38. | found myself getting agitated during the past week

39. | found it difficult to relax during the past week

40. | felt down-hearted and blue during the past week

41. 1 was intolerant of anything that kept me from getting on with what | was doing during the past week
42. | felt I was close to panic during the past week

43. 1 was unable to become enthusiastic about anything during the past week

44, | felt | wasn't worth much as a person during the past week

45, | felt that | was rather touchy during the past week

46. | was aware of the action of my heart in the absence of physical exertion (e.g., sense of heart rate increase, heart missing a beat) during the past week
47. | felt scared without any good reason during the past week

48. | felt that life was meaningless during the past week

27
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1. Introduction

Multi-rotor Unmanned Aerial Vehicles (UAVS) have rapidly attracted the interest of researchers since they are
being implemented in a variety of different applications including surveillance, reconnaissance, agriculture, rescue,
and mining. One of the outstanding research challenges in multirotor design is the requirement of a sophisticated
control system that can cope with unexpected casualties like actuator failures [1, 2].

Faults and failures are inevitable in complex systems like aircraft. Hence, scientists are working on fault-tolerant
control strategies to safely land the aircraft in presence of faults or failures [3-5]. The controllability of the
multirotor in presence of motor fault is investigated in [6]. Fault-tolerant control (FTC) techniques have been
proposed in [7-12] to recover the control of faulty vehicles. Nonlinear L1 adaptive control [7], robust adaptive
control [8], adaptive sliding mode control [9], Linear Parametric Variable (LPV) sliding mode control [10], optimal
adaptive control [11], and Model Reference Adaptive Control (MRAC) [12] are some instances of direct fault-
tolerant control algorithms.

In addition to the direct methods, fault-detection and identification algorithms are also used in fault-tolerant control
strategies [13]. Timely detection of the actuator failures and estimation of their severity plays an important role in
avoiding crashes and leading to fast recovery for a safe landing. Fault-detection approaches can be categorized
into model-based, signal-based, knowledge-based, and active diagnosis techniques [14]. Since multi-rotors have a
nonlinear, highly—coupled, and underactuated dynamic system, controlling them is a challenging problem. On the
other hand, actuator fault is also a common problem in multi-rotors, which raises discussions about their reliability
and safety.

In the event of a motor fault and/or failure, numerous studies are being conducted to recover multi-rotor vehicles.
FTC researches corresponding to the multi-rotor’s motor faults and failures can be classified into two groups of
partial actuator fault and complete loss of actuator effectiveness or actuator failure. Some researches investigate
the effect of partial fault on the rotor and propose fault-tolerant strategies while other researches have examined
the effect of motor failure and appropriate fault-tolerant control strategies. Among the researches, some have
applied fault detection algorithms as a part of the FTC strategy, while others apply direct fault-tolerant control
algorithms to control the multirotor. Ref [15] introduced a fault-tolerant control strategy to control a quadcopter
in case of a time-varying motor fault. The proposed fault-tolerant strategy includes fault detection and
identification algorithm based on the controller outputs and the angular rates calculated by a discrete extended
Kalman filter and a discrete nonlinear adaptive tracking controller.

There are also several other researches [2, 16, 17], which have tried to control the quadrotor in presence of partial
fault [2]. The sliding mode control technique has been applied in Ref. [16] as a passive fault-tolerant control
method to control the quadrotor’s attitude considering partial rotor fault. An adaptive fuzzy system is used as a
compensator to compensate for the estimation error of nonlinear functions and faulty parts. Ref. [17] applies a
sliding mode disturbance observer inside the fault-tolerant sliding mode controller to control and improve the
performance of the quadrotor with partial actuator fault. There are several researches regarding the controllability
of multi-rotors in presence of rotor fault or failure, in which different configurations including quadrotor,
hexarotor, and octarotors have been investigated to determine the status of controllability [18,19].

Among the aforementioned multi-rotors, quadrotors suffer more from rotor fault due to lack of actuator
redundancy. Respecting the controllability of quadrotors, it is well known that failure of one rotor results in an
uncontrollable system. Therefore, full attitude control of the quadrotor can be achieved for a maximum specific
magnitude of the partial fault and is not achievable in presence of complete one rotor failure. In case of one rotor
failure in quadrotors, controllability of the yaw state is scarified and the controller tries to control the roll and pitch
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angles [20]. Various control methodologies have been addressed in literature the problem of complete loss of one
or two rotors of the quadrotor [20-22].

A robust feedback linearization controller along with an Hoo loop shaping technique is adopted in Ref. [20] to
achieve regulation of roll and pitch angles around the chosen working point. A nonlinear sensor-based fault-
tolerant controller is developed in Refs. [22,23] to stabilize a quadrotor with failure of two opposing rotors in the
high-speed flight condition.

Ref [24] proposes a complete FTC design approach with fault detection and diagnosis (FDD) of a quadrotor in
presence of a partial fault. Hexarotor seems to be more robust respecting motor failure because of having more
actuators. Despite the higher numbers of motors concerning quadrotors, researchers demonstrated that standard
hexarotors are not fully controllable in case of one motor failure, in which yaw control is lost if one engine is failed
[25]. It is difficult to reach a controller that can cope with motor failures in the standard configurations, and most
proposed controller algorithms in the literature are confined to reduced attitude control [26]. In the standard
configuration of hexarotor (PNPNPN: P stands for rotation in the positive direction and N stands for rotation in
the negative direction), all neighboring motors rotate in opposite directions. Non-standard configurations
(PPNNPN) can maintain full controllability in presence of one rotor failure.

Accordingly, Ref. [27] applies the composition of a Tau-observer and a disturbance based sliding mode controller
on a non-standard configuration of hexarotor and investigated the fault detection and control of a hexarotor in
presence of one and two motor failure with controlling the attitudes including the heading and keep the hovering
flight to landing. It can be demonstrated that the non-standard configurations of hexarotor are fully controllable in
33% of up to two random motor failures [18]. According to the literature and above discussion, full controllability
of quadrotor (roll, pitch, and yaw) is not possible for complete loss of effectiveness of one motor (motor failure).
In a novel approach proposed here, the Incremental Nonlinear Dynamic Inversion (INDI) control algorithm is
applied and augmented with a nonlinear robust adaptive controller to control the quadrotor in presence of a motor
fault. The simulation results verify the perfect performance of the introduced architecture. Additionally, for
trajectory tracking, a modified PID algorithm is applied in the third loop of the three-loop control strategy.

The remainder of this paper is organized as follows. The quadrotor’s nonlinear dynamic equation of motion is
derived in section (I1). The controller architecture including the INDI algorithm, robust adaptive controller
approach, and the PID controller is presented in section (I11). Numerical results, controller performance, and the
comparison are examined in section (1V), and finally, the conclusion section briefly discusses the key results.

2. Mathematical Model

In this section, the quadrotor model and equations of motion, disturbance due to unknown dynamics, the motor
model, as well as the motor mixer equations are presented.

a) Quadrotor frame
The S500 frame with the EMAX2212/ 820KV motors is selected as the plant model in this research. The quadrotor
parameters, which are used in this paper are given in Table 1.
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Table 1. Quadrotor frame specifications

Quadrotor Parameters

Values

Mass, m
Thrust Parameter, b
Drag Parameter, d

1.59 kg

2.02 x 107 N/rpm?
4.18 x 10° Nm/rpm?

Moment arm (C.G to motor distance), | 0.243m
Moment of Inertia about the x-axis, lx 0.0213 kg.m?
Moment of Inertia about the y-axis, lyy 0.0221 kg.m?
Moment of Inertia about the z-axis, I, 0.028 kg.m?
Translational drag coefficients, k., k, 5.5e—4N/m/s
Translational drag coefficients, k, 6.3e—4N/m/s
Rotational drag coefficients, k ,, k, 5.5e—4N/rad/s
Rotational drag coefficients, k, 6.35e—4N/rad/s
Total rotational moment of inertia, Jr 6.8x 10°kg.m?
Max motor speed, Q3 6250 rpm

b) Dynamic equations

The translational and rotational equations of the quadrotor in the body frame are presented in Egs. (1) and (2),
respectively. As depicted in Fig. 1, the quadrotor consists of four motors. Number one and two motors rotate
counterclockwise with velocities 24, 2,, respectively, whereas the other two motors (hnumber 3 and 4) rotate in
the opposite (clockwise) direction with velocities 25, 0,.

Fig. 1. Schematic representation of quadrotor

¢ Translational dynamics
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¢ Rotational dynamics
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where X, y, and z are the position of quadrotor center of mass in the inertial frame and ,0,¢ are the Euler angles,
which represent the body frame rotation concerning the inertial frame. I, I,,,,, and I, are the moments of inertia
in X, y, and z-direction, respectively, m is the system mass, | is the distance between the center of the mass and the
motors, and g is the gravitational acceleration. The quadrotor inputs are represented by 7°,M,,M,,,cM,, which are
the total thrust force (7°) generated by propellers in z-direction and moments about x, y, z axes, respectively. The

terms £, fydmg, arag J;dmg,%dmg, and 7,77% are the drag forces and moments produced by the
. Ky . ky . Ky . K
quadrotor’s frame, which are expressed as f7'%9 = —“Zx £ = vy gdrad _ _lz; qdred _ _Zeg2
m y m m p Lix
k k . .
%dmg _ _ke qz,Trdmg = ——%y2 The constant parameters ky, ky, k, are translational drag coefficients, and

Lyy Izz
ky, kg, ky are rotational drag coefficients, which are considered with values according to Table 1. Moments

produced by the gyroscopic effect of the rotors around x and y axes are presented by 7,7°"°, 797", which are

expressed as 7,977 = I’—quz and 7,77, = —I]—Tp.(l, in which Jr is the moment of inertia of each motor and
xx yy

represents the propellers total speed as below:

.Q=.{21_.{22+.Q3_.Q4_ (4)

The terms £, £, £, and T,¥ind, 7 wind  gwind gre the forces and moments, which are produced by the effect of
wind. The wind model can be composed of different elements of the wind including the mean wind, wind gust,
and turbulence. For the purpose of simulation, this paper considers the Dryden turbulence model, which is a
stochastic model of the wind and is inherently dependent on the quadrotor’s states (attitude, altitude, and velocity).
Accordingly, in Dryden model the scale length and the probability of exceedance of high-altitude intensity are
considered as 533.4m and 0.01, respectively and the low-altitude intensity is defined as 15 m/s.

¢) Rotor dynamics
The thrust generated by the motors is modeled as a first-order system to account for the motors dynamic for
variation of rotational speed:
Wo
e = KS + wy i ®)
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where S is the Laplace variable, u; is the i-th motor input which is the PWM reference signal to the motors, K is

the motor gain, and w, is the bandwidth of the motors. The motors’ thrust force and torque depend on the rotational
velocity, propeller diameter, as well as the aerodynamics characteristics of blades as below:

T; = C,pR;2D* = b;?

6
Q; = CypR;°D° = kT; = d0;% k = 2.07e — 2m ©)

Where Cy, Cq are thrust and drag coefficients, £ is the air density, i s the rotational speed of each motor in rpm,
and D is the propeller diameter. The numerical values of b and d are introduced in Table 1. Accordingly, the
actuation inputs in the body frame are expressed based on the rotational speeds as follows:

U=Kgjy (7)

b b b b
—bl bl 0 0

0 0 bl -bl

d d —-d —-d
The autopilot outputs (U) must be translated into each motor inputs to send the signal to the quadrotor speed
controls, then apply the related PWM signal to each quadrotor’s motor.

where U = [T, My, My, M,]", Kgy = Land @ = [02, 02,02, 02]".

d) Motor mixer
The motor mixer determines the rotational speeds of each rotor corresponding to the intermediate autopilot outputs
(V). accordingly, motor mixer expression can be reached by inversing Eq.(7) as below:

0 =Ky,0U, Ky = inv(Kp,y) (8)

e) Motor thrust and speed limitations

When converting the controller outputs to the motor inputs, the maximum constraint of the motors is applied to
the motor mixer formulation. Based on the motor type, propeller size, battery specifications, the maximum speed
of each motor (£2,,,4,) is found to be 6250 rpm. Accordingly, the maximum thrust of each motor is 7.89N.

T = 4b0? = 0<T<3156 9)

The maximum bounds of the control moments output before converting to the input of each motor is:

My = Dl 2700x) = —-1.917 < M, < 1.917
M, = bl(2%,0:) = -1917 <M, <1917 (10)
My = d(Qax + Qorax) = ~0.33 < M, < 0.33

f) Motor fault modeling
Degradation of motor performance or damage to the rotor can be considered as the partial fault on the actuator
regarding the normal operative condition of the motor. Partial fault on the i-th actuator can lead to loss of thrust,
which generates unwanted roll, pitch, and yawing moments. Accordingly, the effect of partial fault on the thrust
force and moment of the faulty motor is considered as parametric uncertainty as follow:
T;. = T; + AT; = b;> + Ab0;*, Ab = —f;b
Qi = Qi +4Q; = d0;* + 4d0;*, Ad = ~fid
where 4b, Ad are bounded variation of motor effectiveness respecting its nominal values and can be represented
asc—b < Ab < 0,—d < Ad < 0 and f; is the i-th motor fault. Therefore, the actual signal (u) generated by the
faulty actuator (uy) is as follows:

(11)
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u(®) = (1= Du®),u®)" = [Ty, Ty, T5,T)]
B { ot < tf (12)
~ ldiag(fi, f2. 3. fa)t > tf

In the above equation, ¢ is the time that fault occurs and 0 < f; < 1, inwhich f; = 0,f; = 1 represent the healthy
and the fully failed actuator, respectively. Based on the maximum rotational speed of the motors (6250 rpm), each
motor can generate the required thrust to keep the quadrotor to hover for about 50% partial fault. Therefore, the
maximum partial fault is considered to be 50%.

3. Subsystem Level Operational Architecture

In this section, by applying the multiple-timescales approach, the rotational and translational dynamics are
separated by assuming that the rotational dynamics are much faster than the translational dynamics. The block
diagram of the controller system is shown in Fig. 2.

[‘.’:‘ , J‘] Desired
— Euler Angles
[ i, 7, j/] Position Control »  Attitude Control |«
S
[2,4.2]
¥ ——
LAND -~
W Total Mz P,q.T
I 11 Trajectory Design el Throst My 0,0,
Y.9.9 v M
Zy2,2 Y.4,y =
%%,z Motor
Mixer
B 55 M
v
Dynamics

Fig. 2.Total controller architecture

It is clear that classical controller algorithms do not have appropriate performance in presence of motor failure. To
deal with fail conditions a cascade control algorithm is applied to the quadrotor. The attitude control loop is a
robust adaptive controller based on INDI and the position control loop is the PID algorithm.

Based on the rotational dynamics according to Eq. (2), the nonlinear model of quadrotor can be transformed into
an affine control model as below:

x=fx)+gx)U, (13)
where x € R3 is the vector of rotational velocities (x = [p, q,7]);U. € R3 is the controller output moments vector
(U. = [My, My, M, ]);f(x) € R® and g(x) € R3*3 are differentiable matrices of state and input functions,
respectively.
a) INDI controller design

Considering the rotational dynamics of the quadrotor based on Eq.(13), the Taylor series approach is applied to
expand Eq. (2) while neglecting higher-order terms. Accordingly, Eq. (14) is obtained as below:
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x()=f(x(t—Ts) +gx(t—Ts)HU.(t —Ts)

d
x=x(t-Ts) (x(t) —x(t - TS)) + a (g(x)Uc) x=x(t—Ts) (x —x(t— TS))
Ue=Uc(t=Ts) Uc=Uc(t-Ts) (14)

0
FITRASL (Ue(t) —Uc(t =Ts)) + gx(t =Ts)Uc(t) —Uc(t = Ts))

0
+af(x)

+

x=x(t-Ts)

U =U.(t-Ts)
where Ts is the sampling time. The first part of Eq.(14), f(x(t — Ts)) + g(x(t — Ts))U.(t — Ts) is equal to
x(t — Ts). This part includes some terms, which can be calculated based on the onboard sensors at any instance
of the flight time. The term x(t — T's) can be computed by taking derivative from rate gyros’ outputs, which are
the rotational speeds. In other words, the dynamic related terms f(x(t — Ts)) + g(x(t — Ts))U.(t — Ts) are
replaced by the derivative of the sensor outputs. That’s why this approach. i.e. INDI, is referred to as a sensor-
based control strategy.

0 5}
The other part of EQ- (14)[af(x)| x=x(t-Ts) (x(t) - x(t - TS)) + 9x (g(x) Uc) x=x(t-Ts) (x - x(t -
U =U.(t-Ts) U.=U.(t-Ts)

Ts)) + aiucf(x) X=x(t—TS) U.t)-U.(t - Ts))] can be neglected if the sampling time Tsis small. Thus,
Uc=U.(t-Ts)
Eq.(14) can be rewritten as Eq.(15).
x(t)=x(t—Ts)+gx(t—Ts)(U.(t) —U.(t —Ts)) (15)
According to Eq.(15), the parameters in Eg.(2) can be rewritten as below:

B = P~ TS) + 7 My(6) = My(t ~T5)

XX

1
Q(t) = q(t - TS) + I_My(t) - My(t - TS) (16)
yy

() =7t —Ts) + IiMz(t) —M,(t—Ts)

ZZ

As explained before, the angular acceleration terms are derived by taking derivatives from the angular rates. Since
the sensor measurements from the gyroscope are naturally noisy due to disturbances induced by the vibrations of
the motor or propeller on the vehicle’s frame. Since differentiating the noisy signal amplifies the effect of noise
on the output, the application of an appropriate filter is required. Accordingly, a second-order filter is adopted to
be applied before differentiating the outputs of rate gyros. The implemented filter in the form of a transfer function
in the Laplace domain is given in Eq.(17). Satisfactory results are obtained from the filter with w,, = 50rad/sand
¢ = 0.55. For the same application, other low-pass filters like the Butterworth filter can also be implemented [28].

B 2500
" s2 4555 + 2500

In the next step, the controller command should be computed corresponding to the INDI approach. Hence, by
inversing Eq.(15) the control signal is obtained as below:

ces) (17)
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U.(t) =g t(x(t— Ts))(—xs +v) + U (t —Ts) (18)
where:
X = L™1(x(t — Ts)C(s)) (29)

Where L'* is the Laplace inverse operator, x; is the filtered derivatives of the angular rates, and v is the pseudo-
control input, which is determined by the robust adaptive controller in the next section. The INDI controller
architecture is illustrated in Fig. 3.

X
5 ¢! x(t-To) (%, +v) (X x—fx +gx U [ f—laif (o) -

S

x(t—Ts)

Fig. 3 INDI controller architecture
b) Motor fault modeling

To enhance the INDI robustness, especially in presence of motor fault effect, a robust adaptive control algorithm
is augmented to the INDI algorithm to generate the pseudo-control input (V). Integration of the INDI algorithm as
the baseline controller and the model reference robust-adaptive controller as the outer-loop controller can improve
the performance of the total controller. In the following, the design procedure and application of the robust adaptive
algorithm, as an augmentation algorithm to the INDI controller is described.
In our proposed robust MRAC strategy, the dynamics of the reference model is considered as follows:
X, =Anxm + B,R (20)
where 4,, € R™™ is known desired Hurwitz closed-loop system dynamics and B,,, € R™™ is an identity matrix
() in our case. Applying simple feedback, the poles of the closed-loop system are set to the eigenvalues of the
matrix Am. Therefore, the differential equations of the plant’s dynamics can be propagated as follows:
X = A,Xp + B (wugg + 0% + 0) + 41 (x,u), x(0) = x
y(t) = cx(t)

where c||. || is the infinity norm; cx(t) € R™is the measured system state; ¢ € R™*™is a known constant vector;
u,4(t) € R™is the control input; ®, 0, ¢ are unknown constant parameters with known signs and lower and upper
bounds; 41 (x,u):R X R™ — R™ is a continuous bounded unknown nonlinear argument due to INDI error and the
effect of rotor fault.
The above system architecture is replicated by the use of state predictor which is given by Eq.(22):

X =A%y + B (@ugq + 0%l + 6), x(0) = x,

y(t) = c"x(t)

where @(t) € R is the estimate of w € [wy, w,], 8(t)IR™, and & € R™ are adaptive estimates of the dynamic
model parameters @(t) and o (t), which are continuously differentiable and bounded as; c||8]| < &y, llo|l <
62 lloll < 6s.
Adaptive law: The adaption laws governing the adaptive estimates are as follows [7]:

6(t) = rProjf(e),=x" (OPblIx(D)ls, B(0) = By,

&(t) = I'Projo(t), —xT (t)Pb, 8(0) = 6,, (23)

o(t) = I'Proja(t), —xT (t)Pb, ®(0) = Dy,

(21)

(22)
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In Eq.(23), the term I' is the adaptation gain and 8, @,, c&, are the initial values of pertinent variables, which are
guessed for initialization of the algorithm. Large values of G, increases the rate of adaptation for desirable
performance without reducing the robustness properties. P = PT > 0 and Q = QT > 0 are used in the Lyapunov
functionAL P + PA,, = -Q, and %(t) = £(t) — x(t) is the error function.

The projection operator, which is denoted by Proj.,. guarantees estimated parameters boundedness according to
Ref [7]. The projection operator is defined as below:

(* if h(p) <O,
[ > T, <
Proj(p,z) = f I if h(g)=0 and VhTz<0, -
z———|——.z|h if h(p)=0andVhTz > 0.
|||7h||(|||7h|| ) (@) f h(e)

where ““.” and V represent the inner product and gradient, respectively and h is a convex function defined as h(¢) =

(g0 +1)0T 9=@hax
€9 Phax

?  which is defined in a bounded convex as 2. = {¢ € R™"|h(p) < c},0 < c < 1.

Control algorithm: The robust model reference adaptive control algorithm signal is obtained as below:

,and g, > 0 is the projection tolerance bound, and ¢, is the norm bound forced on the vector

1 ~
Ugg = 5(—9||x||w + 6+ kyR) (25)

In the above control algorithm equation, k, is selected to ensure a unity DC gain of the desired system
corresponding to Eq.(20). The complete block diagram of the proposed controller including the INDI algorithm,
the state estimator, adaptation law, and the adaptive control algorithm is illustrated in Fig. 4.

Km

A 4

uad:é(—éux”m+&+k‘g}3) +® L°F x=fx +gx U, X:® X

Control Law 4 + ~ A
INDI
% =A%, + B, (0u, +8[x|_ +6). x0) =x, | |
§(t) = ¢"x(t)
State’s estimator
0(t) = TProj O(t), 3" (t)Pb=(t)] . 6(0) =4,
G(t) = ['Proj 4(t),—&" (t)Pb L 6(0)=45,, |«
&(t) = IProj &(t),—&" (t)Pbu(t) . &(0) =,
Adaptive Law

Fig. 4. Model reference robust adaptive controller with INDI Algorithm

¢) Outer loop controller design
For the outer-loop position control, a PID control algorithm is applied. Based on the desired trajectory and their
first and second derivatives, the dynamics of the position error can be derived as:
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P, + K P, + K,P, + K f P,dt =0 (26)
Py =[xq,Ya Zal, Pe = Pqg— P

where P is the desired position with bounded first and second derivatives,P, is the positions error, and the PID
gains (K,,Ky, K;) are derived corresponding to the conditions of Routh-Hurwitz to exponentially converge the
error to zero. According to the error dynamics, the following equation can be computed:

P:Pd+KdPe+KpPe+K,fPedt=0 (27)

Based on the desired positions and translational dynamics of Eq. (1), the desired Euler angles are derived as the
command pitch and roll angles as follows:

mi
Oc = arcsin( T)
cosy

. my
|$e = —arcsin (cos 1PdT)

Where in the above equation T = m\/ﬁé + v+ (Z+ g) and the desired heading angle (y4) is imposed by the
trajectory generation unit corresponding to the desired trajectory. The conventional PID control algorithm has two
disadvantages; 1) sudden jump of the output of the derivative part of PID, which can saturate the actuator if the
desired input is like a step function and 2) the problem of integral wind up when the integral value is high and the
error switches its sign. To remove these problems, as shown in Fig. 5., the system output is used in the derivative
part without accounting for the desired input, and an anti-windup filter [29] is applied in an integral part of the
PID algorithm.

(28)

—y— K4S
N Saturation
+
—e =ya- y KpS —— —
+
— +
+
K; S

Anti-windup
Fig. 5. Anti wind up PID controller architecture

4. Simulation Results

Several numerical simulations are considered in the presence of partial loss of motor effectiveness to verify the
performance of the proposed three-loop robust adaptive fault-tolerant controller. In the first simulation scenario,
the performance of the introduced controller is investigated for the case of the healthy (no-fault) quadrotor.
Accordingly, Figs. 6-10 represent the parameters of the quadrotor, when tracking a helical trajectory. Figs. 6, 7

38
https://doi.org/10.55212/ijaa.1033224


https://doi.org/10.55212/ijaa.1033224

1JAA 2022 Fault tolerant control of a quadrotor based on incremental nonlinear
Volume 3, Issue 1 dynamic inversion

represent the quadrotor’s attitude rates and Euler angles, respectively. The rotational speeds of the rotors along
with the corresponding control moments are depicted in Figs. 8, 9, respectively. Accordingly, the required rotation
speed of the rotors to track the desired path are around 4400 RPM. Finally, the quadrotor position in 3D space and
the trajectory tracking performance of the proposed controller has been illustrated in Fig. 10. As shown, the
controller has a satisfactory tracking performance. Several fault scenarios are considered to investigate the
performance and robustness of the controller algorithm. For this purpose, the performance of the controller is
examined for different percentages of fault on the motor number one (humberl) as illustrated in Figs. 11-25.

Figures 11-15 illustrate the quadrotor’s parameters corresponding to 20% of rotor fault. Body rotational speed,
Euler angles, motors’ rotational speeds, moments generated by the motors, and the quadrotor position are all
illustrated in all fault scenarios. All figures contain the curves of the desired values and the INDI outputs. Similar
simulations are run for the case of 40% of fault on the number one rotor according to Fig. 16-Fig. 20. As previously
discussed, the controller can maintain full controllability (roll, pitch, and yaw) of the quadrotor to maximum of
50% of rotor fault. Figs. 21-25 illustrate the controller performance in presence of 50% of the motor fault. As
illustrated in Fig 23, the rotational speed of rotor number one approaches the saturation magnitude in presence of
50% of partial fault. The maximum rotation speed of the rotors is 6250 RPM, that’s why for faults bigger than
50% the rotational speed of the faulty motor saturates and the controller performance degrades drastically.
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5. Conclusion

This paper presents a novel augmentation of Incremental Nonlinear Dynamic Inversion (INDI) as a baseline
controller and a model reference robust adaptive algorithm to control and recover the quadrotor in presence of
partial actuator fault. The robust adaptive algorithm is augmented to deal with the effect of the un-modeled fault
due to the rotors. Different simulation scenarios are run to investigate the performance of the proposed control
strategy. According to the simulation results, the proposed control strategy can maintain full controllability of the
guadrotor in roll, pitch, and yaw channels in presence of partial faults of the actuator up to 50%. By providing full
controllability in all channels, the quadrotor can track the desired trajectories in presence of a partial actuator fault.
The results demonstrate that the performance of the INDI controller is desirable, while actuator fault affects the
dynamics.
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Anahtar Kelimeler OZET
Havacilik Sponsorluk alaninda yasanan degisim ve gelisimle beraber kurumlar kendi kimligini, imajin1 olugturmak ve
fmaj tanitmak igin gesitli alanlar(.la uzu? zama}nh ve yiiksek fiyatli yatirimlarda bulunmaktadir. Kurumsal imaji,
sponsorluk destekleyen sp(.)nsorluk faallyet.lerl sayesinde, isletmeler h?d.ef kitlenin gézﬁnde diiriis:t, glivenilir, toplumsal
Tanitim duyarliliga sahip ve katilime1 bir profile ulasmaktadir. Cesitli alanlarda faaliyet siiren igletmeler, kuruma her

anlamda katki saglayacak dallarda sponsorluk etkinlikleri gerc¢eklestirmektedir. Havacilik alaninda da
THY uygulanan sponsorluk faaliyetleri hem isletme agisindan hem sponsor edilen karsi taraf agisindan fayda
saglamakta ve iki tarafin da beklentisini karsilamaktadir. Havacilik alaninda yapilan sponsorluk
faaliyetleriyle kurumsal imajin1 gliclendiren markalar arasinda Tiirk Hava Yollar1 sayilmaktadir. THY,
yapmis oldugu sponsorluk faaliyetlerinde hem yerel hem kiiresel 6lgekte 6nemli bir biit¢eyi gbzden
cikartmakta ve zihinlerde kaliciligini arttirmak adma aktif bir sponsorluk politikas1 siirdiirmektedir. Bu
caligmanin amaci, havacilik isletmelerinde sponsorluk uygulamalarinin kurum imajina ve tanitimina etkisini
aragtirmak ve Tirk Hava Yollart kurumunun bu ¢ercevede yapmus oldugu omnekleri incelemektir. Bu
aragtirma gergeklestirilirken, literatiir taramasi yontemi kullanilmistir. Yapilan arastirmanin sonucunda,
THY 'nin yapmis oldugu sponsorluk etkinlikleri sayesinde, hedef kitlenin gziinde kurum imajima ve tanitim
caligmalarma katki sagladigi 6l¢iimlenmistir.

ABSTRACT

Keywords With the change and development in the field of sponsorship, institutions make long-term and high-priced
Aviation investments in various fields to create and promote their own identity and image. Thanks to its corporate
Image image and sponsorship activities, businesses reach an honest, reliable, socially sensitive and participatory
Sponsorship profile in the eyes of the target audience. Businesses operating in various fields carry out sponsorship
Promotion activities in branches that will contribute to the institution in every sense. Sponsorship activities applied in

Turkish Airlines

aviation also provide benefits for both the business and the sponsored counterparty and meet the expectations
of both parties. Turkish Airlines is considered among the brands that strengthen its corporate image with
sponsorship activities in the field of aviation. THY sacrifices an important budget both locally and globally
in its sponsorship activities and maintains an active sponsorship policy in order to increase its permanence
in the minds. The aim of this study is to investigate the effect of sponsorship practices in aviation businesses
on the corporate image and promotion and to examine the examples of Turkish Airlines in this context.
While conducting this research, literature review method was used. As a result of the research, it has been
measured that THY contributes to the corporate image and promotional activities in the eyes of the target
audience, thanks to its sponsorship activities.
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1. Giris

Bilgi ve iletisim ¢aginin yasandigi giinimiizde rakipler arasindan on plana ¢ikmak, farklilik yaratmak, hedef
kitleyle duygusal bir bag kurmak 6nemli hale gelmistir. Kurumlarin toplumun problemlerine duyarlilik gostermest,
kitle iletisim araglarinda taninma imkén1 elde etmesi onlarin iyi bir imaj yaratmasini saglayacaktir. Bu amaglari
gerceklestirecek etkin pazarlama araci sponsorluktur. Sponsorluk, etkin bir pazarlama teknigidir; amaci kurumu
ya da iirtinii tanitarak imaj olusturmak, giiclendirmek, dolayli olarak da satin alma tercihlerini etkilemektedir [1].
Gilinlimiizde piyasaya siiriilen iiriinlerin ve hizmetlerin ¢ogalmasi ve benzerlik tasimasi, isletmelerin kurumsal
imaja daha ¢ok dnem vermesine ve rakiplerinden siyrilmasi i¢in imajin1 giiglendirecek ¢aligmalara yonlenmesine
sebep olmaktadir. Yalnizca tiiketiciye sunulan {iriin veya hizmetin {ist performanst ile degil kurum olarak topluma
“Ost performans’ sergiledigini gosteren c¢alismalar gergeklestirilmeye baslanmaktadir. Bunun igin sponsorluk
faaliyetleri gerceklestiren igletmeler, hedef kitlenin géziinde giivenilir, diiriist, yardimsever, topluma kars1 duyarl
oldugunu vurgulayarak, kurumun imajinin olumlu algilanmasina ve giiglenmesine kaynaklik etmektedir.
Havacilik isletmelerinin faaliyetlerini yiiriitiirken birgok isletmeye gore daha tutarli, kusursuz ve kaliteli bir hizmet
sunmalar1 beklenmektedir. Nitekim alani itibariyle havacilik, insanlarla dogrudan iletisimi gerektirmektedir. Hava
tagimaciliginin her gegen giin oneminin daha da artmasi havacilik sirketlerine biiyiik sorumluluklar yiiklemektedir.
Yogun rekabet ortaminda, iyi bir marka imaj1 olusturarak, hedef kitleye hitap eden bir havayolu girketi olmak
ancak iyi bir halkla iligkiler ¢alismasi ile miimkiindiir [2]. Tiirk Hava Yollar1 kurumu, kurum imajmi gii¢clendirmek,
hedef kitleye hitap etmek, tanitim ¢aligmalarina katki saglik i¢in sponsorluk ¢aligmalarindan yararlanmaktadir.
THY ’nin gergeklestirmis ve gerceklestirmekte oldugu sponsorluk faaliyetleri sayesinde, marka bilinirligini
arttirmig ve rakiplerinden farkini ortaya koyarak tiiketici nezdindeki imajimi giiclendirmistir.

Bu c¢alismada, havacilik isletmelerinin sponsorluk uygulamalarinin kurum imajina ve tanitimina etkisi arastirilmis
ve Tiirk Hava Yollar1 kurumunun bu ¢ergevede yapmis oldugu ornekler incelenmistir. Calismamiz ti¢ kisimdan
olusmaktadir. Ilk olarak, kavramsal agidan sponsorluk olgusu ele alinmis, sponsorlugun énemi, hedefleri ve
cesitleri incelenmistir. Tkinci kisimda, kurumsal imaj insas1 olan sponsorluk irdelenmistir. Son olarak ¢alismanin
amaci olan, havacilik isletmelerindeki sponsorluk faaliyetleri ve THY 'nin sponsorluk faaliyetlerini tanitim ve imaj
calismalarina katkisi incelerek ¢aligma sonlandirilmigtir,

2. Sponsorluk Kavramm

Biitiin diinyada ¢cagdas uygulamasi ile ¢ok 6nemli bir yer tutmaya baglamis olan sponsorluk iilkemizde de giderek
yayginlagsmaya baglayan ve genis bir uygulama alan1 bulan bir halkla iligkiler yontemidir [3].

Bir isletme faaliyeti olarak yorumlandiginda sponsorluk destekleyicilik ya da desteklemek tarzinda ifade
edilmektedir. Diger destekleme sekillerinden ayrimini ortaya koyabilmek amaci ile literatiirde ticari sponsorluk ya
da orgiitsel sponsorluk olarak anilan bu faaliyet, bir gosteri, sportif, kiiltiirel vb. bir organizasyonun giderlerinin
timiinii ya da bir boliimiinii adinin o faaliyette anilmasi karsiliginda 6demeyi kabul ederek 6zel ya da kamu tiizel
kisi veya kurulusun yaptigi desteklemeleri ifade etmektedir. Ayrica sponsorlugun pozitif degerlerini 6lgebilen,
topluma deger katarken, destek olana da ticari menfaat saglayan etkinlikler dizisi olarak da tanimlamak
miimkiindiir [4].

Sponsorluk yardim ya da bagis degil, karsilikli yarara dayanan bir uygulama olmaktadir [5]. Sponsorluk
uygulamalarinda her zaman sponsor olan kurum adiyla medyada ya da ilgili alanlarda yer almaktadir. Sponsorluk
calismasiyla beraber kurumun imaji1 gliglenmekte, tanitimi saglanmakta ve kamuoyu tarafindan deger gérmektedir.
Kamuoyu yapilan sponsorluk faaliyeti sonucunda iyi, yararl diye takdirde bulunmakta ve gerektiginde kurumu
tercih etmektedir.

Sponsorluk; bir faaliyete, kisiye ya da isletmeye bunlarin ticari potansiyelinden faydalanabilmek igin sponsor
tarafindan yapilan nakdi ya da ayni yardimdir. Sponsorluk, bir isletmenin ¢esitli organizasyonlara veya olaylara
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yatirim yaparak markasini dolayl1 bir bigimde tanitmasidir [6]. Ozetle sponsorluk; hedef kitlelere ulasmak, daha
iyi bir izlenim olusturmak ve tercih edilme noktasinda davraniglar etkilemek i¢in kurumun karsilikli faydaya
dayanarak gerceklestirdigi uygulamalar kapsamaktadir.

Sponsorluk faaliyetlerinin bazi temel amacglar1 su sekildedir: kurum kimliginin tanimirligimi saglamak, kurum
imajinin olugmasini ve gelismesini desteklemek, kurum satiglarini arttirmak, kurum ile hedef kitle arasinda sadakat
olusumunu saglamak ve medyada bulunmaktir. Kurumlar belirledikleri hedefler dogrultusunda hedef kitlelere
ulagabilmek i¢in farkli sponsorluk ¢esitlerini kullanmaktadir.

2.1. Sponsorlugun amaclar: ve hedefleri

Sponsorlugun yapilma amaglarini genel olarak; halkla iliskiler, reklam ve pazarlama amagclar1 olarak ii¢ grupta
toplamak miimkiindiir [7].

Sponsorlugun halkla iliskiler amaclari: Sponsorluk ve halkla iligkiler birbirine benzer kavramlardir. Halkla
iligkilere bakildig1 zaman; imaj yonetimi, hedef kitleyi ikna, bilgilendirme ve kurumun iletisim faaliyetlerini
destekleme gibi fonksiyonlardan s6z edilebilir. Sponsorluk ¢aligmalarinin ise destekleme faaliyetleri ile kurumun
imajini istenilen yere getirmek, kurumsal kimligi pekistirmek, hedef kitle iizerinde kurumun asinaligini arttirmak,
hedef kitleyi bilgilendirmek vb. iglevleri vardir [8]. Kurumlarin sanatsal ve toplumsal konulardaki duyarliliginin
topluma kabul ettirilmesi sponsorlugun halkla iligkiler amaglari agisindan 6nem tasimaktadir.

Sponsorlugun reklam amaclari: Reklamda bir hizmetin, bir seyin ya da bir malin 6zelliklerini, yararini ve ilgi
¢ekici yanlarini halka duyurmak ve anlatmak icin bazi araglarin kullanilmasi saglandigi bilinmektedir. Toplumda
isletmelere karsi sempatinin olusmasi sponsorlugun ticari yanini olugturmaktadir. Sponsorlukta reklam 6n planda
olursa, destek verilecek faaliyete popiilarite aranmaktadir. Fakat sponsorlukla ve reklami tamamen birbirinden
ayirmak da miimkiin degildir. Sponsorluk faaliyeti esnasinda reklam yapilmasiyla igletmenin amacina ulagmasini
sagladigi bilinmektedir. Bunun yaninda reklam esnasinda sponsorluk uygulanmasi kurulusun belirledigi kitleyle
ulagtirmak istedigi mesajin giiclenmesini saglamaktadir [8].

Sponsorlugun pazarlama amaclari: Hedef kitlenin ilgisini ¢ekmek, bos zamanlar1 degerlendirme faaliyetleri
icinde iiriin ile marka arasinda bir bag kurarak satislar1 artirmak, pazarlama politikasina yardim etmek amaciyla
sponsorluktan yararlanilmaktadir [9]. Sponsorlukta pazarlama kurumun sunacagi iiriiniin tanitiminin yapilmasi,
yeni {irliniin piyasaya ¢ikarilmast, iirliniin kullanimi igin tegvik edilmesi, miisteri ve marka sadakatinin saglanmasi
ve saticilarin desteklenmesi agisindan 6nem tasimaktadir.

2.1.1. Rekabet avantaji

Sponsorlugun isletmelere rekabet avantaji kazandirabilecegine dair ¢aligmalarda vurgulanmakta olan temel
diisiince, ayn1 sektorden tek sponsor kabul edilmekte olan etkinlik ve alanlarda sponsorluk aktivitesi gergeklestiren
firmalarin tiiketici algisinda segkinlik kazanma yoluyla rekabet avantajm artirabilecegine yoneliktir. Ozellikle
sponsor talebinin yogun oldugu alanlarda kazanilmis sponsorluk haklari, markalar i¢in tiikketici algisina doniik ayirt
edici bir avantaj kaynagi olusturabilmektedir [10].

2.1.2. Farkindalik olusturma

Sponsorluk yoluyla uygulanan marka konumlandirma taktikleri ile hedef pazarlardaki bir tiriiniin gériiniirligiiniin
ve dolayistyla {iriin veya marka farkindaliginin arttirilmasi miimkiin olabilmektedir [11]. Bunun yan1 sira bir
isletmenin, hedef tiiketici kitlesi arasindaki kurumsal goriiniirlik ve farkindaligimi arttirma amaciyla sponsorluk
faaliyetlerini kullanmasi ve boylelikle sirket markasini sponsor olunan &zne ile iliskilendirmesi, kurumsal
goriiniirliigiin gelistirilmesi agisindan siklikla kullanilan bir uygulamadir [12].

2.1.3. imaj olusturma

Imaj, genellikle bir kisi, kurum veya durum iizerine olusan goriislerin degerlendirilmesi olarak agiklanirken; kurum
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icin fiziksel goriintiiler, kurumsal iletisim ve davranisi; kisi i¢in ise beden dili, dis goriiniim, i¢inde bulunulan
ortam ve davranig sekillerini ifade eder [13]. Kurum imaji, bir kurulus nezdinde bireylerin belleginde olusan
algilarin toplamini ifade ettigi i¢in, kurumlar agisindan biitiinleyici bir faktdr olarak goriiliir. Kurumsal imaj,
kuruluslarin hedef kitlelerin yaninda duygusal olarak nasil ifade edildigiyle ilgilidir. Her kurulus, aktif olduklar:
toplum igerisinde iyi bir sekilde taninmak ve hitap ettikleri biitiin hedef kitlelerinin zihninde kendisiyle ilgili
olumlu bir imajin yer etmesini arzu eder. Ciinkii kurumla alakal1 kitlelerin belleginde olusan olumlu bir imaj,
kuruluslarin etkin olduklar1 alanlarda daha fazla biiyiimesine ve ayn1 zamanda kér oranlarindan biiyiik bir artigin
yasanmasina imkan saglamaktadir [9]. Kurum imajim arttirmak ve hedef kitlenin algisinda daha ¢ok yer almak
isteyen kurumlar, sponsorluk faaliyetlerine 6nem vererek gortintirliiklerini arttirirlar.

Sponsorluk faaliyetinde en temel amag, karsilikli yarar elde edebilmektir. Firmalarin sponsor olmalarmdaki
amaglar, firma ile alakali toplumsal farkindalig1 arttirmak, hedef pazarda aktif rol oynayabilmek, satin alma karari
veren kisiler iizerinde olumlu bir imaj etkisi birakmak, medya yonetimini etkinlestirebilmek ve satig amaglarini ve
rakamlarini gerceklestirebilmektir [14]. Kurum imajim gelistirmek veya pekistirmek, sponsorluk uygulamasinin
diger amaglar arasindadir. Giinlimiiz rekabet diinyasinda iirlinler ve markalar arasindaki fark giderek azaldig i¢in,
rekabette dnde olmak isteyen kurum ve kuruluslarin kilit noktasi imajdir. Sponsorluk da bu agidan yalmzca
pazarlama amaci olmanin 6tesinde kurumlarda imaj olusturan veya var olan imaji pekistiren bir iletisim araci
olarak goriilmeye baslanmistir [15].

Gergeklestirilen sponsorluk etkinliklerinin hangi alana ait oldugu, alanin biiyiikliigii ya da organizasyonun ¢esidi,
organizasyonun islevleri kurum ve marka imajim etkileyebilmektedir. Ozellikle sponsorluk tiirii, organizasyonun
gerceklesme sikligl, pazarlama stratejilerinin sponsorluk icraati sirasindaki rolleri marka imajia dogrudan etki
edebilmektedir. Kurum ve markanin degisik alanlardaki organizasyon kisi ya da olaya sponsor olmasi kuruma
kars1 iyi bir imajin 6ne ¢ikmasini saglayabilmektedir [16].

2.1.4. Tanitim faktorii

En genel anlamda kamu yonetiminde halkin, isletme yonetiminde ise firma ¢alisanlarinin aydinlatilmasi, alinan
kararlarin veya gergeklestirilecek uygulamalarin hedef kitleye aciklanmasi olarak nitelenebilen tanitma faaliyetleri
yalnizca s6z konusu uygulamadan veya kararlardan etkilenebilecek kisilerin bilgilendirilmesi ile sinirli degildir.
Ayn1 zamanda ilgili 6rgiit ya da objeye karsi bir sempatinin olusturularak hedef kitlenin zihninde olumlu bir imaja
doniismesinin saglanma gorevini de yerine getirmektedir [17]. Tanitim yalnizca {iriin ve hizmetleri hedef kitleye
sunmakla kalmaz; ayn1 zamanda tanitimi yapilan 6ge i¢in pozitif algi olusturmay1 amagclar.
Tanitim vurgulanacak mesaja hem itibarli hem de uygun bir aragla dikkat ¢cekmek ve bu mesajin farkindalik
yaratarak iletilmesi igin tasarlanmistir [18]. Tanitim bir kurum, kurulus, iiriin, hizmet, kisi ya da yer hakkinda bilgi
vermek, talep yaratmaktir.
Kurum ve kuruluslar sponsorluk faaliyetlerini, diger tutundurma cabalariyla, ulasilamayan hedef pazarlara
ulagmak, tanitim1 yasak olan mal veya hizmetlerin tanitimim saglamak, toplumsal sorumluluklar1 yerine getirmek
icin tercih etmektedirler. Bununla beraber isletmeler, tiiketicilere faydali etkinliklerde bulunduklarimin mesajin
ileterek, ¢ikar gruplart iizerinde iyi niyet ve kurum ismi ile ilgili olumlu g¢agrisimlarin meydana gelmesini
saglamaktadir. Bunun sonuncunda da tiiketicilerin sponsor kurumun iirliniinii alma olasilig1 artmakta ve ¢ikar
gruplari ile olumlu iligkilerin gelisimine katki saglamaktadir [19]. Sponsorluk faaliyetinin giiniimiizde bir¢ok
amagla etkin olarak kullanildig1 sdylenebilir. Ozellikle tanitim faktérii agisindan ele alindiginda, reklam yasagi
olan iiriinlerin (sigara, alkollii icecekler, sakinlestirici ilag vb.) kitle iletisim araglarinda duyurulmasini saglamakta,
marka adima var olan durum hakkinda ya da bir degisiklik hakkinda tiiketicilerine bilgi vermek amaciyla etkin
olarak kullanilmaktadir.
Yeni sponsorluk faaliyetlerinin etkin kullanimini sebebi, isletmenin piyasada taninma oranini arttirmaktir. Bu
hedefin ger¢eklesmesinde, destekleme alaninin popiilaritesi 6ne ¢ikmaktadir. Ornegin, Aria isletmesi, Galatasaray,
Fenerbahge, Besiktas ve Trabzonspor’a sponsor olduktan sonra piyasada taninma oranimi 6nemli derecede
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arttirmustir [20]. Tanitim, kurum ve kuruluslarin piyasaya sunmus olduklar {iriin ya da hizmeti, hitap edecekleri
hedef kitlelerinin bilgilendirilmesi amaciyla yapilan ¢alismalardir. Isletmelerin hedef kitleye iletmek istedigi
tanitim mesajlarinin ayrintil bir sekilde aktarilmasi ve tanitilmasi; sponsorluk faaliyetleri ¢cer¢evesinde daha etkili
bir sekle doniismiistiir.

2.2. Kurumsal sponsorluk tiirleri

Isletmeler belirlemis olduklar1 hedeflere ve hedef kitlelere ulasmak amaciyla, farkli sponsorluk alanlarmi ve
cesitlerini tercih ederler. Ciinkii kurum ya da kuruluslar, sponsorluk faaliyetlerinde bazi amaglar1 6n plana alirken,
diger sponsorluk amagclarina da katki saglamak isterler.

Sponsorluk etkinlikleri stirekli tekrarlanan logo, kurumsal renk ve goriintiiniin farkina varilmasi ile kurumsal
kimligin tanimlanmasina ve yerlesmesine katki saglamaktadir. Her igletme benzer sponsorluk daliyla, isletmenin
hedef kitlesinin dikkatini ¢ekemeyecegi olasiligindan, dnceden saptandigi hedeflere ve hedef kitleye ulasmak i¢in
farkli sponsorluk alanlarini ve tiirlerini tercih etmek durumundadir [1].

Sponsorluk tiirleri amacina gore gesitlilik gostermektedir ve bununla ilgili arastirma yapilan kisilerce, lizerine
uzlasilmig bir siiflandirma modeli bulunmamaktadir. Calisma geregince ele alinan kurumsal sponsorluk tiirleri;
(Giiglii, 2001; Akyildiz ve Marangoz 2008; Candz ve Dogan 2015; Aktas, 2011; Ozer, 2011; Karadeniz, 2009;
Dibb ve Simkin, 2013; Spais ve Johnston, 2014; Okay, 1998; Tasdemir, 2001) spor sponsorlugu, kiiltiir- sanat
sponsorlugu, fuar ve festival sponsorlugu, sosyal sponsorluk, medya sponsorlugu, mecra-seyahat sponsorlugu
seklindedir.

* Spor Sponsorlugu: Spor sponsorlugu, sponsorluk faaliyetleri arasinda en genis yeri alan tiirdiir. Spor
sponsorlugunun genis kitlelere hitap edebilmesi nedeniyle, isletmeler arasinda ozellikle iiriinlerini veya
hizmetlerini bu kitlelere tanitmak isteyen sirketlerce tercih edilir. Bunun sebebi spor, hedef kitle ile iletisim kurma
imkan1 saglayan ve neredeyse biitiin diinyada anlasilan ve ayni dili konusan bir sponsorluk alanidir [21].

Bu tiir sponsorluk dalinda temel isleyis, sponsor olan igletmenin, faaliyetlerinde kullandig1 kisi, kurum veya
etkinlik i¢in finansal destek saglamasi seklinde gerceklesir [22].

« Kiiltiir- Sanat Sponsorlugu: Sponsorluk tiirleri arasinda en fazla pay1 alan spor sponsorlugundan sonra bu
sponsorluk tiiridiir. Kiiltiir - sanat sponsorlugunda mali yonden yapilan destekler, hizmet seklinde yapilan
desteklere oranla daha ¢ok 6n plandadir.

Kiiltiir — sanat sponsorlugu; miizik, film festivalleri, gorsel sanatlar, alakali radyo ve TV programlar1 gibi kiiltiir
ve sanat igerigini barindiran bir¢ok farkli alanda gergeklestirilebilir [23]. Kiiltiir-sanat sponsorlugu alaninda
yapilan ¢alismalarin artmasimin sebebi, son donemde miizigin etkin giicii ve popiilaritesinden kaynaklidir. Coca
Cola’nin Rock'n Cock festivali, Fantanin "bambucha" ve her sene degisen isimleriyle turneleri, Turkcell'in plaj
partileri turnesi vb. bu daldaki sponsorluk ¢alismalarina rnek gosterilebilecek g¢aligmalardir. Ayriyeten "Sanatin
ve Sanatcinin Dostu" sozii biiyiik bir olasilikla bilingalt1 ¢agrisimla Akbank’1t hemen hatirlatacaktir. Efes Pilsen'in
"Blues Festival"i, Garanti Bankasi’nin Londra’da miizede sergilenen "Tirkler Bin Yilin Yolculugu" sergisi
verilebilecek diger drneklerdir [24].

* Fuar ve Festival Sponsorlugu: Fuar sponsorlugu, ilgili sektorde faaliyet gosteren tiim paydaslarin genis
katiliml1 bir sekilde bir araya geldigi bu organizasyonlarda, sponsor kurulusa yonelik alg1 ve tutumun gelistirilmesi
ve kurum imajinin iist seviyeye ¢ikarilmasi agisindan 6nemli firsatlar sunmaktadir [25].

 Sosyal Sponsorluk: Sosyal sponsorlukta toplumun ihtiyaci olan alanlara yonelik faaliyetler yiiriitiilmektedir.
Icinde bulunduklar1 toplumun bir 6gesi olarak sponsorluk ¢alismalarinda bulunan firmalar, sosyal katilimin ve
toplumsal sorumluluk bilincinin ispatlanmas1 amaciyla toplumun ihtiya¢ duydugu alanlarda kar amaci tagimadan
tirlii calismalar yapmakta, bdylece bilinirliklerini artirmak, imajlarin1 gelistirmek gibi amaclara da
ulagmaktadirlar [26].

* Medya Sponsorlugu: Giiniimiizde 6nemli bir etkilesim ve iletisim araci olan televizyon ve radyo gibi geleneksel
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medya unsurlarmin arasina internet ve sosyal medya araclar1 da eklenmistir [27]. Kitle iletisim araglar1 arasinda
yer alan radyo ve televizyon yayinciligi, ¢ok genis kitlelere hitap etmesi bakimindan sponsorluk ¢aligmalarinin
temel ilgi alanii olusturmaktadir. Internet ve sosyal medya sponsorlugu giiniimiizde en az geleneksel medya
sponsorlugu kadar ilgi ¢cekmekte olan bir alandir. Sosyal medyanin etkileyici iletisim ozellikleri ve CRM
uygulamalarini etkin bir sekilde desteklemesinin, kuruluslarin sponsorluk mesajlarinin yayilmasi ve dogru hedefe
yonlendirilmesi agisindan dnemli bir asama kaydedilmesine yol agmaktadir [28].

* Macera-Seyahat Sponsorlugu: Bu sponsorluk tiirii dagcilik, aragtirma gezileri, diinya turu gibi olaylarin
desteklenmesini kapsar. Bu tarz sponsorluklar dayaniklilik, gii¢ gibi durumlara bagh olduklarindan basarisizlik
riski tasir. Ancak bu sponsorluk tiirlinde de kuruluslarin veya firmalarin imajini yiikseltme sansi olduklar i¢in
tercih edilmektedir [9]. Bu alanda tek bir sponsor olacagi gibi birden fazla sponsor da olabilir. Bu kuruluslar
materyal, donanim saglama ve direkt olarak parasal katkida bulunabilirler [29]. Macera seyahat sponsorluguna
ornek olarak; Red Bull markasinin 2012 yilinda 39.045 metreden atlayan Felix Baumgartner’ a sponsor olmasi
gosterilebilir. Bu etkinlik haftalarca diinyanin giindeminde kalan ve olduk¢a basarili pazarlama faaliyetlerinden
biri olarak gosterilebilir. Bu etkinlikte Red Bull markasinin sponsorlugu milyonlarca kisi tarafindan takip
edilmistir. Etkinlik i¢in ayrilan 7 aylik siirecin sonunda 140.000 kisi Facebook’ tan, 235.000 kisi Twitter’ dan Red
Bull sayfasini takip etmislerdir. Atlayisin gergeklestirildigi tarihte Red Bull” un Red Bull Stratos sayfasinda
270.000 kisilik bir artis gozlemlenmis olup su anda 1 milyona yakin takip edeni bulunmaktadir. Bu atlayis tim
zamanlarin en ¢ok izlenen etkinligi olarak (8 milyon) tarihe gegmistir.

3. Kurumsal Imaj Insas1: Sponsorluk

Rekabet diinyasinin kizistigi ticaret diinyasinda var olmak ve pazar alaninda uzun yillar boy gostermek isteyen
isletmelerin gii¢lii ve olumlu bir imaja sahip olmasi ve bu imaj1 her daim korumasi gerekir. Bu imaja ulasabilmek
i¢in igletmeler, yalnizca tiiketiciye sunduklari mal veya hizmetteki memnuniyete degil, ayrica is birligi igerisinde
oluklar1 diger kurumlarin, rakiplerinin ve medyanin géziinde de olumlu ve etkili bir yapida gériinmelidir.

Iyi yoneten, stratejik hareket eden, varligim siirdiirdiigii toplumun faydasi igin isler yapan, ¢evre, kiiltiir, sanat
konularina duyarli, katilime, iyiliksever gibi olumlu izlenimler; isletmeler i¢in zaman igerisinde iyi bir kurum
imajima doniigiir. Bu olumlu imaj sayesinde, tiiketiciler bu kuruma ve firiinlerine baglanarak, isletme veya
markalari her tiirlii zorluklara karsi koruyarak ve kriz donemlerinde sorunlarin daha kolay ve hizli ¢6ziimlenmesine
yardim edecektir [30]. Kurumsal imaj, bir kisinin ya da kisiler grubunun bir kurum hakkindaki akilc1 ve duygusal
degerlendirmelerinin tiimii olarak ifade edilebilir [31].

Kurum imaj, bir kurumun vizyonunu, misyonunu, amaglarini, politikalarini, uzak ya da yakin ¢evreye bakis agisini
hedef kitlelere ileten bir unsurdur [32]. Bir kurulusun, pek ¢ok yoniiyle, hem kendi i¢ biinyesinde yer alan
bireylerin hem de dis hedef kitlelerin zihinlerinde, kendisine iliskin izlenimler olusturmasi ve siirdiirmesi
miimkiindlir. Bu noktada, kurulusu algilayanlarin bakis agilarina ve algilama bigimlerine gore degisiklik
gosterebilecek olan imaj, kurumun kendi aktifligiyle olusturmus oldugu imajdir [33].

Kurumsal imaj, bir isletme hakkinda tiiketicilerin, toplumun, iiriin veya hizmetlerini ulastirdig1 miisterilerinin,
rakiplerinin, beraber is yiiriittiigii diger kuruluslarin ve kitle iletisim araglarinin edinmis olduklar1 izlenimlerdir
[34]. Isletmelerin kamunun faydasini gdzeterek yaptiklar harcamalar karsihginda imaj gelistirme ve duyurum
beklentileri s6z konusudur. Sponsorluk, bu beklentilere cevap veren bir aragtir ve imaj gelistirmeye yonelik
sponsorluk uygulamalar1 yayginlagsmaktadir. Bu noktada, kurum imajinin finanse edilen veya materyal destek
saglanan belirli olay ve gosteriler ile bagdastirilip, gelistirilmesinde ve sosyal sorumlulugun vurgulanmasinda
sponsorluk faaliyetleri O6n plana c¢ikmaktadir. Dogru secilmis bir sponsorluk uygulamasi isletmenin
goriiniirliigiiniin  arttirilmasi, korunmasi ve gelistirilmesini saglayarak igletmenin satig faaliyetlerini ve
kredibilitesini olumlu yonde etkilemektedir. Sponsorluk faaliyetlerinde hedeflenen imaj olusumu ve bunun
faaliyetlere yansimasi uzun vadede gergeklesmektedir [19].
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Sponsorluk; belirli beklentilerle birey veya 6rgiitiin spor, kiiltiir-sanat, egitim, saglik, ¢evre ve diger alanlarda birey
ve oOrgiitleri para, hizmet, personel veya techizat vererek desteklemesi seklinde tanimlanabilir. Bir karsiliksiz
verme olmayip hem sponsora hem de sponsore edilene karsilikli menfaat saglamaya yonelik bir iletigim
etkinligidir. Sponsorluk yoluyla sportif, kiiltiirel ve sanatsal faaliyetleri cok sik takip eden bireyler iizerinde olumlu
imaj yaratmak miimkiindiir [35]. Kurumlar ger¢eklestirmis olduklar1 sponsorluk faaliyeti sayesinde yalnizca dig
hedef kitlenin degil, i¢c hedef kitlenin de algisindaki imaj1 yapilandirir ve gili¢lendirir. Bu sayede daha aktif ve
verimli bir is ortam1 saglanmis olur.

Pazara sunulan {irlin ve hizmetlerin, benzerliginin giderek artmasindan kaynakli olarak; isletmeler tercih edilen
marka olabilmek i¢in kurumsal imajlarin1 sponsorluk faaliyetleriyle, g6z 6niinde tutup, pekistirmeyi amaglar.

4. Havacihk Isletmelerinde Yapilan Sponsorluk Faaliyetleri

Sponsorluk, bir halkla iligkiler yontemi olarak cesitli alanlarin (sanat, spor gibi vb.) etkinliklerinin, kurum ve
marka tarafindan desteklenmesi ve bu sayede tiiketicilere ulagma ve onlar1 etkileme amaglarina ulasma ¢abasidir
[36].

Havacilik isletmelerinde sponsorluk faaliyetleri onemli bir yer teskil etmektedir. Diger sektorlerde oldugu gibi
havacilik isletmelerinde de sponsorluk, uzun vadeli bir yatirim ve kazang araci olarak goriilmektedir. Oyle ki,
havayolu isletmeleri spor, sanat, kiiltiir vb. etkinliklere yalnizca destek olmak amaciyla degil, uzun vadede katki
ve getiri saglamak amaciyla sponsor olmaktadirlar [2]. Kurumlar arasi rekabetin ve g¢esitliligin yasandigi
giiniimiizde diinya ¢apinda basarili olan ve adindan s6z ettiren havayolu isletmeleri cesitli spor branglarinda
takimlara isim, stadyum, forma gibi alanlarda sponsor olmaktadir. Havayolu isletmeleri spor alaninda oldugu gibi
medya, kiiltiir-sanat ve ¢evre gibi faaliyetlerde de sponsorluk saglamaktadir.

Havacilik isletmeleri spor, sanat ve toplumsal faaliyetlere sponsorluk yaptigi gibi bagli oldugu iilkenin imaj1 adina
da 6nemli bir etkiye sahiptir. Bu dogrultuda yapilacak olan sponsorluk faaliyetleri hem havacilik igletmeleri igin
hem de iilkeler icin 6nemli bir stratejik gii¢c olusturmaktadir. Havacilik isletmelerinde hem kurumun hem iilkenin
stratejik bir dneme sahip olabilmesi i¢in yapilan sponsorluk faaliyetlerinden hedeflenenin 6tesinde katki saglamasi
beklenmektedir. Bu dogrultuda yapilan sponsorluk faaliyetleri sonucunda da maddi bir kazang elde edilmesi
havacilik igletmeleri i¢in sponsorlugun 6nemini gostermektedir.

2018 yilinda hava yolu endiistrisi, 800 milyar dolar1 asan geliriyle, geleneksel anlamda sponsorluk alanindaki
goriiniirliigiiyle en rekabetci bicimde yatirim yapan sektorler icerinde yer almaktadir [37]. Bu kapsamda havacilik
isletmelerinin, toplum iizerinde kendi sirketleriyle ilgili bir iyi niyet algist olugturabilmek, marka bilinirliklerini
arttirabilmek, kurum imajlarini gelistirebilmek, yeni hedef pazarlara ulagabilmek, miisteriler {izerinde farkindalik
yaratabilmek, satislarin1 ve pazar paylarim arttirabilmek, rakiplerle rekabette avantaj saglayabilmek amaciyla
sponsorluk faaliyetlerine yoneldikleri sdylenebilir [2].

4.1. Tiirk Hava Yollar’’min sponsorluk faaliyetleri

Tiirk Hava Yollar firmasi, sponsorluk alaninda gergeklestirdigi ¢alismalara hem yerel hem kiiresel 6l¢ekte biiyiik
oOlciide biitce ayirmakta ve marka gorliniirligiinii arttirmak, tanitim faaliyetlerini aktif tutmak adina dinamik bir
sponsorluk politikas1 izlemektedir.

Sponsorluk alaninda kazanilan iletisim faaliyetleri ger¢evesinde yapilan ¢aligmalar sayesinde (reklam, tanitim,
organizasyon vb.), THY kiiresel ¢apta bir marka olarak Tiirkiye’de ve diinyadaki en kapsamli iletisim planlaridan
birisine sahiptir. Diinyanin 100’den fazla noktasinda 360 derece, profesyonel iletisim ¢alismalari yiiriitilmektedir.
Bu sponsorluk kapsaminda yapilan ilk faaliyette uluslararas1 diizeyde imza toreni diizenlemek olmustur. Tiirk
Hava Yollarr’nin diinyanin 30 farkl iilkesinde faaliyet gosteren PR ajanslariin kendi iilkelerinden getirdikleri
gazeteciler bu torende hazir bulunmuslardir. Ayriyeten sponsorluk ¢er¢evesinde saha igerisinde ve saha diginda
birgok farkli mecrada THY reklamlar1 yer almis, uydu iizerinden izlenebilen Barca TV ve kuliibiin diger yayin
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organlarinda anlasma siiresince yer verilecek reklamlar da dahil edilmistir. Yakin siiregte takim oyuncular1 Messi,
Ibrahimovic, Xavi gibi iinlii futbolcularin oynayacagi reklam kampanyalar1 ile THY yine uluslararasi TV
kanallarinda yayina girmeyi hedeflemektedir. Bu nedenle ilerleyen zamanda tanittimdan baglayarak tiim sponsorluk
stirecinde iletisim ¢alismalar1 bircok farkli mecrada devam edecek ve bunun gerceklesmesi icin sosyal medyadan
cizgi Ustli reklamlara kadar g¢esit gesit iletisim kanali var olacaktir [20].

Havacilik alaninda gergeklestirilen sponsorluk etkinlikleri, kurumsal imaj1 giliclendiren markalar arasinda Tiirk
Hava Yollar1 kurumu yer almaktadir. THY etkin oldugu hem yerel hem kiiresel 6l¢ekte uyguladigi sponsorluk
faaliyetlerinde 6nemli bir biit¢eyi gbzden gikartmakta ve hedef kitlenin zihninde kaliciligini arttirmak i¢in aktif bir
sponsorluk politikasi stirdiirmektedir.

THY nin son yillarda kiiresel sponsorluk pazarinda, 6zellikle spor sponsorlugu alaninda yaptigi is birlikleri,
kurulusun diinya genelinde en biiyiik havayolu sirketleri i¢cinde yer alma vizyonuyla uyumlu bir sekilde 6nemli
kazanimlar ortaya ¢ikarmistir. Yurtiginde 49, uluslararasi olgekte 257 olmak {iizere diinyanin toplam 124
iilkesindeki 306 noktaya ucus gerceklestiren THY, diinyada sponsorluga en ¢ok yatirim yapan 10 havayolu sirketi
arasinda kendisine yer bulmaktadir [38].

Tiirk Hava Yollar1 kurumun gergeklestirmis oldugu bazi sponsorluk etkinlikleri sunlardir [39]:

* Tiirkiye A Milli Basketbol Takimi: Basketbolun en 6nemli destekgilerinden biri olan THY, Tiirkiye A Milli
Basketbol Takimi’nin ana sponsorlugunu iistlenmistir.

* Tiirkiye A Milli Futbol Takimi: Tiirk sporunun 6nde gelen kurumlarindan Tiirkiye Futbol Federasyonu’na
2008 yilindan bu yana destek veren THY, yaptig1 ¢aligmalarla Tiirk sporuna verdigi 6nemi gostermektedir.

» Tiirkiye A Milli Voleybol Takimi: Ulkemizin en basarili oldugu spor dallarindan biri olan voleybolda, A Milli
Kadin voleybol takimi’nin gégiis sponsoru olarak THY yer almaktadir.

* Galatasaray Spor Kuliibii: THY bu alanda da spor kuliibiiniin ana ulagim sponsoru ve 2019-20 sezonunda
Avrupa kupalarindaki forma sponsoru olarak Galatasaray Spor Kuliibii’ne destek vermistir. Galatasaray Spor
Kuliibii’niin futbol, basketbol, voleybol takimlarinin tiimiine yonelik bir ¢calisma gerceklestirilmistir.

* Trabzonspor Kuliibii: Tiirkiye’nin basarili Anadolu kuliiplerinden Trabzonspor’un ana ulagim sponsorlugunu
THY iistlenmistir.

* Basaksehir: Tiirkiye nin futbolun 6nde gelen takimlarindan Basaksehir’in Avrupa kupalarindaki forma sponsoru
olan THY, bu destegi 2019-20 sezonunda da siirdiirdii.

* Cumhurbaskanh@ Tiirkiye Bisiklet Turu: Diinyanin farkl iilkelerinden 150’ye yakin sporcunun katilimiyla
gerceklesen ve 100 iilkede canli yayinlanan Tiirkiye Cumhurbaskanligi Bisiklet Turu'nun ana sponsorlugunu Tiirk
Hava Yollar Gstlenmistir.

 Turkish Airlines Euroleague: 2010-2011 sezonundan sonra turnuva tiimiiyle Turkish Airlines EuroLeague
adiyla diizenlenmeye baslandi1 Boylelikle, Turkish Airlines EuroLeague ismini ayr1 bir marka olarak gercek kilindi
ve 2025 yilina kadar turnuvanin isim sponsoru olmaya devam edilmesi planlaniyor.

2000 yilindan beri diizenlenen Avrupa basketbolunun en 6nemli organizasyonudur. 2010 yilinda Paris’te
gergeklestirilen dortlii finallere isim sponsorlugu yapti ve Euroleague turnuvasina isim sponsoru oldu. 2020 yilina
kadar devam eden bir anlagsma gerceklestirildi.

THY sponsorluk faaliyetlerini ger¢eklestirmeden dnce hangi takimla sponsorluk anlagmasi yapacagi konusunda
detayl1 bir ¢alisma gerceklestirmektedir. Yapilan ¢alismalar sonucunda taraftar yogunlugu ve marka degerlerinin
etkisi iizerinde Barcelona ve Manchester United takimlarinin diinya siralamasinda ilk iki sirada yer almasi ve
kamuoyu tarafindan taniniyor olmasi THY "nin sponsorluk anlagsmasi yapmasi konusunda etkili faktorler arasinda
yer almaktadir. Manchester United takiminin taraftar yogunlugu Barcelona’nin ise bir sezonda kazandigi kupa
sayilarinin  fazlaligt THY 'nin imaj ve marka degeri konusundaki vizyonu ile paralellik gosterdigi
sOylenebilmektedir [20].
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Bu sponsorluk faaliyetleri haricinde THY, futbol alaninda FK Sarajevo, River Plate, serbest dalis alaninda Sahika
Erciimen, buz hokeyi alaninda IFK Helsinki, golf alaninda Turkish Turkish Airlines World Golf Cup, basketbol
alaminda Super Bowl (Amerikan Ulusal Futbol Ligi (NFL) final magi1) ve Istanbul Maratonu gibi aktivitelere ve
kisilere destek olmustur.

Gergeklestirilen biitiin sponsorluk faaliyetleri kapsaminda THY, kurumlarin marka gelistirme ve biiyilitme
politikalarinda uyguladig1 sponsorlugun 6nemi ve islevi acisindan hem ulusal hem uluslararasi aragtirmalar
kapsaminda gittikce 6nem kazanan sponsorluk faaliyetlerinin kurum stratejisine ve pazarlamasina sagladigi katkiy1
ortaya koymaktadir.

4.2. Tiirk Hava Yollarr’nin sponsorluk faaliyetlerinin tanitim ve imaj calismalarina katkisi

Havacilik isletmelerinin dogru ve stratejik olarak, ileri goriisliilik becerisi ile anlasmaya vardiklar1 sponsorluk
anlagmalarinin isletmeye beklenenin G6tesinde fayda saglamasi beklenmektedir. Yapilan sponsorluk anlagmalari
sonucunda kurumun sponsorluk amaglarina ulasmas1 ve nihayetinde sponsorlugun ticari bir kazanca doniismesi,
havayolu isletmeleri igin sponsorlugun onemini agik¢a gostermektedir [2]. Sponsorluk faaliyetleri, pazarda
tutundurma cabalar ile ulagilamayan hedef pazarlara ulagmak, tanitimi yasak olan mal/hizmetlerin tanitiminin
saglamak, toplumsal sorumluluklar1 yerine getirmek igin kullanmaktadirlar. Bu siiregte isletmeler, tiiketicilere
yararli faaliyetlerde bulunduklart mesajini ileterek ¢ikar ¢evreleri lizerinde iyi niyet ve kurum ismi ile ilgili olumlu
cagrisimlar yaratmaktadirlar. Bunun sonucu olarak tiiketicilerin sponsor kurumun iiriiniinii alma olasilig1 artmakta
ve ¢ikar ¢evreleri ile olumlu iligkiler gelistirilebilmektedir [19].

Ulusal ve uluslararasi pazarda faaliyet gosteren THY, rakiplerinden siyrilarak hedef kitle iizerin marka
farkindaligini arttirabilmek icin sponsorluk faaliyetlerine her zaman 6nem vermektedir. Hem sponsor kurumun
hem de sponsore edilen tarafin kazanacag bir alan olan bu faaliyet sayesinde THY, yeni pazarlara acilarak
avantajlar saglamaktadir.

THY ’nin gergeklestirmis oldugu sponsorluk faaliyetlerindeki en 6énemli amaci, kurum imajimi gelistirmek ve
tanitim ¢aligmalarina katki saglamaktir. Sponsor oldugu etkinlikler sayesinde, THY yerel ve ulusal ¢apta yer alan
spor, kiiltiir — sanat ve medya etkinliklerinde boy gostermektedir.

Sponsorluk faaliyetleri ile igletmeler, hedef kitlenin duyarli oldugu konularda g¢esitli aktivitelere maddi ve/veya
materyal destek saglamaktadirlar. Bu faaliyetler sayesinde basinyayinda isletme ile ilgili olumlu haberler
yaymlanmasi saglanmakta kurum imaji olusturulabilmektedir [19]. Tiirk Hava Yollar1 kurumu, kurum imajini
giiclendirmek, hedef kitleye hitap etmek, tanitim ¢alismalarina katki saglik i¢in hem Tiirkiye’de hem de diinyada
onemli spor kuliiplerine, sporculara ve spor etkinliklerine destek olarak sponsorluk faaliyetleri
gerceklestirmektedir. Boylelikle THY, gergeklestirmis ve gerceklestirmekte oldugu sponsorluk aktiviteleri
sayesinde, kurum imajini arttirmis ve gliclendirmis olup, hedef kitlenin zihnindeki imajin1 gii¢lendirmistir.

Tiirk Hava Yollart kurumunun F.C. Bercelona ile yapmis oldugu sponsorluk anlasmasi sonucu elde ettigi
kazanimlar su sekildedir [20]:

* THY, F.C Barcelona resmi sponsoru olmasi ve ilgili sponsorlugun tiim diinyay1 kapsayarak kiiresel bir sekilde
gercgeklestirilmesi,

* Futbolcularla ticari film ¢cekimi yapma imkaninin saglanmasi,

* Kiiresel diizeyde sponsorluk haklarinin hem imaj hem de oyuncular i¢in gegerli olmasi,

» Anlagmanin bir kisminin barter sistemiyle gecerli olmasi ve bazi uguslarin THY ile yapilmasi,

* THY sponsorlugunun saha kenar reklam panolarindaki logo gosterim hakkinin saglamasi,

» Antrenman alanlari, basin odasi arka pano vb. mekanlarda logo ve gorsellerin yer almasi,

» Uyelik kartlarida logonun bulunmasi,

* F.C Bercelona’nin internet sitesinde THY sponsorlugunun sabit bir sekilde yer almasi,

« Statta yer alan video perdesinde reklam gdsterim imkaninin saglanmasi,
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* FCB dergisinde ilan hakkinin alinmasi,

* Stat cevresinde yer alan en biiyiik reklam alaninda sponsorluk yayinin yapilmasi,

« Statta Tiirk Hava Yollari’na ait koltuk hakkinin verilmesi,

» Statta etkin yapabilme hakkinin saglanmast,

* Uluslararasi iiyelere emaling hakkinin saglanmasi,

* Fanlara yapilacak exclusive emaling hakkinin saglanmasi,

* Oyuncular tarafindan imzalanmis forma alma imkaninin sunulmasi,

» Camp Nou futbol sahasmin diginda etkinlik gerceklestirme olanaginin taninmasidir.

Ayrica Tiirk Hava Yollart firmasi, Manchester United’la yapmis oldugu anlagsma neticesinde yukarida belirtilen
kazanimlarin yani sira diinya ¢apinda havacilik sektoriinde lider olma yolunda bir adim daha attig1 s6ylenebilir.

5. Sonuc¢

Kurum, kurulus ya da sirketler; giiniimiiz rekabet kosullar1 icerisinde tercih edilen marka olmak ve pazar yapisi
icerisinde en cok satis alan iiriin ya da hizmetleri iiretmek icin daima rekabet icerisindeler. Uriin benzerligi ve
fazlaligmin giderek arttig1 giiniimiiz ticaret diinyasinda, basarili bir isletme olabilmenin altin kurallarindan biri
sponsorluk faaliyetlerini 6nem vermektedir. Kurum ya da kuruluslarin, irettikleri {iriinlerin veya sunduklar
hizmetlerin hitap edilecegi kitleye uygun ve kitlenin géziindeki imaj algisini ve taninirligimi arttirabilmek i¢in etkili
bir sekilde sponsor faaliyetlerini kullanmasi gerekmektedir. Bir kurumun maddi veya manevi agidan
gerceklestirdigi sponsorluk etkinlikleri, tirettikleri iiriin ya da sunduklar1 hizmetin; hedef kitleye en etkili sekilde
ulagmasi1 ve kurum bagliligimi arttirmasi amaciyla ¢aligmalar yapmaktadir.

Kurum ve kuruluslar, imajlarin1 gelistirmek ve pekistirmek i¢in sponsorluk etkinliklerden yararlanmaktadirlar.
Rekabetin yogun oldugu giiniimiiz kiiresel diinyasinda; {iriin, hizmet ve markalar arasindaki benzerlik giderek
arttig1 icin, bu faaliyetler 6n planda tutulmaktadir. Sponsorluk ayni zamanda kurumlarin imajini olusturan ve
giiclendiren, tanittiminin etkili sekilde gerceklestirilmesine kaynaklik eden iletisim aracidir.

Isletmeler arasinda en ¢ok sponsorluk faaliyetinde bulunan havacilik sektdrii; spor, sanat ve toplumsal faaliyetlerde
gerceklestirilir ve bu etkinlikler iilke imaji adina da 6nemli bir etkiye sahip olmaktadir. Havacilik alaninda
sponsorluk ¢aligmalariyla 6nde gelen kurumlardan biri olan Tiirk Hava Yollari, kendi kurum imaji ve itibari kadar;
yerel ve ulusal ¢apta faaliyet gosterdigi i¢in Tiirkiye’nin de imajini ve itibarini temsil etmektedir. THY *nin sponsor
oldugu kisi, kurum veya etkinliklerdeki en 6nemli amaci, kurum imajin1 gelistirmek ve tanitim ¢alismalarina katki
saglamaktir. Sponsor oldugu ¢alismalar sonucunda, THY yerel ve ulusal gapta yer alan spor, kiiltiir — sanat ve
medya etkinliklerinde aktif rol oynadigi igin havacilik sektoriinde 6nemli konuma sahiptir.

Tiirk Hava Yollari’nin gergeklestirmis oldugu sponsorluk faaliyetlerine bakildiginda yerel bir isletmeden kiiresel
bir firma konumuna erisme stratejisi tasidig1 gézlenmektedir. Yaklasik son yirmi yildir bu dogrultuda sponsorluk
yatirimlar1 yapan firma 6zellikle spor sponsorlugu alaninda, kiiresel ¢apta bir Pazar alanina sahip olmak istediginin
kararlihgin1 gostermistir. Ozellikle gerceklestirmis oldugu Barcelona FC, Manchester United, Turkish Airlines
Euroleague sponsorluk érneklerinin kiiresel capta yer almasi markaya olumlu geri doniisler sagladigi ve genis
kitlelerle iletisime gecilmesine imkan sagladigi sOylenebilir. THY firmasinin en 6nemli hedeflerinden biri
kitlelerle iletisime gegerek insanlarin zihninde giiglii ve giivenilir marka imajii canlandirmaktir ve bunu siirekli
dinamik tutmaktir.

Spor sponsorlugunu bir pazarlama araci olarak kullanan THY firmasi, diinyaca bilinen organizasyonlara,
sporculara, kuliiplere sponsorluk yaparak uluslararas1 boyutta kurumsal bir imaja sahip oldugu sdylenebilir. Hedef
kitleyle iletisime gegmek ve stirekli goriiniir olabilmek i¢in sponsorluk uygulamasini kapsamli ve titiz bir sekilde
kullanarak siirekli olarak aktif ve popiiler oldugu imajina vurgu yapmustir. THY nin sponsorluk ¢aligmalarina
6nem vermesinin nedenleri, kurum imajm pekistirmek, hedef kitleye etkin bir sekilde ulagsmak, tanitim
calismalarina katki saglamak i¢indir. THY ’nin gergeklestirmis ve gergeklestirmekte oldugu sponsorluk etkinlikleri
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kapsaminda, marka bilinirligini arttirmis ve rakiplerinden farkini ortaya koyarak hedef kitlenin algisindaki imajin1
giiclendirmistir. Caligma kapsaminda incelenen THY’nin sponsorluk c¢alismalari &rnekleri goz Oniinde
bulunduruldugunda, kurumun daha ¢ok spor ve sporcuya yonelik ¢alismalarda bulundugu ve destek oldugu tespit
edilmistir. Bu hareketteki amaci kavramsal ¢erceveden elde edilen bilgilere gore kurumlar nasil gériinmek istiyorsa
o alanda sponsorluk faaliyetleri yiiriitmelerindeki amaca bagli oldugu soylenebilir. Bu nedenle THY da spor ve
sporcuya yonelik caligmalariyla; etkin, dinamik, hizli ve giiclii bir kurum imajina sahip oldugunun altin1 ¢izerek
tanitim ve imaj calismalarini desteklemektedir.
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