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Abstract— The main purpose of this study is to develop an educational tool to help children acquire algorithmic thinking
skills at an early age while having fun. The methodology combines modern technologies and approaches such as
augmented reality (AR), gamification, and tangible user interfaces. In this application, the coding components consist of
specially designed tangible command blocks in the form of jigsaw puzzle pieces. The application contains a 3D multi-
level game environment, and the user is expected to control the game character by constructing an algorithm with physical
command blocks. The constructed algorithm is scanned using a mobile AR application and converted into code that
controls the game environment. The major design considerations during the development of this application were
simplicity and accessibility. All design decisions were delineated extensively in the paper. In conclusion, an augmented
reality-based gamified tangible programming kit is proposed to improve children’s algorithmic thinking skills at an early
age. The application requires only a smartphone and printable command blocks. Thus, an inexpensive, accessible, and
entertaining educational tool is developed.

Keywords— algorithmic thinking, augmented reality (AR), gamification, heuristic evaluation, STEM, tangible user
interfaces (TUIS)

Algo-AR: Algoritmik Diistinme Becerilerinin Gelistirilmesi
Icin Artirilmis Gergeklik Destekli bir Somut Programlama
Araci1 Gelistirilmesi

Ozet— Bu calismanin temel amaci, cocuklarmn eglenirken algoritmik diisiinme becerilerini erken yasta kazanmalarina
yardimct olacak bir egitim araci gelistirmektir. Metodoloji, artirillmig gergeklik (AG), oyunlastirma ve somut kullanict
arayiizleri gibi modern teknolojileri ve yaklasimlar1 birlestirmektedir. Bu uygulamada kodlama bilesenleri, yapboz
pargalari seklinde 6zel olarak tasarlanmis fiziksel komut bloklarindan olusmaktadir. Uygulama, gesitli seviyeleri olan {i¢
boyutlu bir oyun ortami igermekte ve kullanicinin fiziksel komut bloklari ile bir algoritma olusturarak oyun karakterini
kontrol etmesi beklenmektedir. Olusturulan algoritma bir mobil artirilmis gergeklik uygulamas: ile taranmakta ve oyun
ortamini kontrol eden koda déniistiiriillmektedir. Bu uygulamanin gelistirilmesi sirasinda tasarimda dikkat edilen baslica
hususlar basitlik ve erisilebilirlik olmustur. Tiim tasarim kararlar1 makalede kapsamli bir sekilde agiklanmistir. Sonug
olarak, erken yastaki cocuklarin algoritmik becerilerini gelistirmek icin artirilmis gerceklik destekli oyunlastirilmis somut
bir programlama araci onerilmistir. Uygulama yalnizca bir akilli telefona ve yazdirilabilir komut bloklarina ihtiyag
duymaktadir. Boylece ucuz, erisilebilir ve eglenceli bir egitim aract gelistirilmistir.

Anahtar Kelimeler— algoritmik diisiinme, artirilmug gergeklik (AG), oyunlastirma, sezgisel degerlendirme, STEM,
somut kullanict arayiizleri
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1. INTRODUCTION

We live in an era of digital transformation where software
development and programming skills are essential.
Computational  thinking  (CT), algorithm  design,
algorithmic thinking and coding skills are extremely
important for today and the future. Acquiring these skills
becomes more difficult with age. Therefore, activities that
develop computational and algorithmic thinking skills
must be embraced in preschool and primary education
curricula.

Many different approaches and tools have been developed
to improve these skills. These approaches can be broadly
divided into two categories “plugged” and “unplugged”, in
terms of whether they rely on computers. The plugged
category includes traditional text-based or visual
programming tools. There are also unplugged approaches,
which are free of computers. In these applications,
problem-solving activities are carried out using real-world
objects such as paper and pencil.

Although text-based programming languages and tools are
traditionally dominant for  programming, visual
programming languages are also widely used, especially
by children, to gain programming/coding skills. In visual
programming languages and tools, programming elements
are represented by graphical components rather than
textual commands, allowing users to control the program
flow by directly manipulating these elements. The most
common visual programming tools are Scratch [1], [2],
Alice [3], and Blockly [4]. Visual programming languages
make the programming process more understandable,
concrete and fun because they consist of visual elements
and work with the familiar drag-and-drop method.
Nevertheless, like traditional programming languages, they
still require a computer during the programming phase.
However, overuse of computers is known to cause
problems such as screen addiction for children.

Alternatively, tangible programming languages and tools
have been developed. Such languages allow users to
manipulate various physical objects to control virtual
objects or physical robots [5]. They can be referred as
hybrid programming environments. In many applications
of tangible programming such as Algoblocks [6], E-Block
[7], and LEGO Mindstorms [8], the control objects contain
some electronic and/or mechanical components, which
increases the cost and limits the accessibility. Durable and
low-cost solutions have also been proposed for the use of
tangible programming languages in the classroom
environment [9], [10]. These studies generally use low-
level image processing techniques, which can lead to
computational costs and recognition errors, or some
robotic components.

The main objective of this work is to develop simple,
comprehensible, accessible, and enjoyable material that
will help children acquire algorithmic thinking and
programming skills. We also avoid a fully plugged
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approach, as the target audience is preschool children. To
achieve this, the following contemporary methodologies
underpin our approach:

e  Gamification: It is known that one of the best teaching
methods for young children is the gamification
technique [11], [12]. The aim of employing
gamification is to make the learning process more fun,
instructive, and memorable.

e Tangible programming: A key concern for children’s
physical and mental health is the overuse of
computers. Parents generally limit their children's
screen time. The adoption of a tangible programming
approach makes the process almost “unplugged”.

o Augmented reality (AR): The benefits of using AR
technology are manifold. First, it requires only a
smartphone or tablet, making it a low-cost and
accessible kit. Second, it enables a flexible tool that is
content-renewable, as virtual objects can be placed in
the real world. Thirdly, it contributes to entertainment
and engagement [13]. Finally, it provides a robust and
computationally inexpensive method for detecting
code blocks, compared to using low-level image
processing operations.

In the proposed application, a maze-like game environment
is superimposed on the user's real world using AR
technology, and the game character is controlled by the
player's algorithm constructed using tangible command
blocks.

A common problem with tangible AR applications is that
there are no well-defined design standards as there are for
traditional desktop Uls. Therefore, we take a design-centric
view throughout the paper. For the benefit of researchers
in the field, the design trade-offs, implementation
decisions, heuristic evaluation results, limitations and
possible improvements have been detailed.

The rest of the paper is organized as follows: The next
section provides a summary of the related studies in the
literature. The third section explains the tools and
methodologies used to develop the proposed application.
In the fourth section, the results of the heuristic evaluation
are explained. Comparison of our approach to other similar
approaches is performed. The limitations and future work
are then described. The last section summarizes and
concludes the study.

2. RELATED WORK

The use of AR technology in education is known to make
the learning process more enjoyable and memorable [14],
[15]. AR technology has been used effectively in many
different fields of education [14]-[17]. The use of AR
technology for teaching algorithms and programming is
relatively new. Experimental studies have shown that AR
technology significantly contributes to learning and
entertainment factors [13], [18]. Today, tangible
programming tools have begun to be combined with AR
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technology [19]. For recent literature reviews about
different applications of AR, serious games, and tangible
interfaces in education, see the papers [20]-[22].

AR Scratch [23] provides features that extend the Scratch
programming language to enable the development of
simple AR applications. In the ARMaze [24] application,
the visual codes on the cube-shaped programming blocks
are recognized by an image processing library and the
interpreted commands move the character around a maze
using AR technology. Similarly, there are applications
such as HyperCubes [25] and CodeCubes [18] where
programming commands are represented by cubes.

Another example of tangible AR is the ARQuest [26]
application, which enables team collaboration using a
client-server architecture. In this application, users can
design the game environment and present it to other teams.
This application appeals to the 9-10 age group and does not
contain advanced programming components such as loops
and conditions.

The Code Bits [27] application consists of code blocks that
are designed to be printed on paper to be affordable and
accessible, as in our study. In the CodeBits application,
there are no commands such as loops and conditions, and
the commands are scanned and transferred to the game
environment one at a time. Although this is good for
debugging purposes, it can limit usability.

Command blocks in the Code Notes [28] application are in
the form of cards and consist of English phrases such as
“Turn position to the left, draw a tree” instead of visual
codes. Text recognition techniques are used to interpret the
commands in the cards. It is stated that the application is
mainly aimed at the 12-13 age group. Similarly, the Kart-
ON [29] application aims to provide an affordable,
extensible, and expressive programming environment
using paper programming and relying on text recognition.

The literature review shows that although there are studies
on the use of tangible programming tools to teach
algorithmic thinking and coding skills to children, these
studies have not yet reached saturation point. Most of these
tools involve microcontrollers and mechanical components
and/or are paid for. This reduces accessibility due to cost.
At this point, combining AR technology with tangible
programming tools is an alternative. In these studies,
programming commands generally consist of blocks in the
form of cubes, and visual codes consist of abstract shapes,
as they aim to facilitate recognition by the artificial vision
system rather than user perception. In addition, current
studies generally fail to explain the rationale behind design
choices and provide limited insight for further research.

The key contributions of this study and the advantages of
the proposed solution can be summarized as follows:
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e An affordable and simple educational tool has been
developed to improve children's algorithmic thinking
skills.

e The primary user group is 5-10 year old children. The
application and command blocks have been designed
with the target user group in mind.

e The proposed solution offers a compromise between
plugged and unplugged approaches to algorithmic
thinking activities by combining AR and tangible
programming.

e The tool contains no electronic or
components. This makes it cheap and safe.

e The solution does not rely on low-level image
processing techniques that can degrade the system's
recognition accuracy and interactivity.

e It has a broader command gamut compared to similar
tools, including conditions and loops.

e The game environment is presented in 3D and is
attached to the real world using AR technology to
enhance realism and engagement.

e The results of the usability analysis, design trade-offs,
and implementation decisions are explained to help
other researchers and designers.

mechanical

3. METHODOLOGY

This section first describes the use of the proposed kit. It
then summarizes the tools and techniques used to develop
the proposed system. This is followed by the details of the
rationale behind the design and implementation choices,
together with possible design trade-offs.

3.1. Overview

In the proposed application, there is a 3D game
environment, such as a maze, and the game character must
be controlled to move to the target location. The steps
performed by the user are shown in Figure 1, and an
example view during gameplay is shown in Figure 2.

Scan with
Algo-AR

Display the

Design the
algorithm

Display the

playground result

Figure 1. Steps of the usage of the application

|

Figure 2. A sample view during gameplay
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First, the player inspects the problem on the virtual grid
that is displayed on top of the physical gaming platform
using AR technology. The player then places specially
designed command blocks as physical jigsaw puzzle pieces
to create the required algorithm. These physical command
blocks are scanned and converted into code using the
proposed mobile AR application, and the game character
moves in the digital environment according to these codes.
With the help of AR technology, the playground is
displayed in the user’s physical environment, increasing
fun, motivation, and engagement.

3.2. Command Blocks

The first step was to determine the commands that would
be used to control the character's movements. The most
necessary commands have been implemented for this
prototype, but it is planned to increase the variety of
commands in future developments. The commands in the
current prototype are: Start (Baslangig), End (bitig), Move
n steps (n adwm ileri), Turn right/left (saga/sola don),
Repeat n times (n defa tekrarla), and If (eger). Therefore,
the current prototype involves the most important concepts
of programming, including loops and conditions. The users
organize the command blocks to build their algorithms.
The algorithms must be placed between the start and end
commands. The same background colour is used for the
complementary commands (i.e. start-end). The visual
codes to be used for the reocgnition of the blocks were
generated using the VuMark tool*. These command blocks
are shown in Figure 3 and printable command blocks are
available in the Appendix.

% 3 adim
T leri

&NS odim
7= leri
G

‘- solol don
'\
2

@ soga

Figure 3. Command blocks

3.3. Mobile AR Application

A mobile AR application called Algo-AR was developed
using the Unity2 game engine and the Vuforia SDK3. The
playground was designed as a 3D grid-like structure in
which some cells may have obstacles. The game has
several levels of increasing difficulty. Using command
blocks, the player is expected to create an algorithm that
will transport the game character from its current location
to the target location without hitting obstacles. The

1 https://library.vuforia.com/objects/vumarks

2 https://unity.com
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installation file of the application and sample videos on
how to use the application can be found in the Appendix.

Figure 4 shows an example of the process of converting
command blocks into game control. After the users
physically create the necessary algorithm using the
command blocks, they scan this algorithm with the camera
through the Algo-AR application. For the recognition of
the command blocks, we use marker-based AR technology.
In marker-based AR, where the digital content will be
placed is pre-defined to the system with a marker. For this
purpose, the image targets of the command blocks and the
corresponding text codes were matched using the Vuforia
SDK. Target images are recognized by the detector of the
Vuforia platform. The recognized text codes corresponding
to the image targets are converted by the application into
C# functions that provide the necessary parameters for the
character's movement, and these functions are executed in
the game by the Unity game engine.

" saga don

R
3 adm lleri @
&5

5 odim ileri

ALGOAR
* \
Algorithm established ‘ N\ \ ~
by the player \_ <>
N\ Yuforio
Pt 1\ A
@ o6\ \@
\ ¥
\\
SEERNAN
g EEJHE ?® Start() “baslangic”
3 Move(3) “adim3”
unity Turn(Right) “sagadon”

“adim5”
“bitis”
Recognized
textual codes

Move(5)
Finish()

Corresponding
C# functions

Figure 4. The process of converting the command blocks
to game control

Definition of the Game Loop:
Start
L = SelectLevel ()
InspectPuzzle (L)

Algorithm = ConstructAlgorithm()
RunAlgorithm (Algorithm)

DisplaySolution ()

End

Function ConstructAlgorithm:
Start
PuzzlePieces = DetectPuzzlePiecesFromCamera (Puzzle)
Display(PuzzlePieces)

CommandList = AddCommandToList (PuzzlePieces)

Return CommandList
End

Figure 5. Pseudocode describing the game loop process.

3 https://developer.vuforia.com/
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In Figure 5, a description of the game process is given in a
pseudocode format. When the game starts, the player
selects the level, inspects the puzzle, constructs the
algorithm using the blocks then scans the algorithm with
the camera. Detection of the puzzle pieces by the system
and the construction of the command list from the detected
pieces is also given in the second part (Function
ConstructAlgorithm) of the pseudocode. The returned
algorithm is executed on the game board and the resulting
animation is displayed.

3.4. Design Rationale

This section explains critical implementation issues and
major design goals that were considered in the
development of the current prototype.

1) Cost: The proposed tool requires only a smartphone or
a tablet and command blocks that can be printed on a
piece of paper. This makes it an inexpensive Kit.

2) Accessibility: As a direct consequence of the low cost,
this tool is easily accessible to people on low incomes.
In addition, since visual codes are used, illiterate
children can also use this material. Although the
primary audience of the application is children, it is
suitable for users of all ages who are new to
algorithmic skills.

3) Durability: The proposed tool does not require
complex and fragile mechanical or electrical
components as many popular tangible programming
tools do. Thus, there is no problem with the breakdown
of these components. In the worst-case scenario, if the
printed command blocks are torn, they can be
reprinted. It is also possible to use durable materials
such as wood or plastic for the command blocks.
Although this will increase the cost, it will enhance the
overall user experience.

4) Safety: As the target user group is children, special
attention must be paid to the safety of the material. As
mentioned above, the kit does not contain any
electrical components, so it is quite safe to use.

5) Engagement: Fun is an important factor in increasing
people's motivation and learning rate. The more
people feel involved in the application, the more they
are motivated to learn. To increase fun and motivation,
the application is designed as a game with levels of
increasing  difficulty.  Additionally, the game
environment and the characters are designed in 3D,
which also contributes to engagement. Nevertheless,
more visual/audio effects and game levels are required
to raise the fun factor of the game. In other respects,
the usage of the application requires a focus switch
between physical command blocks and the virtual
content on the screen, which may damage
engagement.

6) Unplugged usage: Most similar applications aimed at
teaching children to program or design algorithms
require coding with a computer or mobile phone. Such
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applications can be referred to as “plugged-in” tools.
However, social/mental/physiological problems or
digital addiction may arise if too much time is spent
with digital devices, especially at a young age.
Completely “unplugged” tools are also available to
enrich computational thinking without computers
[30], [31]. We offer a compromise between plugged
and unplugged tools by combining AR and tangible
programming. Since the algorithm construction is
done using physical command blocks, the plugged
usage time is very short. When the game environment
is projected on a shared display, parents or teachers
can control the application with their smartphones.
This can be considered unplugged use for children.
This allows for cooperation as well as competition.
Therefore, depending on the age of the users, the usage
process can be adjusted as plugged or unplugged. This
is another flexibility of the proposed tool.

7) Design of the command blocks: An image target was
created to represent each command block. When
creating image targets, it is important to have different
images for different commands and unique details so
that the application can easily recognize the images.
However, completely abstract shapes such as QR
codes were avoided so as not to complicate children’s
perceptions. Instead, black-and-white image targets
were created using the VuMark tool to identify the
commands. Additional visual images were also added
for human perception. Although the image targets
uniquely identify the commands, text equivalents for
each command were also included in the command
blocks. Turkish was preferred as the text language for
the presentations, but in practice, no modification is
required to change the text language. For this reason,
command blocks can be used in any language, even
without text.

8) Accuracy and efficiency: Instead of training our
models with low-level image processing and computer
vision techniques, the marker-based AR method was
found to be suitable for recognising the command
blocks. This is because in this problem, unlike a
standard object recognition problem, the images to be
recognized are specified and fixed at the beginning. In
addition, due to the variable environmental conditions
in mobile environments and the real-time interactivity
requirement of the application, a robust solution with
low computational cost is needed. Therefore,
employing marker-based AR techniques was found to
be the most appropriate solution.

3.5. Design Trade-offs

In this section, we summarize the major trade-offs that we
encountered during the design and implementation of the
proposed tool. In some of these situations, we force the user
to meet a specific design goal, while some trade-offs are
flexible and left to the user’s control.

1) Cost/affordability vs. usability: Command blocks can
be printed on a piece of paper for cost-effectiveness,
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but from a usability perspective it is easier to use other
firm but more expensive materials such as wood or
plastic. At this point, the application does not have a
restriction and the user has control over this choice.
Another issue related to this trade-off is the use of
mobile AR or AR glasses. While AR glasses allow for
hands-free use, they are not very accessible due to
their cost. For this reason, we have traded off cost
against usability in this question.

2) Cost/affordability vs. durability: As mentioned earlier,
the user can choose the material for the command
blocks to be printed. This can be a piece of paper (for
low cost) or 3D printed using other durable materials.

3) Error prevention (affordance) vs. usability: The
Jigsaw puzzle-like form of the command blocks caters
to affordance and hence error prevention. However,
this may limit usability somewhat when paper is the
material for the command blocks. The tool still works
even if the user cannot place the blocks correctly
concerning the interlocking mechanism. However, the
user is in control of the choice for this compromise and
may prefer to use a different material for a better user
experience.

4) Simplicity vs. expressiveness: A wider range of
commands, including other programming concepts,
would provide a more expressive tool. However, given
the age of the target audience, we preferred to keep it
simple and understandable. Similarly, the number of
command blocks in a particular algorithm is
deliberately limited to simplify comprehension and
avoid visual clutter on the screen. This was also
suggested by the usability experts who evaluated our
prototype.

5) Accessibility vs. expressiveness: Several alternatives
were considered for the design of the command
blocks. Firstly, a text-based approach was considered
to provide an expressive and extensible tool, but this
method was abandoned bearing in mind the illiterate
children and the method’s dependence on the text
language. The idea of assigning distinctive images to
command blocks was found to be more appropriate
and non-abstract visuals were determined for children.

6) Accuracy vs. usability: For the scanning process of the
algorithm, we contemplated three options: i) scanning
the whole algorithm and playing its result on the game
at once, ii) scanning and playing the blocks one by one
(the idea in [27]), or iii) scanning the blocks one by
one and playing the whole recognized algorithm at
once. Scanning the whole algorithm (option i) would
be more usable and intuitive, as it was also suggested
to us by a heuristic evaluator, but it requires more
computation and low-level image processing
operations. This could reduce the recognition accuracy
and efficiency. Therefore we preferred to scan the
blocks sequentially one at a time. Nevertheless, since

4

https://media.nngroup.com/media/articles/attachments/Heuristic Eva
luation Workbook 1 Fillable.pdf
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the second option limits usability more than the last,
the current prototype supports only sequential
scanning and full replay (option iii). However, we plan
to evaluate these options from both usability and
efficiency perspectives and update the next prototype
of the application accordingly.

4. HEURISTIC EVALUATION

To assess the usability of the proposed system for the target
user group and to identify design problems at an early
stage, we carried out a heuristic evaluation process, which
is a usability testing method in which experts assess the
usability of the system against a set of pre-defined criteria.
It can be argued that heuristic evaluation is limited in the
sense that the evaluators are not part of the target audience.
However, it is a very powerful tool because it provides a
cost-effective way of detecting design problems early in
the development process.

4.1. Evaluation Methodology

Three usability experts independently assessed the
proposed application according to Nielsen’s usability
heuristics [32]. They benefitted from the Heuristic
Evaluation Workbook provided by Nielsen Norman
Group4. They are informed about the purpose and target
users of the application. In their evaluations, they were
asked to consider children aged 5-10, especially pre-
schoolers, as the target user group. The evaluators first
inspected the application freely, then they were shown the
main functionality and finally, they played the game levels
shown in Figure 6. They used command blocks printed on
paper but were also informed about the possibility of using
other materials.
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Figure 6. Top — sample game levels, and bottom — their
solutions

4.2. Findings

The evaluators' findings are explained below according to
the predefined usability criteria. These findings are also
summarized in Table 1. This table lists the key strengths of
the tool and recommended improvements for each usability
criterion.

1) Visibility of system status (“The design should always
keep users informed about what is going on, through
appropriate feedback within a reasonable amount of
time.”)

When the application recognizes a command block, visual
and auditory feedback is presented to the user, and the
recognized algorithm is displayed online. In Figure 7, the
algorithm constructed by the player using physical
command blocks is shown on the left. On the right, the
recognized commands are displayed virtually as they are
scanned.

Figure 7. A seenshot from the gameplay, while scanning
the constructed algorithm

2) Match between the system and the real world (“The
system should resemble the experiences that users
already had. The design should speak the users'
language. Use words, phrases, and concepts familiar
to the user, rather than internal jargon. Follow real-
world conventions, making information appear in a
natural and logical order.”)

The command blocks are designed as interlocking jigsaw
puzzle pieces and are used based on the intuitive drag-and-
drop metaphor. This is consistent with real-life puzzle
games and popular visual programming languages. It also
prepares children for block-based programming tools,
which are generally the next level in the learning process.
The use of the same colour for the complementary
command blocks (i.e. start-end) is also a good choice.
Although the images on the command blocks generally
match universal visual codes such as arrows, play buttons,
numbers, etc., the visual code for the if command block is
somewhat ambiguous.

3) User control and freedom (“Users should be able to
reverse their action if done by mistake.”)
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The application provides a visible "Sifirla (Reset)" button
to reset the algorithm. The choice of red colour for this
button is considered appropriate as it is a dangerous
operation that requires attention. However, an Undo
operation should also be provided to allow users to reverse
their actions taken in error.

4) Consistency and standard (“Follow platform and
industry conventions. Similar system elements should
look similar.”)

AR interfaces and tangible user interfaces are relatively
new fields. As a result, there are no widely accepted
industry standards as there are for 2D interfaces. On the
other hand, the puzzle-like form of the command blocks is
consistent with common visual programming conventions.

5) Error prevention (“Either eliminate error-prone
conditions or check for them and present users with a
confirmation option before they commit to the
action.”)

Another advantage of the jigsaw puzzle form of the
command blocks is that it provides affordance and thus
prevents possible syntax errors. Furthermore, the feedback
(see item 1) made available to the user when a command
block is recognized by the application prevents potential
errors.

6) Recognition rather than recall (“Minimize the user's
memory load by making elements, actions, and
options visible. The user should not have to remember
information from one part of the interface to another.
Information required to use the design should be
visible or easily retrievable when needed.”)

The application is easy to learn because the command
blocks are designed like puzzle pieces that everyone is
familiar with from everyday life or common visual
programming languages. The simple design of the tool
contributes to learnability as well. Expressive and
memorable visual codes have generally been assigned to
the command blocks. Text codes are also helpful in
identifying the meaning of a block, but they are helpless
for illiterate children. The control buttons, “Basla (Start)”
and “Sifirla (Reset)”, should also have familiar icons rather
than text, taking into account illiteracy. These buttons are
designed to be visible, but in the context of AR,
background and lighting conditions may affect visibility.
Similarly, the nature of AR requires switching focus
between real and virtual content, which can generate
additional cognitive load.

7) Flexibility and efficiency of use (“both new and
experienced users should be able to efficiently use the
system”)

The target user group consists of young children and the
application does not generally require shortcuts for
experienced users. On the other hand, the developed tool
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offers some flexible options that users can customize
according to their needs. First, the user can print command
blocks on a piece of paper or any other material. Second,
the language of the expressions in the command blocks can
be changed or completely removed. Third, although the
command blocks were originally designed as puzzle
pieces, they can also be used flat, as it can be difficult to
use puzzle pieces when paper command blocks are
preferred.

One evaluator made the following suggestions in addition
to the common opinions listed above. The application was
designed for mobile AR, which requires holding the mobile
device. Adapting it for AR glasses is also suggested to
allow hands-free and comfortable use. Scanning the whole
algorithm at once could be more efficient and usable.

8) An aesthetic and minimalist design (“Interfaces should
not contain information that is irrelevant or rarely
needed.”)

The interface and the system have been designed in a fairly
simple and minimalist manner. However, the game grid
and the look and feel of the Ul elements could be more
aesthetically pleasing. Limiting the overall command
gamut is a sound decision, given the age of the target
audience and the short-term memory limitations of the
human brain. Similarly, the total number of command
blocks required to construct a particular algorithm should
also be limited. Otherwise, long algorithms will result in
visual clutter on the screen, and the scanning of the
algorithm will become more difficult as the length of the
algorithm increases.

9) Help users recognize, diagnose, and recover from
errors (“Error messages should be expressed in plain
language, precisely indicate the problem, and
constructively suggest a solution.”)

Although it is very rare, if the user inadvertently moves the
mobile device during the sequential scanning process, the
application may fail to recognize some command blocks.
In such cases, the user is informed of the situation as the
recognized blocks are displayed on the screen. However,
the only way to recover from this situation is to reset the
algorithm. An Undo operation must also be made available
to the user. In addition, the errors in the constructed
algorithm could be shown to the user.

10) Help and documentation:

More detailed documentation, including the meaning of the
blocks, sample usage scenarios, etc. could be provided.
Online textual instructions on how to use the system should
also be provided as audio messages, taking into account the
illiterate population in the target user group.
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Table 1. Summary of the heuristic evaluation (C1-C10
refers to the evaluation criteria, in the above order)

Strengths Recommendations

Cl | Visual/auditory feedback
c2 Intuitiveness Revision of the visual codes
Use of metaphors

C3 | Visible control buttons
Puzzle-like form

Undo operation

c4 Drag-and-drop metaphor
Affordance
c5 Feedback

Easy to learn

Familiar elements

C6 Simplicity contributes to
learnability

Memorable visual codes

Audio messages for illiterate
children

Familiar icons for control
buttons
Adaptation for AR glasses

Flexible options for

¢ command blocks Scanning the algorithm at
once
Simple and minimalist Refining the look-and-feel
cs design
Limited command gamut
c9 Undo operation
Showing the algorithm errors
c10 More detailed documentation

Audial instructions

5. COMPARISON TO OTHER APPROACHES

In this section, we perform a qualitative comparison of our
kit with other alternative tools for cultivating
computational thinking. We make this comparison in the
context of our target user group (preschoolers) and our
main design goals: “unplugged use”, “simplicity”, and
“accessibility/affordability”.

In Table 2, interface types and main methodologies of
similar studies are listed. The interface type refers to the
usage of a tool and we categorize it as Unplugged, Plugged,
and Hybrid. Unplugged interfaces rely on traditional
methods and do not use any computers, plugged interfaces
require a computer and/or electronic components, while
hybrid interfaces require computers only for specific
stages. Algo-AR falls into the hybrid interface category by
combining tangible programming and AR as mentioned
before, since a mobile phone is only required for displaying
the results. Limiting screen time is one of our crucial goals
because of the target users. Compared to totally unplugged
activities, AR increases the fun factor.

Table 3 evaluates similar studies in the literature in the
context of the design goal of simplicity. Preschool children
are the target user group, therefore the design, usage and
comprised programming concepts should be simple. As
indicated in the table, some of the tools are text-based and
not suitable for illiterate children, some contain complex
programming concepts, and some are sophisticated for
little children. Algo-AR has a simple interface and limits
the complexity of algorithms and programming concepts.

Accessibility and affordability are also among our primary
design objectives. Therefore, the studies in the literature
are also elaborated from this perspective and the summary
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is given in Table 4. Unplugged activities can be considered
as the most accessible category. There are also free visual
programming tools that only require a computer. Some of
the tools, such as Algoblocks and E-Block, necessitate
special hardware for the command cubes, which limits
their accessibility. On the other hand, most of the tools in
the hybrid interface category, rely on a mobile device and
paper-based command blocks. This provides a low-cost
and accessible solution.

Table 2. List of the studies according to interface type and
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Kart-ON [29]

Based on English text

Not suitable for illiterate children
Includes a wide range of generalizable
commands

Algo-AR

Simple command gamut (loops, conditionals,
basic movement)

Simple algorithm complexity

Simple drag-and-drop metaphor

Suitable for illiterate and preschool children

Table 4. List of the studies according to accessibility

design goal

methodologies Studies Accessibility/Affordability
Studies Interface Tools/Methodologies [30] [31] Requires basic materials such as paper, pen
[30] [31] Unplugged Paper, pen, etc. So, very cheap and accessible in general
Scratch [1], [2] Plugged Visual programming Scratch [1], [2] Requires a computer
Alice [3] Alice [3] Freely accessible in general
Blockly [4] Blockly [4]
Algoblocks [6] Plugged Tangible programming Algoblocks [6] Requires a computer and special wired
E-Block [7] Plugged Tangible programming, command cubes, so not much accessible
Microcontrollers E-Block [7] Requires a computer and command blocks that
HyperCubes [25] Hybrid Tangible programming, include microcomputers, infrared transmitters
AR, Spatial tracking and receivers, batteries, wireless modules, and
CodeCubes [18] Hybrid Tangible programming, LEDs. So they are not much accessible
Marker-based AR HyperCubes [25] Requires a mobile device and paper cubes
ARQuest [26] Hybrid Tangible programming, CodeCubes [18] Requires a mobile device and paper cubes
Marker-based AR ARQuest [26] Regquires a computer, a mobile device and
Code Bits [27] Hybrid Tangible programming, paper tokens
Marker-based AR Code Bits [27] Reguires a mobile device and paper tokens
Code Notes [28] | Hybrid Tangible programming, Code Notes [28] | Requires a mobile device and paper tokens
Computer vision, Kart-ON [29] Requires a mobile device and paper tokens
Text recognition Algo-AR Requires a mobile device and paper blocks
Kart-ON [29] Hybrid Tangible programming, AR,
Text recognition
Algo-AR Hybrid Tangible programming,
Marker-based AR 6. LIMITATIONS AND FUTURE WORK

Table 3. List of the studies according to simplicity design

goal

Studies Simplicity

[30] [31] Simple to use, appeals to all ages of children

Scratch [1], [2] Simple drag-and-drop metaphor

Alice [3] Not for illiterate children in general

Blockly [4] Comprises many programming concepts
Not suitable for preschoolers

Algoblocks [6] Appeals to primary and secondary school
Includes conditionals, loops, parameters, and
basic movement commands
Requires command cubes connected with
cables which limit usability

E-Block [7] Appeals to 5-9 age

Includes basic movement commands

HyperCubes [25]

Appeals to late elementary and middle school
Includes visual and sound inputs

Requires constructing command cubes
Complex for preschoolers since it includes
abstract markers and parameters are adjusted
by a menu

CodeCubes [18]

Appeals to 13-14 age
Includes basic movement commands
Requires constructing command cubes

ARQuest [26]

Appeals to primary school (9-10 age)
Includes basic movement commands
Designed for collaborative usage

Code Bits [27]

Preschoolers can use

Includes basic movement commands
Commands are transferred to the application
one-by-one

Code Notes [28]

Based on English text
Not suitable for illiterate children
Includes a wide range of commands

Despite its many benefits, the current prototype has some
shortfalls and potential for improvement. These
improvements can be considered under five main
categories: refining the usability aspects, reinforcing the
pedagogical aspect, enriching the content, increasing the
supportability, and conducting comprehensive evaluations.

Firstly, the user interface and usability of the tool should
be improved in light of the results of the heuristic
evaluation. These improvements should include refining
the visual codes on the command blocks in terms of
expressiveness and discoverability, adding an undo
operation, considering illiteracy in the design of the Ul
elements, and improving the documentation.

Second, the current prototype supports programming
concepts such as condition and loop that are not found in
many similar applications. Considering that people will not
develop very complex algorithms during the learning
phase, it can be said that the current application has
functional competence in terms of targeted acquisition of
algorithmic thinking. However, more programming
elements such as arithmetic operations, functions and
variable definitions can be added. Correct solutions and
errors should be displayed on the application. It could also
be useful to enable the teacher/parent to track the progress
of the students.
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Third, more levels should be added to the game to increase
the fun and motivational factors. The following
improvements can be considered, which will also affect the
difficulty level of the game: time limit, types of obstacles,
bonus items, and shortest path problems. The application
should be made more impressive and customizable by
enriching it with more animations, visual -effects,
sound/music, and virtual environment/character themes.
Game themes and difficulty levels should be determined
according to age groups, taking into account the views of
educators and pedagogues.

Fourth, the current prototype works on Android devices,
but it is possible to easily deploy it for other operating
systems. Its use with AR glasses, however, should be
specifically tested and the application should be adapted to
the needs of such use. Since one of the main design goals
is affordability, we have not yet considered the use of AR
glasses.

Finally, although the usability aspect has been assessed by
some experts, the tool has not yet been tested by the target
user group. Thus, comprehensive user studies are required
to evaluate different aspects of the user experience and to
draw generalizable conclusions. The application should be
extensively tested with different age groups and its long-
term effects in different dimensions (learning,
entertainment, motivation, cognition, etc.) should be
statistically analysed.

7. CONCLUSION

A prototype application has been developed to improve
children's algorithmic thinking skills. The main design
goals are simplicity, affordability, entertainment, and
unplugged usage. The application has a gamified structure
and is intended to be particularly interesting for children.
Although the primary audience of the application is
children, it is suitable for users of all ages who are just
starting to learn algorithm construction. The proposed
application has been developed using modern technologies
such as AR and tangible programming. A design-oriented
view of the work could be of great benefit to the
researchers in the field. In summary, a low-cost, flexible,
unplugged educational material for the development of
algorithmic thinking skills at an early age is proposed and
elaborated.

APPENDIX

Materials related to this study can be downloaded from the
links obtained by scanning the QR codes in Figure 8. The
downloadable  materials include sample videos
demonstrating the use of the game, the installation file of
the Algo-AR application for Android devices, and the
printable command blocks.
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Printable

le vi Algo-AR APK
Sample videos 90 command blocks

Figure 8. OR-codes for accessing the sample material of
the proposed tool

REFERENCES

[1]  J. Fagerlund, P. Hikkinen, M. Vesisenaho, J. Viiri, “Computational
thinking in programming with Scratch in primary schools: A
systematic review,” Comput. Appl. Eng. Educ., 29(1), 12-28, 2021.

[2] J.Maloney, L. Burd, Y. Kafai, N. Rusk, B. Silverman, M. Resnick,
“Scratch: a sneak preview [education],” Second International
Conference on Creating, Connecting and Collaborating
through Computing, Kyoto, 104-109, 2004.

[3] M. Conway, S. Audia, T. Burnette, D. Cosgrove, K. Christiansen,
“Alice: lessons learned from building a 3D system for novices,”
SIGCHI Conference on Human Factors in Computing
Systems, Netherlands, 486-493, 2000.

[4]  N. Fraser, “Ten things we’ve learned from Blockly,” IEEE Blocks
and Beyond Workshop (Blocks and Beyond), USA, 49-50,
2015.

[5] A. Strawhacker, M. U. Bers, “‘I want my robot to look for food’:
Comparing Kindergartner’s programming comprehension using
tangible, graphic, and hybrid user interfaces,” Int. J. Technol. Des.
Educ., 25, 293-319, 2015.

[6] H. Suzuki, H. Kato, “Algoblock: a tangible programming
language, a tool for collaborative learning,” 4th European Logo
Conference, 297-303, 1993.

[7] D. Wang, Y. Zhang, S. Chen, “E-block: A tangible programming
tool with graphical blocks,” Math. Probl. Eng., 2013, doi:
10.1155/2013/598547.

[8] F. Klassner, S. D. Anderson, “LEGO MindStorms: Not just for K-
12 anymore,” IEEE Robotics and Automation Magazine, 10(2),
12-18, 2003, doi: 10.1109/MRA.2003.1213611.

[9] M. S. Horn, R. J. K. Jacob, “Designing tangible programming
languages for classroom use,” International Conference on
Tangible and Embedded Interaction, Louisiana, 159-162, 2007,
doi: 10.1145/1226969.1227003.

[10] E.Naude, A. Fowler, R. Lemon, C. J. Sutherland, “Kupe’s Journey:
Building a Low-cost, Screen-free Robotic Programming
Environment for Children,” 20th International Conference on
Ubiquitous Robots (UR), USA, 710-715, 2023, doi:
10.1109/UR57808.2023.10202226.

[11] S. Tobias, J. D. Fletcher, and A. P. Wind, “Game-based learning,”
Handb. Res. Educ. Commun. Technol., pp. 485-503, 2014.

[12] G. Lampropoulos, E. Keramopoulos, K. Diamantaras, G.
Evangelidis, “Augmented reality and gamification in education: A
systematic literature review of research, applications, and
empirical studies,” Appl. Sci., 12(13), 6809, 2022.



BiLiSiM TEKNOLOJILERI DERGISI, CILT: 17, SAYI: 2, NiSAN 2024

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

A. Gardeli, S. Vosinakis, "The effect of tangible augmented reality
interfaces on teaching computational thinking: A preliminary
study,” 21st  International Conference on Interactive
Collaborative Learning (ICL2018), Greece, 673-684, 2020.

A. Theodoropoulos, G. Lepouras, “Augmented Reality and
programming education: A systematic review,” Int. J. Child-
Computer Interact., 30, 100335, 2021.

S. A. Hassan, T. Rahim, S. Y. Shin, “ChildAR: an augmented
reality-based interactive game for assisting children in their
education,” Univers. Access Inf. Soc., 21(2), 545-556, 2022.

Y.-C. Chien, Y.-N. Su, T.-T. Wu, Y.-M. Huang, “Enhancing
students’ botanical learning by using augmented reality,” Univers.
Access Inf. Soc., 18, 231-241, 2019.

Z. Cipiloglu Yildiz, M. Tiirker, R. Ak, “Mimari Miras Egitiminde
Artirllmis Gergeklik ve Fotogrametri Destegi,” Bilisim Teknol.
Derg., 14(2), 137-149, 2021, doi: 10.17671/gazibtd.792539.

B. Cleto, C. Sylla, L. Ferreira, J. M. Moura, “CodeCubes: Coding
with Augmented Reality,” First international computer
programming education conference, Portugal, 7:1-7:9, 2020,
doi: 10.4230/0ASIcs.ICPEC.2020.7.

S. Washbrooke, N. Giacaman, “Play, Code, Learn: Fostering
Computational Thinking in Primary Aged Learners Through
Interactive Play,” 10T, Al, and ICT for Educational
Applications: Technologies to Enable Education for All, Ed.: S.
Papadakis, Cham: Springer Nature, Switzerland, 135-162, 2024.

M. G. Rios, M. Paredes-Velasco, “Using Augmented Reality in
programming learning: A systematic mapping study,” IEEE Global
Engineering Education Conference (EDUCON), Austria, 1635—
1641, 2021, doi: 10.1109/EDUCON46332.2021.9454149.

M. Liang, Y. Li, T. Weber, H. Hussmann, “Tangible interaction for
children’s creative learning: A review,” Conference on Creativity
and Cognition, 1-14, 2021.

J. M. Cerqueira, B. Cleto, J. M. Moura, C. Sylla, L. Ferreira,
“Potentiating Learning Through Augmented Reality and Serious
Games,” Springer Handbook of Augmented Reality, Eds.: A. Y. C.
Nee, S. K. Ong, Cham: Springer International Publishing, 369—
390, 2023.

I. Radu, B. Maclntyre, “Augmented-reality scratch: a tangible

programming environment for Conference on

Interaction Design for Children, Italy, 2009.

children,”

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

69

Q. Jin, D. Wang, X. Deng, N. Zheng, S. Chiu, “AR-maze: A
tangible programming tool for children based on AR technology,”
ACM Conference on Interaction Design and Children, Norway,
611-616, 2018, doi: 10.1145/3202185.3210784.

A. Fuste, C. Schmandt, “Hypercubes: A playful introduction to
computational thinking in augmented reality,” CHI PLAY 2019 -
Extended Abstracts of the Annual Symposium on Computer-
Human Interaction in Play, Spain, 379-387, 2019, doi:
10.1145/3341215.3356264.

A. Gardeli, S. Vosinakis, “ARQuest: A tangible augmented reality
approach to skills,”
International Conference on Virtual Worlds and Games for Serious
Applications (VS-Games), Austria, 1-8, 2019, doi: 10.1109/VS-
Games.2019.8864603.

developing computational thinking

S. Goyal, R. S. Vijay, C. Monga, P. Kalita, “Code bits: an
inexpensive tangible computational thinking toolkit for K-12
curriculum,” International Conference on Tangible, Embedded,
and Embodied Interaction, Netherlands, 441-447, 2016.

A. Sabuncuoglu, M. Erkaya, O. T. Buruk, T. Goksun, “Code notes:
Designing a low-cost tangible coding tool for/with children,” ACM
Conf. Interact. Des. Child., Norway, 644-649, 2018, doi:
10.1145/3202185.3210791.

A. Sabuncuoglu, T. M. Sezgin, “Kart-ON: An Extensible Paper
Programming Strategy for Affordable Early Programming
Education,” ACM Human-Computer Interact., 6(EICS), 1-18,
2022.

T. Bell, J. Alexander, 1. Freeman, M. Grimley, “Computer science
unplugged: School students doing real computing without
computers,” New Zeal. J. Appl. Comput. Inf. Technol., 13(1), 20—
29, 2009.

A. JuskeviCiene, G. Stupuriene, T. Jevsikova, “Computational
thinking development through physical computing activities in
STEAM education,” Comput. Appl. Eng. Educ., 29(1), 175-190,
2021.

J. Nielsen, “Enhancing the explanatory power of usability
heuristics,” SIGCHI conference on Human Factors in Computing
Systems, USA, 152-158, 1994.



BiLiSiM TEKNOLOJILERI DERGISI, CILT: 17, SAYI: 2, NiSAN 2024 71

Saldir1 Tespit Sistemlerinde K-Means Algoritmasi ve
Silhouette Metrigi 1le Optimum Kiime Sayisinin
Belirlenmesi

Arastirma Makalesi/Research Article

Fatih TOPALOGLU

Bilgisayar Miihendisligi, Malatya Turgut Ozal Universitesi, Malatya, Tiirkiye
fattih.topaloglu@ozal.edu.tr
(Gelis/Received:31.12.2023; Kabul/Accepted:12.02.2024)

DOI: 10.17671/gazibtd. 1412641

Ozet— Giiniimiiz internetleri neredeyse yarim milyon farkli agdan olusmaktadir. Bir ag baglantisinda, saldirilart tiirlerine
gore tanimlamak zordur. Ciinkii farkli saldirilar gesitli baglantilara sahip olabilir ve sayilar1 birka¢ ag baglantisindan
ylizlerce ag baglantisina kadar degisebilmektedir. Bu nedenden dolay1 saldir1 tespiti i¢in kullanilan veri setlerinin dogru
smiflandirilmast zorlasmaktadir. Gegmiste pek ¢ok arastirmaci, farkli yontemler kullanarak davetsiz misafirleri tespit
etmek icin saldir tespit sistemleri gelistirmistir. Ancak mevcut yontemlerin tespit dogrulugu ve zaman kayb1 agisindan
bazi dezavantajlari bulunmaktadir. Caligmanin temel motivasyonu, saldiri tespit sistemlerinde yiiksek boyutlulugun
getirdigi zorluklarin Gistesinden gelmek ve siniflandirma performansini gelistirmek, sonugta izinsiz girislerin daha dogru
ve verimli tespitini saglamaktir. Calismada KDD Cup’99 saldiri tespiti veri setinin k-means kiimeleme algoritmasi ile
farkli k degerlerine gore analiz edilmesi ve silhouette metrigi ile optimum kiime sayisinin belirlenmesi amaglanmustir.
Caligmada farkli k degerleri i¢in yapilan analizlerde, k=10’a kadar olast her konfigiirasyon icin silhouette skoru
hesaplanmustir. Bu metrige gore en iyi kiime sayist 4 ve silhouette skoru 0.83 olarak bulunmustur. Ayrica silhouette
grafigi kalinliklar ile kiime boyutlar1 gorsellestirilmistir.

Anahtar Kelimeler— saldir1 tespit sistemleri, k-means, silhouette metrigi

Determining the Optimum Number of Clusters with K-
Means Algorithm and Silhouette Metric in Intrusion
Detection Systems

Abstract— Today's internet consists of almost half a million different networks. In a network connection, it is difficult to
identify attacks by type. Because different attacks can have various connections and their number can vary from a few
network connections to hundreds of network connections. For this reason, it becomes difficult to correctly classify the
data sets used for attack detection. The main motivation of the study is to overcome the challenges of high dimensionality
in intrusion detection systems and improve classification performance, ultimately providing more accurate and efficient
detection of intrusions. In the past, many researchers have developed intrusion detection systems to detect intruders using
different methods. However, existing methods have some disadvantages in terms of detection accuracy and time loss. In
the study, it was aimed to analyze the KDD Cup'99 attack detection data set according to different k values with the k-
means clustering algorithm and to determine the optimum number of clusters with the silhouette metric. In the analysis
carried out for different k values in the study, the silhouette score was calculated for each possible configuration up to k
= 10. According to this metric, the best number of clusters was found to be 4 and the silhouette score was 0.83.
Additionally, silhouette graphic thicknesses and cluster sizes are visualized.

Keywords— intrusion detection system, k-means, silhouette metric
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1. GIRIS (INTRODUCTION)

Bilgisayar ag sistemlerinde kurumsal veya kisisel bilgi
giivenligini saglamak amaciyla bir¢ok ara¢ veya yazilim
kullamilmaktadir [1]. Bu amagla kullanilan en &nemli
araglardan biri saldir1 tespit sistemleridir. Saldir1 tespit
sistemleri, izinsiz girisleri Onlemek ve bilgisayar
sistemlerine yasa dis1t erisimi engellemek igin
tasarlanmistir. Saldir1 tespit sistemleri, bir kurulusun
bilgisayar agindaki igsel ve digsal saldirilan
smiflandirabilir  ve giivenlik ihlali varsa alarmi
tetikleyebilir [2]. Izinsiz giris tespit sistemlerinin temel
amaci, simdiye kadar tanimlanmig veya tanimlanamayan
saldirilar olmak {izere izinsiz girisleri tanimak, bu
saldirilant kesfetmek, bunlara uyum saglamak ve izinsiz
girisleri hizl bir sekilde tespit etmektir [3].

Saldir1 tespit sistemleri i¢in kesinlik ve kararlilik iki 6nemli
metriktir [4] ve son yillarda, bu 6nlemleri gelistirmek igin
bir¢ok ¢alisma yapilmistir [5]. Baslangigtaki ¢alismalarin
¢ogu kural tabanli uzman sistem veya istatistiksel
yaklasima odaklanmistir. Ancak ¢esitli performans
sonuglari, bu yaklagimlarin biiyilk veri kiimelerine
uygulandiginda dogru ve kesin olmadigini gostermektedir

[6].

Bu sorunu ¢6zmek i¢in veri madenciligi yaklasimlari [7,8]
ve makine dgrenme teknikleri tanitildi [9]. Grafik tabanli
yontemler [10], Dogrusal Genetik Programlama [11],
Bayes Ag1 [12], k- NN [13], K- Means kiimeleme [14],
Gizli Markov Modeli [15] vb. saldir1 tespit sistemi
mimarisi i¢in arastirilmigtir. Makine 6grenimi [16], veri
setinde bulunan oOzellikler ve smiflar arasindaki
korelasyonu tespit edebilir ve ozellik secimi ve boyut
azaltma yoluyla alt kiimeleri tanimlayabilir, ardindan
tahminleri gergeklestirmek tizere bir model olusturmak
i¢in verileri kullanabilir.

Denetimli  6grenme smiflandirma  ve regresyon ile
iligkilendirilen en yaygin 6grenme tiiriiyken, denetimsiz
o6grenmede bu iligskinin 6nemli bir kismi kiimelemedir. Bu
iki 6grenme yontemi arasindaki temel fark kullanilan veri
tirtdir. Veriler simiflandirmada kategorik bir etiketle veya
regresyonda sayisal bir degerle etiketlenirken kiimelemede
etiketlenmez. Bu ise ger¢eklestirmeyi ve degerlendirmeyi
zor ve karmasik bir gorev yapmaktadir. Bunun igin
kiimeleme algoritmalarinin performansinin dogru sekilde
Olciilmesi ¢ok dnemlidir.

Denetimli algoritmalar, dogruluk, R? degeri, duyarlilik,
ozgiillik vb. gibi bircok performans degerlendirme
metrigine sahiptir. Bu noktada kiimeleme tekniginin
dogrulugunu veya performansini 6lgmek icin en Snemli
metrik  Silhouette Kkatsayisi veya Silhouette puamidir.
Ozellikle yiiksek boyutlu veriler analiz edilirken Silhouette
puanina ek olarak kiimeleme algoritmasinin ¢aligmasini
dogrulamak i¢in gorsellestirmenin kullanilmasina imkan
verir. Yapilan ¢alisma ile KDD Cup’99 saldir tespiti veri
seti tizerinde k-means kiimeleme algoritmasi ile farkli k
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degerlerine gore Silhouette metrigi ile optimum kiime
sayisinin belirlenmesi amaglanmistir.

Bu ¢aligmanin ana katkilari su sekilde 6zetlenebilir:

1) Saldiri tespit sistemleri i¢in K-means algoritmasi
temelli yaklasim onerilmistir.

2) Saldir tespit sistemlerindeki gibi biiylik boyutlu
veri setleri i¢in Silhouette Puani performans
metrigi kullanilmis ve test edilmistir.

3) Onerilen metrik optimum kiime sayisinin
belirlenmesi i¢in daha kesin puan ve k sayisin
vermektedir.

Bu ¢aligmanin organizasyonu su sekildedir: B6liim 2, ilgili
caligmalar1 anlatmaktadir. B6lim 3, veri setini ve Siluet
Puan1 yontemini tanitmaktadir. B6liim 4, 6nerilen metot ve
deney sonuglarimi agiklamaktadir. Bolim 5, calisma
Ozetlenmistir.

2. LITERATUR TARAMASI (LITERATURE REVIEW)
Saldir1 tespit sistemleri i¢in:

Arif ve ark. [17] hibrit bir yaklagim tanitmistir. Bu
yaklasimda, diigiimiin budanmasi parcacik  siirii
optimizasyonu tarafindan gergeklestirilir ve ag tabanh
saldirt tespit sistemlerinde siniflandirma i¢in budanmis
karar agaclar1 kullanilmistir. Ahmed ve ark. [18],
boyutlulugun azaltilmasi igin naive bayes 6zellik alt kiime
secici tekniginin uygulandigi hibrit bir saldir1 tespit sistemi
olusturmak igin i¢lii bir strateji gelistirmistir. Aykir
degerlerin reddi i¢in optimize edilmis destek vektor
makinesi uygulanirken, siniflandirici olarak oncelikli k-nn
uygulanmustir. Dash ve ark. [19], yercekimsel arama ile
parcacik siirlisii optimizasyon algoritmalarinin birlesimi
olan (GSPSO) dizisi olan iki yeni hibrit saldir1 tespit
yontemi Onermistir. Yao ve ark. [20] saldirt tespit
sistemleri igin hibrit bir model Onermistir. K-means
kiimeleme algoritmast ve smiflandirma agsamasinda
tamami denetimli Ogrenme algoritmalar1 olan destek
vektor makinesi, yapay sinir aglari, karar agaglari ve
rastgele  orman  farkli  parametreler  {izerinden
karsilagtirilmistir.

Suad ve Fadl [21], makine 6grenimi algoritmasini biiyiik
veri ortamina uygulayan bir saldirt tespit sistemi modeli
tamittt.  Bu  ¢alismada  Spark-Chi-SVM  modeli
kullanilmaktadir. Tjaz ve ark. [22] vektorlere dayali bir
genetik algoritma tamitmiglardir. Bu teknikte vektor
kromozomlar1  uygulanmistir.  Onerilen  yaklasimin
benzersizligi, kromozomlar1 bir vektor olarak ve egitim
verilerini metrik olarak gostermesidir. Alauthaman ve ark.
[23], karar agaglarina yardime1 olmak tizere ileri beslemeli
bir sinir ag1 iizerine kurulu, esler arasi bot tespitine yonelik
bir yaklasim onerdi. Venkataraman ve Selvaraj [24]
verilerin siniflandirtlmasi i¢in etkili bir hibrit 6zellik se¢im
yapist onermistir. Siniflandirma amaciyla ilgili 6zellikleri
bulmak icin simetrik belirsizlik uygulanir. Calismada
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genetik algoritma alt kiimeleri daha yiiksek dogrulukla
aramak i¢in kullanilmistir.

Kumar ve Kumar [25] akilli tabanli bir hibrit model
onermistir. Bu model daha sonra ¢ok katmanli algiyi,
bulanik mantik denetleyiciyi, uyarlanabilir néro-bulanik
girisim sistemini ve bir ndro-bulanik genetigi entegre
etmistir. Cavusoglu ve digerleri[26] makine O6grenimi
teknikleri temelli  hibrit bir yaklasim oOnermislerdir.
Siniflandirma amaciyla k- nn ve naive bayes algoritmalari
kullanilirken,  siniflandirici  olarak rastgele orman
algoritmast kullanilmigtir. Saxena ve ark. [27], yiiksek
kaliteli ozellik alt kiimelerini elde etmek amaciyla
DBSCAN tabanli bir hibrit teknik Onermislerdir.
Verilerdeki giiriiltityli ortadan kaldirmak i¢in DBSCAN,
verilerin  gruplandirilmast  i¢in  k-means  kiimeleme
kullanilmistir. Kar ve ark. [28], verilerin siniflandirilmasi
icin uygulamada ID3 adi verilen karar agaclari
algoritmasin1 kullanir. Sif etiketlerini, kesfedilmemis
veri noktasina en yakin noktaya atamak i¢in k- nn
yaklagimi uygulanir. Baykara ve Das [29] saldir tespit
sistemleri i¢in honeypot tabanli bir yaklagim 6nermektedir.
Gelistirilen honeypot sunucu uygulamasi sunuculardaki ag
trafigini ger¢cek zamanli animasyonla gorsel olarak
gosterebilmektedir.

Dutta ve ark. [30] saldirn tespit sistemlerindeki
simiflandirma 6lglimlerini gelistirmek i¢in hibrit bir model
onermistir ve siniflandirma dogrulugunu arttirmak igin
derin bir sinir ag1 uygulanmistir. Latah ve Toker [31] akis
tabanli ¢ok seviyeli hibrit saldirt tespit sistemi tanitmistir.
Yazar, smiflandirma amaciyla k-nn ve asir1 6grenme
makinelerini uygulamig ve ozellik segme yontemi olarak
yazilim tanimli ag denetleyicisi kullanilmistir. Sumaiya
Thaseen ve ark. [32] korelasyon tabanli 6zellik se¢imi, en
iyi Ozellik alt kiimelerini se¢mek icin bir dzellik segcme
yaklagimi olarak uygulamirken, yapay sinir ag bir
smiflandirict olarak kullanilir. Safaldin ve ark. [33], saldir
tespit siniflandirmasi i¢in bir 6zellik segme yontemi ve
destek vektor makinesi olarak gelistirilmis ikili gri kurt
optimizerini uygulamigtir. Vallathan ve ark. [34] loT
ortaminda derin 6grenme yaklasimini temel alan siipheci
eylem tespit sistemini 6nermistir. Baykara ve Dag [35] web
uygulamalarinin giivenligi igin hibrit bir ger¢ek zamanli
saldir1 ve dnleme sistemi yaklasimi énermislerdir. Onerilen
sistem, kural tabanli suistimal tespiti ve anormallik
tespitini kullanmakta ve veri kaynagi olarak ag paketlerini
kullanmaktadir.

Ishaque ve ark. [36] saldir1 tespit sistemi i¢in bulanik
mantik, sinir aglar1 ve genetik algoritma kullanan yeni bir
hibrit teknik Onermislerdir. Calismada belirsizligin
giderilmesi siirecinde bulanik mantiktan, tahmin amaciyla
ise sinir aglarindan yararlanilmistir. Tahmin sonuglariin
dogrulugunda iyilestirmeler saglamak amaciyla genetik
algoritma kullanilmigtir. Nabi ve Zhou [37] saldir1 tespit
sistemlerinin  gelistirilmesinde =~ makine  6grenimi
tekniklerinin karsilastirildigi bir ¢aligma sunulmustur. Test
edilen siniflandiricilar arasinda J48 agaci en yliksek
dogrulugu saglamistir.  Siiflandirict  performansini
gelistirmek icin Rastgele Projeksiyon ve PCA projeksiyon
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yaklasimlart karsilastirilmigtir.  Aljehane ve ark. [38] ag
giivenligi icin derin 6grenme destekli saldir1 tespit sistemi
(GJOADL-IDSNS) teknigi ile yeni bir altin ¢akal
optimizasyon algoritmasi 6nermislerdir. GGOADL-IDSNS
sisteminin ana amaci, ag giivenligini saglamak i¢in izinsiz
giriglerin etkili bir sekilde taninmasi ve
siiflandirilmasidir. Fraihat ve ark. [39] biiytik 6lgekli [oT
NetFlow tabanli aglar i¢in bir giivenlik dnlemi olarak bir
ag saldir1 tespit sistemi 6nermislerdir. Onerilen NIDS, en
uygun Ozellik kiimesini belirlemek igin aritmetik
optimizasyon algoritmasinin degistirilmis bir versiyonuyla
desteklenen makine 6grenimini kullanmustir. Segilen yedi
ozellik, Rastgele Orman ve Ekstra Agaclar da dahil olmak
iizere ¢esitli ML modellerini egitmek icin kullanilmistir.

Pramilarani ve Kumari [40] etkili bir saldir1 tespit sistemi
gelistirmek i¢in  maliyet tabanli rastgele orman
siniflandiricis1  (CRFC) oOnermiglerdir. CRFC tabanh
smiflandirma, o6zellik dengesizligi olsa bile o6zellikleri
bélme siirecini iyilestirmeye yardimci olan, 6zelligin
Onemine gore hesaplanan maliyet matrisinin dahil
edilmesiyle dogaglama yapmuslardir. Al Nuaimi ve ark.
[41] Edge-110T-2022 veri kiimesini kullanarak veri odakl
saldir1 tespit sistemlerini IoT ve endiistriyel IoT
ortamlarinda 6 adet makine O6grenme algoritmasi ile
degerlendirmislerdir. Sun ve ark. [42] STS simiflandirmak
ve tespit etmek i¢in pargacik siiriisii optimizasyonunu ve
AdaBoost algoritmalarimi  birlestiren  bir sistem
Oonermektedir.  Deneysel sonuglar, PSO-AdaBoost
yaklasiminin izinsiz giris tespitinde iistiin dogruluk,
kesinlik ve hatirlama sagladigim gostermektedir. Korium
ve ark. [43] makine 6grenimine dayali bir saldir1 tespit
sistemi Onermiglerdir. Modelde veri On isleme icin veri
dagiimmi koruyan Z-puani normallestirmesi, model
karmagikligini basitlestiren ve yliriitme siiresini azaltan bir
regresyon modeli, model se¢imi ve egitimi igin rastgele
orman, ekstremgradyan arttirma, kategorik arttirma, hafif
gradyan arttirma makinesi ve egitim asamasindaki
davranigi kontrol etmek ve asir1 uyumu Onlemek igin
hiperparametre optimizasyonu kullanilmustir.

3. MATERYAL VE METOT (MATERIiAL AND METHOD)

Silhouette metrigi, kiimeleme performansinin
degerlendirilmesine  yardimci  olan  bir  dlglimdiir.
Kiimeleme kalitesinin  degerlendirilmesi, kiimeleme

algoritmalarmin etkinligini ve giivenilirligini belirlemek
icin 6nemlidir. Kiimeleme denetimsiz bir 6grenme gorevi
oldugundan kiimeleri dogrulamak i¢in net etiketler yoktur.
Bu nedenle kiimeleme sonuglarmin degerlendirilmesi,
Silhouette skoru gibi dahili dogrulama metriklerinin
kullanilmasini gerektirir.

3.1. Veri Seti (Data Set)

Uygulamada KDD Cup’99 veri kiimesi kullanilmistir.
KDD Cup’99 veri seti, DARPA98 veri setinden birkac
niteligin ¢ikartilmasiyla elde edilmistir. Veri kiimesi 34
stirekli, 7 sembolik olmak {iizere 41 Oznitelik degerli ve
4.898.430 adet veri igermektedir. KDD99 DARPA, saldiri
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tespiti i¢in makine 6grenmesi ve veri madenciligi tabanli
calismalarda en ¢ok kullanilan veri setidir. Tavallaee ve
ark. [44], ¢ogunlugunu index dergilerden olusan tarama
calismas1 kapsaminda inceledigi 276 makalenin % 75’inde
KDD99 DARPA veri setinin kullanildigimi tespit
edilmistir.

3.2. Silhouette Metrigi (Silhouette Metric)

Silhouette puani ve silhouette grafigi, kiimeler arasindaki
ayirma mesafesini 6l¢mek i¢in kullanilir. Bir kiimedeki her
bir noktanin komsu kiimelerdeki noktalara ne kadar yakin
oldugunun bir Olgiisiinii goriintiiler. Bu 6lgiim [-1, 1]
araligina sahiptir ve kiimeler icindeki benzerlikleri ve

kiimeler arasindaki farkliliklar1 gorsel olarak da
sunmaktadir. Sekil 1’de silhouette kiime gosterimi
sunulmustur.

Kiime 2

Kiime 1

Ozellik 1

Sekil 1. Silhouette kiime gosterimi
(Silhouette cluster representation)

a: ortalama kiime i¢i mesafe, yani bir kiime igindeki her
nokta arasindaki ortalama mesafe.

b: kiimeler arasi ortalama mesafe, yani tim kiimeler
arasindaki ortalama mesafe.

Bir veri noktast i i¢in silhouette puani su sekilde verilir:

Si = ()

max(b;,a;)

bi : bir pargast olmasi disinda, i veri noktasinin en yakin
kiimesine olan ortalama mesafe olarak tanimlanan kiimeler
aras1 mesafedir.

by = min - Fjec, (i, }) @)

ai : pargast oldugu kiimedeki diger tiim noktalara olan
ortalama mesafe olarak tanimlanan kiime i¢i mesafedir.

1 .
a; = ijeci,i::j dd,j) (3)

3.3. Grafiksel Ozet (Grafical Abstract)
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Tim veri kiimesinin genel silhouette puani, veri
kiimesindeki tiim veri noktalarmin siluet puaninin
ortalamasi olarak hesaplanabilir. Formiilden goriilebilecegi
gibi silhouette puani her zaman [-1, 1] arasinda olacaktir.

Sekil 2°de goriildigii gibi silhouette grafikleri, y ekseninde
kiime etiketini temsil ederken, x ekseninde gergek
silhouette  puanim1  temsil eder.  Silhouette’lerin
boyutu/kalinlig1 da o kiime icindeki orneklerin sayisiyla
orantilidir.

Kiime Etiketi

-0.1 0.0 0.2 0.4 0.6 0.3 1.0
Silhouette katsay1 degerleri

Sekil 2. Silhouette grafik gdsterimi
(Silhouette graphic representation)

Silhouette katsayilar1 +1'e ne kadar yakinsa, kiimenin
ornekleri komsu kiime 6rneklerinden o kadar uzaktadir. 0
degeri, orneklerin iki komsu kiime arasindaki karar
simirinda veya ¢ok yakininda oldugunu gosterir. Negatif
degerler ise bu Orneklerin yanlis kiimeye atanmis
olabilecegini gosterir. Silhouette katsayilarinin
ortalamasinin alinmasi tim kiimenin performansinim tek
bir silhouette puani ile hesaplanabilmesini saglar. Tablo
1°de silhouette metrigi algoritmasi sunulmustur.

Tablo 1. Silhouette metrigi algoritmasi
(Silhouette metric algorithm)

FUNCTION [index] = SILHOUETTE [D]
1 N=size of D;
2 sum_AlI=0;
3 foreachclass j=1 to c;
4 M= size of Dj;
5 sum_Class=0;
6 fori=1to M
7 b=b(i);
8 a=a(i);
9 s=(b-a) / max(b,a);
10 sum_Class+=s;
11 endfor
12 sum_All+=sum_Class / M;
13 endfor
14 index=sum_All / c;
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Saldiri Tespit Sistemlerinde K-Means Algoritmasi ve Silhouette Metrigi ile Optimum Kiame
Sayisinin Belirlenmesi

SALDIRI TESPIT SISTEMI T a— olomatik-ln'lmesanﬂ
' nasil segilir

Silhouette score

Problem Yontem

Veri Seti
KDD Cup’99
34 surekli 7 Sembolik
41 dznitelik
4.898.430 adet veri

K-Means Kumeleme
Girig Cikis
Silhouette TN oz a3 [ [ To

Skoru Optimum Kime Sayisi k=4 Silhouette Skoru =0.83
Deneyler ve Bulgular

o

k={2,3,4,5,6}

Silhouette metrigi k-means algoritmasi igin diger metrikierden da esin puan ve K say!
vermektedir. Calismada farkh k degerleri igin yapilan analizierd
konfigirasyon igin silhouette skorunu hesapladigimizda, bu met;

y!
oldugunu ve silhouette skorunun 0.83 oldugu bulunmustur. Kime sayisi arttikga performansin

Sekil 3. Grafiksel Ozet
(Grafical Abstract)
Veriler lizerinde k-means kiimelemesi k= {2, 3, 4, 5, 6}
degerleri icin elde edilen silhouette skorlart ve

4. UYGULAMA VE SONUCLARI (APPLICATION silhouette grafikleri Sekil 4, Sekil 5, Sekil 6, Sekil 7 ve
AND RESULTS) Sekil ~ 8’daki  gibidir.  Her  konfigiirasyonun

performansina bakilarak silhouette grafigi en iyi sayida
Uygulama kapsaminda ,KDD Cup’99 saldir tespiti veri kiimenin  bulunmasini ~ saglamaktadir.  Sekil 4’de
seti tizerinde k-means kiimeleme algoritmast ile farkli k popiilasyonu ayirmak igin iki kiime anlamina gelen
degerlerine gore silhouette metrigi ile optimum kiime k=2’yi kullanarak ortalama 0,62 silhouette puan: elde
sayisinin belirlenmesi amaglanmigtir. Bunun igin 5 edilmistir. Kiime sayisi iige ¢ikarildifinda ortalama
farkl1 k parametresi sirastyla 2, 3, 4, 5, 6 degerleri analiz silhouette puan1 bir miktar artmistir. Ayrica her kiimede
edilmistir. Her bir konfigiirasyonun performansina d_aha az Ornek olmasi nedeniyle kiime sayisi arttika
bakilarak silhouette skoru ve silhouette grafigi ile silhouette grafiginin kalimliginin azalmaya devam ettigi
optimum kiime say1sin1 bulmasi saglanmstir. de goriilmektedir.

Kiime Etiketi

-0.1 0.0 0.2 0.4 0.6 0.8 1.0 -4 -2 5] 2 4 6 8
Silhouette katsay: de@erleri Ozellik 1

Sekil 4. k=2 i¢in silhouette skoru ve grafigi
(Silhouette score and graph for k=2)
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Kiime Etiketi
[y

Kiime Etiketi
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Ozellik 2
o

-6

0.2

0.4
Silhouette katsay1 degerleri

0.6

0.8 1.0 -4 -2

Sekil 5. k=3 i¢in silhouette skoru ve grafigi
(Silhouette score and graph for k=3)

-0.1 0.0

0.2

0.4

0.6

0.8 1.0 -4 -2

Silhouette katsay1 degerleri

Sekil 6. k=4 i¢in silhouette skoru ve grafigi
(Silhouette score and graph for k=4)

Kime Etiketi
~

Ozellik 1

(8]

Ozellik 2
°

-0.1

l - .2
0.0 0.2 0.4 0.6 0.8 1

.0 -4 -2

Silhouette katsay: degerleri

Sekil 7. k=5 i¢in silhouette skoru ve grafigi
(Silhouette score and graph for k=5)

Ozellik 1
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Ozellik 2
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Ozellik 1

Sekil 8. k=6 i¢in silhouette skoru ve grafigi
(Silhouette score and graph for k=6)

5
4
= 3
2
=
[ES ]
@
]2
=]
e
1
0
-0.1 0.0 0.2 0.4 0.6 0.8 1.0
Silhouette katsay1 degerleri
Calismada k kiime sayisina gére bulunan silhouette

puanlart Tablo 2’de verilmistir. Silhouette metrigi, en
uygun degeri se¢mek ig¢in kullanilir. Siluet grafigi,
ortalamanin altinda siluet puanlarina sahip kiimelerin
varligi ve ayrica siluet ¢izimlerinin boyutunda genis
dalgalanmalar nedeniyle 2, 3 ve 6 degerinin verilen
veriler i¢in koti bir se¢im oldugunu 4 ile 5 ‘in karar
vermede daha iyi bir se¢im oldugu, en optimum se¢imin
ise 4 degerinin oldugunu gostermektedir.

Tablo 2. k- means i¢in silhouette analiz sonuglar
(Silhouette analysis results for k- means)

k Silhouette Skoru

0.6223615745161018

0.6628246153550858

0.8344216225076757

0.7938500642344114

[o2 I 2 B I >SN H CC IR I\ ]

0.7037404360466380

5. SONUCLAR (RESULTS)

Silhouette, veri  kiimeleri igindeki tutarhiligin
yorumlanmasi ve dogrulanmasi yontemini ifade eder.
Bu teknik, her bir nesnenin ne Kkadar iyi
smiflandirildigina iliskin kisa ve 06z bir grafiksel
gosterim saglar. Calismada saldir1 tespit sistemleri i¢in
en yaygimn kullanilan KDD Cup’99 veri seti k-means
kiimeleme algoritmasi ile farkli k degerlerine gore analiz
edilip silhouette puanlarinin ve grafiklerinin bulunmasi
boylelikle optimum kiime sayisinin belirlenmesi
saglanmustir. Boylelikle saldir tespiti igin kullanilan
veri setlerinin dogru kiime degerleri ile siniflandirilmast
saglanmustir.

1 2 3 4 5 6 7 8 9 10
Kiime Sayist

Sekil 9. Optimal kiime sayis1
(Optimal number of clusters)

Calismada farkli k degerleri icin yapilan analizlerde,
k=10’a kadar olas1 her konfigilirasyon i¢in Silhouette
Skorunu hesapladigimizda, Sekil 9°da goriildiigi gibi bu
metrige gore en iyi kiime sayisinin 4 oldugunu ve kiime
sayisi arttikca performansin kotiilestigini gorebiliriz.
Ayrica siluet grafiginin kalinhigindan kiime boyutu
gorsellestirilebilir. Kiime sayisi arttikga her kiimede
daha az 6rnek olmasi nedeniyle silhouette kalinliginin
azalmaya devam ettigi de fark edilebilir.

K-means kiimelemesi, basit ve popiiler bir denetimsiz
makine 6grenme algoritmasidir. Silhouette metrigi bize
k-means algoritmasi i¢in diger metriklerden daha kesin
puan ve k sayisint vermektedir. Calismada farkli k
degerleri i¢in yapilan analizlerde, k=10a kadar olas1 her
konfigiirasyon igin silhouette skorunu
hesapladigimizda, bu metrige gore en iyi kiime sayisinin
4 oldugunu ve silhouette skorunun 0.83 oldugu
bulunmustur.  Kiime sayist arttikga performansin
diistiigii ve silhouette kalinliginin azaldig1 goriilmiistiir.

Kiimeleme performans metrikleri olarak, silhouette
puani, rand endeksi, diizeltilmis rand endeksi, karsilikli
bilgi, Calinski-Harabasz endeksi ve Davies-Bouldin
endeksi  kullanilmaktadir.  Calismada  silhouette
performans metrigine odaklanilmistir.  Gelecekte,
kiimeleme yonteminden daha dogru sonuglar elde
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edilmesi ve daha genis bir uygulama kapsamina sahip
olmasi i¢in diger metriklerin performans analizleri
gerceklestirilebilir. Ozellikle yiiksek boyutlu veri
setlerinin siniflandirilmasindaki zorluklar nedeni ile
calisma KDD Cup’99 veri kiimesi iizerinde sinanmuistir.
Ancak meteoroloji, enerji ve saglik gibi biiyiik boyutlu
veri kiimelerinde Onerilen yontemin daha kesin ve

basaril

smiflandirma igin kullanilabilecegi

diisiiniilmektedir.
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Abstract— Engaging in social media browsing stands out as one of the most prevalent online activities. As social media
increasingly integrates into our daily routines, it opens up numerous opportunities for spammers seeking to target
individuals through these platforms. Given the concise and sporadic nature of messages exchanged on social networks,
they fall within the realm of short text classification challenges. Effectively addressing such issues requires appropriately
representing the text to enhance classifier efficiency.Accordingly, this study utilizes robust representations derived from
contextualized models as a component of the feature extraction process within our deep neural network model, which is
built upon the Bidirectional Long Short-Term Memory neural network (BLSTM). Introducing ALBERT4Spam, the study
presents a deep learning methodology aimed at identifying spam on social networking platforms. It harnesses the proven
ALBERT model to acquire contextualized word representations, thereby elevating the effectiveness of the suggested
neural network framework.The random search method was used to fine-tune the ALBERT4Spam model's
hyperparameters, which included the number of BLSTM layers, neuron count, layer count, activation function, weight
initializer, learning rate, optimizer, and dropout, in order to obtain optimal performance. The experiments conducted on
three benchmark datasets demonstrate that our innovative model surpasses widely used methods in social network spam
detection. The precision results stand at 0.98, 0.96, and 0.98 for Twitter, YouTube, and SMS datasets, respectively,
showcasing superior performance outcomes.

Keywords—spam detection, word embedding, deep learning, BERT, ALBERT, BLSTM

ALBERT4Spam: Sosyal Aglarda Spam Tespitinde Yeni Bir
Yaklasim

Ozet: Sosyal medyada gezinmek, insanlarin katildig1 en popiiler ¢evrimici etkinliklerden biridir. Sosyal medya, giinliik
hayatlarimiza daha fazla entegre oldukga, kurbanlarina sosyal ag siteleri araciligiyla ulasmak isteyen spam gondericilere
sayisiz firsat sunmaktadir. Sosyal aglar iizerinden iletilen mesajlar genellikle kisa ve seyrek oldugu i¢in, kisa metin
simiflandirma problemleri ortaya ¢ikmaktadir. Bu tiir sorunlarin iistesinden gelmek i¢in, siniflandiricinin etkinligini
artirmak amaciyla metni uygun sekilde temsil etmek onemlidir. Bu amagla, bu ¢aligsma, sosyal medya platformlarinda
spam tanimlamak i¢in derin 6grenme yaklagimi olan ALBERT4Spam'i tanitmaktadir. ALBERT modelinden gelen
baglamsal kelime temsilleri kullanilarak 6nerilen Cift Yonlii Uzun Kisa Siireli Bellek (BLSTM) sinir ag1 mimarisinin
performansi artirilmugtir. Onerilen ALBERT4Spam modelinde kullamilan BLSTM katman sayisi, ndron sayisi, katman
sayis1, aktivasyon fonksiyonu, 6grenme orani, agirhk baslangig, optimizer ve birakma gibi hiperparametreler, en iyi
performansa ulasmak icin rastgele arama ydntemi kullanilarak optimize edilmistir. Ug farkli standart veri seti iizerinde
yapilan deneysel sonuglar, 6nerilen modelin mevcut modellere kiyasla sosyal medya platformlarindaki spam mesajlarim
daha basarili bir sekilde tespit ettigini gostermektedir. Yapilan deneyler, Twitter, YouTube ve SMS veri setlerinde
strastyla %98, %96 ve %98 kesinlik sonuglartyla daha iistiin performans sergiledigini ortaya koymaktadir.

Anahtar Kelimeler— spam tespiti, kelime gomme, derin 6grenme, BERT, ALBERT, BLSTM
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1. INTRODUCTION

Even as social networks have become integral to human
connection and relationship development, enhancing
lives, they have also introduced security concerns that
pose serious threats to user privacy and security.

In this discourse, we draw attention to the pervasive
issue of spam on social media, a common challenge for
users across various networks. Spam messages, defined
as unsolicited, low-quality content that disrupts users
and wastes their time, encompass a range of nuisances,
including advertisements, malicious links, trending
hashtags, and images with concealed URLS. Because of
the brief and sparse nature of social media text, as well
as potential grammar or spelling problems, symbols,
emoticons, and various patterns, handling text derived
from social media presents particular issues.
Addressing the problem of spam messages necessitates
finding an effective representation of text to enhance
the classifier's ability to discern messages accurately.
Various word representation approaches have been
proposed, including traditional methods like the Bag of
Word model, classical word embedding methods such
as word2vec [1], GIoVE [2] , and fastText [3], and
transformer-based methods like BERT [4]. Traditional
word embedding models successfully handle regular-
length texts, they encounter difficulties with short texts,
particularly those sourced from social platforms due to
sparsity and text ambiguity. Conventional word
embedding approaches, which represent words with
dense vectors, address data sparsity, However, despite
their restrictions, they show limitations. Notably, the
"out of vocabulary” problem arises when models
unable to offer vector representations for words that are
not in their dictionary. Another challenge is their
context independence, where one vector is output for
each word irrespective of its position in the sentence.
To overcome these limitations, a dynamic word
representation is essential. Contextual embedding,
prevalent in transformer-based models, emerges as an
ideal choice for short texts, generating word
embeddings dependent on the surrounding words in a
sentence. BERT [4], a prominent transformer-based
model, achieves cutting-edge results in NLP. However,
its full-sized models pose computational and memory
challenges. The Google research team introduced
ALBERT [5] (A Lite BERT) as a solution,
incorporating parameter-reduction techniques such as
factorized embedding parameterization and cross-layer
parameter sharing. ALBERT, featuring a self-
supervised loss for sentence-order prediction, enhances
inter-sentence coherence.

This paper explores the dynamics of spam on social
networks, delving into the challenges of short text
representation and introducing innovative solutions
like ALBERT for improved classification in the realm
of spam detection.
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Motivation and contribution

Learning natural language representations has proven
valuable across various NLP tasks and has become a
widespread practice. A notable shift in recent years
involves transitioning from pre-training  word
embeddings—whether standard or contextualized—to
comprehensive network pre-training followed by fine-
tuning for specific tasks.

The inclusion of contextual word embeddings into
neural architectures has improved the performance of
cutting-edge NLP tasks dramatically. Given our focus
on short text classification challenges, combining
contextualized word embeddings with deep learning
architectures emerges as an optimal solution for
addressing the sparsity and other issues prevalent in
social networks' texts. Consequently, we opted to
utilize the ALBERT model as a feature extractor,
integrating it with deep learning techniques to
overcome challenges associated with traditional word
representation methods.

The key contribution of our study is that we created a
novel hybrid deep neural network model to identify
spam on social platforms. This model combines a
stacked bidirectional long short-term neural network
architecture with contextualized word representations
from the ALBERT model to provide more context. To
the best of our knowledge, the combination of the
bidirectional LSTM and the BERT model has never
been applied to the domain of social network spam
detection. The research involves an ablation
investigation as well as hyperparameter tuning to
improve performance. The model's usefulness in
handling brief text data was confirmed by testing it on
three benchmark datasets.

2. RELATED WORKS

Spam, in various forms, has long been associated with
activities causing harm or disruption to users. While the
word is not new, having appeared in contexts such as
email and SMS spam, the advent of social networks has
led to an increase in social spam. Consequently, spam
detection on social networks has emerged as a
prominent research area over the last decade.

This section provides an overview of significant
contributions by various researchers in the realm of
spam detection on social networks. Previous studies
have employed diverse approaches, relying on features
such as content-based features, account-based features,
or a combination thereof, along with other innovative
attributes. Some studies focused on identifying spam
messages, while others aimed at detecting spammers'
accounts. For instance, in [6] , the authors proposed a
methodology to detect spam profiles on Twitter by
extracting and analyzing public features, irrespective of
the language used in tweets. And in the research study
presented in [7], an unsupervised spam detection
approach was utilized to differentiate spammers from
legitimate users.
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In another study [8], enhancements to three
classification algorithms for detecting spammers on
Twitter were introduced, leveraging features that
capture similarities among spam accounts. On a
different note, [9] research study presented an
unsupervised method for identifying spam messages on
Twitter, utilizing a fuzzy string-matching based
technique.

Moreover, the paper [10] suggested a strategy for
detecting spam accounts that combines text analysis,
machine learning, and short link analysis. A dataset was
developed to detect user communications, hyperlinks in
messages, and spam accounts.

Furthermore, the [11] study investigated Twitter spam
detection using a hybrid framework, SMOTE-ENN,
which combines SMOTE with Edited Nearest
Neighbors. The data is then fed into deep learning
classification approaches, and the best framework is
found through performance comparisons and
simulations.

Addressing the spam issue on YouTube's social
network, [12] study introduced a framework employing
Support Vector Machine (SVM) and K-Nearest
Neighbor (k-NN) for spam comment detection. In [13],
similar classifiers, along with a multilayer perceptron,
were used to combat spam on YouTube. Authors in
[14] study suggested a method for distinguishing
spammers from real users based on Twitter-specific
features and a Naive Bayes classifier.

On the other hand, the [15] study used Artificial
Intelligence algorithms to detect spam in YouTube
comments, achieving a 91.65% accuracy rate.
According to authors, the study outperforms existing
technologies like Google Safe Search and YouTube
Bookmaker, highlighting the complexity of spam and
the effectiveness of existing Al techniques. Similarly,
the [16] study used Naive Bayes classification to
identify spam comments on the internet, achieving an
accuracy of 92.78%. Furthermore, the [17] study
proposes a method for detecting English spam
comments on YouTube using a stacked ensemble
model and a browser extension to remove spam
comments by altering CSS.

Various word representation methods, including TF-
IDF vectorizer [12], Bag of Words (BoW) [18] , and
word2vec [19], have been applied to extract features
from text in previous studies [20], [21], [22].

The application of neural networks extends across a
myriad of fields, revolutionizing the way we approach
complex problems and processes. For example, in the
realm of healthcare, neural networks contribute to
medical image analysis, disease diagnosis, and drug
discovery, enhancing precision and efficiency [23],
[24]. And in the realm of agriculture, the application of
neural networks is transforming traditional practices
and ushering in a new era of precision farming and
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resource management. Neural networks are being
utilized to analyze vast amounts of agricultural data,
ranging from weather patterns and soil conditions to
crop health and yield predictions. [19].

Within the realm of cybersecurity, the application of
neural networks has emerged as a pivotal area of study
and implementation. Researchers and security experts
are delving into the intricacies of utilizing artificial
intelligence, particularly neural networks, to bolster
defenses against evolving cyber threats [26], [27].

More recently, Neural networks have acquired favor in
tackling spam on social networking sites. For instance,
[28] research paper proposed a tweet-level spam
recognition architecture based on convolutional neural
networks. In other study [29] , on two social network
datasets, cost-sensitive ensemble learning approaches
with regularized deep neural networks was used in the
proposed approach to detect spam messages. Moreover,
[30] paper presented a deep learning-based architecture
that incorporates knowledge bases such as WordNet
and ConceptNet to provide semantic information to
word representation.

What distinguishes the suggested approach from earlier
researches is the use of the ALBERT model for word
representation. This eliminates the need for extra
knowledge bases, streamlines the process, and reduces
complexity. Furthermore, the model efficiently solves
the "out of vocabulary” problem by incorporating
previously viewed text during training. This sets it apart
from typical word embedding methods.

Moreover, the proposed model, which uses the
tokenization strategy in the ALBERT model, is
versatile in accepting any text. It was tested on three
benchmark datasets, with comparable performance
based only on text content.

3. METHODOLOGY

3.1. Used dataset

The experiments utilized three distinct benchmark
datasets. The initial dataset, referred to as the Twitter
dataset and introduced by Chen et al. in [31], originally
comprised 100,000 tweet IDs with corresponding
labels. To gather tweet information based on these 1Ds,
a python script-based crawler was implemented.
However, only 58,159 tweets were successfully
obtained, as other tweets had been deleted either by
Twitter or users. Due to the dataset's imbalanced nature,
data augmentation was applied to enhance the
classifier's performance. Subsequently, the dataset was
divided into an 80% training set and a 20% testing set.

The second dataset originated from YouTube
comments, as utilized in [18]. This dataset had five
different sorts of comments, combining spam and
normal comments. Finally, the SMS spam dataset, the
third dataset, can be found in the UCI repository. Each
dataset is fully described in Table 1.
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Table 1. datasets summary

Dataset The The Total number
amount of | amount of | of messages
spam non-spam

Twitter 38205 27822 66027

YouTube 941 935 1876

SMS spam 747 4827 5574

3.2. The proposed Model

In this work, we have innovatively combined the
Bidirectional Long Short-Term Memory (BLSTM)
neural network architecture with the ALBERT pre-
trained model to address the challenge of spam
detection in social networks. The proposed model
comprises two distinct phases: the initial phase
involves data preparation and feature extraction, while
the subsequent phase focuses on classification. Each of
these phases will be comprehensively discussed in the
upcoming sub-sections.

3.2.1. Data preparation and feature extraction phase

The pivotal stages in constructing precise deep learning
models are data cleaning, processing, and feature
selection. Dealing with the condensed text extracted
from social networking sites necessitates transforming
the text into a more manageable format to enhance the
performance of classification algorithms. Accordingly,
several pre-processing steps have been implemented on
the utilized datasets. These steps involve removing
hyperlinks, punctuation, emojis, and special characters,
as well as deleting stop phrases and switching the text
to lowercase. The execution of data pre-processing was
facilitated through the utilization of a purpose-built
Python script crafted for this specific objective.

Feature extraction

Feature extraction is a technique that reduces the
number of features in a dataset by generating new
features from the existing ones. Its purpose is to
transform the current features into a lower-dimensional
space, thereby decreasing the overall computational
cost, training time, and enhancing the model's
accuracy. We adopted the ALBERT model as a feature
extractor within the recommended deep neural network
model in our research.

AIBERT model:

The ALBERT pre-trained model serves as a
lightweight version of the renowned BERT model [5].
Given the computational intensity of the BERT base
model, consisting of 110 million parameters, there was
a demand for a more resource-efficient variant.
ALBERT, with 12 million parameters, 768 hidden
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layers, and 128 embedding layers, achieves a reduction
in parameters while maintaining high performance.

ALBERT leverages two important strategies to achieve
this parameter reduction. The first method is cross-
layer parameter sharing, in which only the first
encoder's parameter is learned and applied evenly
across all encoders. This avoids parameter expansion as
the network's depth increases. The second technique is
factorized embedding parameterization, which uses
factorization to lower the embedding layer from 768 to
128 layers. The size of the hidden layers is separated
from the size of the vocabulary embedding by dividing
the huge vocabulary embedding matrix into two
smaller matrices, allowing for an increase in hidden
size without considerably growing the parameter size
of vocabulary embeddings. Beyond its lightweight
nature, ALBERT distinguishes itself from BERT
through Sentence Order Prediction (SOP). SOP
involves classifying whether two given sentences are in
the correct order, in contrast to BERT's next sentence
prediction (NSP) during training. NSP entails the
model predicting if the second sentence is the next in
the original text.

The present study employed the ALBERT pre-trained
model for feature extraction because to its tokenization
strategy. To handle words that are not in the dictionary,
the ALBERT tokenizer uses a data-driven
methodology. It is built on a Sentence Piece tokenizer,
which is a sub-word level tokenizer. Its byte-level
methodology sets it apart from existing tokenization
approaches that employ [UNK] or [OOV] tokens by
enabling the encoding of complicated characters, like
emojis, by representing them as combinations of many
bytes. In order to increase the model's efficiency,
ALBERT presents parameter reduction strategies. It
makes use of cross-layer parameter sharing and shrinks
the size of the concealed layers. Let X be the input text,
shown as a word sequence. An embedding layer
converts every word into a high-dimensional vector. If
E represents the embedding layer, then.

E(X)=[ Xz, X2,..., Xn] ,
Where n is the length of the sequence.

ALBERT employs a transformer architecture,
consisting of multiple encoder layers. Each encoder
layer consists of self-attention mechanisms and
feedforward neural networks.

For a given layer |, the output H, can be represented as
H=TransformerLayer (H-1),
where Hi-1 is the output of the previous layer.

The model is able to assign varying weights to words
in a sequence according to how relevant they are to one
another thanks to the self-attention mechanism. The
self-attention output is passed through a feedforward
neural network to capture non-linear relationships.
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Each sub-layer output is normalized and passed
through a residual connection, aiding in the stable
training of deep networks.

3.2.2. Classification phase

The deep learning techniques have been leveraged in
this study to execute the classification task within the
proposed model, with a specific emphasis on a neural
network architecture based on the recurrent neural
network (RNN). RNN networks' main advantage is
their capacity to remember information from previous
calculations and use it in the current one. As such,
context dependencies in variable length inputs can be
effectively modeled by RNN-based models, allowing
for an efficient input composition. Nevertheless,
architectures intended to tackle this difficulty have
been introduced as a result of the well-documented
vanishing gradient problem. Long Short-Term Memory
is one such architecture (LSTM). Although LSTMs
have demonstrated efficacy, their ability to interpret
context in a single direction is limited. Bi-directional
Long Short-Term Memory networks, commonly
referred to as BLSTM (or Bi-LSTMs), have been
developed to overcome this limitation. Unlike
traditional LSTM models that process input sequences
in only one direction, BLSTMs utilize two separate
models during training. The first model learns from the
input sequence in its original order, while the second
model processes the sequence in reverse. This approach
effectively captures contextual information from both
the past and the present, ensuring that each segment of
an input sequence benefits from comprehensive
information.

Overfitting is a common challenge in deep neural
networks, manifesting when a model excels on training
data but performs poorly on testing data. Essentially,
overfitting occurs when a model endeavors to perfectly
match the training data, resulting in memorization of
data patterns, noise, and random fluctuations. To
mitigate overfitting, various techniques can be
employed. One straightforward approach involves the
utilization of dropout. Dropout serves as a
regularization technique designed to prevent neural
networks from succumbing to overfitting. The
fundamental concept is to randomly deactivate some
neurons during training. Standard dropout involves
zeroing out a fraction of nodes in every layer before
computing the next layer throughout each training
iteration. This random dropout prevents the network
from becoming overly reliant on certain nodes,
allowing for more robust generalization to previously
unknown data.
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3.2.3. Tuning the parameters of the proposed model

Hyperparameters play a pivotal role in shaping the
performance of deep learning models, underscoring the
importance of optimizing them to attain optimal results.
Various strategies exist to tackle hyperparameter
optimization, each offering distinct advantages.

Grid Search, the most straightforward approach,
partitions the hyperparameter space into a discrete grid
and exhaustively evaluates each combination via cross-
validation to gauge performance metrics. Random
Search, akin to Grid Search, samples a random subset
of grid points, often proving more effective, especially
when optimizing with a limited number of
hyperparameters.

Bayesian Optimization takes a probabilistic approach
by constructing a model that maps hyperparameter
values to performance metrics on a validation set. This
method iteratively refines its understanding of the
hyperparameter space, making informed decisions to
explore promising regions efficiently.

Gradient-Based optimization involves computing
gradients with respect to hyperparameters and
optimizing them using gradient descent. Leveraging
gradient information allows for efficient navigation of
the hyperparameter space towards regions of improved
performance.

Evolutionary Optimization harnesses evolutionary
algorithms to explore the hyperparameter space. By
emulating principles of natural selection, this method
evolves a population of hyperparameter configurations
over successive generations, favoring those exhibiting
higher performance.

In our study, we opted for the random search method to
fine-tune the hyperparameters of our proposed model
due to its computational efficiency. Employing this
approach, we optimized multiple hyperparameter
values and selected the model yielding the most
promising results. Detailed insights into the tuned
hyperparameters and configurations are elaborated
upon in the experimental results section. Figure 1
illustrates the suggested model's block diagram and
Algorithm 1 illustrates the detailed process of the
proposed method.

Algorithm 1: Spam detection Algorithm

1: For each raw in R do:
Clean_Text=Remove_URL (raw)

Input:Raw text data R from social networking sites
Output: Probability score indicating the likelihood of spam.

Clean_Text = Remove_Punctioation (Clean_Text)
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Clean_Text = Remove_Emoji (Clean_Text)
Clean_Text = Remove_Char (Clean_Text)
Clean_Text = Remove_Stop_Words(Clean_Text)
Clean_Text = Convert_To_Lower_Case (Clean_Text)
End for
2: Function extract_features(Clean_Text):
albert_tokenizer = AlbertTokenizer.from_pretrained(‘albert-base-v2")
albert_model = AlbertModel.from_pretrained(‘albert-base-v2")
tokenized_text = albert_tokenizer(Clean_Text)
output = albert_model(tokenized_text)
return output
3: Function hyperparameter_tuning():
hyperparameters = {num_blstm_layers,dropout_existence, dropout_value , learning_rate}
best_hyperparameters = random_search(hyperparameters)
return best_hyperparameters
4:Function Split_dataset (output,Ratio,train,test)
return train,test
5:Train model (model,train, best_hyperparameters)
6:Evaluate_model(model,test, best_hyperparameters)

End

Feature extraction

\Sigmo“

-

Output layer

Data preparation

' 1
input st BLSTM' 2ndBLSTM'  3rd BLSTM ' Dense layers
worningrate | ——— ) 2 . o=
Num_LSTM layers ——— N ey ©._ — ’ I I- =
Num_dense layers n @ Selected hyper : S
O Model training Best results. Model

Hyperparemeters tuning

Figure 1. The block diagram of the suggested model

4. Experimental Results

All studies were conducted out with Google
Colaboratory, Python3 and GPU runtime.

4.1. Evaluation metrics
The accuracy, Recall, Fl-score, and precision

metrics have been used as evaluation metrics in this
study.

The accuracy metric is the main metric used to
evaluate the model’s performance. It describes the
number of correct predictions over all predictions
and can be computed by the following equations:

TN+ TP
TP+TN + FP + FN
Precision is a measure of how many of the positive

predictions made are correct (true positives) and can
be computed by the following formula

Accuracy =

(3

Precision (P) = TP/(TP + FP) (4)
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Recall, expressed in Equation 3, quantifies the
classifier's accuracy in correctly identifying positive
cases among all positive instances in the dataset.

TP

Recall (R) = TP-l-—FIV

(5)

F1-Score is a measure combining both precision
and recall and can be computed by the following
formula:

F1—Score=(2+*P+R)/(P+R) (6)

Where TP stands for true positives, TN for true
negatives, FP for false positives, and FN for false
negatives. Here, TP stands for the total humber of
messages correctly classified as spam. TN displays
the number of messages that have been correctly
classified as non-spam. FP represents the number of
non-spam messages that are labeled as spam, while
FN represents the number of spam messages that are
labeled as non-spam. It is worth mentioning that in
the evaluation of our spam detection model, we
employed a range of metrics to comprehensively
assess its performance across different datasets.
While metrics such as accuracy, precision, and recall
provide valuable insights into overall model
effectiveness, we acknowledge the significance of
considering class imbalance, particularly in the
context of the SMS spam dataset.

Table 2 Experimented hyperparameteres values during tuning
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Given the imbalance between spam and non-spam
classes in the SMS dataset, we recognized the
importance of using evaluation metrics that are
robust to such disparities. As such, we employed the
F1-score as a primary evaluation metric alongside
other standard metrics. The Fl-score combines
precision and recall, offering a balanced assessment
of model performance that is less affected by class
imbalance.

4.2. Hyperparemeters tuning

Herein this study, we used a random search strategy
in order to tune each of the following
hyperparameters: the number of BLSTM layers,
dropout existence, dropout value, number of dense
layers, number of neurons in each of dense layers,
learning rate, and weight initializer, and activation
functions. The value range of each of these
hyperparameters is illustrated in Table 2. The
random search algorithm was tuned to do 20 trials
with four executions in each trial, and in each
execution, the model will be trained for 5 epochs.
The validation accuracy has been monitored during
the algorithm execution and we have defined our
objective function to select the maximum value of
the wvalidation accuracy. Table 3 shows the
configuration parameters required to adopt the
random search technique.

Hyperparameter

Value range

Number of the BLSTM layers 1-6

Dropout existence

[True, False]

Dropout value

[0.1,0.2,0.3,0.4,0.5]

Number of the Dense layers 1-4

Number of neurons in each the Dense layer

[32, 64, 96, 128]

Learning rate

[0.01, 0.001, 0.0001]

weight initializer

['uniform’, 'lecun_uniform’, 'normal’, 'zero', ‘glorot_normal’, ‘glorot_uniform',
'he_normal', 'he_uniform’]

Activation functions [relu, tanh]

Table 3 Configuration settings used in random search

Number of trials

20

Executions per trial

Epochs per trial

In the final phase, the best model was identified,
achieving optimal validation accuracy across the

three datasets. This selected model comprises three
Bidirectional Long Short-Term Memory layers, each
with 256 units, followed by four dense layers, each
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consisting of 32 units. A dropout is introduced, and
the output layer concludes the architecture. The
chosen dropout value is 0.2, the weight initializer is
set to 'he_uniform', and the Rectified Linear Unit
(ReLU) function serves as the activation function in
the dense layers.

Figure 2 is a part of the parallel coordinates view
illustrating the hyperparameter fine-tuning process
using random search. The tuned hyperparameters are
shown on the horizontal axes, while the
corresponding selected values are shown on the
vertical axes. This visual representation illustrates
the results of the random search hyperparameter
tuning process. Each line in the plot represents a
different hyperparameter configuration, with the
axes corresponding to the hyperparameters being
tuned. The lines show how each hyperparameter
configuration performs across multiple evaluation
metrics. This visualization allows for a
comprehensive understanding of how different
combinations of hyperparameters impact model
performance. Figure 3 also shows a preview of the
random search algorithm's scatter plot matrix view,
where each dot represents a trial. This visual
depiction provides a comprehensive view of the
relationships between pairs of hyperparameters
during the random search process. Each point in the
scatter plot matrix represents a hyperparameter
configuration, with different plots showing the
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relationships  between  different  pairs  of
hyperparameters. This visualization aids in
identifying any correlations or patterns between
hyperparameters, which can inform further
optimization strategies. Figure 4 depicts the
accuracy and loss plots for the best trial recorded
during hyperparameter tweaking, with the three
trials of the best experiment marked by the lines on
the charts. This visual representation showcases the
results of the hyperparameter tuning experiments
conducted specifically on the YouTube dataset.
Chart a illustrates the validation accuracy achieved
by different hyperparameter configurations, while
chart b displays the corresponding validation loss.
These charts provide insights into how different
hyperparameter settings influence the model's
performance on the YouTube dataset, allowing for
informed decision-making in selecting the optimal
hyperparameter configuration. Table 4 summarizes
the results of the random search in detail. The table
presents the results of the hyperparameter tuning
experiments conducted specifically on the YouTube
dataset. Each row represents a different trial ID, with
columns detailing the specific hyperparameters
explored during the tuning process. The columns
include information such as the dropout rate, the
number of dense layers, the number of units in each
dense layer, the number of BLSTM layers, the
learning rate, and metrics such as train accuracy,
validation accuracy, train loss, and validation loss.
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Figure 2. The parallel coordinates view for the conducted random search hyperparametres fine tuning
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Validation accuracy

Validation Loss

Figure 4 The best hyper parameters tuning experiments’ results on YouTube dataset. chart a. represents the
validation accuracy and chart b. represents validation loss

Table 4 hyper parameters tuning experiments’ results on YouTube dataset

Trial | dropout | #of | units 0 | Unit 1 | units_2 | units_3 # of Learning | Train validation | Train Validation
ID Dense BLSTM rate accuracy | accuracy loss Loss
layers layers
0 true 4 32 64 - - 3 0.001 0.92516 | 0.92553 0.19694 | 0.19296
1 true 4 32 96 32 64 5 0.0001 | 0.50056 | 0.49291 0.70626 | 0.70383
2 true 3 32 96 64 - 6 0.001 0.87653 | 0.90957 0.34381 | 0.2838
3 false 3 64 32 64 - 1 0.01 0.95692 | 0.94326 0.11603 | 0.18043
4 true 3 64 64 64 - 5 0.01 0.92294 | 0.92287 0.21103 | 0.19901
5 false 2 64 64 - - 4 0.01 0.94559 | 0.93085 0.15676 | 0.19206
6 false 3 32 32 64 - 2 0.001 0.94448 | 0.93085 0.15121 | 0.19475
7 false 3 32 32 64 - 4 0.01 0.94426 | 0.93883 0.16144 | 0.17078
8 true 3 96 64 128 - 1 0.001 0.94848 | 0.93617 0.14338 | 0.19642
9 true 1 64 - - - 1 0.001 0.94559 | 0.93617 0.14904 | 0.17147
10 true 4 96 32 96 32 4 0.01 0.61115 | 0.60727 0.64572 | 0.64864
11 false 2 96 96 - - 2 0.0001 | 0.69776 | 0.71631 0.58824 | 0.58255
12 true 2 128 64 - - 2 0.001 0.94581 | 0.94592 0.15504 | 0.15537
13 true 4 32 32 32 32 3 0.001 0.9853 0.9521 0.0470 | 0.1944
14 true 1 96 - - - 4 0.001 0.94715 | 0.93972 0.14341 | 0.19378
15 true 4 96 64 128 64 1 0.001 0.95514 | 0.94149 0.12171 | 0.1697
16 true 1 64 - - - 2 0.001 0.92449 | 0.92287 0.26203 | 0.26102
17 true 1 96 - - - 2 0.001 0.95203 | 0.9344 0.13678 | 0.18747
18 false 2 32 - - 96 3 0.01 0.55008 | 0.54965 0.66753 | 0.65661
19 false 1 128 - - - 3 0.01 0.501 0.49291 0.69329 | 0.69345
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4.3. Results and discussion

After employing the random search approach to
determine the optimum hyperparameters that can be
used for constructing a deep learning model that can
give us the best results for the previously mentioned
three datasets, we have gotten the model that has a
structure illustrated in table 5. Then, after training
the model for 10 epochs, the best results are reached
as shown in Table 6. Furthermore, Figure 3
illustrates confusion matrix obtained by applying the
proposed model on the used datasets.

According to the results, our proposed approach,
which combines contextualized embedding (using
ALBERT pretrained model as a feature extractor)
with an BLSTM-based deep learning architecture,
consistently outperforms the benchmark datasets. As
depicted in Table 6, our model achieved impressive
accuracies, surpassing 98%, 95%, and 99% on the
Twitter, YouTube, and SMS datasets, respectively.
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The tuning of hyperparameters proves instrumental
in optimizing the performance of our proposed
model. In this study, through meticulous
hyperparameter tuning, we found that optimal
performance is achieved by keeping the number of
BLSTM layers at or below 3. Additionally, the
optimal learning rate was determined to be 0.001,
and a dropout value of 0.2 consistently led to
superior results. In the dense layers, the RelLU
function was chosen as the activation function
during experiments. Given the binary classification
nature of our problem, the default activation function
in the output layer was the sigmoid function.

Finally, based on the Comparison study results on
Table 7, the experimental results unequivocally
demonstrated that the ALBERT-BLSTM based
model surpassed existing methods from reference
studies. These findings underscore the critical role of
word representation in significantly improving
classification performance, especially when dealing
with short texts in social networking sites.

Table 5. The structure of the best model

Parameter Value
# of BLSTM layers 3
# of units in BLSTM layers 256>256>256
# of Dense layers 4
# of units in Dense layers 64->32>32>32
Activation function ReLu
Weight initializer he_uniform
Dropout True
Dropout value 0.2
Output activation function Sigmoid
Learning rate 0.001
Optimizer Adam
Loss function Binary crossentropy
Batch size 128
# of epochs 10
Table 6. Final results on the three datasets
Dataset Accuracy | Precision Recall F1-score
Twitter 0.982 0.98 0.98 0.98
YouTube 0.9548 0.96 0.94 0.95
SMS 0.9912 0.98 0.97 0.97
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Table 7. Comparision with other Studies

Study Dataset Accuracy

[28] Twitter 0.975
Barushka et. al [29] Twitter 0.956
[20] Twitter 0.978
Jain et.al [32] Twitter 0.9343
Our method Twitter 0.982
Ghanem and Erbay [20] SMS 0.99
Jain et.al [32] SMS 0.978
Our method SMS 0.99
Nagaraj et.al [33] YouTube 0.93
[20] YouTube 0.9521
Our method YouTube 0.9548
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Figure 5. The confusion matrices obtained by applying the proposed model on the respective datasets:
a. The confusion matrix for the Twitter dataset. b. The confusion matrix for the YouTube dataset. ¢. The
confusion matrix for the SMS dataset.

5- CONCLUSION

In conclusion, the pervasive presence of spam
messages on social networks poses a significant
challenge, particularly in the realm of short text
classification. The inherent brevity and ambiguity of
text within social media platforms add layers of
complexity to the task of spam detection in natural
language processing. Acknowledging the pivotal
role of robust text representation, our study
introduced an innovative approach that integrates
contextualized models and a deep learning
architecture.

To Avoid the limitations in conventional word
embedding models, characterized by struggles with
data sparsity, out-of-vocabulary challenges, and
context independence, our research proposed a novel
methodology for spam detection. Leveraging
contextualized word representations derived from
the pre-trained ALBERT model, we augmented the
performance of a stacked Bidirectional Long Short-
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Term Memory (BLSTM) based neural network
architecture. This approach demonstrated efficacy in
accurately classifying messages as either spam or
non-spam, effectively navigating the intricate
nuances of short text in social networks.

Furthermore, hyperparameter tuning played a crucial
role in optimizing the proposed model's performance
across three benchmark datasets. The utilization of
the random search algorithm facilitated the fine-
tuning of multiple hyperparameters, including the
number of BLSTM layers, dense layers, neurons in
each dense layer, dropout presence, activation
function, and learning rate.

Looking ahead, the proposed method holds promise
for applications in various trending studies such as
sentiment analysis, authorship identification, hate
speech detection, review spam detection, and more.
Future endeavors could delve into these domains to
further validate the versatility and effectiveness of
the introduced approach.
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Abstract— Researchers from leading technology companies, prestigious universities worldwide, and the open-source
community have made substantial strides in the field of facial recognition studies in recent years. Experiments indicate
that facial recognition approaches have not only achieved but surpassed human-level accuracy. A contemporary facial
recognition process comprises four key stages: detection, alignment, representation, and verification. Presently, the focus
of facial recognition research predominantly centers on the representation stage within the pipelines. This study conducted
experiments exploring alternative combinations of nine state-of-the-art facial recognition models, six cutting-edge face
detectors, three distance metrics, and two alignment modes. The co-usability performances of implementing and adapting
these modules were assessed to precisely gauge the impact of each module on the pipeline. Theoretical and practical
findings from the study aim to provide optimal configuration sets for facial recognition pipelines.

Keywords— facial recognition, face verification, deepface, vector models

Yiiz Tanima Uretim Hatlarinin ve Modiillerinin
Birlikte Kullaniminin Karsilastirilmas:

Ozet— Son yillarda, biiyiik teknoloji sirketleri, diinyanin 6nde gelen iiniversiteleri ve agik kaynak toplulugundan gelen
arastirmacilar, yiiz tanima alaninda 6nemli ilerlemeler kaydetmislerdir. Yapilan deneyler, yiiz tanima yaklagimlarinin
insan diizeyinde dogruluk sagladigini ve hatta astigini gostermektedir. Modern bir yiiz tanima siireci genellikle dort
asamadan olusur: algilama, hizalama, temsil ve dogrulama. Mevcut yiiz tanima ¢aligsmalar1 genellikle liretim hatlarindaki
temsil agsamasina odaklanmistir. Bu c¢alismada, dokuz farkli son teknoloji yiiz tanima modeli, alt1 son teknoloji yiiz
dedektort, iic mesafe dl¢iimil ve iki hizalama modunun farkli kombinasyonlari i¢in ¢esitli deneyler gerceklestirilmistir.
Bu modiillerin uygulanmast ve uyumlu hale getirilmesinin genel performanslari, her bir modiiliin iiretim hattindaki
spesifik etkisini belirlemek amaciyla degerlendirilmistir. Calismanin teorik ve pratik sonucu olarak, yiliz tanima hatlar1
icin en iyi konfigiirasyon setlerinin paylasilmasi hedeflenmektedir.

Anahtar Kelimeler— yiiz tanima, yiiz dogrulama, deepface, vektor modeller
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1. INTRODUCTION

In recent years, researchers and open-source communities
have made substantial advancements in the field of facial
recognition. This area of research has garnered attention
from major technology companies and top universities
worldwide. Experiments indicate that machine learning-
based facial recognition approaches developed by these
entities have not only achieved but surpassed human-level
accuracy.

A widely accepted perspective among facial recognition
researchers advocates for the incorporation of four
fundamental stages in contemporary facial recognition
pipelines [1]: detection, alignment, representation, and
verification. Notably, the representation stage stands out as
the most crucial phase, tasked with generating vector
embeddings from facial images. Presently, state-of-the-art
models for the representation module predominantly
leverage convolutional neural networks, exemplified by
models like FaceNet [2], VGG-Face [3], ArcFace [4], Dlib
[5], Sface [6], OpenFace [7], DeepFace [1], and Deepld
[8].

Following the representation stage, the verification module
calculates distances between vector embeddings of face
pairs. Experiments reveal that the distribution of distances
for pairs belonging to the same person and different
individuals is discrete, particularly in robust models [9].
Various metrics, such as Euclidean, L2 normalized
Euclidean form, or cosine similarity, can be employed to
compute the distances between vectors.

Prior to the representation stage, both detection and
alignment serve as early modules in the pipeline, aiming to
provide clear inputs. Substantial progress has been made in
recent years in the field of face detection. Noteworthy face
detectors include OpenCV Haar Cascade [10], SSD [11],
MediaPipe [12] [13], MTCNN [14], Dlib HOG [5], and
RetinaFace [15]. Some of these detectors are built on
modern convolutional neural networks, such as MTCNN,
RetinaFace, and SSD, while others adhere to legacy
approaches like OpenCV and Dlib HOG. Additionally,
facial landmarks, including the coordinates of the eyes, are
provided by these detectors, facilitating the horizontal
alignment of faces.

In the realm of facial recognition studies, there is,
regrettably, a lack of uniformity as researchers and model
creators approach the problem from diverse perspectives.
The primary emphasis tends to be on the representation
stage within the pipeline, where various combinations of
face detectors, alignment procedures, and distance metrics
are employed. This variability introduces a challenge in
fairly comparing these models, as a facial recognition
model may demonstrate superior performance when
configured differently, potentially exceeding its initially
reported score. The precise influence of detection,
alignment, and verification modules on the overall pipeline
remains to be fully understood.
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This study assesses the efficacy of facial recognition
pipelines across four key dimensions: facial recognition
models, face detectors, distance metrics, and the impact of
enabling or disabling alignment modes. The objective is to
identify optimal configuration settings for the pipeline. The
paper further seeks to elucidate the tangible influence of
each module on the overall pipeline score. Ultimately, the
study compares the performance of human subjects to that
of different models and configurations, determining which
ones surpassed, matched, approached, or fell short of
human-level accuracy.

In this context, LightFace [9] [16] emerges as one of the
most widely used facial recognition libraries for the Python
programming language. Comprehensive in its coverage, it
includes various facial recognition models, face detectors,
distance metrics, and alignment modes, seamlessly
managing all facial recognition procedures in the
background. For the purposes of this study, the LightFace
package was utilized and implemented to execute a range
of experimental setups.

2. DATASET

The Labeled Faces in the Wild (LFW) dataset [17] stands
as the predominant dataset in facial recognition studies,
comprising 13,233 images belonging to 5,749 identities.
For the purpose of this study, the LFW dataset was loaded
using scikit-learn [18]. The dataset includes 2,200 pairs for
training, 6,000 pairs for 10-fold cross-validation, and 1,000
pairs for testing. Each pair is appropriately labeled as either
depicting the same person or different individuals. The
original size of images in LFW is (250, 250, 3). Given the
focus on pre-trained models in this study, attention is
directed solely to the test set.

Half of the pairs of recommended test sets belong to the
same person, whereas another half of the pairs correspond
to different persons. So, the test set has fairly homogeneous
target labels. That is why accuracy scores are mentioned in
the performance results. The raw unaligned LFW images
were used because detection and alignment impact in the
pipeline were evaluated.

There are successful studies in the literature with good
results in capturing information from the context such as
image background or hairstyle. Neeraj Kumar et al [19]
reported the performance of human-beings on LFW
dataset. They collected the classification votes of 10 voters
for each pair in LFW dataset consisting of 6000 instances
via Amazon Mechanical Turk. Besides, voters taken three
different tests: verifying original image pairs, tight crop
images and inverse crops as shown in Figure 1.
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Inverse Crops

Original Image Tight Crops

Figure 1. Test Tasks

Humans are able to verify uncropped face pairs with 99.2%
accuracy score. They also obtain 94.2% accuracy even for
image pairs on same dataset with blurred or blacked facial
areas. On the other hand, human-beings have 97.5%
accuracy for verifying cropped face pairs. So, people can
find out a lot information from the context such as
background. Regions outside of the facial area is not
strongly recommended to be used not to boost results
artificially. That is why, facial recognition researchers
always compare built model performances with this score.

3. PIPELINE

A modern facial recognition pipeline consists of 4 common
stages: detection, alignment, representation and
verification. This section outlines the current procedures in
place for these modules.

3.1. Detection and Alignment

Only open source face detectors were used in the detection
module. There are five of them: OpenCv, Ssd, MtCnn,
Dlib, and RetinaFace. Their role will be to detect faces and
discard regions outside of the facial area in order to avoid
artificially boosting results.

An alignment step is also performed after detection. The
eye locations can then be used to construct a right-angled
triangle with two corners at eye locations as shown in
Figure 2.

Figure 2. Alignment Procedure

Calculating the cosine of an angle is then done using the
cosine rule in Formula 1. Inverse cosine of this term
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returns angle in radian. The angle can then be converted to
degrees using the formula 2. The image will then be
rotated by A degrees until the eyes are horizontal.

2 2_,2
cos(4) = 1= )
2+c%-a?, 180
A arccos(ic) — 2

3.2. Resizing

The outcomes of the detection and alignment modules
serve as inputs for the representation module. In facial
recognition  pipelines, the representation module
predominantly relies on convolutional neural networks
(CNNs). CNNs typically require inputs to have a fixed
shape, yet detected and aligned facial images lack such
uniformity. Table 1 provides an overview of the anticipated
architectures for the facial recognition models discussed in
this study including input shape, embedding dimensions,
total parameters (weights and biases) and number of layers.
Consequently, resizing the detected and aligned faces
becomes imperative before invoking the representation
module.

Table 1. Facial Recognition Model’s Architectures

Model Input Embedding Total Num of
Shape Dimensions | Params Layers
FaceNet-128d | 160, 160, 3 128 22M 447
FaceNet-512d | 160, 160, 3 512 23M 447
Vgg-Face 224,224,3 4096 134M 36
ArcFace 112,112, 3 512 34M 162
Dlib 150, 150, 3 128 63M 34
SFace 112,112,3 128 M 88
OpenFace 96, 96, 3 128 3M 166
DeepFace 152,152, 3 4096 102M 9
Deepld 55,47, 3 160 395K 17

In order to prevent deformation, black padding pixels were
introduced to the images instead of resizing them. Figure 3
visually depicts the outcomes of detection and alignment
using various detectors, along with the addition of black
padding pixels to resize the image to the expected input

shape of VGG-Face.

RetinaFace MtCnn

MediaPipe OpenCy

Original Image

Figure 3. Detection, Alignment and Resizing
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3.3. Representation

The representation module of all the facial recognition
models discussed in this study is based on convolutional
neural networks. In spite of the fact that CNN structures
have many output nodes, units were not used for
classification tasks. Rather than finding the most dominant
output node to make classification, the probabilities of
output nodes were used. Figure 4 shows how DeepFace [1]
model finding vector embeddings.

REPRESENTATION

Figure 4. Vector Representation with DeepFace [1]

3.4. Verification

The representation module returns vectors for face pairs,
and these vectors are passed to the verification module. The
distance between those vectors was calculated in the
verification module. Formula 3 shows the euclidean
distance formula where p and g are n-dimensional vectors.
Similarly, Formula 4 finds the cosine distance where p and
g are n-dimensional vectors.

d(p,q) = VZizi(vi — 41)* (3)

SieqPidi

dip,q) =1 - ———— (4)
JER pi? T, ai?

Before feeding the vectors to distance formulas, I, were
applied for normalization to vectors to have smoother ones
as shown in Formula 5 where g is a n-dimensional vector.

! =2 5
2(@) W (5)

Accordingly, this pair would be classified as the same
person if the distance was less than the threshold.
Similarly, this pair could be classified as different persons
if the distance between them exceeds the threshold value.
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Figure 5. Distance Distribution

The experiments demonstrate that the distance
distributions for the same person and different persons
classes, as tested with the VGG-Face facial recognition
model using L2 Normalized Euclidean distance and
enabled alignment mode on unit test items of DeepFace,
can be separated, as illustrated in Figure 5. In this context,
the C4.5 algorithm [20] was employed to identify the
threshold that yields the maximum information gain.

3.4. Handling Many Faces Issue

Some instances of the LFW dataset have some problematic
data. For instance, an image may contain many faces and
the one targeted by the label may not be known precisely.
In this case, all pairs of faces were extracted using the
current running detector (e.g. MtCnn), and all candidates
were then represented as vectors using the current running
facial recognition model (e.g. VGG-Face). Following that,
all vector candidates were distanced by using current
running similarity algorithms (e.g. cosine and euclidean).
As a result, the face pair with the minimum distance was
fed into the algorithm. Figure 6 explains how we extract
the right face from these problematic samples. The faces of
the lady are used in both images for this case since the
distance is shorter.

a »

o

Figure 6. Picking a Face Among Many Faces
4. PRE-TRAINED MODELS

LightFace for python [21] will be used to build facial
recognition pipelines. This library basically wraps the
following models with pre-trained weights.

4.1. Facial Recognition Models

Researchers from the Visual Geometry Group at Oxford
University developed the VGG-Face model. The model's
structure was detailed in their paper [3], and they
generously provided pre-trained weights for the VGG-Face
model in MatLab, Torch, and Caffe on the research group's
website [22]. Subsequently, the MatLab weights were
converted into Keras, and the VGG-Face model was
reconstructed from the ground up using Keras.
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Researchers at Google designed the FaceNet model, which
outputs 128 dimensions. The model's structure is outlined
in their paper [2], but the pre-trained weights are not
publicly available. However, David Sandberg undertook
the task of re-training FaceNet with both 128 and 512
dimensional outputs and generously shared the pre-trained
weights in TensorFlow format [23]. These TensorFlow
weights were then converted to Keras format, and a new
model in Keras was constructed from the ground up.

ArcFace, a component of the InsightFace project, was
developed by the Deep Inside research group [4]. The
ArcFace model, along with its pre-trained weights, can be
accessed on the group's website for both PyTorch and
MXNet. Additionally, Leon D. Garse re-trained the
ArcFace model specifically for Keras [24]. The pre-trained
weights from this repository were utilized, and a new
model was constructed from scratch in Keras.

SFace, primarily developed by Yaoyao Zhong [6], includes
shared models and pre-trained weights accessible for both
PyTorch and MXNet. The OpenCV community played a
role in converting the model to a language-independent
ONNX format [25]. Consequently, SFace can be utilized
through OpenCV in this context.

Researchers from Carnegie Mellon University developed
the OpenFace model. Both the model and its pre-trained
weights can be accessed on the research group’s website for
Lua Torch. Victor Sy Wang took on the task of converting
the pre-trained weights of the OpenFace model to Keras
[26]. The weights from this re-implementation were
utilized, and the model was then constructed from scratch.

Facebook researchers developed the DeepFace model,
outlining its structure in their paper [1], although they did
not provide the pre-trained weights for the model. Swarup
Ghosh took the initiative to re-train the DeepFace model
using Keras from scratch and shared the resulting pre-
trained weights in his repository [27]. While the original
study utilized the Social Face Classification (SFC) [1]
dataset with 4030 identities, Ghosh re-trained the
DeepFace model using the VGGFace2 [28] dataset with
8631 identities. Consequently, the original DeepFace
model produces 4030-dimensional vectors, whereas
Ghosh's re-implementation generates 8631-dimensional
vectors. The DeepFace model was reconstructed from the
ground up, and the pre-trained weights from this re-
implementation were utilized.

The Deepld model, crafted by researchers from the
Chinese University of Hong Kong, had its model structure
detailed in their paper [8]. However, the pre-trained
weights were not made publicly available. Roy Ran took
on the task of re-training the Deepld model from the
ground up and generously shared the resulting pre-trained
weights specifically for TensorFlow [29]. To facilitate
utilization of these pre-trained weights, a conversion
process was employed to adapt them into the Keras format.
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Dlib constructs a ResNet model designed for facial
recognition purposes [5], with the Dlib library being
directly imported for implementation.

4.3. Face Detectors

The MtCnn face detector model was developed by Kaipeng
Zhang et al [14]. Ivan de Paz Centeno took the initiative to
independently re-implement MtCnn from scratch using
Keras, presenting it as a project [30]. The MtCnn project
has been directly incorporated into the system.

The RetinaFace model, created by researchers from Deep
Insight as part of the InsightFace project [4], is provided
with both the model and pre-trained weights for PyTorch
and MXNet on the research group's website. Additionally,
Stanislas Bertrand undertook the task of re-implementing
the RetinaFace model using Keras [31]. Following the
completion of the RetinaFace project repackaging [32],
this new RetinaFace package was directly imported for use.

The SSD (Single Shot Multibox Detector) model, designed
by Wei Liu et al [11], had its Caffe model wrapped by the
OpenCV community [10]. In practice, SSD was utilized
through OpenCV. However, SSD itself does not provide
facial landmarks. To align faces identified by SSD, the eye
detection module of OpenCV was employed. MediaPipe
[12] features a face detection module built on BlazeFace
[13], which is structurally derived from SSD but includes
facial landmarks. The MediaPipe library was directly
imported for use. Additionally, Dlib was employed for face
detection using its HOG model [5], and the Haar Cascade
module of OpenCV was imported to utilize its face
detection functionality.

Re-implementations of certain reference models have been
undertaken, and as a consequence, experimental results
will be linked to these re-implementations rather than the
original studies. It's important to note that even when the
same facial recognition model and pre-trained weights
were utilized, discrepancies in pre-processing techniques
and model implementation may exist compared to those
employed in the original study. Specifically, a 2D
discarding approach was implemented, discarding regions
outside the facial area using commonly available open-
source face detectors, as suggested in the literature [19], to
prevent the artificial inflation of results.

4. EXPERIMENTS

A total of 378 experiments were performed on the LFW
dataset test set, considering combinations of the four
dimensions listed in Table 8. This exhaustive approach
aimed to identify the optimal configuration set for facial
recognition. Additionally, each module in the pipeline was
systematically examined to discern its specific impact on
the overall results.
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Table 8. Different Configration Sets for Experiments
Configuration Possible Values
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Table 9. Comparison of Measured Accuracy Scores in LightFace and
Declared Accuracy Scores in Their Original Researches

Facial Recognition FaceNet128d, FaceNet512d, Vgg-Face, Model Measured Declared Original
Models ArcFace, Dlib, SFace, OpenFace, DeepFace, Accuracy Accuracy Paper

Deepld FaceNet-512d 98.4 99.6 [2]
Face Detector OpenCyv, Ssd, MtCnn, Dlib, RetinaFace, FaceNet-128d 97.0 99.6 [2]
Models MediaPipe, No Detection Dlib 96.8 99.3 [5]
Distance Metrics Cosine, Euclidean, L2-Norm Euclidean VGG-Face 96.7 98.9 [3]
Alignment Mode Enabled, Disabled ArcFace 96.6 99.5 [4]
SFace 93.0 99.5 [6]
Tables 2, 3, 4,5, 6, and 7 present the performance matrices gssggzgs Zg'; g?g H}
of facial recognition models and face detectors across Deepld 65.6 974 8]

various distance metrics and alignment modes. In these
tables, columns denote facial recognition models, rows
represent face detectors, and the cells display
corresponding accuracy values. Additionally, to enhance
comprehension of the influence of detection and alignment
modules, the scores of facial recognition models without
detection and alignment are also provided.

As outlined in Section 3, the output of the representation
module consists of a vector pair, and the subsequent step
involves measuring the distance between these vectors. A
pair is classified as the same person if the distance between
them falls below the specified threshold value.
Furthermore, ROC curves were generated using distance
values and corresponding target labels. This approach is a
conventional practice to assess the model's performance
from a holistic perspective.

ROC curves for different models were illustrated in Figure
7 for FaceNet512d, Figure 8 for VGG-Face, Figure 9 for
Dlib, Figure 10 for FaceNet128d, Figure 11 for ArcFace,
and Figure 12 for SFace, focusing specifically on robust
detectors (RetinaFace, MtCnn, Dlib, and MediaPipe). It is
recommended to view these figures in color for optimal
clarity. Additionally, the graphics include area under the
curve (AUC) values, and the legends are arranged in
descending order based on these values. In this context, a
higher AUC value indicates superior model performance.

The ROC curves presented above highlight that
FaceNet512d and VGG-Face stand out as the most robust
models, regardless of the detector used. However, the
performance of other facial recognition models exhibits
variations depending on the specific configuration
employed.

5. RESULTS

The experiments examined both context-independent and
context-dependent conditions. While there is significant
importance in running facial recognition pipelines in a
context-independent manner, the results obtained under
context-dependent conditions may provide a more accurate
understanding of the direct influence of face detection on
facial recognition pipelines. The study involved comparing
these models with human performance, resulting in a
context-free accuracy of 97.5% and a non-context-free
accuracy of 99.2% [19]. Finally, the study demonstrated
the impact of detectors and alignment modules on the
pipelines.

As shown in Table 9, the measured accuracies of various
facial recognition models using the LightFace library offer
valuable insights into their performance. A comparison
with the accuracy scores declared in their original papers
reveals that FaceNet, Dlib, ArcFace, and VGG-Face
closely approach the declared performances, albeit falling
slightly below. Notably, for models such as VGG-Face and
Dlib, the small differences may be a result of the adopted
normalization techniques in both the original studies and
the LightFace framework. Additionally, it is noteworthy
that LightFace employs open-sourced pre-trained weights
for their re-implementation instead of using the original
ones, as seen in the case of FaceNet and ArcFace. These
minor differences are deemed acceptable and do not
compromise the overall robustness of these models.
Despite the slight variations, the models remain robust and
showcase reliable performance. Despite these differences,
SFace, while exhibiting a performance lower than
declared, shows a manageable gap, suggesting its
continued usability.

In contrast, OpenFace, DeepFace, and Deepld exhibit
notable disparities from their originally reported
accuracies, which can be attributed to the utilization of pre-
trained weights retrieved from open-source re-
implementations rather than the original studies' pre-
trained weights. The original pre-trained weights, as
detailed in Section 4, are not publicly available. This
distinction highlights the significance of the source of pre-
trained weights, as the use of open-source alternatives may
lead to differences in model performance. The observed
disparities underscore the importance of obtaining and
utilizing the original pre-trained weights when aiming to
replicate or surpass the accuracies reported in the
respective original studies.

5.1. Context Independent Results

FaceNet512d achieved an accuracy of 98.4%, followed by
FaceNet128d with 97.0% accuracy. Both models have
surpassed human-level accuracy. The most satisfactory
configurations are highlighted in bold within the tables.

Dlib achieved an accuracy of 96.8%, ArcFace and VGG-
Face demonstrated 96.7% and 96.6% accuracy,
respectively. These models achieved accuracy levels
comparable to human performance. SFace, with an
accuracy of 93.0%, approached human-level accuracy.
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OpenFace achieved an accuracy of 78.7%, DeepFace
reached 68.7%, and Deepld attained 65.6% accuracy.
Consequently, these re-implementations exhibited subpar
performance, rendering them unsuitable for deployment in
production pipelines. Notably, FaceNet128d, ArcFace, and
Dlib displayed significantly reduced performance when the
detection stage was omitted. It is imperative to execute the
detection stage for these facial recognition models.

OpenCv and Ssd detectors exhibit diminished performance
when the alignment mode is enabled. This limitation arises
from their inability to pinpoint eye locations with the same
precision as RetinaFace or MtCnn. Consequently, it is
advisable to omit the alignment stage when using these
detectors. RetinaFace, MtCnn, and Dlib, on the other hand,
showcase a notable performance enhancement when the
alignment mode is activated, establishing them as robust
detectors across all considered configurations. The
performance of MediaPipe experiences a slight decline
with alignment; even with alignment disabled, it ranks
below RetinaFace, Dlib, and MtCnn.

Finally, none of the distance metrics demonstrate
underperformance, and despite their variances, each
contributes significantly to the overall performance.

5.2. Context Dependent Results

In the presence of contextual information, facial
recognition models struggle to achieve human-level
accuracy. Their performance sees a significant boost when
focusing exclusively on the facial region, likely due to their
training on context-independent data. FaceNet512d attains
a 92% score even with detection disabled, marking the
closest performance to human among facial recognition
models without detectors. VGG-Face achieves a 90.6%
score, while SFace scores 83.4% with detection turned off,
both trailing FaceNet-512d. FaceNet512d stands out as the
optimal choice for use cases demanding both swift and
reliable results, such as facial recognition in crowded
environments. In such scenarios, detection and alignment
may be skipped, yet the pipeline maintains a commendable
score.

5.3. Impact of custom modules in the pipeline

In optimal conditions, the detection impact for ArcFace is
41.8%, FaceNet128d is 30.8%, Dlib is 27.3%, OpenFace is
20.9%, SFace is 9.6%, DeepFace is 7.6%, FaceNet-512d is
6.6%, VGG-Face is 6.1%, and Deepld is 3.6%. Therefore,
the inclusion of a detection module is essential for facial
recognition pipelines.

Similarly, the alignment impact for SFace is 17.2%,
DeepFace is 13.7%, ArcFace is 11.7%, FaceNet128d is
6.5%, VGG-Face is 1.6%, OpenFace is 1.0%, FaceNet-
512d is 0.7%, and Deepld is 0.7% in the best-case
scenarios. Consequently, alignment serves as a crucial
enhancement module for facial recognition pipelines.
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Furthermore,  identifying  the  intersections  of
misclassifications for each facial recognition model across
various configuration sets will aid in comprehending the
weaknesses inherent in each model. As depicted in Figure
13, FaceNet512d misclassifies 6 pairs, FaceNet128d
misclassifies 5 pairs, and both Dlib and ArcFace
misclassify 3 pairs in all experiments involving Euclidean,
12 normalized Euclidean, and Cosine distance metrics, as
well as RetinaFace, MtCnn, and Dlib face detectors, with
alignment mode exclusively enabled.

Predominantly, the common misclassifications for each
model involve false negatives. It appears that these models
commonly misclassify pairs when individuals wear
accessories like sunglasses or caps. Similarly, differences
in age and emotion within pairs contribute to
misclassifications. Furthermore, the common
misclassifications mainly pertain to pairs of the same
person.

6. CONCLUSION

In this study, all configuration alternatives were tested in
LightFace. To avoid artificially boosting results, the facial
area in images was focused and the regions outside of the
facial area were discarded.

Based on the results of the experiments, it was determined
that some facial recognition models were capable of
reaching or exceeding human level accuracy under certain
configurations. It can be concluded that the facial
recognition model with dependent face detector, distance
metric and alignment mode underperform or overperform.
Based on their best configuration set, facial recognition
models were classified into four categories: passing human
level accuracy, reaching human level accuracy, coming
close to human level accuracy, and underperforming ones.
AUC and ROC curves also provide opinions about the
robustness of facial recognition models.

Additionally, this work discusses the contribution of
detection and alignment modules to pipeline accuracy. The
detection module is an essential component of a pipeline as
it can improve performance by up to 40%. While alignment
serves as a significant performance booster, improving
performance by up to 17%. Results found regarding the
robustness of face detectors. OpenCv, SSD and MediaPipe
have deteriorated when alignment is enabled, whereas
RetinaFace, MtCnn and Dlib are always resilient.

LightFace also features an easy and simple interface. The
dimensions mentioned in this study are merely input
arguments for a pipeline. Thus, practitioners are able to
construct and run facial recognition pipelines with a few
lines of code. This study can be used as a guide to assist
practitioners in choosing the most appropriate
configurations for their facial recognition pipelines
according to their individual needs.
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Table 2. Accuracy Metric for Euclidean Distance and Disabled Alignment

FaceNet-128d FaceNet-512d VGG-Face ArcFace | Dlib | SFace | OpenFace | DeepFace | Deepld
RetinaFace 92.8 96.1 95.7 84.1 88.3 78.6 70.8 67.4 64.3
MtCnn 92.5 95.9 95.5 81.8 89.3 76.3 70.9 65.9 63.2
Dlib 89.0 96.0 94.1 82.6 96.3 73.1 75.9 61.8 61.9
MediaPipe 87.1 94.9 93.1 711 91.9 73.2 77.6 61.7 62.4
Ssd 94.9 97.2 96.7 83.9 88.6 82.0 69.9 66.7 64.0
OpenCv 90.2 94.1 95.8 89.8 91.2 86.9 71.1 68.4 61.1
None 64.1 92.0 90.6 56.6 69.0 81.4 57.4 60.8 60.7

Table 3. Accuracy Metric for L2 Normalized Euclidean Distance and Disabled Alignment

FaceNet-128d FaceNet512d VGG-Face ArcFace | Dlib | SFace | OpenFace | DeepFace | Deepld
RetinaFace 95.9 98.0 95.7 95.7 88.4 90.6 70.8 67.7 64.6
MtCnn 96.2 97.8 95.5 95.9 89.2 91.1 70.9 67.0 64.0
Dlib 89.9 96.5 94.1 93.8 95.6 75.0 75.9 62.6 61.8
MediaPipe 90.0 96.3 93.1 89.3 91.8 74.6 77.6 64.9 61.6
Ssd 97.0 97.9 96.7 96.6 89.4 93.0 69.9 68.7 64.9
OpenCv 92.9 96.2 95.8 93.2 91.5 91.7 71.1 68.3 61.6
None 67.6 914 90.6 57.2 69.3 83.4 57.4 62.6 61.6

Table 4. Accuracy Metric for Cosine Distance and Disabled Alignment

FaceNet-128d FaceNet512d VGG-Face ArcFace | Dlib | SFace | OpenFace | DeepFace | Deepld
RetinaFace 95.9 98.0 95.7 95.7 88.4 90.6 70.8 67.7 63.7
MtCnn 96.2 97.8 95.5 95.9 89.2 91.1 70.9 67.0 64.0
Dlib 89.9 96.5 94.1 93.8 95.6 75.0 75.9 62.6 61.7
MediaPipe 90.0 96.3 93.1 89.3 91.8 74.6 77.6 64.9 61.6
Ssd 97.0 97.9 96.7 96.6 894 93.0 69.9 68.7 63.8
OpenCv 92.9 96.2 95.8 93.2 915 91.7 71.1 68.1 61.1
None 67.6 914 90.6 54.8 69.3 83.4 57.4 62.6 61.1

Table 5. Accuracy Metric for Euclidean Distance and Enabled Alignment

FaceNet-128d FaceNet-512d VGG-Face ArcFace | Dlib | SFace | OpenFace | DeepFace | Deepld
RetinaFace 935 95.9 95.8 85.2 88.9 80.2 69.4 67.0 65.6
MtCnn 93.8 95.2 95.9 83.7 89.4 774 70.2 66.5 63.3
Dlib 90.8 96.0 94.5 88.6 96.8 66.3 75.8 63.4 60.4
MediaPipe 88.6 95.1 92.9 73.2 93.1 725 78.7 61.8 62.2
Ssd 85.6 88.9 87.0 75.8 83.1 76.9 66.8 63.4 62.5
OpenCv 84.2 88.2 87.3 73.0 84.4 81.1 66.4 65.5 59.6
None 64.5 92.0 90.6 56.6 69.0 81.4 57.4 60.8 60.7

Table 6. Accuracy Metric for L2 Normalized Euclidean Distance and Enabled Alignment

FaceNet-128d FaceNet-512d VGG-Face ArcFace | Dlib | SFace OpenFace | DeepFace | Deepld
RetinaFace 96.4 98.4 95.8 96.6 89.1 92.4 69.4 67.7 64.4
MtCnn 96.8 97.6 95.9 96.0 90.0 90.5 70.2 66.4 64.0
Dlib 92.6 97.0 94.5 95.1 96.4 69.8 75.8 66.5 59.5
MediaPipe 90.6 96.1 92.9 90.3 92.6 75.4 78.7 64.7 63.0
Ssd 875 88.7 87.0 86.2 83.3 84.6 66.8 64.1 62.6
OpenCv 84.8 87.6 87.3 84.6 84.0 83.6 66.4 63.8 60.9
None 67.6 91.4 90.6 57.2 69.3 83.4 57.4 62.6 61.6

Table 7. Accuracy Metric for Cosine Distance and Enabled Alignment

FaceNet128 FaceNet-512d VGG-Face ArcFace Dlib | SFace OpenFace | DeepFace | Deepld
RetinaFace 96.4 98.4 95.8 96.6 89.1 92.4 69.4 67.7 64.4
MtCnn 96.8 97.6 95.9 96.0 90.0 90.5 70.2 66.3 63.0
Dlib 92.6 97.0 94.5 95.1 96.4 69.8 75.8 66.5 58.7
MediaPipe 90.6 96.1 929 90.3 92.6 75.4 78.7 64.8 63.0
Ssd 87.5 88.7 87.0 86.2 83.3 84.5 66.8 63.8 62.6
OpenCv 84.9 87.6 87.2 84.6 84.0 83.6 66.2 63.7 60.1
None 67.6 914 90.6 54.8 69.3 83.4 57.4 62.6 61.1
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FaceNet512d

Figure 13. Common Misclassifications
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pazarlamasina yonelik algilarin analizinde kritik rol oynamaktadir. Bu calismada Twitter kullanicilarindan elde edilen
verilerle kisilerin saglik hizmetleri pazarlamasina yonelik goriisleri duygu analizi kullanilarak degerlendirilmistir.
Twitter’dan API Key ile 1 Ekim 2022 ve 30 Kasim 2022 tarihleri arasinda elde edilen 27079 ingilizce dilinde atilan tweet
verileri lizerinde yapilan duygu analizi sonucunda Twitter kullanicilarinin saglik hizmetleri pazarlamasi konusundaki
goriislerinin %50,36’sinin (n=13638) olumlu, %32,21’inin (n=8721) ndtr ve %17,43iiniin (n=4720) ise olumsuz oldugu
belirlenmistir. Olusturulan kelime bulutlarina gore ‘health’, ‘care’, ‘market’ ve ‘insurance’ en sik tekrarlanan kelimeler
olarak belirlenmistir. Twitter kullanicilarinin duygu durumlarinin en iyi tahmin edicilerini bulmak amaciyla yeni bir veri
seti olusturulmus ve Yapay Sinir Aglar1 (Neural Network-NN), Rastgele Orman (Random Forest-RF), Naive Bayes (NB)
ve k-en yakin komsu (k-nearest neighbor k-NN) makine 6grenmesi teknikleri ile tahmin edilmistir. RF (AUC=0,707;
CA=0,646) ve NN (AUC=0,706; CA=0,645) diger makine Ogrenmesi teknikleriyle karsilastirildiginda Twitter
kullanicilarimin duygu durumlarim en iyi tahmin edici makine 6grenmesi teknikleri olmustur. Pisagor agaci ile Twitter
kullanicilarinin saglik hizmetleri pazarlamasina yonelik duygu durumlarinin en iyi tahmin edici degiskeninin ‘favorite
(begeni)’ kelimesi oldugu ve kullanicilarin saglik hizmetleri pazarlamasina yonelik atilan tweetlere cogunlukla katildig:
belirlenmistir. Gelecekteki yapilacak olan calismalarin zaman igindeki degisiklikleri daha iyi anlamak ve derin bir
perspektif sunmak amaciyla daha uzun bir zaman aralifini kapsayacak sekilde planlanmasi, ayrica analizlerin
genellenebilirligini artirmak ve bulgularin daha genis bir kitleye uygulanabilir olmasina katkida bulunmak i¢in daha
biiyiik bir veri seti kullanilmas1 dnerilmektedir.

Anahtar Kelimeler— saglik hizmetleri pazarlamasi, duygu analizi, twitter, makine 6grenmesi, pisagor agact

Analysis of Twitter Data on Healthcare Marketing by Text
Mining and Machine Learning Techniques*

Abstract— The analysis of healthcare users' moods regarding healthcare market plays a critical role in the analysis of
perceptions towards the healthcare marketing. In this study, the views of people on healthcare marketing were evaluated
using sentiment analysis with the data obtained from Twitter users. As a result of the sentiment analysis performed on
27079 English-language tweet data obtained from Twitter with APl Key between October 1, 2022, and November 30,
2022, 50.36% (n=13638) of Twitter users' opinions on healthcare marketing were positive, 32.21% (n=8721) were neutral
and 17.43% (n=4720) were negative. According to the word clouds created, ‘health’, ‘care’, ‘market’, and ‘insurance’
were determined as the most frequently repeated words. In order to find the best predictors of the mood of Twitter users,
a new data set was created, and Neural Networks (NN), Random Forest (RF), Naive Bayes (NB), and k-nearest neighbor
(k-NN) were predicted by machine learning techniques. RF (AUC=0.707; CA=0.646), and NN (AUC=0.706; CA=0.645)
were the best predictive machine learning techniques of Twitter users' moods when compared to other machine learning
techniques. With the Pythagorean tree, it was determined that the best predictor variable of Twitter users’ emotional states
towards healthcare marketing was the word ‘favorite’. Future studies are suggested to be planned to cover a longer time
to understand temporal changes better and provide a deeper perspective. Additionally, using a larger dataset is
recommended to enhance the generalizability of analyses and contribute to the applicability of findings to a broader
audience.

Keywords— health care marketing, sentiment analysis, twitter, machine learning, pythagorean tree
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1. GIRIS (INTRODUCTION)

Saglik sektorii tiim diinyada ¢ok hizli bir sekilde biiylime
egilimindedir ve tiim sektorler arasinda kritik bir dneme
sahiptir. Saglik sektorii ayni zamanda iilkelerin sosyo-
ekonomik gelismislik diizeyinin en onemli
gostergelerinden biri olarak kabul edilmektedir [1].
Gelismekte olan bir iilke kategorisinde yer alan Tiirkiye’de
saglik sektdriine yonelik son yillarda 6nemli yatirimlar
yapilmaya baslanmistir. Tiirkiye’de 2021 yilinda toplam
saglik harcamalar1 Onceki yila kiyasla %41,6 artis
gostererek yaklasik 354 milyon TL’ye yiikselmistir.
Toplam saglik harcamalarimin GSYH’ye oranmi ise %4,9
olarak belirlenmistir [2]. Sadece Tiirkiye’de degil tiim
diinyada saglik hizmetleri giderek daha fazla 6n plana
¢ikmakta ve diger sektorler arasinda 6nemli bir paya sahip
olmaktadir. Sunulan saglik hizmetlerinin tiiketicileri olan
insanlarin hayati gibi 6nemli bir konuyu igermesi, bu
hizmetlerin tiiketicilerinin ¢oklugu ve saglik hizmetlerine
ozgli oOzelliklerin varligr saglik sektoriiniin  Snemini
vurgulayan konulardandir [3]. Bu durum ayni zamanda
saglik sektoriinde saglik hizmetlerinin  sunumunda
pazarlama uygulamalarinin  kullanimmnin 6nemini de
belirlemektedir. Saglik hizmetleri pazarlamasi, hedef
alman kitlenin zihinsel ve fiziksel saglik sorunlarini
anlayarak, sorularini yanitlayarak ve onerilen ¢dziimlerden
nasil yararlanabileceklerini agiklayarak onlari etkilemekle
ilgili olan pazarlama cabasi olarak ifade edilmektedir [4].
Bir baska ifade ile saglik hizmetleri pazarlamasi saglik
hizmetleri  sektériiniin -~ miisterisi konumunda olan
hastalarin  ihtiyaglarinin  tespiti, bu  ihtiyaglarin
karsilanmasinda sunulan hizmetlerin belirlenmesi ve
hastalarin bu hizmetleri kullanmasi igin tegvik edilmesi
olarak tanimlanmaktadir [5]. Bu sebeple saglik hizmeti
sunucu ve tedarikgilerinin yenilikleri siirekli takip etmeleri
ve degisen kosullara uygun politika ve stratejiler
gelistirmeleri oldukga oOnemlidir [6]. Saglik hizmetleri
pazarlamasi hem klasik hem de sosyal pazarlamaya 6zgii
belirli kavram, yontem ve teknikleri kullanmasi sebebiyle
disiplinler arasi bir alan olarak goriilmektedir. Bu
disiplinler —arasi1 alana sahip saglik hizmetleri
pazarlamasinin en dnemli 6zelliklerinden biri hizmetlerin
ve pazarlarin olmasi ancak bu hizmet ve pazarlarin parasal
karsiligimin -~ olmamasidir [7]. Saglik  hizmeti
kullanicilarinin artan beklentileri, maliyet artiglari, saglik
hizmetleri sunumunda yararlanilan kaynaklarin verimli
kullanilmamasi ve hizmet kullanicilarinin giderek bilingli
hale gelmesi saglik sektoriinde pazarlama faaliyetlerinin
kullanilmasini  zorunlu hale getiren nedenler olarak
goriilmektedir [8]. Basarili saglik hizmeti pazarlamasinin
en biliyik gostergesi ise hizmet saglayicilari/saglik
kuruluslar1 ve hastalar1 arasinda agik bir iletisim hatti
gelistirerek yeni hastalara ulagmak ve hasta bakimini
iyilestirmek i¢in pazarlama ve iletisim stratejileri
gelistirme siireci olarak goriilmektedir [9].

Saglik hizmetlerinin pazarlamasinin temel amaci, hedef
pazarin beklenti ve ihtiyaglari anlayarak uygun saglik
hizmetleri sunmaktir. Bu hedefe ulasmak i¢in saglik
calisanlar1 ile hastalar arasindaki etkilesim adimlart
belirlenmeli ve yapilan faaliyetlerin hasta ihtiyaglarina
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uygunlugu degerlendirilmelidir. Bu ydnetim siirecinin,
saglik hizmeti sunucusu ile tiiketicisi olan miisteri
arasindaki deger aligverisinde memnuniyeti artirict bir
katk: sagladig: belirtilmektedir [10]. Miisteri deneyimini
gelistirmenin ve saglik hizmeti sunucularinin miisterilerin
ihtiyaglarim1  anlamalarinin = ise, saglik  hizmetleri
pazarlamasinda kritik bir rol oynadigi savunulmaktadir.
Hastalarin ~ geri  bildirimi, saghk  hizmetlerinin
karmasikligini ve hastalarin degisen ihtiyaglarini anlama
stireclerini etkiler. Bu tiir arastirmalar, saglik hizmetlerinin
verimliligini artirma ve hastalarin deneyimini iyilestirme
potansiyeli tagir [11, 12]. Hastalarin geri bildirimi, saglik
hizmetleri pazarlamasinda miisteri bagliliginin Snemini
vurgular. Isletmeler icin maliyet agisindan avantajli olan
miisteri baglilig, siirekli deger sunarak duygusal baglilik
olusturmay1 ve ayni saglik hizmeti saglayicisini tercih
etmeyi tesvik eder. Bu baglamda, miisteri bagliliginin
isletmelere sagladigi avantajlar arasinda satis islemlerini
kolaylagtirma, piyasa istikrari, fiyat kontrolii, miisteri
sadakatini artirma ve gii¢lii iligkiler kurma bulunmaktadir
[13, 14, 15]. Bu nedenle saglik hizmetleri, miisteri odakli
strateji ile miisteri memnuniyetini artirmayi, sadakati
saglamay1r ve sektorde daha fazla miisteri ¢ekmeyi
hedeflemektedir. Bu strateji, sektordeki payin, kalite ve
marka degerinin artirilmas1 i¢in kilit stratejilerin
belirlenmesine ve uygulanmasina olanak tanimaktadir.
Saglik hizmetleri pazarlamasi, saglik hizmeti sunucularina
miisteri ihtiyaclarini anlama, dogru hizmetleri sunma ve
miisteri memnuniyetini artirma konusunda rehberlik
ederek saglik hizmetleri pazarinin biiylimesine ve
hastalarin  olumlu sonuglar elde etmelerine katki
saglamaktadir [12].

Saglik hizmetleri pazarlarmi tipik iiriin pazarlarindan
ayiran en 6nemli 6zelliklerinden biri saglik hizmetlerinin
genellikle dogru veya ahlaki bir zorunluluk olarak
goriilmesidir. Bu durum Oncelikle saglik hizmetlerine
erisimi tegvik etmeye yonelik politikalar yoluyla ortaya
cikan saglik hizmetleri piyasalarin1 diizenlemede kamu
sektoril i¢in bilyiik bir rol oynamaktadir. Daha agiklayici
bir ifade ile tiiketicilerin en azindan kismi bir hak ile
yiiksek kaliteli saglik bakimi kavramlarina sahip olmalari,
serbest piyasalarin saglik hizmeti sunumuna iliskin sosyal
hedeflere ulagsmada basarili olma ihtimalinin diisiik oldugu
anlamma gelmektedir [16]. ikincisi ise saglik sektoriiniin
cesitli tedarik¢i boliimlerinin tiikketici hizmetleri sunmak ve
bunun i¢in 6deme yapmak iizere tedarik zincirinde faaliyet
gosterdigi dikey pazar yapisimin klasik bir 6rnegi
olmasidir. Yani saglik hizmeti sunucular tibbi cihazlar ve
farmasotik Urlinleri iist diizey saglayicilardan tedarik
etmekte ve heterojen kosul ve ihtiyaglara sahip tiiketicilere
bakim saglamak i¢in uzmanliklar diizeyinde ¢aligmaktadir
[17].

Tirkiye’de saglik hizmeti sunan 6zel kuruluslar
bilinyesinde sunulan hizmetleri hakkinda bilgi vermek ve
potansiyel tiiketicileri kendi isletmeleri kapsamina
cekebilmek igin gesitli pazarlama stratejileri uygularken
kamuda saglik hizmeti sunan kuruluslar sadece sosyal
pazarlamaya yonelik faaliyetlerde bulunmaktadirlar [18,
19]. Bununla birlikte koruyucu saglik hizmetlerinin 6n
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plana ¢ikmasi beraberinde saglik sektoriinde sosyal
pazarlama faaliyetlerinin de yaygin olarak kullanilmaya
baslanmasina sebep olmustur [20]. Saglik sektoriinde
kullanilan sosyal pazarlama faaliyetleri genel olarak sigara,
alkol ve madde bagimhiliginin zararlari, obezite ile
miicadele, salgin hastaliklarin 6nlenmesi, a1 kampanyalar1
vb. gibi toplum sagligina yonelik hazirlanmis olan tanitim
kampanyalar1 ve kamu spotlarini igermektedir [8, 19].

Son yillarda sosyal medyanin yayginlasmasi kisilerin
duygularin1 ¢esitli konularda paylagsmak icin ideal bir
platform haline gelmis ve genel kamuoyu iizerinde 6nemli
bir etki birakmustir [21]. Ozellikle Twitter gibi sosyal
medya platformlari, kullanicilara  diger kisilerin
diislincelerini takip etme, yorum yapma ve gorislerini
anlik olarak paylagma imkani tanimanin yani sira
arastirmacilarin da yogun ilgisini gekmektedir [22]. Twitter
verileri pazarlama ve birgok alanda miisteri istek ve
ihtiyaglarim1  belirlemek igin geleneksel veri toplama
yontemlerine alternatif olarak kullanilabilmektedir [23].
Saglik alaninda Twitter’dan elde edilen veriler yaygin
hastaliklarin tanimlanmasi, kriz yonetimi gibi bir¢ok farkli
alan i¢in kullanilabilmektedir [24]. Halk saglig1 alaninda,
Twitter verilerinin sik¢a kullanildigi ve bu platform
izerinden yapilan bilgi paylasiminin  halk sagligi
uzmanlarinin ilgilendikleri bir alan olarak dikkat ¢ektigi
gozlemlenmistir [25]. Ozellikle sigara kullanimi, diyabet,
obezite, sizofreni ve bagigiklama gibi konularda yapilan
paylasimlarin, halk sagliginda Twitter verilerinin en yogun
kullanildig1r alanlar oldugu goriilmiistiir [26]. Nitekim
Twitter verileri kullanilarak diyabet hastalar1 iizerinde
yapilan duygu analizlerinde tip2 diyabet hastalarinin daha
cok negatif, tipl diyabet hastalarmin ise pozitif duygu
durumu igerisinde bulunduklar1 ortaya konulmustur.
Diyabet konulu Twitter paylagimlarinin genel olarak ‘nétr’
duygu durumunu yansittiklart goriilmistir [27]. Yine
Twitter’in  elektronik sigara konusunda Onemli bir
pazarlama platformu oldugu ve elektronik sigara konulu
Twitter paylasimlart daha gok ticari amagli olsa da 6nemli
bir kismin sigara birakmaya tesvik ettigi goriilmistiir. Bu
noktada sigara birakmaya yonelik Twitter paylagimlarinin
halk sagligi Tlzerinde olumlu etkilerinin olacag:
vurgulanmigtir [28]. Bir bagka calismada ise Twitter
paylasimlarinin  halk saghgi alaninda yayginlikla
kullanildigi bu sayede toplumun HPV asis1 gibi
bagisiklama konusundaki yaklagimlarini anlamak igin
Twitter verilerinin 6nemli bir bilgi kaynagi oldugu
savunulmustur [29]. Ayrica, halk sagligini iyilestirmeye
yonelik kampanyalarin da bu verilerin iginde 6ne ¢ikan
konular arasinda bulunmustur [20]. Bu sayede halk sagligi
kampanyalar1 daha genis kitlelere ulastirilabilmekte,
farkindalik diizeyi yiikseltilebilmekte ve bilgi paylasim
konusunda dezavantajli gruplara erisimde kolayliklar
saglanabilmektedir [30, 31, 32]. Tiirkiye’de ise saglikla
ilgili mesaj ve bilgi iletiminde Twitter’in yayginlikla
kullanildig1 ancak sosyal medya aracilig: ile halk sagligi
alaninda  giivenilir olmayan bilgi paylasimlarinin
onlenmesi i¢in izlenim ve denetimlerin yapilmasi gerektigi
vurgulanmaktadir [33]. Saglik hizmeti kullanicilarinin en
¢ok hangi konularda Twitter paylasimi yaptiklari
incelendiginde kullanicilarin daha ¢ok kanita ihtiyag
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duyulan iddialar ve kisisel deneyimler hakkinda Twitter
paylagimlarinda  bulunduklar1 ve saglikta hizmet
isletmelerinin iiretim isletmeleri ile karsilagtirildiginda
Twitter  paylasgimlarinin  daha  fazla  begenildigi
gbzlemlenmistir [34, 35].

Yapilan ¢calismalarda saglikta Twitter verilerinin paylasimi
konulu ¢aligsmalarda daha ¢ok halk saglig1 perspektifinden
saglikli yasam konusunda bilgi paylagimi, kronik
hastaliklarin etkin yonetimi ve bagisiklama konularinin 6n
plana ¢iktig1 goriilmektedir. Pazarlama saglikta yasal ve
etik gibi nedenlerle sinirli olmasina ragmen sosyal medya
platformlar1 saglikta pazarlama konusunda genis kitlelere
ulasim imkani1 vermekte, halk sagligini iyilestirme
konusunda 6ncelikli platformlardan birisi olarak on plana
cikmaktadir. Saglikta Twitter verileri kullanilarak halk
sagligii iyilestirmeye yonelik paylagimlar ve bunlarin
duygu durumu analizleri yapilmis olmasina ragmen saglik
hizmetlerinde pazarlama bakis agisi ile 6zel bir ¢alismanin
daha Once yapilmadigi goriilmiistir. Bu eksikligin
giderilmesi amaciyla bu ¢alismada Twitter kullanicilarinin
saglik hizmetleri pazarlamasina yonelik goriiglerinin metin
madenciligi  yontemleri  kullanilarak  belirlenmesi
amaglanmigtir. Caligma kapsaminda Twitter
kullanicilarinin saglik hizmetleri pazarlamasina yonelik
tutumlarin1 degerlendirmek amaciyla elde edilen tweetler
duygu analizi yontemi kullanilarak olumlu, olumsuz ve
notr ruh hallerine gore incelenerek ¢aligma kapsaminda en
sik tekrarlanan kelimeler icin kelime bulutlari ile analizler
gorsel olarak desteklenecektir. Caligmanin bir sonraki
adiminda analizler kapsaminda kullanilan tweet metinleri
icerisinde ‘health system’, ‘insurance’, ‘mental health’
kelimelerinin ge¢ip ge¢medigi ve ‘retweet’ ve ‘favorite
(begeni)’ edilip edilmedigine gore kategorik hale getirilip
yeni bagimsiz degiskenler olusturulacaktir. Olusturulan bu
bagimsiz degiskenler ile Twitter kullanicilarinin saglik
hizmetleri pazarina yonelik olumlu, olumsuz ve nétr duygu
durumlarina yoénelik Yapay Sinir Aglar1 (Neural Network-
NN), Rastgele Orman (Random Forest-RF), Naive Bayes
(NB) ve k-en yakin komsu (k-nearest neighbor k-NN) gibi
makine Ogrenmesi teknikleri kullanilarak performans
degerlendirmeleri yapilacaktir. Son adimda en iyi
performans  gosteren makine Ogrenmesi teknigi
belirlendikten sonra Twitter veri kullanicilarinin duygusal
durumlarinin en iyi tahmin edicilerini belirlemek igin
Pisagor agaci kullanilacaktir.

2. MATERYAL VE METOT (MATERIAL AND METHOD)

Bu c¢alismada sosyal medya kullanicilarinin  saglik
hizmetleri pazarlamasina yonelik goriislerinin  analiz
edilmesi amaciyla Twitter’dan toplanan tweetler
kullanilmistir. Bu galigmada tweet toplamak i¢in Twitter
API Key kullanilmistir. Bu kapsamda RStudio yazilim
programinda ‘rtweet’ kiitiiphanesi kullanilarak
‘healthcaremarket’ etiketiyle atilmis olan tweetler
calismaya dahil edilmistir. Caligmaya dahil edilen tweetler
icin herhangi bir lokasyon kisitlamasi yapilmamigken,
sadece Ingilizce dilinde atilan tweetler kullanilmustir.
Saglik hizmetleri pazarlamast ile ilgili olarak 1 Ekim 2022
ve 31 Kasim 2022 tarihleri arasinda atilan tweetler haftalik
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olarak toplanmistir. Toplamda sekiz haftadan olugan 27079
tweet ¢alismamiz kapsamina dahil edilmistir. Veri setinde
yer alan tweetlere Orange programinda yapilan on
islemede ‘transformation’ agsamasinda veri setindeki giris
verileri kelimelerin kii¢iik harfe doniistiiriilmesi, metindeki
vurgularin kaldirilmasi, html etiketlerinin ayristirilmasi,
metindeki url baglantilarinin  kaldirilmasi gibi islem
adimlar1 uygulanmistir. Sonraki adim olan ‘tokenization’
asamasinda Regexp yontemi kullanilarak veri setindeki
metinler anlamli hale dondstiiriilmiistir. Son olarak
“filtering’ asamasinda ise metindeki gereksiz kelime,
baglag, noktalama isaretleri vs. kaldirilmistir. Uygulanan
bu islem adimlarindan sonra veri setinde en sik kullanilan
kelimelerin gorsellestirilmesi amaciyla kelime bulutlart
olusturulmustur.

Caligmamiz ~ kapsamindaki veri seti ile Twitter
kullanicilarinin saglik hizmetleri pazarlamasina yonelik
duygu durumlarinin belirlenmesi amaciyla duygu analizi
yapilmistir. Sosyal medyanin kullaniminin yayginlasmasi
ile birlikte insanlar bir durum, yer, konu veya olay
hakkindaki duygularini, inanglarini veya fikirlerini ifade
etmek i¢cin Facebook, Twitter ve Instagram gibi
platformlart siklikla kullanmaktadirlar [36]. Duygu analizi
veya Fikir Madenciligi kisilerin sosyal medya gibi sanal
ortamlarda fikir, diisiince, duygu ve tutumlarinin yazilan
metinlerden analiz eden g¢alisma alam1  olarak
tanimlanmaktadir [37]. Duygu Analizi ile kisiler tarafindan
yazilmis olan metinler girdi olarak kullanilmakta ve bu
metinlerin i¢erisinde sakli olan duygularin pozitif, negatif
veya notr olma durumlari kategorize edilmektedir [38, 39].
Son yillarda sosyal medya platformlarinda bulunan
yapilandirilmamig  bigimde bulunan biiyliik hacimli
verilerden elde edilen duygular1 veya fikirleri tespit etmek
amactyla duygu analizi siklikla kullanilmaktadir [36].
Siyaset, sosyoloji, ekonomi ve finans gibi farkli sosyolojik
alanlarda kullanilan duygu analizi g¢aligmalar1 sosyal
medya kullaniminin yayginlagmasiyla birlikte 6n plana
¢ikmistir [40]. Calismamiz kapsaminda kullanilan veri
setinde Twitter kullanicilarinin ~ saglik  hizmetleri
pazarlamasina yonelik duygularinin analiz edilmesinde
duygularin  kutuplagsmasin1  (pozitif/negatif/notr) ve
yogunlugunu (gii¢) dikkate alan bir duygu analizi yontemi
olan VADER (Valence Aware Dictionary for Sentiment
Reasoning) modeli kullamlmistir [41]. VADER, kural
tabanli bir duygu analiz arac1 ve sosyal medyada duygulari
ifade etmek i¢in kullanilan bir sozliiktiir [42]. Herhangi bir
egitim verisine ihtiya¢ duyulmayan bu yontem kullanilarak
onceden islenmis tweetlerin genel puani hesaplanir ve ¢ikti
olarak bir tweet'in pozitif, negatif ve notr puanlart verilir
[43, 44].

Calismamizin ~ bir  sonraki  asamasinda  Twitter
kullanicilarimin saglik hizmetleri pazarlamasina yonelik
gorlisleri duygu analizi ile analiz edildikten sonra elde
edilen {i¢ duygu durumunun en iyi tahmin edicilerini
belirlemek i¢in yeni bagimsiz degiskenler olusturulmustur.
Bu yeni veri kiimesini olugturmak i¢in sekiz haftalik veri
setleri birlestirilerek tek bir veri seti olusturulmus ve bu
orijinal Twitter metin belgesi ile yeni bir kelime bulutu
olusturulmustur. Olusturulan bu yeni kelime bulutunda en
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sik tekrarlanan kelimeler gozden gegirilmis ve sirasiyla
“health system, insurance ve mental health” kelimelerinin
sikliklarinin ~ yiiksek  oldugu  goriilmiistiir.  Saglik
hizmetlerinde pazarlama konusunda Twitter verilerinin
analiz edildigi caligmalarin eksikligi gbz oniine alinarak
sikca tekrarlanan bu kelimelerin Twitter kullanicilarinin
saglik hizmetleri pazarlamasina yonelik duygu durumlarim
belirleme etkili olabilecegi ve bu konuda literatiire katki
saglanacagi diisiiniilerck bu kelimeler kullanilarak yeni
degiskenler olusturulmustur. Ayrica bu kelimelerin yam
sira kullanilan tweetlerin retweet ve favorite edilip
edilmedigi gibi ozellikle Twitter platformunda yiiksek
etkilesim getiren degiskenler de yeni veri setine dahil
edilmistir. Metin formatinda olan degiskenlerin analize
dahil edilebilmesi icin ‘health system’, ‘insurance’ ve
‘mental health’ kelimelerinin metin igerisinde gegip
geememesine (O=hayir, 1=evet) ve ‘retweet’ ve ‘favorite’
edilip edilmemesine gore (0= retweetlenmemis
/begenilmemis, 1=retweetlenmis/begenilmis) ikili
kategoriye ayrilmis degiskenler ile birlikte toplamda bes
bagimsiz degisken olusturulmustur. Tiim degiskenler ayni
forma getirildikten sonra olusturulan bu bagimsiz
degiskenlerin veri seti kullanilarak Twitter kullanicilarinin
goriislerinin duygu durumlarinin en iyi tahmin edicilerini
belirlemek i¢in makine Ogrenmesi tekniklerinin
performanslari karsilagtirtlmistir. Bu ¢aligma kapsaminda
NN, RF, NB ve k-NN teknikleri kullanilmis ve Twitter veri
kullanicilarinin ~ goriislerinin  duygusal gruplamalarini
tahmin etmek icin karsilastirilmistir.

NN biyolojik sinir aglarina dayanan bir matematiksel
hesaplama modelini temsil etmektedir ve genellikle
siiflandirma problemlerini ¢6zmek ic¢in kullanilmaktadir
[45, 46]. Bir veri kiimesindeki temel iligkileri anlamaya
yonelik algoritmalar dizisi olan NN, insan beyninin
isleyisini taklit eden bir siire¢ araciligiyla galismaktadir
[47]. Noron ad1 verilen bir dizi basit, baglantili islemciden
olusmakta ve organik veya yapay ndron sistemlerini
yansitarak cesitli girdilere esnek bir sekilde uyum
saglayabilmektedirler [48, 49]. NN gibi dogrusal olmayan
istatistiksel veri modelleme araglarinin  kullanilmasi,
girdiler ve c¢iktilar arasinda karmagsik iliskileri
modellemeye yardimer olarak veri kiimelerindeki gizli
kaliplar1 da ortaya ¢ikarabilmektedir [50]. N girisi olan bir
néronun ¢iktisint  hesaplamak i¢in asagidaki formiil
kullamlir (Esitlik 1) [51]. Y ¢ikisi, x; girisi, w;agirhigl, b
yanliligi ve f ise transfer fonksiyonunu temsil eder [52].

Y=f(2?=1wl-xl-+b) (1)

RF birden fazla karar agacinin kombinasyonundan olusan
bir modeli temsil etmektedir [53]. Bu yontem birden fazla
karar agact olusturmak igin genel egitim kiimesinden
ozellik alt kiimesini rastgele secen ve ardindan bireysel
karar agaglarmin ortalama tahmini olarak bilinen model
siniflandirmasini dondiiren bir karar agaci tiiriidiir [54, 55,
56]. Tahmin modelinin bagar1 seviyesi yeterli 6grenme
saglandiktan sonra dogrulama verilerinin test edilmesiyle
belirlenir ve tahmin sonuglarimin  dogrulugu ve
glivenilirligi karar agaclar1 arttikca artar [53, 57]. Son
derece ayarlanabilir ve kullanici dostu bir denetimli
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ogrenme yaklasimidir ve hem regresyon hem de
siniflandirma amaciyla kullanilabilmektedir [58, 59]. RF
bliyik  miktardaki  verinin dogru  bir  bicimde
smiflandirilmast ve karmagik veri yapilarinin analizi igin
uygun bir secenek olarak goriilmektedir. Bu nedenle
smiflandirma algoritmalar1 arasinda diger modellerle
karsilastirlldiginda siirekli olarak en yiiksek tahmin
dogrulugunu sunmaktadir [60, 61]. Ozellik alt kiimesi
secimi ve eksik veri atamasi i¢in kullanilan bu ydntem
oldukga etkilidir ve gelecekteki veri eklemeleri igin yiiksek
performans sunabilir. RF, biiyiitme, kendini test etme, agag

birlestirme ve sonlandirma gibi konularda belirli
talimatlar1 takip eder ve asir1 uyum konusunda
dayaniklidir. Ayrica ¢ok yiiksek boyutlu parametre

uzaylarinda ve aykiri degerlerin varliginda diger ML
algoritmalarina gore daha kararli oldugu sdylenmektedir
[62]. Karar agacindaki her diigiimiin entropisi su sekilde
verilir (Esitlik 2):

ni; = w;C; _Wiere(j)Crere(jy- Wrighe(j) Crigne(i» )

Burada nij, diigiim j'nin 6nemini, w; diigiim j'ye ulagan
orneklerin agirhikli sayisini, Cj diigiim jmin karisiklik
degerini, left (j), diigiim j'nin tizerinde sol boliimiindeki alt
diigiimii ve right (j) ise diigiim j'min sag boliimdeki alt
diigiimii ifade etmektedir.

Bayes Teoremi temel alinarak gelistirilmis bir istatistiksel
smiflandirma yontemi olan NB ise basit ve kosullu
olasiliklara dayanmaktadir [63]. Hem ¢ok kategorili hem
de ikili siniflandirma igin kullanilabilen NB ¢ok smiflt
smiflandirmanin siniflandirmast igin yetersiz akis ve asiri
uyum gibi iki ana sinirlamanin da {istesinden gelir [64, 65,
66]. Bu yontemde simf tahmini diger 6zelliklerden
bagimsiz olarak ele alinir ve bir 6zelligin sinif lizerindeki
etkisinin diger ozelliklerden bagimsiz oldugu varsayilir
[67]. Bagiml1 6zelliklere sahip siniflari siniflandirmak igin
en uygun olan, gii¢lii bir kosullu bagimsizlik varsayimina
sahip olasiliksal bir smiflandiricidir [68]. Bu yodntem
olusturulan olasiliklar ile modellemedeki belirsizlikleri
yakalamaya c¢aligarak tahmin problemlerinin ¢6ziilmesine
yardimcr olmaktadir [69]. NB ydnteminin uygulanmasi
kolaydir ve genellikle iyi performans degerlerine sahiptir
[70]. Ciinkii NB, kullanmilan her degisken igin sonlu
olasiliklar1 hesaplayabilir, ¢oklu sinif yogunluk tabanlt
siniflandirmada sorunlar1 ¢6zmek igin sik¢a kullanilir ve
bu yontemde belirli bir 6zelligin degeri, sinif degiskenine
verilen herhangi bir bagka o&zelligin degerinden
bagimsizdir [71]. Kullanilan NB teoreminin temeli
asagidaki Bayes formiiliidiir (Bkz. Esitlik 3).

P(X | C).P(C
P(C|X) =" ®3)

P (C| X) son olasiliktir,

P (X | C) olasiliktir,

P (C) siif 6ncesi olasiliktir,
P (X) tahmini 6n olasiliktir.
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Son olarak en yakin komsularin hesaplanmasina dayanan
k-NN ise smiflandirma ve regresyon problemlerinin
coziimiinde kullanilan denetimli bir makine 6grenimi
teknigidir [49, 72]. Bu algoritmanin temel prensibi, ayn
smifa ait en benzer Orneklerin yiiksek olasilifa sahip
olmasidir. Genellikle, k-NN algoritmast bir sorgunun
egitim veri setindeki en yakin k komsusunu belirleyerek,
bu k komsudaki ana smifla sorguyu tahmin etmektedir
[73]. K-NN algoritmasi, yeni veriler ile Onceden
tanimlanmig veriler arasindaki benzerligi varsayar ve yeni
verileri mevcut kategoriler arasinda en uygun olan
kategoriye dahil eder [58]. Veri madenciligi, goriinti
isleme vb. alanlarda bir¢ok uygulamada kullanilan bu
algoritma, siniflandirilacak nesnenin egitim verilerine olan
en yakin mesafesini hesaplamak icin kullanilir. Bu
mesafenin  Oklid Uzakhigi  yontemi  kullamlarak
hesaplanmasi i¢in asagidaki formiil kullanilir (Esitlik 4)
[74]. Boyutlarin veya O6zelliklerin sayisi1 n'dir, x; veri
testindeki i 6zelligi, y; ise veri dizisindeki i 6zelligidir.

dist (x,y) = | 1 (xi = y1)? )

Veri analizinde, en uygun modeli segmek i¢in literatiirde
kabul gormiis ¢esitli model performansi degerlendirme
yontemleri bulunmaktadir. Saglik hizmetleri pazarina
yonelik durumlarmi siniflandirmak i¢in ¢esitli makine
Ogrenimi tekniklerini karsilagtirmak amaciyla kullanilan
performans yontemleri su sekildedir:

Dogruluk (Accuracy): Smiflandirma modelinin dogru
tahminlerinin, toplam veri noktalarina oraniyla hesaplanan
yaygin bir metriktir ve model tahmininin dogru olma
olasiligim1 hesaplar [75, 76]. Dogruluk hesaplanirken
payda olarak karmagiklik matrisinin tim girdilerinin
toplami, pay olarak ise Gergek Pozitif ve Gergek Negatif
ogelerinin toplami alinir [76]. Dogruluk denklemi Esitlik
5’te gosterilmistir.

GP+GN

Dogruluk = ————
GP+YN+YP+GN

(®)

Kesinlik (Precision): Kesinlik, pozitif olarak tahmin edilen
degerlerin gercekte kaginin pozitif oldugunu gdsterir.
Gergek Pozitifler, model tarafindan pozitif olarak
etiketlenen 6geleri ifade ederken Yanlis Pozitifler, pozitif
olarak siniflandirilan ancak gercekte negatif olan 6geleri
temsil eder [76, 77]. Dogruluk denklemi Esitlik 6’da
gosterilmistir.

. GP
Kesinlik = ——
GP+YP

(6)
Duyarhilik  (Recall): Duyarlilik dogru siniflandirilmis
pozitiflerin gercek pozitiflere oranidir. Yani pozitif olarak
tahmin edilenlerin, toplam pozitif vakalarin ne kadarini
kapsadigin1  gdstermektedir. Duyarlilik hesaplanirken
Yanlis Negatifler géz oniine alinir. Bu dlgiitte temel olan
gergek pozitiflerin test sonuglarinda dogru bir sekilde
tahmin edilmesidir [78]. Dogruluk denklemi Esitlik 7°de
gosterilmistir.
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P
GP+YN @

Duyarlilik =

F1-Skor(F1): F1- skoru, kesinlik ve duyarlilik degerlerinin
harmonik ortalamasi alinarak hesaplanir ve F1 skoru en iyi
degerine 1'de, en kotii degerine 0'da ulasir [76, 78].
Dogruluk denklemi Esitlik 8’de gosterilmistir.

F1—Skor = 2« ( (8)

kesinlik*duyarllllk)
kesinlik+duyarlilik

Caligmamizin son agsamasinda olusturulan yeni veri seti ile
makine Ogrenmesi teknikleri kullanilarak — Twitter
kullanicilarinin  goriiglerinin duygu durumlarinin en iyi
tahmin edicileri belirlendikten sonra Twitter veri
kullanicilarimin  gériiglerinin duygusal gruplarini en iyi
tahmin eden degiskenin bulunmasi amaglanmistir. Bu
kapsamda RF algoritmasi kullanilarak olusturulan Pisagor
agact kullanilmigtir. Adin1 geleneksel olarak Pisagor
teoremini tasvir eden bir yapilandirma olan Pisagor'dan
alan Pisagor agaci, ikizkenar dik ii¢genin kenarlarina
kenarlarla orantili karelerin ¢izilmesiyle olusturulmus bir
agactir [79]. Bu agag, dogrularin dallara ayrilmasindan
ibarettir ve damarlanmaya benzer [80]. Her bir
gorsellestirmenin rastgele olusturulmus bir agagla ilgili
oldugu RF adli bir karar agaci modeline dayali Pisagor
agact, birgok gorsellestirmeye sahiptir. Bu gorseller
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arasinda en iyi aga¢ yapisi dallar1 en kisa ve en koyu renkli
olan olarak gosterilmektedir. Bu, birkag¢ 6zelligin dallari iyi
boldigii anlamina gelmektedir. Pisagor gorsellestirmesi,
biiylik agaclar1 ve yapilarini gostermek icin uygundur [81].
Pisagor agacini olusturmanin amaci, veri iliskilendirme
aragtirmalarini basitlestirmektir [82].

3. BULGULAR (RESULTS)

Calismamiz kapsaminda saglik hizmetleri pazarlamasi ile
ilgili olarak 1 Ekim 2022 ve 30 Kasim 2022 tarihleri
arasinda Twitter’dan toplanan veriler lizerinde duygu
analizi gergeklestirilmistir. Toplam 27079 tweet iizerinde
yapilan duygu analizi sonucunda elde edilen bulgular
Tablo 1°’de gosterilmektedir. Buna goére calisma
orneklemimizin %50,36’sinin  (n=13638) pozitif yani
olumlu duygulara sahip oldugu goriilmektedir. Notr duygu
duruma sahip tweetlerin oram1 %32,21 (n=8721) iken
negatif yani olumsuz duygu durumuna sahip tweetlerin
oraninin ise %17,43 (n=4720) oldugu belirlenmistir.
Yaptigimiz analiz sonucunda ‘healthcaremarket’ ile ilgili
olarak atilan tweetlerin %82,5’nin olumlu ya da ndtr
duygularla atildig tespit edilmistir. Buna gore Twitter
kullanicilarinin =~ ¢ogunlugunun  saglik  hizmetleri
pazarlamasi konusunda olumlu duygulara sahip oldugunu
sOylemek miimkiindiir.

Tablo 1. Duygu analizi (Sentiment analysis)
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Ekim’in 1. haftasindaki ilk 100 kelime icin kelime bulutu

Aylar Toplam Tweet Pozitif % Notr % Negatif %

Ekim (1. hafta) 11237 3714 %33,05 6354 %56,55 1169 %10,4
Ekim (2. hafta) 1973 1240 %62,85 271 %13,73 462 %23,42
Ekim (3. hafta) 2499 1593 %63,75 359 %14,36 547 %21,89
Ekim (4. hafta) 3079 1936 %62,88 467 %15,17 676 %21,95
Kasim (1. hafta) 2561 1620 %63,26 427 %16,67 514 %20,07
Kasim (2. hafta) 2675 1568 %58,62 433 %16,19 674 %25,19
Kasim (3. hafta) 1419 915 %64,48 193 %13,6 311 %21,92
Kasim (4. hafta) 1636 1052 %64,3 217 %13,27 367 %22,43
Toplam Tweet 27079 13638 %50,36 8721 %32,21 4720 %17,43

> ' dmi rjni strat i O n e e dsep stoc i ‘
Breaki Ng O (i || o gj'%b s I = (Jf?ggé - 'ky
rating G2y new Ness ’ z

>mpan

C
. nsurancew:
busnness (,)H,Vi( e< system

Ekim’in 2. haftasindaki l[k I ()() kelune i¢in kelime bulutu

nent Y pest
know €«

lucation g;
sist marketing
_— m.\”}" s prevent ljl’t'“ff<>'t<¥‘c,ck arket
> food »
Pay work .care
_eke birth freeglowth
:‘«,‘:t:x‘ regulators
think kee ITW Stifanc l'n dication
tp | e’ people, ﬁ‘”
eintendec P remature.
Shomy global

Ekim’in 3. haftasindaki ilk 1 00 kelime icin kelime bulutu

billion
digital china®"*" ..

pa
nciat Products
educatuon

ervices h D.
busnness elp

good insura nce r‘wwlé'éd

anc 1lm| . X

- ,W"'kfree BanKUPrsed
! S food Iobal
sug Yo rern l'nne peOQulxl«

ated
economy
han ged

Ekim’in 4. haﬂaslndakl ilk 100 kelime icin kelime bulutu

Sekil 1. Ekim ayinda yer alan haftalarda en sik tekrarlanan 100 kelimeden elde edilen kelime bulutlar1 (word clouds from
the 100 most frequent words in the weeks in October)
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Caligmamizin bir sonraki adiminda saglik hizmetleri
pazarlamasi ile ilgili atilan tweetlerin igerisinde en sik
kullanilan kelimeler ile Kasim ve Ekim aylarinda yer alan
haftalar i¢in kelime bulutlar1 olusturulmustur. Sekil 1 ve
Sekil 2°de goriildigii gibi, toplam sekiz haftalik veri
setinde en sik tekrarlanan 100 kelime filtrelenmistir. Sekil
1’de Ekim ay1 igerisinde bulunan dort haftalik veri setine
bakildiginda en stk tekrarlanan kelimelerin
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‘administration’, ‘system’, ‘drug’, ‘care’, ‘insurance’ ve
‘mental’ kelimeleri oldugu gorilmiistiir. Bu kelimeler
Twitter kullanicilarinin saglik hizmetleri pazarlamasina
iliskin bakis acgilarim tasvir etmektedir. Belirtilen
kelimelerin yogunlugu, saglik hizmetleri pazarlamasinda
belirli temalarin one ¢iktigmi ve belirtilen haftalar
icerisinde saglik hizmetleri pazarlamasinin odaklandig
kilit kavramlar1 yansitmaktadir.
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Sekil 2. Kasim ayinda yer alan haftalarda en sik tekrarlanan 100 kelimeden elde edilen kelime bulutlart (Word clouds from
the 100 most frequent words in the weeks in October)

Sekil 2°de Kasim ay1 igerisinde bulunan dort haftalik
veri setine ait kelime bulutlarinin grafikleri yer
almaktadir. Buna gore Kasim ay1 i¢erisinde bulunan dort
haftalik veri setine bakildiginda en sik tekrarlanan
kelimelerin yine Ekim ay1 ile benzer olarak ‘insurance’,
‘mental’, ‘care’ ve ‘people’ kelimeleri oldugu
goriilmiistiir. Bu kelimeler Twitter kullanicilarinin
saglik hizmetleri pazarlamasina iligkin bakis ag¢ilarin
tasvir etmektedir. Belirtilen kelimelerin yogunlugu,
saglik hizmetleri pazarlamasinda belirli temalarin 6ne
ciktigini  ve belirtilen haftalar icerisinde saglik
hizmetleri pazarlamasinin odaklandig1 kilit kavramlari
yansitmaktadir.

Calismanin bir sonraki analiz asamasinda bes bagimsiz
degiskenden olusan yeni bir veri seti olusturulmustur.
Olusturulan bu yeni veri seti ile Twitter kullanicilarinin
saglik hizmetleri pazarlamasi hakkindaki goriislerinin
olumlu, olumsuz ve nétr duygu durumlarinin en iyi
tahmin edicilerini bulmak i¢in makine Ogrenmesi
tekniklerinin kullanilmasi esas alinmigtir. Tablo 2’de
yeni olusturulan veri setine iliskin tanimlayici
istatistikler yer almaktadir. Buna goére Twitter
kullanicilarmin  %81,8’1 tweetleri retweet ederken
%38,9’u tweetleri favorite etmistir.

Tablo 2. Twitter kullanicilarinin duygu durumlarimi tahmin etmek igin olusturulan degiskenlerin tanimlayici istatistikleri
(Descriptive statistics of variables generated to predict twitter users' moods)

Frekans / % Health System Insurance Mental Health Retweet Favorite
Evet Haywr Evet Haywr Evet Haywr Evet Haywr Evet Hayw
n 4996 22083 1242 25837 1486 25593 | 12184 | 14895 7590 19489
% 18,5 81,5 4.8 95,2 58 94,2 81,8 18,2 38,9 61,1
Anahtar kelimelerin Tirkge karsiliklari: Health system: Saglik sistemi; Insurance: Sigorta; Mental health: Ruh sagligi; Retweet: Yeniden
gonderilen tweet; Favorite:Begeni.

Bes bagimsiz kategorik degiskenden olusan bu yeni veri
setini olusturmanin amact saglik hizmetleri pazarlamasi
igin Twitter kullanicilarinin  goriiglerinden olumlu,
olumsuz ve nétr duygu durumlarini tahmin etmek icin

en iyl makine Ogrenmesi teknigini bulmaktir.

performans karsilastirmalarini yapmak i¢in NN, RF, NB

ve

k-NN  gibi

kullanilmistir.

makine

Karsilastirilan

O0grenmesi
makine

teknikleri

O0grenmesi

Bu
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tekniklerinin  performans degerleri Tablo 3'te
gosterilmektedir. Buna gore Tablo 3’te gortldigii gibi
calismada kullanilan makine 6grenmesi tekniklerinin
performanslart ROC Egrisi Altindaki Alan (AUC),
Siniflandirma Dogrulugu (CA), FI1, Kesinlik ve
Duyarlilik degerleri agisindan degerlendirilmistir. Elde
edilen bulgular dogrultusunda en yiiksek tahmin
performansina sahip olan teknigin RF (AUC=0,707;
CA=0,646), ikinci en iyi tahmin performansina sahip
olan teknigin NN (AUC=0,706; CA=0,645) ve {iglincii
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en 1yi tahmin performansina sahip olan teknigin ise NB
(AUC=0,702; CA=0,646) oldugu belirlenmistir. Bu
makine  Ogrenmesi teknikleri arasinda  k-NN
(AUC=0,501; CA=0,177) tekniginin en diisiik tahmin
performansina sahip olan teknik oldugu goriilmiistiir.
Calisma bulgular1 RF ve NN’in diger makine 6grenmesi
teknikleriyle karsilagtirildiginda ¢ok sinifli Twitter
verisi kullanicilarinin duygu durumlarini tahmin etmede
daha yiiksek smiflandirma performanslara sahip
oldugunu dogrulamustir.

Tablo 3. Makine 6grenmesi tekniklerinin performanslarinin karsilagtirilmasi (Comparison of performance of machine learning
techniques)

Model AUC CA F1 Kesinlik Duyarhhik
Rastgele Orman (Agag sayisi=10) 0.736 0.677 0.608 0.627 0.677
Neural Network 0.735 0.677 0.609 0.694 0.677
Naive Bayes 0.730 0.638 0.577 0.530 0.638
k-NN 0.502 0.177 0.060 0.630 0.177
Aciklamalar: AUC: Area Under the ROC Curve-ROC Egrisi Altindaki Alan; CA: Classification Accuracy-Siniflandirma Dogrulugu

Caligmamizin son adiminda verilerin gorsellestirilmesi
ve Twitter kullanicilarinin = duygu  siiflarinin
belirlenmesinde en etkili degigskenin goriilmesi igin
Pisagor agaci yontemi kullamlmistir. Sekil 3
incelendiginde saglik hizmetleri pazarlamasina yonelik
kullanici sayisinin en fazla oldugu pozitif (n=13495) ve
notr (n=8850) duygu smiflarindan elde edilip RF
smiflandirma modeli kullanilarak olusturulan Pisagor
agacma gore en etkili degiskenin ‘favorite’ degiskeni
oldugu gortilmiistiir. Bu degiskenin her iki duygu sinifi
icin Pisagor agaglarmin ana karar digimiini
olusturdugu  goriillmiistir. Bu durum, Twitter
kullanicilarinin =~ saglik  hizmetleri ~ pazarlamasi

hakkindaki duygu siniflarinin belirlenmesinde ‘favorite’
degiskeninin 6nemli bir rol oynadigini gostermektedir.
‘Favorite’ degiskeninin ana karar digimii olmasi,
kullanicilarin  paylagimlarinda o6ne ¢ikan igeriklere
odaklanirken, bu igeriklerin pozitif ve ndtr duygular
nasil etkilediginin anlagilmasina yardimci
olabilmektedir. Bu bulgular, saghik hizmetleri
pazarlamas stratejilerinin Twitter kullanicilari tizerinde
olumlu etkiler yaratma potansiyeline sahip oldugunu
gostermektedir. Diger degiskenler ele alindiginda
sirastyla ‘health system’, ‘insurance’, ‘retweet’, ve
‘mental health’ degiskenlerinin Twitter kullanicilarin
duygu siniflarinin belirlenmesinde en etkili olan diger
degiskenler oldugu belirlenmistir.

13495/27079 samples (49.836%)

|split by favorites1
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Sekil 3. Olumlu ve nétr duygu durumunun pisagor agaci (Pythagorean tree of positive and neutral moods)
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4. TARTISMA (DISCUSSION)

Saglik hizmetleri hizli bilyiliyen bir sektor olmasi sebebiyle
pazarlama uygulamalarini siklikla kullanmakta ve hizmet
sunucu, hizmet kullanici ve hiikiimetler agisindan 6énemli
bir rol oynamaktadir [19, 83]. Twitter gibi sosyal medya
araglar1 son yillarda birgok sektérde oldugu saglik
sektoriinde de kullanicilarin gortislerinin, beklentilerinin
ve isteklerinin belirlenmesi konusunda siklikla bagvurulan
bir platform haline gelmistir. Bu nedenle bu galisma
Twitter kullanicilarinin saglik hizmetleri pazarlamasina
iligkin algilarmin incelenmesi amaciyla yapilmistir.
Caligmamiz kapsaminda 1 Ekim 2022 ve 30 Kasim 2022
tarihleri arasinda ‘healthcaremarket’ etiketiyle elde edilen
27079 adet tweetten elde edilen veriler tizerinde analizler
gergeklestirilmigtir. Bu kapsamda ilk olarak Twitter’dan
elde edilen tweetler izerinde duygu analizi yapilarak saglik
hizmetleri pazarlamasina yonelik algilarin ¢ogunlukla
olumlu oldugu tespit edilmistir. Literatiire bakildiginda
benzer sekilde Sevim ve Giidik [19]lin kamu saglik
hizmetleri yoneticilerinin saglik hizmetlerinde pazarlama
faaliyetlerine bakis acilarinin degerlendirilmesine yonelik
yaptiklar1 ¢alismada saglik hizmetleri yoneticilerinin kamu
saglik hizmetlerinde pazarlama faaliyetlerine yonelik
olumlu bir bakis agisina sahip olduklar tespit edilmistir.
Yine pazarlama alaninda yapilan baska bir ¢aligmada ise
miisteri begeni ve memnuniyetsizliklerinin olusmasinda 6n
plana c¢ikan faktorlerin belirlenmesi amaciyla duygu
analizi  kullanilarak  yapilan ¢alismalarda negatif
yorumlarin pozitif ve ndtr yorumlara kiyasla daha fazla
oldugu goriilmiigtiir [23]. Yani degisen ve gelisen diinya ile
birlikte diger hizmet alanlarinda oldugu gibi saglik
hizmetleri alaninda da pazarlama uygulamalarinin olumlu
etkileri oldugunu sdylemek miimkiindiir. Literatiir
incelendiginde Twitter kullanimimin 6zellikle kronik
hastaliklar konusunda bilgi paylagimi konusunda siklikla
kullanildigr goriilmektedir. Bagka bir ¢alismada ise gogiis
kanseri hastalarini Twitter iizerinden yaptiklar1 paylagimlar
duygu durumu analizi ile incelendiginde hasta tedavisi,
hasta  desteginin  artirllmast  ve  farkindaligin
yayginlastirilmas:  konularinda olumlu  deneyimlerin
paylasildigt goriilmiistiir [84].

Ekim ve Kasim aylar1 igin olusturulan kelime bulutlarina
gore en sik tekrarlanan kelimelerin ‘insurance’ ve ‘mental’,

‘care’, ‘drug’ ve ‘system’ gibi saglik hizmetleri
pazarlamasiyla dogrudan iligkili kelimeler oldugu
goriilmiistir. Caligma kapsaminda yer alan Twitter

kullanicilarinin saglik hizmetleri pazarlamasina yonelik
olumlu, olumsuz ve notr duygu durumlari belirlendikten
sonra bu duygu durumlarimi tahmin etmede hangi yontemin
daha etkili oldugu sorusuna cevap aranmigtir. Bu noktada
aradigimiz sorunun cevabmi belirlemek igin makine
O0grenmesi teknikleri kullanilarak performans
karsilagtirmalart yapilmistir.  Literatiire bakildiginda
Twitter metinleri iizerinde makine 6grenmesi tekniklerinin
kullaniminin yaygin oldugunu ve Tiirkge Twitter mesajlar1
iizerinde duygu analizlerinin yapildig1 bir ¢alismada Naive
Bayes algoritmasi, destek vektdr makineleri ve lojistik
regresyon analizi gibi makine &grenmesi siniflama
tekniklerinin kullanildigi goriilmiistiir [85]. Bu nedenle
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calisma kapsaminda bes adet bagimsiz kategorik
degiskenden olusan yeni bir veri seti olusturularak bu yeni

veri seti iizerinden makine Ogrenmesi tekniklerinin
performans  karsilastirmalart  yapilmistir.  Yapilan
performans  karsilagtirmalar1  sonucunda  Twitter

kullanicilarinin saglik hizmetleri pazarlamasina yonelik
duygu durumlarini tahmin etmeden en iyi makine
ogrenmesi tekniginin RF ve NN algoritmalari oldugu tespit
edilmistir. Son olarak yeni olusturulan veri setinde yer alan
‘favorite’ degiskeninin Twitter kullanicilarinin  duygu
durumlarimi  agiklamada en etkili degisken oldugu
belirlenmistir. Bu durumda Twitter kullanicilarin saglik
hizmetleri pazarlamasina yonelik atilan tweetlere
cogunlukla katildigi ve olumlu bir yaklasim sergiledigi
sOylenebilir. Son yillarda Twitter saglik alaninda Diinya
Saglik Orgiitii gibi kiiresel orgiitler tarafindan uluslararasi
kamuoyuyla iletisim kurmak i¢in 6nemli bir halkla iligkiler
aract haline gelmistir. Pandeminin saglik alaninda politika
belirleme ve karar verme {izerindeki etkilerinin
gozlenmeye devam edildigi 2022 yili itibariyle DSO
Twitter paylasimlar1 tizerinde yapilan bir incelemede,
Twitter kullanicilarmin DSO’niin  Covid-19 ile ilgili
paylagimlarmma  tepki  (favorite-retweet)  verdikleri
gOriilmiistiir [86].

Calismamizda toplumdaki kisilerin saglik hizmetlerinin
pazarlamasina  yonelik olumlu duygu durumlar
belirlenmis ve bu duygu durumlari ileri derecede analiz
teknikleri kullanilarak daha detayli bir sekilde analiz
edilmistir. Calismanin sinurliliklart géz oniine alindiginda
calisgma kapsamma sadece Ingilizce dilinde ve
‘healthcaremarket’ etiketi kullanilarak atilan tweetler dahil
edilmistir. Ayrica bu ¢aligmada sosyal medya
platformlarindan sadece Twitter’1 kullanan kisilerden elde
edilen veriler kullanilmistir. Son olarak g¢aligmanin bir
diger sinirlilig1 da sadece sekiz haftalik bir zaman periyodu
i¢in veri setinin olusturulmasidir.

5. SONUC VE ONERILER
RECOMMENDATIONS)

(CONCLUSION AND

Basta saglik olmak {izere birgok alanda sunulan hizmetlere
iligkin kamuoyu goriisleri ve bu goriislerin en ¢ok
paylasildigt sosyal medya platformlart son donemde en
onemli bilgi kaynaklarindan biri haline gelmistir. Bu
caligma kapsaminda da Twitter’dan elde edilen verilerle
kisilerin saglik hizmetleri pazarlamasi konusundaki
goriisleri duygu analizi kullanilarak degerlendirilmistir.
Aragtirmamiz sonucunda elde edilen bulgular Twitter
kullanicilarinin  biiyiik ¢ogunlugunun saglik hizmetleri
pazarlamasi konusunda olumlu bir goriise sahip oldugunu
gostermistir. Calismanin ileri analiz asamasinda Twitter
kullanicilarinin - duygu durumlarmin en iyi tahmin
edicilerini bulmak amaciyla olusturulan yeni veri seti
kullanilarak makine Ogrenmesi tekniklerinin
performanslar1 kargilagtirilmigtir. Bu analiz sonucunda
Twitter kullanicilarinin duygu durumlarinin en iyi tahmin
edici makine 6grenmesi teknikleri RF ve NN olmustur.
Twitter kullanicilarinin saglik hizmetleri pazarlamasina
yonelik duygu durumlarinin en iyi tahmin edici
degiskenlerinin ise sirasiyla ‘favorite’, ‘health system’,
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‘insurance’, ‘retweet’, ve ‘mental health® oldugu
belirlenmistir. Sosyal medya platformlarindan elde edilen
giincel bilgilerin politika yapicilar icin énemli bir kaynak
oldugu disiiniilmektedir. Bundan sonra yapilacak olan
calismalarda saglik hizmetleri pazarlamasina yonelik
literatiirde yer alan sinirli ¢aligmalara ek olarak saglik
hizmetleri pazarlamasina yonelik goriislerin
degerlendirilmesinde Twitter’in yanmi sira farkli sosyal
medya platformlarinin da c¢alisma kapsamina dahil
edilmesi ve bu platformlardan elde edilen bulgularin
karsilagtirilmas1  Onerilmektedir. Yine ileride yapilacak
calismalarin zaman igindeki degisiklikleri daha iyi
anlamak ve derin bir perspektif sunmak amaciyla daha
uzun bir zaman araligini kapsayacak sekilde planlanmasi,
ayrica analizlerin genellenebilirligini artirmak ve
bulgularin daha genis bir kitleye uygulanabilir olmasia
katkida bulunmak i¢in daha biiyiik bir veri seti kullanilmast
Onerilmektedir. Ayrica farkli etiketler kullanilarak daha
genis bir perspektif ile saglik hizmetleri pazarlamasina
yonelik degerlendirmeler ele alinabilir.
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Ozet— Acil yardim hizmetlerinde hayati éneme sahip olan ambulanslar, giiniin her saati trafikte mahsur kalmaktadir.
Heniiz tam anlamiyla ambulansa yol vermeyle ilgili oturmus bir yontemin olmamasi, ara¢ kalabalig1, acemi ve duyarsiz
stiriciiler nedeniyle ambulansin olay yerinden hastaneye ulagsmasi gii¢clesmektedir. Bu ¢aligma kapsaminda, ambulansin
en kisa siirede hastaneye varmasi amaglanmigtir. Ambulans konumu ve bilgi panelleri konumlari arasinda Haversine
formiilii yardimiyla mesafe hesaplanarak bilgi paneli olarak adlandirilan ekranlarla diger siiriiciileri erkenden
bilgilendirerek trafigin akisin1 bozmadan daha giivenli bir sekilde sol serit bosaltilacak ve ambulansin gegisini hizlanacak.
iki farkli canlandirma yapilmustir. {lkinde, ambulans logosunu yansitmasi igin dlgiilmesi gereken mesafe degerleri 0.4 —
0.9 km araligindadir. Cikt1 olarak hesaplanan degerleri 0.04 — 0.65 km araligindadir. Ambulans yakindayken 1s1k ve sesle
ikaz zaten etkili bir yontem oldugundan dolay1 faydanin yeterli degildir. ikincisinde, bu mesafe degerleri 1.5 — 2 km
araliginda ve gosterim siiresi 125 — 200 saniye araligindadir. Cikti olarak hesaplanan degerleri ise 0.97 — 1.62 km
araligindadir. Bu mesafeden ambulansin 1sik ve sesinin uyaricilii zor olacagindan bu yontemde elde edilen fayda
artmustir. Yapilan calisma sonucunda, uygun degerler verildiginde ¢6ziim oldukga faydali olacaktir. Bu ¢aligma, olay
yerine varilmasi, diger yollarin da kapsanmasi, diger acil yardim araglarinin da dahil edilmesi anlaminda gelecekteki
caligmalara 151k tutacaktir.

Anahtar Kelimeler—acil ulasim, akilli acil ulasim planlama, cbs, cografi konum, haversine formiili

Decision Support Systems for Emergency Transportation
Problems with a New Location-Based Method: Ambulance
Sample Application Animation

(Cam and Sakura Hospital Example)

Abstract— Ambulances, crucial for emergency services, often face traffic congestion, hindering their swift arrival at
hospitals. The lack of a clear protocol for yielding to ambulances, combined with inexperienced drivers and traffic jams,
poses challenges for timely hospital transfers. This study aims to expedite ambulance arrivals by using the Haversine
formula to calculate distances between ambulance locations and information panels. These panels inform drivers early,
facilitating left lane clearance without traffic disruption, thus accelerating ambulance passage. Two different simulations
were conducted. In the first, distance range for logo reflection: 0.4 — 0.9 km. Calculated distance values as output: 0.04 —
0.65 km. When the ambulance is nearby, light and sound insufficient. In the second, distances: 1.5 — 2 km, display time:
125 — 200 seconds. Calculated distance values as output: 0.97 — 1.62 km. It becomes harder to hear the lights and sirens
and the benefit obtained in this study increases. Applying appropriate values renders this solution highly beneficial,
ensuring swift hospital arrivals. This study paves the way for future research, addressing on-scene arrival, alternative
routes, and integration of other emergency vehicles into the system.

Keywords— emergency transportation, geographical location, gis, haversine formula, smart emergency transportation
plannin
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1. GIRIS (INTRODUCTION)

Giliniimiizde konum bilgisi pek ¢ok ihtiyag
dahilinde ¢esitli amaglar i¢in kullanilmaktadir [1]. Mevcut
yeri bulmak, gidilmek istenen konuma rota olusturmak,
havacilik, arag takip sistemleri, spor uygulamalar1 ve
meteorolojik tahminler, bankacilik uygulamalari, kadastral
Olgtimler i¢in kullanildigi gibi aligveris uygulamalarinin
civardaki magazalarla ilgili kampanyalar1 sunmasi igin de
kullanilmaktadir [2].

Konumlar hayati 6neme sahip olan saglik alaninda da
yogun olarak kullanilmaktadir. Acil ¢agr1 merkezini arayan
birinin otomatik hassas konumunun belirlenmesinde,
araglarda bulunan arag ici acil ¢agri sistemlerinde, EGM
tarafindan sunulan KADES uygulamasinda ve arama
kurtarma caligmalarinda da konumun bildirilmesi biiyiik
oneme sahiptir. Baz1 markalarin akilli saatleri de yine
benzer bir calisma mantifiyla kazayr algilayarak acil
durum aramasi yapabilmekte ve saate ait konumu
paylasabilmektedir.

Konum tabanli ¢oziimlerin hayati etkisinin 6nemi agik¢a
goriilmektedir. Ozellikle acil ulasim araci olan ambulansin
hastayla birlikte bir an dnce hastaneye varmasi biiyiik
onem teskil etmektedir. Bu hedef dogrultusunda, 6zellikle
bliylik schirlerde trafik sorunu ile yiizlesilmesi
gerekmektedir. Ambulans siiriiciisii gerektiginde 1siklarini
ve sirenini kullanarak diger siiriileri ikaz etmektedir. Buna
istinaden bir¢ok duyarli siiriici ambulansin hizli yol
alabilmesi i¢in yol vermeye c¢abalamaktadirlar. Trafigin
yogun oldugu durumlarda ambulanslar emniyet seridini de
kullanabilmektedir. Ayrica son zamanlarda, ambulansin
araglarin ortasindan gitmesini saglayan, sol seritte bulunan
araglarin sola yaklagmasi, sag seritte bulunan araglarin ise
saga yaklagsmasiyla ambulansin araglarin ortasindan
gecisini yapmasi seklinde agiklanan fermuar yontemi de
mevcuttur [3]. Fakat bu yontemlerin higbiri tek basina ya
da birlikte iken tam anlamiyla ¢6ziim sunmamaktadir.

Trafikte ¢ok sayida duyarl: siiriiciiniin olmasinin yaninda
nadirde olsa daha az duyarli ve yol vermede geciken
stirliciiler, ambulansin hastaneye varis hizin1 kesmektedir.
Bununla beraber acemi, ¢evik hareket edemeyen ya da
yiiksek sesle miizik dinlemek gibi dig ¢evre duyarliligini
azaltan etkenlere sahip siiriiciiler de vardir. Yiiksek
kapasiteli kentsel yollarin her bolimiinde emniyet seridi
bulunmayabilir. Bu durumda diger siiriiciilerle ayni
seritleri kullanmalar1 gerekmektedir. Emniyet seridi olsa
dahi baz1 diger siiriiciilerin gereksiz kullanimi nedeniyle
yine zor anlar yasanmaktadir. Fermuar yontemi de az
bilinmesi ve diger belirtilen nedenlerle iilkemizde
uygulanmasi kolay olmayan bir yontemdir.

Bu caligmanin en temel amaci, konum bilgisinden
yararlanilarak ambulansin en kisa stirede hizli ve giivenli
bir sekilde hastaneye varabilmesini desteklemektedir.

Yiiksek kapasiteli kentsel yollarin en sol seridinin iistiine,
bilgi paneli olarak adlandirilan ledlerden olugan bir

BiLiSiM TEKNOLOJILERI DERGISI, CiLT: 17, SAYI: 2, NiSAN 2024

ekranin, L tipinde bir direge monte edilerek kondugu
varsayllmaktadir. Trafigin hemen her saat oldugu bu
yollarda, ambulansin sol seridi kullanacagi kurali
bilinmektedir. Bilgi panellerine yaklasmakta olan bir
ambulans oldugunda en yakin bilgi paneli tespit
edilmektedir. Tespit edilen bu bilgi panelinde, ambulansin
kisa bir siire sonra bulundugu konumdan geg¢is yapacagina
dair anlam ifade eden ambulans logosunu ekrana
yansitilmaktadir ve diger siiriiciiler bilgilendirilmektedir.
Boylece sol seridin 6nceden bosaltilarak ambulansin
hastaneye en kisa siirede ve hizlica varabilmesi
desteklenmektedir. Bu temel amacin yaninda dolayh
amaclar ise, yol verme cabasi igerisinde olan diger
stiriiciiler, bir an dnce yol verme telasina kapilmamasi ve
trafigin  tehlikeye atilmamasi, diger siiriiciilerde
duyarliligin artmast ve belli bir yol verme yonteminin
yerlesmesi seklinde siralanmaktadir.

2. GENEL TANIMLAR (GENERAL DEFINiTiONS)

2.1. GPS (Global Positioning System)

Uydular iizerinden konum belirleme kavramu isitildiginde
ilk akla gelen uydu sistemidir. ABD tarafindan
gelistirildigi ilk yillarda askeri amag i¢in kullanilmaktaydi.
Sonraki yillarda sivil kullanimlar i¢in de imkan verilmistir
[2]. Boylece Diinya iizerinde ¢ok genis bir kullanima sahip
olmustur. Bu genis kullamm, temelde 31 uydu ile
saglanmaktadir [4].

2.2. TCP/IP (Transmission Control Protocol/Internet Protocol)

TCP/IP, internetin temelini temsil etmektedir ve cihazlar
arasindaki iletisimin saglanmasi i¢in kullanilmaktadir.
TCP kismi, veriyi paketlere ayirir ve karst tarafta
birlestirilmesini saglar. IP kismi, bu paketlerin iletilecegi
adresi ifade etmektedir. TCP portu 21 numarali port
tizerinden ¢alismaktadir [5].

2.3. MQTT Protokolii (Message Queuing Telemetry Transport
Protocol)

MQTT protokoliiniin agilimi, Message Queuing Telemetry
Transport olarak bilinen Tiirk¢e karsiligi mesaj kuyrugu
telemetri tasima protokoliidiir. TCP/IP {izerinden ¢alisan
mesajlasma protokolidiir. Broker yapist {izerinden
mesajlar dagitilmaktadir. Yaynci(Publisher)-
Abone(Subscriber) temelli hafif bir protokol olmasiyla
beraber, diisiik bant genisligi ve diisiikk gii¢ tiiketimi ile
diistik maliyetli ve bir¢ok farkli tiirdeki diisiik donanimli
cihazlarda dahi rahatlikla ¢alistirilabilmektedir [6].

Topic denen konular iizerinden yayincilar yayin
yapmaktadir ve aboneler, adindan da anlagilabilecegi lizere
bu konulara abone olmaktadir. Abone olunan konularda
yaymlanan mesajlar alinmaktadir. Yaymlanan mesajlar
payload kavrami iizerinden gonderilmektedir. Herhangi
mesaj paylasildiginda aninda mesajlar1 alabilmektedirler

[7]1.
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Yaymcinin, belirli konular {izerinden brokera mesaj
gondermesi yaym yapmak olarak adlandirilmaktadir.
Yapilan bu yayinlar, aboneler tarafindan alinir ve islevlere
gore degerlendirilmektedir [6].

2.4. JSON (Javascript Object Notation)

JSON, Javascript’e dayanan popiiler ve hafif bir veri
formatidir. Verileri, tasima, depolama ve transfer etmek
icin kullanilmaktadir. JSON verinin okunmasi ve yazilmast
oldukca kolaydir. Genellikle bir isimlendirme ve deger
¢iftinden olugmaktadir. Bunun yaninda, NoSQL veritabant
sistemlerinde de kullamilmaktadir [8].

2.5. Sifreleme Algoritmalar: (Encryption Algorithms)

Glinlimiizde yaygin olarak pek cok sifreleme algoritmasi
bulunmaktadir. Bu tez  kapsamunda  kullanilan
algoritmalarla ilgili alt baghklar halinde bilgi
paylasilmaktadir.

2.5.1. Rijndael Algoritmasi (Rijndael Algorithms)

Rijndael algoritmasi, farkli blok ve anahtar boyutlariyla
kullanilabilmektedir. 128 bitlik olarak ayrilan verilerden
olusan paket bloklarim 128, 192 ve 256 bit anahtar
secenekleriyle sifreleme yapabilen giivenli ve yaygimn bir
sifreleme algoritmasidir. Sifrele islemindeki tur sayisi
boyuta gore degismektedir. Blok boyutu 128bit oldugunda
anahtar boyutu 128, 192 ve 256 bit segildiginde sirasiyla
10,12 ve 14 turda sifreleme islemi yapilmis olacaktir. Tur
sayisi arttik¢a daha gilivenli olmaktadir. Fakat daha yiiksek
hesaplama giiciine ihtiya¢ olmaktadir [9].

2.5.2. SHA256 Algoritmast (SHA256 Algorithms)

SHA256, sifrelenmek istenen girdinin uzunluguna
bakmaksizin sabit boyutlu olarak 256 bitlik benzersiz 6zet
olusturmaktadir. En giivenilir algoritmalar arasinda yer
almaktadir.

2.6. Yeryiiziindeki Iki Nokta Arasindaki Mesafe Olgiimii
(Measurement of Distance Between Two Points on Earth)

Konum ve navigasyon sistemlerinde iki nokta arasindaki
mesafeyi dogru bir sekilde hesaplamak olduk¢a 6nemlidir.
Bu hesaplamalar i¢in Vincenty ve Haversine formiilleri
siklikla  kullanilir.  Vincenty, Ozellikle daha uzun
mesafelerde, daha dogru sonuglar verirken Haversine, daha
yakin mesafelerde, ortalama olarak %0.5 oraninda ufak
sapmalarla sonuglar verir. Haversine formiilinde diinya
tam bir kiire olarak kabul edilir. Haversine, Vincenty
formiiliine gore daha basit bir hesaplama yontemine sahip
olugu ve buna bagli olarak daha az iglem giicii ihtiyaciyla
daha hizli sonuglar tiretebildigi i¢in tercih edilmistir. [10].
Fonksiyon ve formiillerde kullanilan sembollerin anlamlari
su sekildedir. ©, merkez agiy1 [11], R, diinyanin yarigap1
olan 6371 kilometreyi, D, iki nokta arasindaki mesafeyi
ifade etmektedir. ®1, ®2 sembolleri iki noktanin
enlemlerini ifade ederken, A1, A2 sembolleri iki noktanin
boylamlarini ifade etmektedir [12]. Iki nokta arasindaki
merkez a¢1 formiilii, Sekil 1°deki gibidir.
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d
0=-

T
Sekil 1. Merkez A¢1 Formiilii
(Central Angle Formula)

Bu formiilde, merkez ag¢ryr bulabilmek i¢in r degerini
bildigimiz i¢in bunun yaninda iki nokta arasindaki
mesafeyi de bilmemiz gerekiyor. Iki nokta arasindaki

mesafeyi  bulabilmek icin haversine formiiliinden
yararlanilmaktadir [13]. Haversine fonksiyonu Sekil
2’deki gibidir.

(S]
haversine(8) = sin? (E)

Sekil 2. Haversine Fonksiyonu
(Haversine Function)

Haversine formiilii Sekil 3’deki gibidir. Hesaplamalarda bu
formiilden yararlanilmaktadir.

d
<;) = haversine(®, — ®,) + cos(P,) cos(P,)haversine(d, — 1,)

Sekil 3. Haversine Formiilii
(Haversine Formula)

2.7. Acil Saglik Hizmetleri (Emergency Health Services)

Insanlar, herhangi zamanda aniden gelisen saglk sorunu
ya da yaralanmalar yasayabilmektedir. Bunlar, bazen
hayati olabilmektedir.

Acil saglik hizmetleri, hastaneye ulagim dncesinde acilen
ilk miidahalenin yapilmasi konusunda gerekli egitimleri
almig kisiler tarafinda olay yerine intikalin saglanmasi,
hastanin en yakin saglik kurulusuna ulastirilmasi ve saglik
kuruluglarinda ~ verilen  tim  saglik  hizmetlerini
kapsamaktadir. Ayni zamanda yetkin olmayan kisiler
tarafindan ilkyardimin dogru yapilamayip fayda yerine
zarara sebep olan kisilerin ve ihmal kaynakli 6liimlerin
Oniine gegilmesi konularinda da sorumlulugu artmaktadir.

3. LITERATUR TARAMASI (LITERATURE REVIEW)

“Acil Hizmet Araglarinin GPS Tabanli Denetim ve
Organizasyonu” adli doktora tezinde, acil hizmet
servislerinin denetimi, organizasyonu ve miidahale
sorunlart tzerine calismuistir [14]. Bilinmeyen, tespit
edilemeyen, yanlis adresler, gercek olmayan aramalar,
sehirlerin gittikge biiyiimesi, hizli ve ¢arpik kentlesme,
trafik yogunlugu gibi sebepleri gbz oniinde bulundurarak
yasanan gecikmeyi vurgulamistir. Bu sorunlarin ¢ézimii
icin ambulansa eklenen GPS destekli bir tinite ile merkezde
bulunan sistem ile haberlesmesini saglayan bir otomasyon
diisliniilmiistir. GPS tarafindan radyo sinyalleri ile
merkeze iletilen konum bilgisi, merkezdeki yazilim ile
aracin konumu gosterilmektedir. Cagri yapan kisilerin
telefon numaralar1 bilindigi i¢in numaraya ait ge¢mis
kayitlar, gercek dig1 arama tespit edildiyse bu duruma ait
bilgiler gosterilmektedir. Ayn1 zamanda kisiye ait iletisim
ve saglik bilgileri de gosterilmektedir. Bu sayede konum
daha hizli belirlenmekte, ambulans ¢ikis siireleri
azalmaktadir.
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“Cografi Bilgi Sistemleri ile En Uygun Ambulans
Yerlerinin Belirlenmesi” adli ¢aligmada acil saglik
hizmetlerinde ambulansin  hayatimizdaki  Onemine,
mildahale siiresine vurgu yapmaktadir [15]. Ayrica
mildahale asamasinda 6ncesi ve sonrasi ile ilgili hizmet
akist hakkinda bilgi verilmistir. Ambulans istasyonlarinin
bulundugu konumlar incelenmis ve arastirmaya gore
literatiirde belirlenen 8 dakikalik standart ortalama
miidahale siiresi goz Onilinde bulundurularak vakaya
miidahale siiresine olan etkisi iizerinde bilgi paylagilmistir.
Incelemesi yapilan bdlgede mevcut ambulans istasyon
konumlarinin tam anlamiyla yeterli ve kapsayict olmadigt
sonucuna ulagilmigtir. Bu soruna ¢6ziim olarak ambulans
istasyonlarinin sayis1 arttirilmasi gerektigi ve CBS’den
faydalanilarak  yeni lokasyonlarin ~ belirlenmesi
onerilmistir. Ayrica CBS ile gercege en yakin ulagim verisi
elde edilip kurulacak bir merkez iizerinden CBS ve GPS
entegrasyonu saglanarak konumlarin daha hizli tespit
edilebilmesi ve ambulans igin kullanilabilecek en uygun
yolun belirlenerek trafikte daha hizli yol alabilmesi goriisii
paylasilmistir.

“Gaziantep 1li 112 Acil Ambulanslarinin 3 Yillik Calisma
Sonuglar1” adli calismada, 112 acil ambulanslarinda
personel sayisi, acil vakalara miidahale sayilari, hastalarin
ulasim ve saghk kurumlarina sevk siireleri, hastalik
tirlerine iliskin veriler incelenmistir [16]. Vakalarm
cinsiyet ve yas gruplarna gore dagilimi, istasyon niifus
yogunluklari ve 112 acil komuta merkezi ile hastaneler
arasindaki siiregler arastirilmistir.  Ambulans  ¢ikis
sayisinin yillar gegtikge arttigi belirtilmistir. Calisma ile
birlikte ambulanslarin hastalar1 hastaneye nakil siiresinin
yillar gegtikge rakamsal olarak arttigini ortaya konmustur.
Sonug olarak, artan vaka sayilar1 ile ambulanslarin olay
yerine ulasimi ve hastaneye ulasimi siiresi igerisindeki
gecikmeyi azaltmak i¢in planlama yapilmasi, nakil
stireclerinde yasanacak olumsuzluklar i¢in hastaneler arasi
iletisimin kuvvetlenmesinin uygun olacagi paylagilmistir.

“Metropolde 112 Acil Saglik Hizmeti” adli ¢alismada
hastalarin acil saglik hizmetleri kapsaminda hastane dncesi
transport siiresi ile elde edilmis olan demografik veriler
iizerinden arastirmas1 yapilmistir [17]. Ugiincii basamak
bir acil serviste 2013 Ocak ayinda 112 acil saglk
hizmetlerinde ambulans ile sevk edilen hastalar iizerinde
calisma yapilmigtir. Ambulansin ¢agr1 sonrasi ¢ikis siiresi,
olay yerine ulagim siiresi ve acil servise ulagim siiresi,
trafigin yogun oldugu ve olmadigi durumlar agisindan
belirli saat dilimleri bazinda siniflandirilarak istatiksel veri
olarak verilmistir. Istatiksel veriye goére, ambulansin
cagriy1 aldiktan sonra olay yerine 10 dakika i¢inde ulagsma
orant %68.3 olarak hesaplanmustir. ilk 13 dakikada
vakalarin %80’ine ulagilmigtir. Ambulans ile olay yerine
gidip sonrasinda hastayir ambulans ile hastaneye ulagtirma
stirecinde her vakanin dogru degerlendirilemeyip ¢ok da
elzem olmayan durumlarda ambulansin ve acil servisin
mesgul edildigi goriisii sorun olarak bildirilmistir. Sonug
olarak, ambulansin hizli hareketini engelleyecek her tiirlii
durum hasta acisindan hayati 6neme sahiptir. Dogru vaka
tespiti ve hastanin ihtiyacina uygun ekipmanlarin
hastanedeki varlig1r gozetilerek merkez tarafindan dogru
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hastaneye ambulansin yonlendirilmesinin saglanmasi tiim
hastalar ve ambulanslar i¢in biiyiik 6neme sahiptir.

“IoT Ambulance with Automatic Traffic Light Control”
adli calismada hastaya ait bilgilerin gereginden fazla
olmast ve ambulansin trafik sinyallerinde yasanan
gecikmeleri ele almistir. Yapilan g¢aligma neticesinde
hastaya ait sadece temel bilgilerin elde edilmesinin
siiregleri  kolaylastirdigr goriigmiistiir. Ayni1 zamanda
ambulansin trafik sinyallerini kontrol etmesiyle daha hizl
gegis yapmasi saglanmustir [18].

“Self-Driving Ambulance for Emergency Application”
adli ¢alismada ambulansin hizli, giivenli ve konforlu yol
olmasiyla ilgili konulara odaklanmiglardir. GPRS ve
modern tibbi cihazlarla donatilmis siiriiciisiiz bir ambulans
diistintilmiistiir. Bu ambulans, hasta i¢in konforu 6n planda
tutacak, kaza risklerini azaltacak ve otomatik olarak
trafigin az oldugu yollar1 tercih ederek en kisa giizergahtan
hastaneye yol alacaktir [19].

IBB istirak firmas1 olan ISBAK sirketinin {iriinii olan
Degisken Trafik Isaretleri (DTI) projesi bulunmaktadir.
Maksimum hiz limiti, hava durumuna goére giivenli siiriis
icin stiriciilerin daha dikkatli olmalar1 gibi bilgiler
verilmektedir. Ayrica trafikte gecis Uistlinliigii olan araclar
icin kirmizi 1518a takilmasinin engellenmesi gibi pilot bir
projesi de mevcuttur [20].

Bu pilot c¢alismasi, acil durum araglarinin trafik
sinyalizasyon sistemlerinin konumlandirildigi noktalarda
gecikmelerin Oniine gegebilmek icin yaklagsan bir acil
durum araci1 oldugunda sinyalizasyon sistemine yesil 15181
yakmasi bildirilerek hizlica yol almasi amaglanmigtir [21].

4, YONTEM (METHOD)

Ambulansin olay yerine ulastiktan sonra en kisa siirede
hizli ve giivenli bir sekilde hastaneye varmasi iizerine
iretilen bu ¢6ziimde, ihtiya¢ duyulan bilgiler, kisitlar,
bagliliklar ve varsayim agikga belirtilmistir.

Tiirkiye, Istanbul’da bulunan Basaksehir Cam ve Sakura
Hastanesi pilot hedef hastane olarak belirlenmistir.

Belirlenmis olan pilot hedef hastaneye gidisini
canlandirmak amaciyla 2 Ornek rota hazirlanmustir.
Hazirlanan bu rotalar, ambulansin gercek bir seyrine 6rnek
olacak bigimde belirli zaman araliklar1 seklinde anlik
olarak konum bilgisini yayinladigi ve pilot hastaneye
yaklastigi esnada konum yaymini otomatik olarak
sonlandirdig varsayilmaktadir.

Trafik bilgisi gozetilmemistir. Ciinkii ambulans stiriciisii
tarafindan yol se¢imi yapilacagi varsayilmistir. Trafik olsa
da olmasa da mecburen yiiksek kapasiteli kentsel yolu
kullanmas1 gerektigi durumlarda bu sistemden fayda
beklenmektedir.

Yiiksek kapasiteli kentsel yollar1 kullanan ambulanslarin
hastanelere daha hizli ulagmasi i¢in yol segenekleri olarak
ambulansin seyahatini canlandirabilmek igin yiiksek
kapasiteli kentsel yollardan “ES ve “TEM” belirlenmistir.
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Ambulans siiriiciisii, bulundugu konuma gore belirlenen
yollardan tercih edecegi yolu segmelidir. Segilen yola gore
2 Ornek rotadan biri, aninda canlandirilmaktadir.

Bilgi panelleri, sunulan yiiksek kapasiteli kentsel yol
secenekleri ve 6rnek rota planlarina uygun olarak yiiksek
kapasiteli  kentsel  yollarin  belirli  noktalarina
konumlandirildig1 varsayilmaktadir. Bu bilgi panelleri L
tipi direge monte bicimde yiiksek kapasiteli kentsel
yollarin sol seridine konumlandirildig1 varsayilmaktadir.
Bilgi panelleri ambulans logosunu ekrana yansitabilmekte
ve gosterim siiresine gore ekranda kalmasi saglamaktadir.
Ambulansin seyahat boyunca etkilesimde olmas1 planlanan
bilgi panelleri, rota se¢imi esnasinda iletisim yoneticisi
tarafindan onceden kayit altina alinmaktadir.

4.1. Uygulamalar ve Islevler (Applications and Functions)

Sistem, farkli amaglara hizmet eden dort uygulamadan
olugmaktadir. Sistemin ¢alismasi i¢in tiim uygulamalarin
ayni1 anda ¢aligir vaziyette olmasi gerekmektedir.

Broker uygulamasi, sistemin kalbi niteligindedir.
Mesajlarin yayincidan alinmasi ve abonelere dagitilmast
gorevlerinden sorumludur. Diger {i¢ uygulama arasinda
iletisim  kurmakta, organize etmekte ve trafigi
yonetmektedir.

Iletisim yoneticisi, ambulans ve bilgi paneli uygulamasim
temsil eden bu ili¢ uygulama i¢in hizmet ettigi 6zellige gore
anlagilabilir kullanict adi ve sifreler olusturulmustur. Bu
kullanict adi ve sifreler, MQTT Broker uygulamasina
baglanirken kimlik dogrulamasi asamasinda dogrulama
yapmak amaciyla kullanilmaktadir.

Sistemin igleyisinin giivenli olmasi i¢in her uygulamaya ait
kullanic1 adi1 ve sifre bilgisi Tablo 1’deki gibi
tutulmaktadir.

Tablo 1. Uygulama Kimlik Bilgileri
(Authentication Identity Information)

Kullanict Adi Sifre
ambulancel ambulancel
infopanel infopanel
centerapp centerapp

Tablo 1’e gore, ambulancel ambulans, infopanel bilgi
paneli yOneticisi, centerapp haberlesme ydneticisi
uygulamalarinin sisteme bu kimlik bilgileriyle giivenli bir
sekilde  baglanip  iletisime  gecmesine  olanak
saglamaktadir.

Diger ii¢ uygulama, MQTT Broker uygulamasiyla ayni
cihazda caligmakta oldugu igin diger li¢ uygulamanin
baglant1 yapabilmesi i¢in cihazi temsil eden ip adresi
belirlenmektedir. Kullanilan ip adresi, 127.0.0.1°dir.
Kullanilan port, MQTT protokolii i¢in genellikle kullanilan
1884 portudur. Kullanilan port, MQTT protokolii igin
genellikle kullanilan 1884 portudur.
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Ambulans uygulamasi, gercek zamanli bir seyahati
canlandirmak igin siirekli olarak Dbelirli zaman
araliklarinda, sirayla, otomatik olarak konum bilgisi mesaji
yaymlamaktan sorumludur. Yayinladigt konum bilgileri
sayesinde bilgi panelleriyle uygun mesafe yakinliga
ulastiginda  bilgi panellerinin ambulans logosunu
yansitmasini saglamaktadir.

Iletisim yoneticisi uygulamasi, ambulans tarafindan
secilen rotaya gore ambulansin etkilesimde olacag: bilgi
panellerini belirlemektedir. Ambulans tarafindan belirli
aralikla yayinlanan konum bilgisini almakta ve etkilesimde
olacagi beklenen bilgi panellerinin konumlar1 ile
Haversine formiililyle mesafe Olgiimii hesabi yaparak
belirli bir yakinligin saglanmasi durumunda ilgili bilgi
panelinin ambulans logosunu ekranina yansitmasi igin
bilgi paneline mesaj yayinlamaktadir.

Bilgi paneli uygulamasi, bilgi panellerinin ekrana
ambulans logosu yansitmasi ve ambulans logosunun
gbsterim  siiresinin yonetiminden sorumludur. fletisim
yoneticisi tarafindan belirtilen bilgi paneline ambulans
logosunu yansitmasi gerektigi mesaji yayimnlandigi anda bu
mesaj alinir ve ilgili bilgi paneline iletimi yapilmaktadir.
Bu noktadan sonra bilgi paneli ambulans logosunu
yansitmaya baglar ve gdsterim siiresi boyunca ekranda
kalmasin1 saglar. Gosterim siiresi bittiginde ambulans
logosu yansitmast sonlandirilir.

Asagidaki Sekil 4 iizerinden bu dort uygulamasinin
haberlesmesinin gosterildigi yap1 gézlemlenmektedir.

A

AMBULANS Y / BILGI PANELI
MQTT BROKER

Sekil 4. Uygulamalar aras1 haberlesme mimarisi
(Inter-application communication architecture)

Sekil 4 {izerindeki haberlesme yapisina gore siire¢ su
sekilde isler (3, 4 ve 5. adimlar ambulans hastaneye varana
kadar tekrar eder.):

1. Ambulans siiriiclisii sunulan yiiksek kapasiteli
yollardan birini seger ve broker iizerinden iletigim
yoneticinin almasini saglar.

2. letisim yoneticisi segilen rotaya gore etkilesimde

olmasi planlanan bilgi panellerini 6nceden
belirler.
3. Ambulans araci belirli araliklarla anlik konum

bilgisini paylasir.
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4, letisim yoneticisi, ambulansin paylastigi konum
ile onceden belirlenen bilgi panellerinin
konumlar ile mesafe hesaplamasi yapar.

5. Ambulans ile bilgi paneli arasinda uygun mesafe
oOlciildiigiinde bilgi paneline ambulans logosunu
yansitmasi i¢in mesaj gonderilir.

6. Bilgi panelinde ambulans logosu gdsterim siiresi
dolduysa bilgi paneli yansitmay1 sonlandirir.

7. Ambulans hastaneye varir ve siire¢ tamamlanir.

4.2. [letisim Protokolii, Konular ve Mesaj Paketi
(Communication Protocol, Topics and Message Package)

Mesajlar, MQTT protokolii kullanilarak iletilmektedir.
Ambulans, Bilgi Paneli ve Iletisim Yénetici uygulamalart
kendi aralarinda bu protokol sayesinden broker {izerinden
belirli konular {izerinden mesaj paylasimi yapmaktadir.
Uygulamada kullanilan konular ve kullanim amaglari
asagida agiklanmistir.

GetRoutes, ambulans uygulamasi tarafindan pilot hedef
hastaneye gitmesi {izerine se¢mesi icin iletisim
yoneticisinden rota segeneklerini bu konu {izerinden talep
etmektedir.

ListRoutes, iletisim yoneticisi tarafindan ambulanstan
gonderilen rota segeneklerinin talebiyle ilgili mesaja
istinaden bu konu iizerinden ambulans uygulamasina
sistemde kayith olan rota segenekleri iletilmektedir.
SetRoute, ambulansin rota segeneklerini talep etmesi,
iletisim  yOneticisinin  rota  seceneklerini  iletmesi
asamalarindan sonra ambulansi yaptig1 rota se¢imini bu
konu iizerinden iletisim yOneticisine gondermesi
saglanmaktadir.

SendAmbulanceLocation, ambulans tarafindan rota se¢imi
yapildiktan sonra ambulans, belirli zaman araliklarinda
anlik konum bilgisini bu konu iizerinden iletisim
yoneticisine iletmektedir.

InformDrivers, iletisim yOneticisi tarafindan bilgi panelleri
ile bu konu iizerinden mesaj paylasilir. Bu mesajda sadece
belirlenen bilgi paneline ambulans logosunu yansitma
mesaj1 yaymlanmaktadir. Bilgi paneli de bu mesaj1 alip
ambulans logosunu gosterim siiresi boyunca ekrana
yansitmaktadir.

Uygulamalar aras1 mesajlar “Payload” kavrami adi altinda
yayinlanmaktadir. Bu mesajlar uygulamalarda nesneler
olusturularak tutulmaktadir. Bu nesneler uygulamalar
arasinda transfer edilecegi zaman, JSON veri formatina
doniistiirilmektedir.

4.3. Verilerin Hazirlanmasi (Preparation of Data)

Uygulamalarin birbiriyle saglikli ve giivenli bir sekilde
haberlesip amacina uygun hareket etmesi i¢in gesitli veriler
olusturulmustur. Bu veriler hazirlarken dikkat edilmesi
gereken hususlar ve yontemler agsagida alt basliklar halinde
veri setleriyle birlikte agiklanmistir.

4.3.1. Ambulans Anlik Konum Noktalart
(Determining Ambulance Current Location Points)

Belirleme
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Ambulansin gercek bir seyahatini canlandirmak igin iki

adet Ornek rota hazirlanmistir. Bu Ornekler, yol
seceneklerine gbre canlandirilabilmesi igin  Google
Haritalar  servisinden yararlanilarak  hazirlanmistir.

Seyahatin baglamasi icin harita {izerinde bir baslangic
noktasi secilmistir. Sonrasinda bu baglangi¢ noktasindan
pilot hedef hastaneye kadar birbiriyle esit araliklarda
olmayan enlem ve boylam cinsinden noktalar belirleyerek
sirastyla  kaydedilmistir. Bu noktalar gergek konum
gonderiminde olabilecek gecikmeleri de temsil etmek
amaciyla esit zamanlarda gonderilemedigi varsayilmistir.
Ayni zamanda her zaman yiiksek konum dogrulugunun
olmayacag i¢in bazi noktalar, seyrettigi diisiiniilen yolun
iizerinde veya yola yakin bagka bir konumda da
olabilmektedir.

Ambulansin gercek bir seyahatini canlandirmasi planlanan
Rota 1 ve Rota 2 olarak hazirlanan segeneklere ait bilgilere
asagida yer verilmistir.

Rota 1 (E5) ve Rota 2 (TEM) olmak {izere ambulansin
anlik olarak belirli araliklarla gonderdigi varsayilan
koordinatlar hazirlanmistir. Rota 1 28 ve Rota 2 25 adet
koordinat bilgisinden olusmaktadir ve se¢ilen rotaya gore
ambulans konum gonderiyormus gibi canlandirilmaktadir.
Asagidaki Tablo 2’de Rota 1’e ait koordinat bilgilerine
yer verilmistir.

Tablo 2. Rota 1 Seyehat Koordinatlari
(Travel coordinates for route 1)

Gonderim Enlem Boylam
Sirast
1 > Start 40.99298740751887 28.82938386262961
2 40.99295359271643 28.82725833727076
3 40.99301027883759 28.824897993507825
4 40.99393344594995 28.82219432701573
5 40.99816851192638 28.81970523675985
6 41.00437081343914 28.814448107100723
7 41.010119161777624 28.81287096812261
8 41.01600462696554 28.812334526359855
9 41.019857824167474 28.812216509158556
10 41.02645468674724 28.811154354422683
11 41.031869286265064 28.81092904884223
12 41.037736623052545 28.810811031684253
13 41.0472931926247 28.80802153423836
14 41.052859800897785 28.809330452268576
15 41.05831267846455 28.810907591167787
16 41.06290763084206 28.812012661283465
17 41.067898615019836 28.81468414140042
18 41.07396494142018 28.815853584486824
19 41.0820605930251 28.81304262944695
20 41.090454431398584 28.813772190299776
21 41.09694719506897 28.813514698222747
22 41.10188708718531 28.81596087277317
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23 41.10323720582183 28.807163227455714
24 41.10643048970727 28.80015729752737
25 41.10883141356347 28.793237198286743
26 41.113462394771865 28.790445537230006
27 41.109622762179185 28.780296057918527
28> End 41.1081676848614 28.77848288475518
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Sekil 5. Rota 1’in Google Maps iizerindeki seyahat

Tablo 2’de ifade edilen koordinat bilgilerinin daha iyi
anlagilabilmesi i¢in Sekil 5 ile gorsel olarak harita lizerinde
gosterimi saglanmaktadir. Mavi ile gosterilen noktalar
ambulansa ait koordinat bilgilerini ifade ederken, bordo
renk ile gosterilen noktalar bilgi panellerinin konumlarini
ifade etmektedir.

noktalar1

(Travel points of Route 1 on Google Maps)

Tablo 3’de Rota 2’e ait koordinat bilgilerine yer

verilmigtir.

Tablo 3. Rota 2 Seyehat Koordinatlari
(Travel coordinates for route 2)

Gonderim Enlem Boylam
Sirast

1>Start | 41.10012709238443 | 28.965846795551695
2 41.092959408125715 | 28.94730583780645
3 41.09100119298792 28.9109297824266
4 41.09056602614201 | 28.890720862771133
5 41.08490859485699 | 28.877440715568962
6 41.07729205277947 28.87137803967232
7 41.070762885621534 | 28.863583170662356
8 41.068586352465985 | 28.862139676401245
9 41.064886080746724 | 28.85088042116463
10 41.06146862160465 | 28.841543809528225
11 41.064162224929696 | 28.83460301837993
12 41.063623513090604 | 28.82551874761231
13 41.06300783701372 | 28.817455181425323
14 41.066317028156156 | 28.8141889267673
15 41.07396494142018 | 28.815853584486824
16 41.0820605930251 28.81304262944695
17 41.090454431398584 | 28.813772190299776
18 41.09694719506897 | 28.813514698222747
19 41.10188708718531 | 28.81596087277317
20 41.10323720582183 | 28.807163227455714
21 41.10643048970727 | 28.80015729752737
22 41.10883141356347 | 28.793237198286743
23 41.113462394771865 | 28.790445537230006
24 41.109622762179185 | 28.780296057918527

25> End 41.1081676848614 28.77848288475518

Tablo 3’de ifade edilen koordinat bilgilerinin daha iyi
anlagilabilmesi igin Sekil 6 ile gorsel olarak harita tizerinde
gosterimi saglanmaktadir. Mavi ile gosterilen noktalar
ambulansa ait koordinat bilgilerini ifade ederken, bordo
renk ile gosterilen noktalar bilgi panellerinin konumlarini
ifade etmektedir.
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Sekil 6. Rota 2’nin Google Maps iizerindeki seyahat

noktalari
(Travel points of Route 2 on Google Maps)

4.3.2. Bilgi Paneli Sabit Noktalari Belirleme (Determining
Fixed Points of Information Panel)

Bilgi panelleri ile ambulansin anlik olarak gonderdigi
konum bilgisi arasinda yakinlik mesafe 6l¢imii yapilarak

uygun mesafe saglandiginda bilgi paneli ekranina
ambulans  logosu  yansitilarak  diger siriciilerin
bilgilendirilmesi  amaglanmistir.  Google  Haritalar

servisinden yararlanilarak canlandirma déhilinde pilot
hedef hastaneye giden belirlenmis yiiksek kapasiteli
kentsel yollarda, harita iizerinden gézlemlenerek enlem ve
boylam cinsinden noktalar belirleyerek birbiriyle mesafeli
olarak diger yollarin ana artere katilimindan sonra
konumlandirilmaktadir.

Konumlandirma esnasinda dikkat edilmesi gereken 6nemli
noktalar sunlardir:

o Belirlenen yiiksek kapasiteli kentsel yola katilim
saglanan yan yol ya da diger yollardan sonra
konumlandirilmasi, yola yeni katilan diger
stiriiciilerin ~ de  bilgilendirilmesi  agisindan
onemlidir. Bu nedenle bilgi panelleri konumlar1
belirlenirken yol katilimlar1 dikkate alinmalidir.

e Birbirleriyle ne c¢ok yakin ne de ¢ok uzak
konumlandirilmalidir.

e Her bir bilgi panelinin ambulans logosunu
yansitmasi i¢in ambulans tarafindan gonderilen
anlik konum bilgisi ile kendi konumu arasinda
yapilan yakinlik mesafe dl¢limiinde uygun 6l¢iim
mesafenin dogru belirlenmesi gereklidir. Eger bu
mesafe, olmasi gerekenden daha uzak belirlenmis
ise bilgi panelinde ¢ok erkenden ambulans logosu
yansitacak, eger yakin ise daha ge¢ yansitacaktir.

e Ambulans logosunun gésterim siiresi ambulans
logosunun ekranda kalacagi goriintiilenmeye
devam edecegi siireyi ifade etmektedir. Bu
dogrultuda bu siirenin kendinden bir 6nceki ve bir
sonraki bilgi paneliyle olan mesafesi diisiiniilerek
dogru verilmesi gerekmektedir.

4.3.2.1. Bilgi Panelleri Konum Koordinatlari (Info Panel
Location Coordinates)

Canlandirmalarda kullanilacak olan yiiksek kapasiteli
kentsel yollarda belirli araliklarla konumlandirildig:
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diigiiniilen bilgi panellerine ait konum bilgilerine Tablo 4
iizerinde enlem ve boylam verilerek yazilmstir.

Tablo 4. Bilgi Panelleri Konum Koordinatlari
(Info Panel Location Coordinates)

Adi Enlem Boylam
First 41.00291578003355 28.81504449233981
Second 41.0129837869846 28.812550688843977
Third 41.0322686620628 28.810929716571682
Fourth 41.05004337281847 28.807937152376685
Fifth 41.057377569316955 28.810555645858525
Sixth 41.064616934685525 28.81342351987872
Seventh 41.07740139956999 28.814919801976227

Bilgi paneline ambulans logosunun yansitilmasiyla ilgili
iki farkli yontem uygulanmustir. Bunlar yakin ve optimum
mesafe yontemleridir. Yakin mesafe dlglimiinde,
ambulansin bilgi paneline ¢ok yakin oldugunda ambulans
logosunun yansitmasi ve bu logonun ekranda kalma siiresi
azdir. Optimum mesafe Gl¢iimiinde ise ambulansin bilgi
paneline ¢ok yakin olmadigi ve buna bagl olarak ambulans
logosunun yansitildiktan sonra ekranda kalma siiresi daha
uzundur.

Bu bilgi panellerinin yakin mesafe 6l¢iimlii ve optimum
mesafe Ol¢iimlii olarak canlandirilmasi igin  Olgiim
mesafesi ve gosterim siireleri Tablo 5 {izerinden
gosterilmistir. Bununla birlikte bu bilgi panellerinin gegerli
oldugu rotalar, ambulans logosunu yansiyacagi durumla
ilgili yakinlik o6lglim mesafesi, ambulans logosu
yansitildiktan sonra ekranda kalma siiresi olan gosterim
stiresi bilgilerine de yer verilmistir.

Tablo 5. Bilgi paneli 6l¢iim bilgileri
(Info Panel Measurement Data)

Yakin Mesafe Optimum Mesafe
Olgiimlii Olgiimlii

Gegerli Olciim Yayin Olciim Yayin

Adi Oldugu Mesafesi Stiresi | Mesafesi | Siiresi
Rota [km] [sn] [km] [sn]
First 1 0.9 7 15 200
Second 1 0.4 7 15 130
Third 1 05 6 15 130
Fourth 1 04 6 15 125
Fifth 1 0.5 7 2 125
Sixth 1,2 05 7 15 180
Seventh 1,2 0.5 7 2 200

Enlem ve boylam cinsinden tabloda yer verilen bilgi
panellerinin harita tizerinde goriiniimii Sekil 7°deki gibidir.
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m Bagaksehir Cam ve Saku...

Basaksehir

(cekmece

Sekil 7. Bilgi Panelleri Gsterimi
(Info Panel Display)

4.3.3. Rota Segenekleri Belirleme (Choosing Route Options)

Google Haritalar servisinden yiiksek kapasiteli kentsel
yollar gozlemlenmistir. Bu yollar, pilot hedef hastaneye
ulasim agisindan degerlendirilmis ve yonii tespit edilmistir.
Rota segenekleri, canlandirmanin baslangicinda, ambulans
tarafindan segilmesi istenmektedir.

Ambulansin canlandirmaya baslamadan hemen 6ncesinde
canlandirmanin yapilmasi istenen Tablo 6°daki rotalardan
secim yapilmasi beklenir. Secime gore uygun rota
isletilmektedir.

Tablo 6. Rota Secenekleri
(Route Options)
Adi

E5

TEM

4.4. Verilerin Saklanmas: (Storing Data)

Veriler, .TXT uzantili metin belgelerinde satir satir,
Tab’lar ile ayrilarak saklanmistir. Asagidaki her bir amag
icin ayr1 metin belgesi olusturulmustur;

e Sisteme baglanmak isteyen uygulamalarin
kullanict1 ad1 ve sifre ile sisteme basartyla
baglanabilmesi,

131

Ambulansin segmesi i¢in rota dneri secenekleri
Broker yapisinin yapilandirma bilgisi

o  Bilgi panellerinin yiiksek kapasiteli kentsel yollar
iizerindeki konum bilgileri, kapsadigi yol
secenedi, benzersiz adi, ambulans logosunun
yansitilmasi i¢in hesaplanmasi beklenen mesafe
degeri, ambulans logosu gosterim siiresi

e  Ambulansi canlandiran konum bilgileri

4.5 Sifreleme Formiilii (Encryption Formula)

Yaymlanan mesajlarin MQTT protokoli tizerinden TCP/IP
ile giivenli, hizli, agik¢a okunamayan ve ¢6ziilmesi kolay
olmayan bi¢imde sifreli olarak uygulamalar arasinda
taginmasi ve islenmesi saglanmaktadir.

Sifreleme i¢in metin, konu iizerinde yaymlanmadan 6nce
anahtar ile birlikte baytlara ayrilmaktadir. Baytlara ayrilan
anahtar ~ SHA256  algoritmas1  ile  hashlenerek
Ozetlenmektedir. Sonrasinda bu iki degisken ile sifreli bir
metni elde etmek i¢in Rijndael sifreleme algoritmasi
kullanilmaktadir. Bu islem sonrasinda sifrelenmis baytlar
base64 formatina doniistiirerek string bir ifade ile tiretilmis
olmaktadir.

Sifre ¢ozmek ic¢in sifrelenmis metin, ilk olarak base64
formatindan baytlara doniistiiriiliir. Sifre ¢6zme isleminde
kullanilacak olan anahtar da baytlara ayrilmaktadir.
Baytlara ayrilmis olan anahtar SHA256 algoritmasi ile
hashlenerek 6zetlenmektedir. Sonrasinda bu iki degisken
ile Rijndael sifreleme algoritmasi kullanilarak sifre ¢6zme
islemi yapilmaktadir. Coziilen sifre bayt array olarak elde
edilmektedir. Son islemde bayt array, string bir ifadeye
doniistiiriilmektedir.

4.6. Kullanilan Mesafe Olgiim Formiilii (Distance Measurement
Formula Used)

Kullanilan mesafe 6lgiim formiilii, iki nokta arasindaki
mesafeyi kusbakist yontemiyle hesaplamak i¢in Haversine
formiiliinden yararlanilmaktadir. Ambulansin seyahat
boyunca etkilesimde olmasi planlanan bilgi panellerinin
bulundugu konum bilgileri ile ambulansin belirli
araliklarla gonderdigi anlik konum bilgisi temel alinarak
aralarindaki mesafenin yakinlik dl¢iimiiniin yapilip tespit
edilen en yakin bilgi panelinin bulunmas1 amag¢lanmustir.

4.7. Gelistirme Araglari, Teknolojiler ve Kiitiiphaneler
(Development Tools, Technologies and Libraries)

Bu caligmada 4 uygulamay1 gelistirmek igin Microsoft
Windows 10 isletim sistemi, Pro 22H2 versiyonu {izerinde
Microsoft Visual Studio Enterprise IDE gelistirme ortamu,
2022 vl17.7.6 versiyonundan yararlanilmistir. C#
programlama dili ile Console uygulamalar1 olarak
kodlanmistir. .NET 6.0 framework’iinden yararlanilmistir.
Uygulamalarin protokol iizerinden haberlesmesi igin
MQTTnet paketinin 3.0.15 versiyonundan yararlanilmistir.
Verilerin protokol iizerinden gonderilmeden &nce json
string formatina doniistiirilmesi, protokol iizerinden
alindiginda json ile class yapisina serialize edilmesi
islemleri icin Newtonsoft.Json paketinin  13.0.3
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versiyonundan yararlanilmistir. Protokol iizerinden alinan
ve gonderilen veriler i¢in sifreleme yapilmistir. Bunun i¢in
AES  simetrik  anahtarli  sifreleme  algoritmasi
kullanilmastir.

5. BULGULAR

Yazilimina ait 4 uygulama ayni anda calistirilip 2 6rnek
rota ile birlikte yakin mesafe ve optimum &l¢iim mesafeli
bilgi panelleri kullanilmistir. Her iki rota canlandirmasinda
da bilgi paneli sayist ve konumlar1 aynidir. Ambulansin
hastaneye en kisa siirede varmasimi desteklemesi {izerine
bilgi panelleri yardimiyla canlandirmanin ¢alistirilmasi
saglanmustir.

Rota 1 ve Rota 2 ile yakin ve optimum yakinlik mesafe
Olglimlii canlandirmalara ait bulgular sirasiyla Tablo 7 ve
Tablo 8, Tablo 9 ve Tablo 10 iizerinde bulunmaktadir. Bu
tablolar ¢esitli bilgiler icermektedir. Ambulans icin
gonderdigi konumun sirasi ve zaman bilgisi goriilmektedir.
Bilgi panelleri i¢in degisiklik an1 olan ambulans logosunun
yansitilmasi ve gosterim siiresine bagh olarak gosterimin
sonlanmasi, bilgi panelinin ambulansin gonderdigi
konumla arasindaki 6l¢iilen mesafenin degeri ve ambulans
logosu gosterim siiresine bagli olarak ambulans logosu
yansitmanin sonlandirilacagl planlanan kapanis zamani
goriilmektedir. Ayrica ambulans gonderdigi konum
itibariyle ilgili bilgi panelinin numarasi yazarak “AC” ya
da “KAPA” komutuyla degistirildigi an
gozlemlenmektedir.

Yakin ve optimum yakinlik mesafe 6l¢iimlii bilgi panelleri
bulunmaktadir. Ambulansin gonderdigi konum ile bilgi
panelleri arasinda yakinlik mesafe Ol¢limiinde uygun
Olciim mesafesine ulasildiginda bilgi panelleri ambulans
logosunu “AC” komutuyla ekrana yansitacaktir.

5.1. Yakin Mesafe Olciimlii Bilgi Panelleri (Information Panels
with Close Range Measurement)

Yakin mesafe 6l¢gtimlii bilgi panellerinde Rota 1 ve Rota 2
olarak calistirilan canlandirmada siirecin isleyisine ait

asagidaki sonuglar elde edilmistir.

Rota 1 segilerek canlandirma baglatildiginda canlandirma
¢iktis1 agagidaki Tablo 7°deki gibi olmustur.

Tablo 7. Yakin mesafe 6lgiimlii rota 1 canlandirma

tablosu
(Route 1 simulation table with close range measurement)
Ambulans Bilgi Paneli
Koordinat Gonderim
Aktiflik
o Aninda Planlanan
Sira Zamani De‘if*wkhk Ol¢iilen Kapanig
m Mesafe Zamani
[km]
1 15:15:02
2 15:15:03
3 15:15:04
4 15:15:05
5 15:15:06 1-AC 0,65698 15:15:13
6 15:15:07
7 15:15:08 2-AC 0,31966 15:15:15
8 15:15:09
9 15:15:10
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10 15:15:11

11 15:15:12 3-AC 0,04441 15:15:17
12 15:15:13 1 - KAPA

13 15:15:14 4-AC 0,30589 15:15:20
14 15:15:15 2 - KAPA

15 15:15:16 5-AC 0,10809 15:15:23
16 15:15:17 6-AC 0,22387 15:15:24
17 15:15:18 3 - KAPA

18 15:15:19 7-AC 0,39005 15:15:26
19 15:15:20 4 - KAPA

20 15:15:21

21 15:15:22

22 15:15:23 5 - KAPA

23 15:15:24 6 - KAPA

24 15:15:25

25 15:15:26 7 - KAPA

26 15:15:27

27 15:15:28

28 15:15:29

Tablo 7’deki ait sonuglara gore, ilk bilgi panelinin
ambulans logosunu yansittigi an, 0.65 km Olciim ile
ambulansin besinci olarak gonderdigi konumdadir.
Bundan o6nceki konum = gonderimlerinin  mesafe
Ol¢iimlerinde uygun oOl¢glim degeri saglanamadigi igin
ambulans logosu yansitilmamistir. Ambulans logosunu
yansittigl andan itibaren goésterim siiresine bagli olarak
planlanan kapanis saati de bu esnada belirlenmektedir.
Diger bilgi panelleri de benzer sekilde ambulans logosunu

yansitmis ve planlanan kapanis saati geldiginde
sonlandirilmustir.
Asagidaki Sekil 8 incelendiginde bilgi panellerinin

birbirinden bagimsiz olarak hareket ettigini gdstermek
amaciyla daha ayrintili grafiksel olarak ele alindu.

. Bilgi Paneli [
. Bilgi Paneli [N
. Bilgi Paneli  [NENEGEG
. Bilgi Paneli  [NEEGGEED
. Bilgi Paneli  [NENEG
. Bilgi Paneli [
. Bilgi Paneli [N
0 0 0 0 0 1

~N O O B~ W N

7. 6. 5. 4, 3. 2. 1.
Bilgi Bilgi Bilgi Bilgi Bilgi Bilgi Bilgi
Panel Panel Panel Panel Panel Panel Panel

i i i i i i i
0,25 0,22 0,20 0,20 0,17 0,10 0,07
0,12 0,12 0,12 0,10 0,10 0,12 0,12
Durdurulan Zaman 0,10 0,13 0,15 0,17 0,20 0,25 0,28

m Kapali Zaman

Agik Zaman

( Dakika Cinsinden )

u Kapali Zaman Acik Zaman Durdurulan Zaman

Sekil 8. Yakin mesafe 6l¢iimlii rota 1 canlandirma grafigi
(Route 1 simulation graphic with close range measurement)

Rota 2 segilerek canlandirma baglatildiginda canlandirma
ciktist agagidaki Tablo 8’deki gibi olmustur.
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Tablo 8. Yakin mesafe 6l¢timlii rota 2 canlandirma

tablosu
(Route 2 simulation table with close range measurement)

Ambulans Koordinat Bilgi Paneli
Aktiflik
o Anminda Planlanan
Sira Zamani De‘ifillkhk Olciilen Kapang
Mesafe Zamani
[km]
1 16:25:43
2 16:25:44
3 16:25:45
4 16:25:46
5 16:25:47
6 16:25:48
7 16:25:49
8 16:25:50
9 16:25:51
10 16:25:52
11 16:25:53
12 16:25:54
13 16:25:55 6-AC 0,38244 16:26:02
14 16:25:56
15 16:25:57 7-AC 0,39005 16:26:04
16 16:25:58
17 16:25:59
18 16:26:00
19 16:26:01
20 16:26:02 6 - KAPA
21 16:26:03
22 16:26:04 7 - KAPA
23 16:26:05
24 16:26:06
25 16:26:07

Tablo 8’¢ ait sonuglarda bakildiginda, ilk bilgi panelinin
ambulans logosunu yansittig1 an, altinci bilgi paneli olup
0.38 km 6l¢iim ile ambulansin on ii¢iincii olarak gonderdigi
konumdadir. Bundan &nceki konum gdnderimlerinin
mesafe dlgiimlerinde uygun Slglim degeri saglanamadigi
icin ambulans logosu yansitilamamistir. Ambulans
logosunu yansittigi andan itibaren gosterim siiresine bagl
olarak planlanan kapamis saati de bu esnada
belirlenmektedir. Altinct bilgi panelinden sonra gelen
yedinci bilgi paneli de benzer sekilde ambulans logosunu
yansitmis ve planlanan kapanig saati geldiginde
sonlandirilmustir. Altincidan dnceki bilgi panelleri bu rota
kapsaminda olmadigi icin hicbir zaman ambulans
logosunu yansitamamiglardir.

Sekil 9 incelendiginde bilgi panellerinin birbirinden
bagimsiz olarak hareket ettigini gostermek amaciyla daha
ayrintil grafiksel olarak ele alindi.
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1. Bilgi Paneli
2. Bilgi Paneli
3. Bilgi Paneli
4. Bilgi Paneli
5. Bilgi Paneli

6. Bilgi Paneli

7. Bilgi Paneli

o

000 010 020 030 040 050

7. 6. 5. 4, 3. 2. 1.
Bilgi Bilgi Bilgi Bilgi Bilgi Bilgi Bilgi
Panel Panel Panel Panel Panel Panel Panel

i i i i i i i
0,23 0,20 0,41 0,41 041 041 0,41
Agik Zaman 0,11 0,11 0,00 0,00 0,00 0,00 0,00
Durdurulan Zaman 0,06 0,10 0,00 0,00 0,00 0,00 0,00

m Kapali Zaman

( Dakika Cinsinden )

m Kapali Zaman Acik Zaman Durdurulan Zaman

Sekil 9. Yakin mesafe 6l¢iimlil rota 2 canlandirma grafigi
(Route 2 simulation graphic with close range measurement)

Tim bilgi panelleri birbirinden bagimsiz olarak hareket
etmektedir. Her bir bilgi paneli kendisine gonderilen
ambulans logosunu yansitmastyla ilgili mesaj araciligiyla
yansitma yapmistir ve gosterim siiresine bagli olarak
yansitmay1 sonlandirmustir. Bir bilgi panelinin ambulans
logosunu yansitiyor ya da yansitmiyor olmasi diger bilgi
panellerini ilgilendirmemektedir.

5.2. Optimum Mesafe Ol¢iimli Bilgi Panelleri (Information
Panels with Optimal Measurement)

Optimum mesafe 6l¢iimlii bilgi panellerinde Rota 1 ve
Rota 2 olarak caligtirtlan canlandirmada siirecin isleyisine
ait sonuglar elde edilmistir.

Tablo 9. Optimum mesafe 6l¢iimlii rota 1 canlandirma

tablosu
(Route 1 simulation table with optimal measurement)

Ambulans Koordinat Bilgi Paneli
Aktiflik
o Aninda Planlana
Stra Zamani Degisiklik Olgiilen n
Anmi Kapanig
Mesafe Zaman
[km]

1 00:28:06
2 00:29:06

3 00:30:06 1-AC 1,37731 00:33:26
4 00:31:06
5 00:32:06

6 00:33:06 2-AC 0,97086 00:35:16

00:33:26 1- KAPA
7 00:34:06
8 00:35:06
00:35:16 2 - KAPA

9 00:36:06 3-AC 1,38423 00:38:16
10 00:37:06
11 00:38:06
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00:38:16 3 - KAPA
12 00:39:06 4-AC 1,38951 00:41:11
13 00:40:06 5-AC 1,14129 00:42:11
14 00:41:06 6-AC 1,35163 00:44:06
00:41:11 4 - KAPA
15 00:42:06
00:42:11 5 - KAPA
16 00:43:06 7-AC 1,62996 00:46:26
17 00:44:06 6 - KAPA
18 00:45:06
19 00:46:06
00:46:26 7 - KAPA
20 00:47:06
21 00:48:06
22 00:49:06
23 00:50:06
24 00:51:06
25 00:52:06
26 00:53:06
27 00:54:06
28 00:55:06

Tablo 9’a ait sonuglarda bakildiginda, ilk bilgi panelinin
ambulans logosunu yansittigt an, 1.37 km olgiim ile
ambulansin {iglincli olarak gonderdigi konumdadir.
Bundan onceki konum  gdonderimlerinin  mesafe
Ol¢timlerinde uygun olgiim degeri saglanamadigi icin
ambulans logosu yansitilmamigtir. Ambulans logosunu
yansittigl andan itibaren goésterim siiresine bagli olarak
planlanan kapanis saati de bu esnada belirlenmektedir.
Diger bilgi panelleri de benzer sekilde ambulans logosunu
yansitmis ve planlanan kapanig saati geldiginde
sonlandirilmustir.

Sekil 10 incelendiginde bilgi panellerinin birbirinden
bagimsiz olarak hareket ettigini gostermek amaciyla daha
ayrintil grafiksel olarak ele alindi.

. Bilgi Paneli
. Bilgi Paneli
. Bilgi Paneli
. Bilgi Paneli
. Bilgi Paneli
. Bilgi Paneli

N O o AW N

. Bilgi Paneli
0 5 10 15 20 25 30

7. 6. 5. 4, 3. 2. 1.
Bilgi Bilgi Bilgi Bilgi Bilgi Bilgi Bilgi
Pane Pane Pane Pane Pane Pane Pane
li li li li li li li
M Kapali Zaman 20,0016,0015,0014,0010,00 5,00 2,00

Acik Zaman 3,33 3,00 2,08 2,09 2,16 2,16 3,33
Durdurulan 5 ce 8 00 9,91 10,9114,8319,8321,66
Zaman

( Dakika Cinsinden )

B Kapali Zaman Agik Zaman Durdurulan Zaman

Sekil 10. Optimum mesafe 6l¢iimlii rota 1 canlandirma
grafigi
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(Route 1 simulation graphic with optimal measurement)
Rota 2 segilerek canlandirma baglatildiginda canlandirma
ciktist asagidaki Tablo 10°daki gibi olmustur.

Tablo 10. Optimum mesafe 6l¢timlii rota 2 canlandirma

tablosu
(Route 2 simulation table with optimal measurement)

Ambulans Koordinat Bilgi Paneli
Génderim
Aktiflik
Planlana
Degisiklik | Annda n
Sira Zamani y Olgiilen K.
ni Mesafe apanig
Zamani
[km]
1 01:08:19
2 01:09:19
3 01:10:19
4 01:11:19
5 01:12:19
6 01:13:19
7 01:14:19
8 01:15:19
9 01:16:19
10 01:17:19
11 01:18:19
12 01:19:19 6-AC 1,02004 01:22:19
13 01:20:19 7-AC 1,61454 01:23:39
14 01:21:19
15 01:22:19 6 - KAPA
16 01:23:19
01:23:39 7 - KAPA
17 01:24:19
18 01:25:19
19 01:26:19
20 01:27:19
21 01:28:19
22 01:29:19
23 01:30:19
24 01:31:19
25 01:32:19
Tablo 10’a ait sonuglarda bakildiginda, ilk olarak

ambulans logosunun yansitildigt altinct bilgi panelinin
ambulans logosunu yansittigi an, 1.02 km o&lglim ile
ambulansin on ikinci olarak gonderdigi konumdadir.
Bundan o6nceki konum  gonderimlerinin  mesafe
Ol¢iimlerinde uygun olglim degeri saglanamadigi igin
ambulans logosu yansitilamamuistir.

Ambulans logosunu yansittigi andan itibaren gosterim
stiresine bagli olarak planlanan kapanis saati de bu esnada
belirlenmektedir. Altinc1 bilgi panelinden sonra gelen
yedinci bilgi paneli de benzer sekilde ambulans logosunu
yansitmis ve planlanan kapanis saati geldiginde
sonlandirilmistir. Altincidan nceki bilgi panelleri bu
rotada kapsaminda olmadigt i¢in hi¢cbir zaman ambulans
logosunu yansitamamislardir.

Sekil 11 incelendiginde bilgi panellerinin birbirinden
bagimsiz olarak hareket ettigini gdstermek amaciyla daha
ayrmtil1 grafiksel olarak ele alindi.
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. Bilgi Paneli
. Bilgi Paneli
. Bilgi Paneli
. Bilgi Paneli
. Bilgi Paneli
. Bilgi Paneli

N o o B WwWN

. Bilgi Paneli
0,00 5,00 10,00 15,00 20,00 25,00 30,00

7. 6. 5. 4, 3. 2. 1.
Bilgi Bilgi Bilgi Bilgi Bilgi Bilgi Bilgi
Pane Pane Pane Pane Pane Pane Pane
li li li li li li li
M Kapali Zaman 12,0011,0024,0024,0024,0024,0024,00

Acik Zaman 3,33 3,00 0,00 0,00 0,00 0,00 0,00
Durdurulan g ce 5 00 0,00 0,00 0,00 0,00 0,00
Zaman

( Dakika Sinsinden )

M Kapali Zaman Acik Zaman Durdurulan Zaman

Sekil 11. Optimum mesafe 6l¢iimlii rota 2 canlandirma
grafigi
(Route 2 simulation graphic with optimal measurement)

6. TARTISMA (DISCUSSION)

Ambulansin hayati 6neme sahip olusuna bagl olarak
hastaneye en kisa siirede varmastyla ilgili ¢esitli calismalar
yapilmigtir. Giinden giine artan trafik nedeniyle bir
noktadan bagka bir noktaya gitmek her gegen giin daha da
giic olmaktadir ve trafikte harcanan zaman katlanarak
artmaktadir. Ozellikle ambulans gibi 6nemli araglar igin bu
durum oldukga kritiktir. Tibbi miidahaleye ihtiya¢ duyan
birinin bir an 6nce hastaneye ulastirilmasi bilyiikk nem arz
etmektedir. Bu kapsaminda ambulansin hizli yol almasiyla
ilgili pek ¢ok ¢alisma yapilmustir.

Ambulansin, olay yerinden hastaneye kadar 151k ve sirenin
acip oldugu ve olmadigi durumlara gore hastaneye ulagim
stiresi incelenmistir [22].

Ambulans, 151k ve sirenin agik vaziyette oldugu ve kapali
vaziyette oldugu durumlara gore farkli seyirleri
incelenmistir. Ag¢ik oldugu durumda, agik olmadigt
duruma gore yiizde 76 oraninda hastaneye daha hizli
varildiginin sonucuna varmislardir. Ambulansin 151k ve
siren ¢Oziimiiyle diger siiriiciileri uyararak elde ettigi fayda
acikca goriilmektedir. Isik ve siren ¢Oziimiine benzer
olarak tamamlayic1 nitelikteki bu calismada da bilgi
panelleri ¢oziimii gelistirilmistir. Isik ve sireni agma
ihtiyact dogdugunda bu ¢aligmada yenilik¢i ve teknolojik
bir ¢oziim olan bilgi panelleri de devreye alinmalidir.
Boylece diger siiriiciiler, uzak mesafelerden gelmekte olan
ambulansin 151k ve sirenini heniiz fark edemiyor iken, bilgi
panellerinden ¢ok daha onceden bilgi edinerek ambulans
i¢in sol seridi bosaltip yol vermis olacaklardir. Yapilmis
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olan ¢alisma ile bilgi panelleri  ¢dzliimiinin
entegrasyonuyla ambulansin hastaneye hizli ulagim orani
daha da artacaktir. Hastanin bir an 6nce hastanede tam
donanimla tedavi altina alinmasinin kritik oldugu bu
vaziyette, hasta icin ciddi bir avantaj saglanmis olacaktir.

Yapilan diger bir c¢alismaya gore Ankara ilinde,
ambulanslarin giiniin belirli saatlerindeki faaliyetlerini
izlemiglerdir [23]. Gece 12’den sabah 6’ya kadar diger saat
dilimlerine gore daha az vaka bildirilmistir. Saat 6-18
arasinda vaka bildirim sayis1 en yiiksek olup yanit siiresinin
en uzun dilim oldugunu tespit etmislerdir. Ve sonucunda
stireleri iyilestirmek i¢in ambulans sayisinin arttirilmasi
gerektigi vurgulanmistir. Fakat bu ¢oziimiin uygulanmast
pek kolay olmayabilir. Ambulansa doniistiiriilecek aracin
temin edilmesi, yonetmeliklere uygun sekilde teknik ve
tibbi ekipman ile donatilmasi, ara¢ rutin bakimlarmin
yapilmasi gibi ek maddi ve zaman maliyetleri ortaya
cikaracaktir ve caligmada aktarilan sonucun uygulamasini
yavaglatacaktir. Ayni zamanda ambulans sayisindaki artis,
ambulanslarinin  koordinasyonda kargasa yaratabilecegi
gibi trafikte daha ¢ok ambulans olmasi trafikten kurtulmay1
¢ozmeyecektir. Aksine daha ¢ok ambulans trafige dahil
olacaktir.

Teze konu olan ambulansin en kisa siirede hastaneye
varmasint destekleyen ¢Oziim olarak bilgi panelleri
devreye alindiginda tek bir ambulans icin katlanilmasi
gereken maddi maliyet yerine bu sistemin kurulmasina
harcanacak olan maliyet daha az olacaktir. Bir kez
kurulduktan sonra uzunca bir siire ekstra bakim
gerektirmeyecektir. Yenilik¢i ve teknolojik olan bu ¢6ziim,
trafige daha fazla ambulans katkis1 yapmayarak
mevcuttaki ambulanslarin daha efektif olmasini saglayacak
ve gorlintii, ses ve karbon emisyonu kirliligini
engelleyecektir. Mevcut sistemdeki ambulans
koordinasyon diizeni bozulmayip trafikten siyrilarak bir an
once hastaneye varmasi saglanacaktir. Boylece ambulans,
hastay1 hastaneye biraktiktan sonra ivedi bir sekilde yeni
vakaya yonlendirilebilecektir.

Yapilmig olan ¢aligmalarda temel amag, ambulansin en
kisa zamanda tibbi yardimi saglamasi, ulagim siirelerinin
gozlemlenmesi yoniindedir. Tez kapsaminda yapilan
ambulansin en kisa siirede hastaneye varmasini saglayan
destekleyici ¢oziimde elde edilen bulgular neticesinde,
belirtilen ¢aligmalarla ayni temel amacin ortiistiigl agikca
goriilmektedir.

7. SONUC (RESULT)

Bu c¢aligmada, ambulansin en kisa siirede hastaneye
varmaya c¢aligsmasi esnasinda karsilagtigi zorluklara ve bu
zorluklarin istesinden gelinmesiyle ilgili ¢oziime yer
verilmistir.

Acil yardim hizmetlerinin 6nemi giin gectikge artmaktadir.
Ambulansin olay yerinden en uygun hastaneye en kisa
siirede en hizli ve giivenli bir bigimde ulagmasinin hasta
icin ne kadar énemli oldugu bilinmektedir. Ambulanslar,
olay yerine ya da hastaneye bir an Once varmayi
hedeflemektedir. Fakat bu durumda ¢ofSu zaman
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gecikmeler yasanmaktadir. Ulagim siiresi uzadik¢a hasta
icin ihtiya¢ olan tam donanimli tibbi tedaviye erisim de o
anlamda uzayacaktir. Ozellikle niifusun yillar gegtikce
artt1g1 kentlerde ulasim siireleri, normalden kat ve kat daha
fazla olabilmektedir.

Ambulans, hizli yol almak i¢in siren ve anons ile diger
stirliciileri uyararak hizli yol almak istemektedir. Fakat bu
bir zincir oldugu igin her siiriicii ayn1 duyarliliga sahip
olmayabilir, yan ayna agilar1 dogru olmadigi i¢in gérmekte
zorlanabilir ya da yiiksek sesle miizik dinlemek, telefonla
ilgilenmek gibi dikkat dagitict diger unsurlarin etkisinde
olabilmektedir. Duyarl siiriiclilerden de acemi stiriiciiler
olabilir ya da sogukkanli olamay1p yol vermede gecikebilir
ve trafigi de tehlikeye atabilmektedir. Tiim bu durumlarda
ambulansa yol vermek i¢in kargasa iginde gereksiz
gazlanma ve frenlemelerle ara¢ parcalart daha g¢abuk
eskimekte, yakit tiiketimi ve karbon emisyonu artmaktadir.
Ambulansin hastaneye en kisa siirede varmasiyla ilgili
yasanan bu zorluklar neticesinde ulagim siiresi azaltmak
i¢in bir ¢6ziim gelistirilmistir. Bu ¢dziimle, diger siiriiciiler,
yolda bulunduklar1 konumdan, ambulansin bir siire sonra
burada olacagina dair bilgi edinerek daha genis zaman
diliminde, ambulansin sol geritten rahat ve hizli bir sekilde
ilerleyisi icin yol vermis olacaklar ve trafik tehlikeye
atilmayacaktir. Gereksiz gazlanma ve frenleme ile arag
parcalarinin eskimesi gecikecek, yakit tiiketimi ve karbon
emisyonu azaltilmis olacaktir.

Coziimde, 2 farkli rota ile yakin mesafe Ol¢imlii ve
optimum mesafe 6l¢iimlii bilgi panelleri ile canlandirmalar
gerceklestirilmistir. Her iki yontemde de bilgi panellerinin
konumlar1 aynidir.

Yakin mesafe 6l¢iimlii iki rota igin yapilan bilgi panelleri
canlandirmasinda, ¢cOziimiin uygun degerlerle
uygulanmamasi sebebiyle yeterli olmadigt gorilmistiir.
Olgiim mesafeleri birbirine ¢ok yakin ve ambulans
logosunun gosterim siiresi ¢ok kisadir. Bilgi panellerinin
ambulans logosunu yansitmaya basladigt andaki 6l¢iilen
mesafeler 0.04 — 0.65 km araliginda degismektedir. Bir
ambulansin 40 metre kala bu noktadan gececegi bilgisi ¢ok
etkili olmayabilir. Ciinkii muhtemelen ambulans zaten
siren ve anons ile diger siiriiciileri uyarmistir. En uzun
Olciim mesafesi olan 650 metre lizerinde baktigimizda,
sikigik bir trafikte bu bilgi yeterli olabilir fakat ambulansin
650 metre mesafede olup bilgi panelinin ambulans
logosunun gosterim siiresi 7 saniye oldugu icin birgok
stiricii bu bilgiyi goremeden ambulans logosu yansitmasi
sonlandirilmig olacaktir.

Optimum mesafe olgiimlii iki rota igin yapilan bilgi
panelleri canlandirmasinda, ¢oziimiin uygun degerlerle
birlikte yeterli oldugu gorilmistir. Bilgi panellerinin
ambulans logosunu ekrana yansitmaya bagladigi andaki
Olciilen mesafeler 0.97 —1.62 km araliginda degismektedir.
Olgiilen en yakin mesafe olan 970 metre kala bilgi
panelinde ambulans logosu yansiyacaktir. Ambulans
logosunun gosterim siiresi ortalama olarak 2 dakika 59
saniyedir. Gosterim siiresi de uzun oldugu igin diger
stirticiiler bu bilgiyi rahatga gozlemleyebilir ve ambulans
icin sol geridi sakin ve giivenli bir bi¢imde bosaltabilir.
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Arkadan gelmekte olan trafikteki diger siiriiciilerde
gosterim siiresinin uzun olmasinin sagladigl avantaj ile
onlar da ambulansin birazdan bu noktadan gececegi
bilgisini gorerek sol seridi bosaltacaklardir. 970 metre
mesafeden ambulansin sirenini ve anonsunu duymak zor
olsa bile bilgi panelleri sayesinde diger siiriiciiler aksiyon
almaya baglamig olacaklardir.

Iki farkhh rota ve iki farkli degerlerle yapilan
canlandirmalar sonucunda, uygun degerler verildiginde
¢oziimiin olduk¢a faydali olacag disiiniilmektedir.
Boylece ambulans, hastaneye bir an 6nce ulasacaktir.

8. ONERILER (SUGGESTIONS)

Bu caligmay1 desteklemek ve yapilacak ¢aligmalara 11k
tutabilmek amaciyla farkli ¢oziimler gelistirilebilir. Bu
calismadaki ¢6ziim, olay yerinden hastaneye ulagim
esnasinda yiiksek kapasiteli kentsel yollarn kullanilmasini
kapsamaktadir. Bu kapsam genisletilerek c¢esitli diger
yollar da dahil edilebilir. Sadece olay yerinden hastaneye
kadar olan siirece ek olarak olay yerine ulasimda da
kullanilabilir. Ambulans logosu gosterim siiresini sabit
vermek yerine trafik bilgisi alinip ambulansin konumuna
bagli olarak ambulansin bilgi panelini gectiginde ambulans
logosunun yansitilmasinin otomatik olarak sonlandirilmasi
saglanabilir. Baska acil ulagim araglarinin da bu sistemi
kullanabilmesi i¢in ¢alisma yapilabilir. Yolda meydana
gelen kaza, yol calismasi gibi durumlar goézetilerek farklt
aksiyonlar alinmas1 saglanabilir.

Calismada uygulanan ¢6ziim ve gelistirilecek farkll
¢cozlimler olsa da siiriiciilerin duyarliligi biiyilk 6neme
sahiptir. Gerek o6diil sistemi gerekse ceza sistemi devreye
almarak ambulansa yol verme bilinci tiim siiriiciiler igin
cok biiyiik bir 6nem arz etmelidir. Siiriiciiler, ambulansin
kendi yakinlarimi tagidigini varsayarak bu fikre sahip
olabilirler.
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