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Giirgen Agaci Talasi Dolgulu Epoksi Matrisli Kompozit Yapilarin
Mekanik Ozelliklerinin Incelenmesi

Ilyas Kartal*", Zerrin Ozcan?

YMarmara Universitesi, Teknoloji Fakiiltesi, Mealurji ve Malzeme Miihendisligi Boliimii, Istanbul, Tiirkiye (ilyaskartal@marmara.edu.tr)
(QRClDZ 9000-0001-9677;477X)
2 MEB, Basaksehir Sehit Muhammed Eymen Demirci [lkokulu, Istanbul- TURKIYE (zerrinnozcann@gmail.com) (ORCID: 0009-0004-2184-
3186)

Tiirkce Ozet — Dogal elyaf dolgulu polimer kompozitlere olan ilgi, yiiksek performanslari, dnemli isleme avantajlari, diisiik
maliyetleri ve diisiik bagil yogunluklari nedeniyle hizla artiyor. Bu ¢alismada giirgen talas1 dolgulu epoksi matrisli kompozitlerin
mekanik 6zellikleri incelenmistir. Matris malzemesi olarak 1s1 ile sertlegsen epoksi reginesi tercih edilmistir. Dolgu olarak yerel
mobilya iireticilerinden dogal atik olarak ortaya ¢ikan giirgen agaci talasi kullanilmistir. Talas, eleklerden elenerek 0-150 mikron
boyut araliginda hazirlanmis olup regineye agirlikga %5-10-15-20 oranlarinda ilave edilmistir. %20 talas ilavesi ile recine
doyuma ulagtig1 i¢in numune hazirlanmasi sonlandirilmistir. Epoksinin ¢ok iyi yapisma 6zelligi sebebiyle kalip olarak Teflon
malzemesi tercih edilmistir. Hazirlanan karigim tamamen sertlesmesi i¢in 180°C’de 3 saat kiir islemi uygulanmistir. Numunelerin
cekme, sertlik, darbe gibi mekanik 6zellikleri incelenmistir. Kirik yiizeylerin incelenmesi SEM goriintiileri ile yapilmistir.
Calisma sonunda agirlikca %15 giirgen talasi ilavesinin epoksi matrisli kompozitlerde mekanik 6zelliklere olumlu tesir ettigi,
talas katki oraninin ideal oldugu tespit edilmistir. Numune yapisinda homojen bir sekilde karisim oldugu SEM goriintiilerinden
de anlagilmistir.

Anahtar Kelimeler — Epoksi reginesi, Giirgen agact talasi, Dogal dolgu, Mekanik ozellikler, Epoksi matrisli kompozit.

Anf: Kartal, 1., Ozcan, Z. (2023). Giirgen Agac1 Talas1 Dolgulu Epoksi Matrisli Kompozit Yapilarin Mekanik Ozelliklerinin
Incelenmesi. International Journal of Multidisciplinary Studies and Innovative Technologies, 7(1): 1-5.

Investigation of Mechanical Properties of Hornbeam Wood
Sawdust Filled Epoxy Matrix Composite Structures

Extended Abstract

The interest in natural-fiber reinforced polymer composites is growing rapidly owing to their great performance, significant
processing advantages, low cost and low relative density. In this study, the mechanical properties of hornbeam sawdust filled
epoxy matrix composites were investigated. Thermosetting epoxy resin is preferred as matrix material. As a filler, hornbeam
sawdust from local furniture manufacturers as natural waste was used. Sawdust was prepared in the size range of 0-150 microns
by sieves and added to the resin at the rate of 5-10-15-20% by weight. Sample preparation was terminated as the resin reached
saturation with the addition of 20% sawdust. Teflon material was preferred as the mold because of the very good adhesion
property of epoxy. The prepared mixture was cured at 180 °C for 3 hours to completely harden. Mechanical properties of the
samples such as tensile, hardness and impact were investigated. Examination of the broken surfaces was made with SEM images.
At the end of the study, it was determined that the addition of 15% by weight hornbeam sawdust had a positive effect on the
mechanical properties of epoxy matrix composites, and the sawdust additive ratio was ideal. It was also understood from the
SEM images that there was a homogeneous mixture in the sample structure.

Keywords — Epoxy resin, Hornbeam wood sawdust, natural filler, mechanical properties, epoxy matrix composite

Citation: Kartal, I., Ozcan, Z. (2023). Investigation of Mechanical Properties of Hornbeam Wood Sawdust Filled Epoxy
Matrix Composite Structures. International Journal of Multidisciplinary Studies and Innovative Technologies, 7(1): 1-5.

. Giris esasli kompozitlerde katki malzemesi olarak cam elyaf ve
karbon elyaf yogun olarak kullanilir. Dolgu malzemesi olarak

Kompozit malzemeler genel olarak matris bileseni ile . b ;
hem sentetik hem de dogal dolgu malzemeleri mevcuttur.

katki/dolgu malzemeleri igeren bilesenlerden olusur. Polimer
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Dolgu malzemeleri maliyeti énemli Ol¢iide diislirmesi ile
birlikte bir kismi mekanik o6zelliklere katki da sagladigi
bilinmektedir. Sentetik dolgular ¢ogunlukla seramik esasl
olup endiistride kullanimi yaygindir. Ancak sentetik dolgulu
kompozitler i¢in atik bertarafi ve geri doniisiim kiiresel bir
sorundur. Artan ¢evresel duyarlilik nedeniyle, diizenli
depolama Dbertarafi diinya ¢apinda daha fazla tercih
edilmemesi soz konusudur [1-3].

Dogal kaynaklarin korunmasi ve geri doniigimle ilgili
endiseler, yenilenebilir ham maddelere odaklanilmasina sebep
olmustur. Son yillarda ¢evreye uyumlu dogal dolgular seramik
esasli dolgularin yerini almis olup yogun olarak tercih
edilmektedir. Ozellikle bitki liflerine dayali yeni tip
kompozitler gelistirilmistir. Dogal elyaf/dolgu takviyeli
kompozitler, iyi bir mekanik performans ve ¢evre dostu olma
0zelligi sunar. Son yillarda dogal dolgu ve lifler kullanimu ile
ilgili bir¢ok ¢alisma yapilmistir [4-9].

Yeni nesil dogal dolgulu ¢evreci malzemeler sentetik
plastiklere alternatif olarak pek ¢ok alanda kullanilmaktadir.
Yesil kompozitler olarak da adlandirilan bu malzemelerden
tiretilmis iriinler yogun olarak, otomotiv, mobilya, insaat ve
ambalaj sektdriinde kullanilmaktadir. Lif ve dolgu
malzemeleri olarak seliiloz, findikkabugu, bambu lifi, bugday
sap1, odun talasi, kenaf, ceviz kabugu gibi malzemeler tercih
edilmektedir [5-6, 8].

Dogal liflerden olusan yenilenebilir kaynaklara dayali
kompozitler ekonomik ve ekolojik olarak kabul edilebilir.
Dogal dolgulardan biri de odun talagidir. Odun talasi hafiflik,
mikro tane boyutu, yerel kaynaklardan kolayca bulunabilmesi
ve dogal atik gibi avantajlara sahip olmasi nedeniyle polimerik
kompozitlerde kullanimlar1 elverislidir [10-11]. Odun
malzemesi ayn1 zamanda bir kompozit olup bir lignin matrisi
tarafindan bir arada tutulan selilloz, hemiseliillozlar ve
ligninden olusan ti¢ boyutlu bir bilesiktir. Odun lifleri ¢ok iyi
mekanik  Ozellikler  gostermekle  beraber  hidrofobik
polimerlerle yapismalarini zayiflatan nispi diisiik bozunma
sicakliklarina sahiptir [12-13].

Dogal elyaf takviyeli kompozitlerin ana uygulamasi, dogal
elyaf kompozitlere dayali ¢esitli bilesenler gelistiren otomotiv
enddistrisi alanindadir. Avrupa'da bitki lifi kompozitleri esas
olarak otomotiv endiistrisi tarafindan kullanilmaktadir. Biyolif
takviyesi harmanlanmig termoplastiklerde veya recgineli
termoset uygulamalar1 olarak artik kap1 kaplamalari/panelleri,
paket raflar1 ve bagaj kaplamalar1 gibi uygulamalar oldukca
yaygindir. Biyofiber takviyeli kompozitlere sahip otomotiv
bilesenlerinin, artan model penetrasyonu ile istikrarli bir

sekilde artmasi beklenebilir.  Giiniimiizde biyofiber
kompozitlerin bir otomobilin dig bilesenlerinde kullanilmasi
siklikla tercih edilmektedir. DaimlerChrysler'in  binek

otomobiller i¢in dis zemin alt1 korumada yenilik¢i abaka elyaf
uygulamasi, keten elyaf takviyeli kompozitlerden diger dis
parcalar (6n tampon, otobiisiin zemin altt ddsemesi), Ford
Mondeo'nun kapt panelleri kenaf ile giliglendirilmis
polipropilen kompozitlerden tiretilmesi, Mercedes S sinifi i¢in
27 Dilesenin biyofiberle gili¢lendirilmis kompozitlerden
iiretilmesi gibi otomotiv endiistrisinde uygulamalar mevcuttur
[14-16].

Yiiksek performansli gelismis kompozitlerde en sik
kullanilan 1siyla sertlesen regineler fenolik, epoksiler ve
polyester reginelerdir. Bu regineler hem miikemmel solvent
hem de yiiksek sicaklik direnci sergiler. Kaliplama ile
sekillendirme yontemi, fiber ister uzun ister kisa olsun, bu
kompozitleri yapmak i¢in en yaygin kabul goren ydntemdir.

Bu ¢alismada matris malzemesi olarak yaygin kullanimi
sebebiyle 1s1 ile sertlesebilen epoksi reginesi tercih edilmistir.
Epoksiler iyi yapisma, mekanik 6zellikler, diisiik nem emme,
kimyasal direng, az ¢cekme ve islenme kolaylig1 6zelliklerine
sahiptir. Bu miikemmel Ozellikler, epoksi ailesini bir¢cok
kompozit i¢in en iyi matris malzemelerinden biri yapmistir
[17-20].

Giirgen agaci Tiirkiye’nin bircok bolgesinde yaygin bir
sekilde bulunmakta olup basta mobilya sektdrii olmak iizere
saglam ahsap kullanilmasi gereken iirlinlerde kullanilan sert ve
dayanikli bir agagtir. Mobilya sektoriinde ve ahsap ihtiyaci
olan sektorlerde tercih edilen agaglarin baginda gelir. Kerestesi
¢ok tercih edilen bir aga¢ tiiriidiir. Saglam yapist ve
dayaniklilig1 sebebiyle oyuncak sektdriinden gemi sektoriine
kadar birgok alanda ahsap ihtiyacini karsilar [21-22].

Bu calismada ise 1s1 ile sertlesen epoksilerde atik giirgen
talast dolgu olarak kullanilmasi incelenecektir. Boylesi bir
kompozit uygulamasiyla atik talasin kullanimi ile ¢evresel
etkilerinin  azaltilmasi, kompozit {retim  maliyetinin
diistiriilmesi, sentetik dolgularin kullaniminin 6niine gecilerek
atik depolama miktarinin ve gaz emisyonunun azaltilmasi,
dogal kaynaklarin korunmasi saglanacaktir.

1. MALZEME VE METOD

A. Malzemeler

Kompozit numuneler i¢in matris malzemesi olarak
kompozit uygulamalarinda yogun olarak tercih edilen epoksi
recinesi, Epikot 828 (Shell Chemical, yogunlugu 1,16 kg/litre)
secilmigtir.  Epikot 828, bisfenol A reginesi ve
epiklorohidrinden iiretilen orta viskoziteli sivi epoksi
recinesidir. Seyreltici icermez, kiirlenmis durumda iyi pigment
1slatma ve dolgu maddesi ¢okelmesine karsi iyi direng ve
yiiksek diizeyde mekanik ve kimyasal direng 6zellikleri saglar.
Epoksi reginesi sertlestiricisi olarak Epicure (Shell Chemical),
hizlandirici olarak benzil dimetil amin (BMDA-Aldrich)
kullanilmistir. Dogal dolgu malzemesi olarak yerel mobilya
tireticilerinden temin edilen atik gilirgen agaci talaslar
kullanilmistir. Talaglar 150 mikron boyutundaki eleklerden
gecirilerek 0-150 mikron boyutlarina getirilmistir.

B. Numune Hazirlama

Epoksi reginesine 0-150 mikron boyut araligindaki giirgen
agac1 talast agirhkca 9%5-10-15-20 oranlarinda ilave
edilmistir. %20 dolgulu numunelerde doyuma ulastig1 igin
bagka numune hazirlanmamuistir.

Epoksi reginesi i¢in kullanilan sertlestirici oran1 1:1 dir yani
epoksi recinesinin agirliginca aynmi miktarda sertlestiricisi
kullanilmistir. Epikot 828 ve Epicure karigiminda olusan hava
kabarciklarinin giderilmesi igin 50 °C sicakligindaki etiiv
firminda yaklasik 20 dakika bekletilmigtir. Ayrica
agirlikca %1 oraninda benzil dimetil amin (BDMA)
hizlandirict olarak ilave edilmistir. Teflon kaliba dokiilen
karigim tamamen sertlesmesi i¢in 180 °C 3 saat kiir islemi
uygulanmigtir.

Epoksi recinesinin yapisma 6zelligi ¢ok iyi olmasi sebebiyle
numunelerin kaliptan kolayca ayrilmasi i¢in agik Teflon kalip
tercih edilmistir.

2
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C. Mekanik Testler

Numunelere ¢cekme testi ISO 527 standardina gére Zwick
marka Z010 iiniversal tipi ¢ekme test cihazinda ¢ekme hizi
dakikada 5 mm olacak sekilde uygulanmistir. Centiksiz test
numunelerinin darbe dayanimi, Zwick marka B5113.30 darbe
test cihazi lizerindeki 5,4 J’lik Izod c¢ekici kullanilmistir.
Sertlik testi 6l¢iimleri Zwick markali Shore D test cihazinda
yapilmistir. SEM incelemesi icin numuneler 10 A
kalinligindaki altin/paladyum alagimi ile kaplamasi yapildu.
SEM testi Marmara Universitesi Teknoloji Fakiiltesi
Laboratuvarinda yer alan Polaron SC markali cihazi ile
gerceklestirildi.

111.BULGULAR VE TARTISMA
Kompozit numunelere ¢cekme deneyi, 1zod darbe deneyi ve
sertlik Olglimleri yapilmigtir. Numunelere ait ¢ekme
mukavemeti ve % birim sekil degistirme degerleri tablo 1°de
verilmistir.

Tablo 1. Numunelerin gekme mukavemeti ve % birim sekil degistirme

degerleri
Numuneler Cekme Birim
Mukavemeti  Degistirme
(MPa) %
Saf Epoksi 35,8 2,2
%5 38,2 2,3
%10 40,3 2,1
%15 40,7 1,8
%20 33,3 1,6
Epoksi-giirgen agact talasi  karisimi numunelerde

agirlikca % talag oranmin artmasiyla karigimin ¢ekme
mukavemetinde kismi bir artis saglandigini sekil 1°deki
grafikten de gérmek miimkiindiir.

50
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=40
=
£
2 30 -
©
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s 20 4
£
< 10 -
© Saf Epok5| 5
Talag Orani, %

Saf epoksi numunesi, diisiik bir gerilme mukavemeti
sergilemistir. Ancak talagin takviye edici etkisinden dolay1
kompozitlerin gekme dayanimi degerleri %15 talag orani ile en
yiiksek degere ulasmis olup saf epoksinin g¢ekme
mukavemetini yaklasik olarak %14 oraninda artirmistir. %15
sonrasi talag ilavesiyle numunenin ¢ekme mukavemetinde
azalma gozlemlendi.

Bunun nedeni, kompoziti sikica baglayan epoksi regine
yiizdesinin azalmasi olabilir. Diger olas1 neden, polimer matris
ile dolgu igerigi arasindaki zayif ara yilizey baginin kompozitin
¢ekme dayanimini disiirmesi olabilir. Talag miktarinin
artmastyla topaklanma egilimi veya talas parcaciklart ile

epoksi regine matrisi arasindaki yetersiz hidrojen bagmin
¢ekme dayaniminin azalmasina neden oldugunu ¢aligmalarda
ifade edilmistir [13, 20, 23-24].

Numunelerin Shore D sertlik degeri sekil 2°de verilmistir.
Cekme mukavemetinde oldugu gibi agirlikca bir miktar artig
gostermis, %15 talas miktar1 sonrasi ise bir parca azalma
gorilmigtiir.
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Sekil 2. Numunelerin Shore D sertlik degerinin talag oranina bagl olarak
degisimi

Sekil 3’te Izod darbe mukavemetinin artan talag oraniyla
degisimi incelendiginde talag orani artmasi ile kompozitin
darbe direncinde bir miktar artis gozlemlenmistir. Talasg
ilavesiyle epoksinin darbe mukavemeti talas doyum oranina
ulastig1 %20 dolgulu numunede saf epoksinin de altinda bir
degere diismiistiir. Literatlirde yapilan ¢aligmalarda termoset
recinelere ilave edilen talas boyutu azaldikga mekanik
ozellikleri artirdig ifade edilmistir [6]. Bu ¢alismada da dolgu
boyutu 150 mikron ve alti olmasinin gerek ¢ekme
mukavemetine gerekse darbe mukavemetine olumlu tesir ettigi
disiiniilmektedir.

111

Saf
Epoksi

Darbe Mukavemeti (kJ/m2)

Talas Orani, %

Sekil 3. Numunelerin darbe mukavemetinin talas oranina bagli olarak
degisimi

Sekil 4’te numunelerin SEM goriintiileri verilmistir. Sekil
4a’da saf epoksinin kirik yiizeyinde gevrek kirilma oldugu
goriilmektedir. Diger SEM goriintiisii sekil 4b %15 giirgen
talast icermektedir. Talasin epoksi recineye iyi bir sekilde
yapistig1 aciktir. Goriintiilerden de anlasilacag: gibi 10 mikron
boyutunda talag oldugu gibi 150 mikron boyutunda da talas
oldugu goriilmektedir. %20 dolgu igeren numunelerde talas
parcaciklar1 agirlikca orani arttik¢a topaklanma gozlemlendi.
Bu da kompozitlerin mekanik 6zelliklerine miidahale
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edebilecek kabarcik ve gozenek olugmasina sebep oldugu
diisiiniilmektedir.

Agirlikca %15 talag dolgulu epokside iyi yapisma oldugu,
agirlikca talag miktarinin artmasiyla seliillozik yiizeylerin
tamamin1 tamamen kaplamak icin yeterli miktarda epoksi
recinesi olmamis olabilecegi diisiiniilebilir. Bdylece bu
goriintiilerden, agirlikga %15 talag iceren kompozitlerin,
neden agirlikca %20 talas igeren kompozitlerden daha iyi
mekanik Ozellikler gosterdigi anlasilabilir. Bu caligmadaki
benzer gozlemler farkli ¢aligmalarda da gozlendigi
belirtilmistir [23-25].

EHT = 15.00 kV
WD= 7.5mm

Signal A= SE1
Mag= 10.00K X

Date :30 Apr 2019
Time :16:39:16

Signal A= SE1
500 X Time :15:45:23
3

Date :30 Apr 2019

Sekil 4. Saf epoksi (a) ve %15 giirgen talas1 dolgulu (b) numunelerin kirik
ylizeylerine ait SEM goriintiileri

IV.SONUCLAR

Bu c¢alismada giirgen talasi, 1s1 ile sertlesen epoksi esasli
kompozit malzemede dolgu olarak kullanimi incelendi. Epoksi
icinde giirgen talas1 dolgusu arttikca mekanik 6zelliklerde az
da olsa bir iyilesme gozlemlendi. Cekme testi verilerine
gore %15 oranindaki talas dolgusunun diger tiim numunelere
gore daha iyi bir mukavemet gosterdigi gozlemlendi. Sertlik
degerinde de kismi bir artig olmustur. Darbe deneyi degerleri,

yapidaki 150 mikron ve alti boyutlarindaki talas dolgusu
sebebiyle bir par¢a artis gostermistir. Tim numunelerin
verileri incelendiginde %15 talas dolgulu numunelerde talas
oraninin ideal oldugu, yapida homojen bir sekilde karigmig
oldugu SEM goériintiilerinden anlasilmistir. Talag boyutunun
kii¢iik olmas1 mekanik 6zellikleri olumlu etkilemistir.

Bu c¢alisma sonunda %15 giirgen talasi dolgusu ilavesinin,
1s1 ile sertlesen epoksi kullanim miktarmin azaltacagi, bunun
da maliyeti diislirecegi, mekanik 6zelliklere de olumlu katki
saglayacagi tespit edilmistir. Bununla beraber sentetik
dolgularin yerine dogal dolgunun kullanilmasiyla gevresel
sorunlarin ¢dziimiine katkida bulunacagi da agiktir. Dolayisi
ile 1s1 ile sertlesen epoksi matrisli kompozit malzeme
uygulamalarmda  giirgen  talasmin ~ dolgu  olarak
kullanilmasimin yerinde bir karar olabilecegi sonucuna
varilmigtir.
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Abstract — Data visualization, which is essentially the visual expression of data through mathematical calculations, is a highly
effective method for transferring and understanding data. The right data visualization, selected or developed with data and people
in mind, has an important role in improving the quality of conveying the relationships, meanings, information, structures and
hidden properties of data to individuals from different fields of expertise and enables them to work together.

Data visualization has been a subject that has evolved and progressed in different ways throughout history and has finally reached
today's computer technology and conditions. The improved facilities of today's computer such as high computing power has
brought data visualization methods to a new horizon. Also the changing definition of the data has expanded the boundaries of
the data visualization. Today, data is obtained from many different sources such as; 10T, Embedded systems, Social data,
Business data and Real-Life data. This study is also inspired by the Real-Life, and a visualization system was developed based
on real-life botanical trees and using humans as data.

Throughout history, computer science and other branches of science have used art as a subject in various studies. This study
reunites science and art and proposes a way of expressing the human through art. Thus, an artistic visualization system was
developed that uses the activities of people's lives as data and generates artistic visuals inspired by abstract art paintings. Through
this study, a sub-art style was created with a visualization system that manages to produce artistic visuals by adhering to

mathematical foundations.

Keywords — Data Visualization, Creative Algorithms, Computational Creativity, Neural Style Transferring, Abstract Art.
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I. INTRODUCTION

Art is a form of self-expression and a way of relating to the
environment and the world, which is produced by artists in
fields such as painting, sculpture, music and literature, using
their creativity, inspiration and imagination to convey,
experience and inspire others with various emotions, ideas and
experiences. Art is a multifaceted concept that can take many
different forms and serve many different purposes, revealing
different perspectives and interpretations in people. Visual
Art refers to art forms such as painting, sculpture and
photography, which by their nature can be understood and
perceived with the sense of sight instead of other emotions. As
one of the forms of art, it can evoke different feelings and
convey thoughts and inspiration. Throughout history, visual
arts have been one of the most powerful ways for society and
people to express themselves. Abstract Art does not attempt
to create an accurate depiction of visual reality [1], instead
abstract artists draw inspiration for feelings and ideas from
visual references in the world and create non-representational
or non-objective compositions using the language of shape,
form, color, sign and line [2], which allows the artist to project
anything they want through their work [3]. Arshile Gorky said

“Abstraction allows man to see with his mind what he cannot
see physically with his eyes.” Because abstract art is not a
recognizable subject, it is open to viewers to interpret the work
according to their own experiences, feelings, perspectives and
methods. Visual Abstract Art is a genre used by artists as a
way to explore complex ideas or emotions that are often
difficult to express in more representational forms, allowing
them to communicate them in a clear and accessible way to a
wide audience.

Algorithms can be used to create Art that reflects the
developer's/artist's perspective as well as solve complex math
problems. A creator can use the computer to create artifacts
like a painter using his/her brush on the canvas. While in some
of these applications, the computer is only responsible for
calculating certain "creative" results that the developers want
to achieve. In other applications, computers act/work like a
partner of the developer and affect the journey of the creator.
It reflects the computer’s characteristics over the result,
shifting the results that were designed and planned by the
creator. This isregarded as Art created by an Artist
(Developer) cooperated by a computer and examined under the
subject Computational Creativity. Computational creativity
may or may not involve Artificial Intelligence (Al). Image
Generation/Image Synthesizing is the study of generating or
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synthesizing images using different techniques including Al,
Machine Learning, Creative Algorithms or/and Computational
Creativity. Machine Learning based Neural Style Transferring
(NST) methods are used to apply the style of an image to the
content of another image. Some types of NSTs use
Convolutional Neural Network (CNN) and Generative
Adversarial Networks (GAN) in the background.

Researchers, Artists and Developers have already worked
on Data Visualization and Generative Art. There are studies
that use real-life data and regard humans as a source of real-
life data. Some of these studies use data to mathematically
visualize with more pragmatic approaches, while others use it
for more artistic purposes. In this study, a new method of
artistic data visualization based on mathematical foundations
is proposed, adhering to the abstract art genre. The aim was to
create personalized artworks that bring art and people together,
reflecting the differences of people with different interests and
artistic tastes on digital canvas. Also the system purposed to
reveal the diversity in people’s lives using art and to transform
the energy distribution in people’s lives into abstract pictures
using Creative Computing and NST methods. In the first step,
a 4-stage questionnaire was applied to obtain data from the
identified participants. A survey application was developed in
Python and QT to collect participants' personal information,
their 5 favorite colors, their 3 favorite paintings among the 200
paintings (10 popular paintings by 20 popular painters) and the
energy distribution tree of their lives. This real-life data was
processed to create different types of tree images inspired by
botanical real-life trees. These images were combined to create
content images, and finally, the styles and textures of the user-
selected style images were transferred to the content images
using NST to create the result images.

The paper is structured as follows; In Section Il a
comprehensive review of literature is performed to
demonstrate similar studies. Section Il explains the user data,
the artistic data, the tools and the libraries used in the study.
Section 1V introduces the components of the proposed method
including collecting data over people, generating content
images, using NST to create result images and evaluating the
results of the user. Section V presents the experimental results
and finally conclusion and future works are drawn in Section
VI.

I1. RELATED WORKS

Although Art and Science are considered as two different
concepts and fields today, they were originally rooted in the
same word and their meanings were very similar. In the Middle
Ages, logical subjects such as geometry, astronomy and logic,
which today are classified under science, were taught under
the liberal arts in the first universities, because the word Art
originally meant Logic [4]. One of the interests of Science has
always been to produce Art. Although one of the two basic
views on data visualization evaluates data visualization more
pragmatic such as usability and simplicity, the other argues
that using visual aesthetics will convey data better by
activating human emotions [5]. Based on this view, Science
and Art came together once more and the idea of Artistic
Visualization of Data was born. Today, the use of art and data
visualization together has gone beyond only transferring data,
but also enabling people to identify and relate to data and
strengthen their experiences [6-8].

Data visualization has an important role in improving the
quality of transferring relationships, meanings, knowledge,
structures and hidden features of data to individuals.
Visualizing data that is only available in text form enables it to
be understood by people who do not have expertise in the field.
Moreover, it enables experts from different fields to perceive
data in the same way and makes it possible to work together
[9].

Today, data visualization is an undeniable necessity to
improve the quality of understanding, transfer and use of data
[10-14]. While companies benefit from the data visualization
services of the leading companies in the market for their
internal and external works, processes and projects,
researchers and developers scan the data visualization
literature to find the most suitable solutions for their data, aim
and the group they will interact with [9]. Finding the
appropriate service and/or method is vital for data
visualization. To determine the well-fitting data visualization
method; the characteristics of the data, application and the
needs of the target audience should be examined and taken into
account [9]. Only the right method can improve the user
experience as it strengthens and facilitates the user's
understanding of the essence, structure and relationships of the
transmitted data [9, 13, 15, 16]. Beyond that, there are studies
showing the positive effects of personal data visualization on
user experience [17]. These studies show that the user
experiments are different even among sub-methods of the
same visualization method [12]. Due to the abundance of data
visualization methods available, it is increasingly difficult to
create new visualization techniques. However, developers still
have the opportunity to leverage existing visualization
methods to design customized methods aligned with their
specific goals [10, 16]. Some researchers are working on the
artistic visualization of data in order to go beyond the
traditional data visualization [6, 17]. The belief is that artistic
visualization of data will strengthen human perception since
humans are beings with emotions beyond pure logic [5, 6, 17].
The artistic visualization of data enables individuals to
establish a personal connection and identification with the data
[5, 6, 17].

Today, data can be obtained from different sources
including 10T, Embedded Systems, Medical and Real Life [6,
7, 15, 18]. The natural data visualized in previous studies can
be exemplified by information about the landing and take-off
of airplanes at an airport in the last 10 years, the height of the
waves in a sea during the year, the seasonal wind information
in a continent, the interactions of a person with the people
around. Such transitions can occur both from nature to science
and from science to nature [15]. In our study, the percentages
of the daily activities of the people are used as a natural data
for artistic visualization.

Botanical visualization of a tree structure is a data
visualization method based on the representation of
hierarchical data similar to real-life trees [15, 19, 20]. In
particular, visualizing complex, large and dense hierarchical
data with a structure that people are familiar with from real life
makes the understanding and perception of data easier [15]. As
an example of the field of genetics, the number of species and
the hierarchies between them are high and complex. To make
it easier for genetic researchers to access, understand and use
the data, an application has been developed to represent this
tree-based data [19].
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The artistic data visualizations generated by science have
now gone beyond data visualization and have evolved into
computer-generated art [6]. While it was controversial in the
past that the computer could be smart beyond making art,
today they exhibit striking examples of creativity [8]. On the
other hand, it is possible for the computer to produce aesthetic
and artistic results and produce art by partnering with a
developer/artist. These applications can be produced with
Creative Computing and Artificial intelligence [8, 21, 22]. The
terms "Generative Art," "Computational Art," and "Cybernetic
Art" are occasionally used interchangeably, while at other
times they carry distinct connotations. At this juncture, the
interpretation of these concepts is somewhat contingent upon
the perspective of the artist or developer involved [21]. Today,
the results of some creative studies in this field are subjected
to the Turing Test and the results that are believed to be made
by humans can be considered more valuable [8]. In addition,
the outputs of these applications produced as visual or others
may have commercial potential [23]. According to Guernica,
the creators do this in the hope that their creations will engage
people’'s minds on an emotional or cognitive level. In
computational creativity research, the shared objective is to
develop systems that can challenge humans through artistic
and scientific means [8].

In addition to Creative Computing, Al can also be supported
to produce Art with the Computer. NST applications can be
used with or without CNN and GAN in the background [22,
24]. These systems involve working on a group of images to
produce similar images and transferring the texture and styles
of images onto other images. In this study, NST techniques
were applied to create artistic textures by transferring users'
preferred artistic styles to content images generated through
Creative Computing.

I1I.MATERIALS

Due to the focus on human and art subjects within this
study, the collected data from participants and artists is of
paramount significance within the system. Four primary
categories constitute human data, namely Personal
Information, Color Selections, Painting Selections, and the
Live Energy Distribution Tree. Personal information
encompasses the general identifying information of the person,
such as name, surname, and age. Color selections consist of 5
hexadecimal colors specified by the user. Painting selections
involve 3 images selected by the user from our library of 200
images. The Live Energy Distribution Tree represents a
hierarchy of the activities that the person engages in daily,
divided into percentages. All user data is stored in JSON data
file format. A partial sample data file of a person is shown in
Figure 1.

Various tools, libraries, and auxiliary files were used during
the study to process the user file and create artistic
visualizations. At the beginning of the study, a GUI (General
User Interface) application was developed to receive data from
users and manage the system. Initially, QT was used to
develop a cross-platform GUI application, but then a switch
was made to Python on PyCharm CE. Also the Visual Studio
Code was used for data and file processing. The free version
of Google Colab was used for NSPT.ipynb [25, 26], which was
used for neural style transfer. Graphic for MacOS was also
utilized to develop designs before engaging in creative coding.

{
"User_Art_style™: [

{ "FirstName": "Vincent", "LastName": "van-Gogh",
"Painting™: "The-Starry-Night",
"Style": "Post-Impressionism", "Genre": "Cloudscape"},

{ "FirstName": "Vincent", "LastName": "van-Gogh",
"Painting": "Cafe-Terrace-at-Night",
"Style": "Post-Impressionism", "Genre": "Cityscape" },

{ "FirstName": "Pablo", "LastName": "Picasso",
"Painting™: "Le-Reve",
"Style": "Cubism","Genre": "Portrait" }],

“User_Colors”: [“9a194d","000075",“ffalcd",
"ffd919","800000"],

"User_Information™: {
"Age": "26",“Emai|“: “@n7 "Gender": "Male”,
"FirstName": “Furkan", "Profession": "Engineer"
"LastName": "Ayas","Nationality": "Turkish"},

"Person_Energy_Distribution™: [
{"'Description™: "RP","Level": "0",
"Name": "Root","Percentage": "100"},
{"Description": "Optional","Level": 00",
"Name": "Work","Percentage™: "40"}, ... ]

Figure 1. A Partial Data of Candidate in JSON format

As part of the study's libraries, Json was used to write and
read data. Matplotlib was used for some mathematical
calculations. Visualizations were based on drawing and
coloring, and the features of the Turtle Library were used for
this purpose. Networkx, Squarify, NumPy (Numerical
Python), and PIL (Pillow) were also used for graph creation,
image display, and image saving. After comparing the results
of different color extraction methods in terms of consistency
and visual similarity, ColorThief was chosen to extract the
dominant colors of the images.

The Artists_and_Paintings Data File contains a
comprehensive collection of information related to the 20
artists included in our research study. This file includes the
first names, surnames, artistic styles, and the years during
which the artists were actively engaged in their artistic
pursuits. Moreover, it contains detailed records of their
paintings, including the titles, genres, and corresponding links
to WikiArt. The Genres_and_Style Data File holds the
definitions of the genres and styles of the images, along with
the hierarchical information between  them.The
Colors_Names_Data, color naming library was created
specifically for the study. Since users may not understand the
hexadecimal representation of colors, colors were represented
with names corresponding to their codes in places where the
user was active, such as the evaluation document. The
Color_Information_Data file consists of characteristic
descriptions of 12 colors. After the extraction of the 3
dominant colors from the user's result image, a short color-
based characteristic analysis is performed using this data.

1V.METHODS

The proposed system consists of 4 main methods including
Data Collection, Content Image Generation, Output Image
Generation and User Result Evaluation as illustrated in Figure
2. The detailed explanation of all the parts is given in the
following subsections.
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Figure 2. General Overview of Proposed System

A. Data Collection

Data is collected through different types of surveys to
ensure compatibility and flexibility with our users. The first
survey method is the GUI survey application (shown in Figure
3); it is a standard survey application where the blanks are
filled in and selections are made by the user. The second
method is the e-mail survey method; if candidates are unable
to fill in all the blanks and/or want to think more or make
changes to their answers, they are directed to online manuals.

Candidate Information

rrrrrr

©

The third method is the online survey method; in cases where
people are interested in the study but do not have time to
complete the survey, they are sent our self-explanatory online
survey, and their answers are submitted following simple
steps. The data is then pulled from the cloud results table. The
online manuals and paintings library are always accessible to
users. Even in face-to-face GUI surveys, the system is
preferably explained with the manuals.
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Figure 3. (a) Personal Information Ul, (b) Color Palette Ul, (c) Painting Selections Ul, (d) Index-Based Life Energy Tree Input Ul

B. Content Image Generation

People are prone to make mistakes when dividing their life's
activities into percentages. Therefore, a pre-processing system
was developed that eliminates potential errors in the data.
After this data preprocessing step, the system constructs an n-

ary tree from the naturally hierarchical data. Then, new
visualization attributes are assigned to each node to create
visual trees according to the default tree values determined by
the experiments. After the assignments, the data is ready to
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produce botanical-based tree visualizations. At this point, the
Artistic  Visualization system developed using Creative
Algorithms is starting to produce different visuals.

© colorful

Show/Savel O Show save
Ocalculate

Figure 4. Content Image Generation Ul of the Proposed System

The Life Energy Distribution Tree Visualization system
(shown in Figure 4) is able to make visualizations in various
ways based on the Content Type option, and all these ways are
rooted in the Botanical Real-Life Tree inspired base
visualization’s structure. TREE is the main method, FG
(Foreground) projects the all activities, FG-TREE (TREE over
Foreground) shows how the FG occurs from the Tree, BG
(Background) projects the all branch activities, BG-TREE
(TREE over Background) shows how the BG occurs from the
Tree, BG-FG (Foreground over Background) is the direct
merge of BG and FG in order. BG-FG-TREE is the direct
merge of the BG, FG and TREE. DOTS, DOTS-LINES, LINE,
RADIAN, SINE are other methods not focused on at this stage
of the study.

The other options of the content image generation system
are Mirror, Colorful, Multiplier, Partial Delay and Wait
Delay. The mirror creates circular reflections according to the
maximum depth of the tree -inspired by the petals of the
flowers-. When the mirror option is active, the same activities
are reflected in the reflections with the same colors, but the
colorful option allows the same activities to be reflected in the
reflections with different colors. The multiplier is multiplied
by all predefined length dimensions, making them longer and
shorter. This also provides a zoom effect and makes the output
image easier to inspect. The Partial delay creates a pause
between all activities, so that the user and the developer can
follow the system and the stages of image generation. The wait
delay freezes the resulting image when the developer wants
not to save the result or only to show it to the user.

All the variables of the Tree are assigned while constructing
the tree. Some values are set defaults. Level and the some Inner
Variables directly taken from candidate such as Name,
Description and Percentage but all the other ones are
calculated over this data such as Length, Angle, Regional
Angle, Direction, Width, Path, Position, Child Number,
Branch Angle and Central Angle.

For the next steps of our study, the focus was narrowed
down to only two of these images, despite the system's ability
to visualize the data in various forms; BG (Background) and
FG (Foreground). These 2 images are filtered with Overlay,
Opacity value 0.47 out of 1 and combined with 30% Blur. The
Blur value ensures that the regional transitions in the Result
Image are smoother, so that the resulting image is more natural

and people are less likely to realize that it is computer
generated.

During all of these content image generation processes,
colors are also used frequently. There are 7 palettes in total and
each one consists of 5 colors. The first palette consists of the
user's favorite colors. It's created by the user selecting the
desired colors. The second, third and fourth palettes are the 5
dominant colors of each of the selected paintings. The fifth,
sixth and seventh palettes are calculated from our palette
library based on the first palette -the user's palette-. So each
user has a total of 35 colors for coloring and the system uses
them in a prioritized circular order.

C. Output Image Generation

In Figure 5, as depicted, the content image is created into
the user's output folder (as illustrated in Figure 2). This folder
is then imported into NSPT.ipynb [25, 26], a widely used,
well-known, well-developed, open-source neural style transfer
system. It is run on Google Colab. At this stage of the study, a
specialized NST has not been developed as the focus is on
transferring people to art using Computational Creativity
under Creative Art. However, as one of the future works, a
more specialized NST system would be desired to be
developed.

Nevertheless, tests have been conducted on the system
options to make this NST implementation more customized to
our needs. All 20 options have been tested with different
values and combinations, and the results have been analyzed
to make each option suitable for each iteration. Although the
system comprises 20 options, some of them are not
informative, so only the effective ones will be described to
produce our results.

Since the system uses 8 iterations with sub iterations, an
ipython script has been developed to manage the system, set
NSPT options, and integrate this system with the cloud part of
our system. GPU has been chosen as the processing unit of
option since it is known to be a better power source than CPU
in Visual ML computing systems. The init option is set to
random for the first iteration because noise is used as the
starting point instead of an image. For the other iterations,
instead of using noise, the generated output of the previous
iteration is used as the input image. The content_weights
option affects how much weight should be given to the term
style reconstruction. Precise testing has been performed with
values of 1, 5, 10, 20, and 50, and it has been found that 5 is
the best for the system.

Since the user colors and other palettes were processed in
the previous content image generation phase, in this step, the
original_colors are set to preserve them. The other option is to
extract and reflect the colors of the input style images. For the
pooling option, avg is preferred over max due to limited
resources and better RAM optimization. Other options of the
system have also been optimized to achieve better results as
suggested by the developers for the avg option.

The style_blend weights are also kept equal, as the default
option, since there is no prioritization between style images
(the users' painting selections). The style_scale option defines
the extraction of features from style images, and after testing
values of 0.5, 1.0, 1.5, and 2.0, the value of 0.7 has been set
for our system. The cudnn backend option has also been
chosen to reduce memory usage based on our examinations.

10
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Table 1. Options by lterations

IT: ITERATION, SID: STYLE_IMG_DIR, CID: CONTENT_IMG_DIR,
MF: MODEL FILE, OI: OUTPUT_IM

IT1 1T2 IT3 IT4 IT5 IT6 IT7 IT8

style weight 100K 100K 100K 100K 100K 100K 100K 10K
num_iterations 1000 1000 1000 1000 1000 200 200 10

image_size 512 768 1024 1400 1400 1800 3600 7200

model_file MF1 MF1 MF1 MF1 MF1  MF2 MF2 MF3

optimizer Ibfgs  Ibfgs  Ibfgs Ibfgs  Ibfgs Ibfgs adam adam
tv_weight 0.000 0 0.000 0 0 0 0 0

01 01

The options that are changed from iteration to iteration are
shown in Table 1. The style restructuring term is weighted by
the style_weight, and the values in the table were set after
testing the values 500, 5K, 20K, 1M, and 10M. The number of
iterations is determined by num_iterations. Testing was

conducted from 500 to 10000 in a range of 500 steps. The
horizontal image size of the output image in pixels is denoted
by image_size. Higher values are used to generate high-
resolution outputs, and even higher values are used to generate
outputs that are more suitable for canvas printing. The Path to
the .caffemodel file for the VGG Caffe model is specified by
model_file. The default is the original VGG-19 model, and the
defaults were kept for the 8 iterations. The optimization
algorithms to be used, Ibfgs or adam, are selected using the
optimizer option. The learning_rate option was set to 1 from
the values 1, 4, 10, and 20 that were tested, as the system is
using the ADAM optimizer for I1T7 and IT8. The total-
variation editing weight, which helps to smooth the image, is
represented by tv_weight, and the default values for this option
were also kept.

D. User Data & Result Evaluation

As the study is based on People and Art, the people
surveyed found the study very interesting and took the time to
help. They also expressed a desire to see the resulting artistic
visualizations. Therefore, an evaluation file generation system
was developed, both to link the results to an academic standard
and to thank the users by sending them their results.

At the final step of the system, it reads all the input and
output files of the previous steps and generates an evaluation
file. This step is based on the final status of the output folder.
Which contains; All the Content Images, User Data, User

11
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Color Palettes, User Tree Graphs and Result Image. The
evaluation file contains; User Personal Information, Tree
Data Evaluations, User Color Palettes, User Style Images and
the explanations of their Genres and Styles, Result Image
Color Extracted Character Analysis, User Data as table, Tree
Graphs (Tree Graph, TreeMap, SunBurst, Icicle, Kamada-
Kawai Graph), Generated Content Images (TREE, FG, BG
and combinations of these three and BLENDED) and the
Result Image. Figure 6 shows 2 examples of Content Images
that are not used to create the result image but help explain the
system. Figure 6 (a) shows how activities of a person are
visualized through botanical based visualization and Figure 6
(b) shows how mirroring works. In the evaluation file, they are
used to describe and transfer the process and method to
individuals.

Figure 6. (a) An Example Content Image, Multiplier 2, Mirror is False
(Colorful is automatically False) (b) An Example Content Image, Multiplier
2, Mirror is True, Colorful is False

V. EXPERIMENTAL STUDIES

Figure 7. TreeMap Visualization of a Sample User Data

The test subject is a senior electrical and electronics
engineering student, and her life energy distribution data is
represented as TreeMap in Figure 7. Her life is divided into
three main activities, Academic, House and Social. Even
though most students have similar divisions, they represent

their life in very different ways. This diversity is something to
be observed in the study. Their description and representation
of their life in their way has an important effect on creating Art
of their lives. It allows the data to be personalized. This
subject’s data visualization is also shown in Figure 5 in our
method with all the steps.

The difference between our method and the TreeMap
method is understandably quite large. In total, there are more
than 300 tree visualization methods and TreeMap is
considered to be one of the most space efficient. TreeMap was
introduced as a solution to the problem of standard Tree
Graphs, which require a lot of space, especially as you go to
the leaf nodes, but even in this document, TreeMap is
insufficient to represent relatively small data. Functional
digital TreeMaps can use space more efficiently by moving
inwards with a clicking. TreeMaps are suitable for all kinds of
hierarchical data. On the other hand, our system can be
displayed in the same way in a document like this one, or on
canvases meters high. Although our system is based on
hierarchical tree data, it is an artistic representation developed
specifically to visualize humans. It needs the user's color and
painting information.

Based on this comparison of the same data, it can be said
that the right visualization for the right data is essential in data
visualization, as all visualization research indicates.

Figure 8. Key Visualizations Generated During the Processes

Figure 8 shows the basic visualization steps of two different
users' data. (a) the users' color palettes, (b) the generated
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botanical-based visual trees using the users' preprocessed data
and the generated color palettes, (c) the content images
obtained after mirroring (b) and creating BG and FG images
from it and then combining them with filtering, (d) the user's
painting selections, (e) the result images after the neural style
transfer. This figure shows how the system generates a
botanical-tree inspired representation of the data and then
builds a content image on it using palettes, and then uses the
selected paintings at NST step for the create the result
visualizations.

7

Figure 9. Comparison of Outputs

Figure 9 shows how the output image varies according to the
effects of the user’s color selections and painting selections.
The 3 images on the left show the painting selections, the 5
colors on the left show the color selections and the image on
the right shows the user's output image. (a) and (b) has the
exact same color selections but the painting selections are
different. (b) and (c) have same painting selections but
different color selections. The user's color palette is the highest
priority among the 7 palettes -the next three palettes come
from the 5 dominant colors of the selected paintings and the
other 3 palettes are calculated from the user's palette-. The
effect of the palettes can be easily observed in this Figure while
creating the content image. The effect of the selected images
used in neural style transfer on texture transfer is also
observable in the same Figure.

VI.CONCLUSION

The right visualization method suitable for the data and the
target audience, or even a new method based on existing
methods, is essential to effectively convey the data in data
visualization. In this study, an artistic visualization system has
been developed to represent people's daily life activity &
energy distribution data. To achieve a Creative Computing
study, the data was processed with special Creative Algorithms
and Neural Style Transfer.

In the study, not only mathematical data but also people's
favorite colors and artistic perspectives were used to reflect the

human being in a unique way. The results of the system are
also open to interpretation, just like the people themselves. At
the end of the study, it was observed that the proposed system
produced consistent results and thus created a specific art style.
This observation can be interpreted as the creation of a new
sub-art style during the study.

For future work, it is aimed that the system have developed
during the study, will be supported with licensed images and
offered as an online service, so that individuals and institutions
can produce and use artistic result images that reflect
themselves or the people concerned. Activities will be
categorized into selectable categories as a support system and
further additions will be possible.

VII. RECOMMENDATIONS

The artistic outputs produced by the system are expected to
be used in future phases to interpret, group of people in a non-
mathematical way, through the observation of art. The users
should be divided into groups such as students and
professionals, and it should be observed what similarities and
differences the data of students from different majors have in
the resulting images, or what commonalities the members
working in the same team have.

With a system of predefined activities based on the selection
to be made in the background, it is expected to observe the
similarities and differences between the results of people with
similar lives in terms of activities. Thus, the interpretation of
the observed results and the evaluation of the new results that
are being generated will allow our study to be used for the
interpretation and evaluation of people and groups.
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Ozet — Arazi topografyast ve iliskili detaylarin nokta bulutu seklinde sayisallastirilarak bilgisayar ortamina aktarilmasi gok
sayida uygulamada vazgegilmez hale gelmistir. Araziye iliskin her tiirlii planlama, akilli sehir uygulamalari ve diger hizmetler
icin bu sayisal verilerden yararlanilir. Hava Lidar ve fotogrametri genis alanlarin kisa siirede sayisallastirilmast i¢in yaygin
Oleme teknikleridir. Hava lidar sisteminde belirli bir ac1 artis1 ile yonlendirilen lazer 1sinlari ile tarama yapilarak nokta bulutu
oOlciiliir. Fotogrametrik nokta bulutu yontemi teknik bilgi gerektirmez ve diisiik maliyetlidir. Konumsal verilerin entegrasyonu
icin elde edilen nokta bulutu olgiilerinin jeodezik koordinat sistemine doniistiiriilmesi gerekir. Bu g¢alismada Lidar ve
fotogrametrik yontem ile kentsel alanlarin 3B modellemesi yapilmistir. Nokta bulutu verileri ugus esnasindaki konum bilgileri
ile jeodezik koordinat sistemine doniistiirilmiistiir.

Anahtar Kelimeler — Lidar, fotogrametri, nokta bulutu, jeodezik koordinat, kentsel alan modelleme

Aunf: Altuntas, C. (2023). Hava Lidar ve fotograflardan kentsel alanlarin digital ikizinin olusturulmasi ve karsilastirilmasi.
International Journal of Multidisciplinary Studies and Innovative Technologies, 7(1): 15-19.

Digital twin generation and comparison from aerial Lidar and
Images in urban area
Extended Abstract

Research Problem/Questions — For the integration of spatial data, the obtained point cloud measurements need to be
registered to the geodetic coordinate system. In this study, 3D modeling of urban areas was made with Lidar and
photogrammetric method.

Short Literature Review — Lidar measurements are in the form of a point cloud that represents the measuring surface with its
actual dimensions. Integration of measurements into the common geodetic coordinate system is done either using the ground
control points (GCP) or with flight data at the time of measurement [1]. Using a ground control points improves accuracy, but
has a high workload cost. Geodetic coordinating with direct flight data provides adequately accurate geodetic coordinating
for many applications [2].

Methodology — To be able to use the lidar point cloud for mapping, it must be registered to a geodetic coordinate system. The
registration to the geodetic coordinate system is done by three methods: GCP, flight data and data processing. Coordinating is
easily done with GNSS data during flight. It uses direct georeferencing, global navigation satellite systems (GNSS) and inertial
measurement unit (IMU). The GNSS records the position (XYZ coordinates) and the IMU records the rotation, tilt, yaw angles
around the axis at the time of recording. These parameters are combined and each measured Lidar point is converted directly
into the georeference system. The lidar point cloud is precisely georeferenced with minimal processing. Direct georeferencing
is currently the most widely used method for LIDAR point cloud data. Geodetic coordinates of the photogrammetric point
cloud are easily done using the camera projection center coordinates recorded by GPS during flight. This process is a fast and
efficient method for geodetic coordinating of the photogrammetric point cloud.

Results and Conclusions — Different types of land cover can affect point accuracy. However, there was no significant
difference between Lidar and photogrammetric point cloud in this study.

Keywords — Lidar, photogrametry,point cloud, jeodetic koordinate,urban area modelling

Citation: Altuntas, C. (2023). Digital twin generation and comparison from aerial Lidar and image in urban area. International
Journal of Multidisciplinary Studies and Innovative Technologies, 7(1): 15-19.
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I. GIRIS

Araziye iliski her tiirlii goriintiileme ve planlamada nokta
bulutu o6lgme tekniklerinden yararlanilir. Hava Lidar ve
fotogrametri yontemleri ile kentsel alanlarin haritalanmasi ve
modellenmesi kisa siirede yiiksek dogrulukla yapilabilir.

Lidar olgiileri, 6lgme ylizeyini gergek boyutlar: ile temsil
eden nokta bulutu seklindedir. Olgiilerin yaygin jeodezik
koordinat sistemine entegrasyonu ya kontrol noktasi
kullanilarak ya da 6lgme anindaki ugus verileri ile yapilir [1].
Kontrol noktasi kullanmak dogrulugu artirir ancak is yiikii
maliyeti yiiksektir. Dogrudan ugus verileri ile jeodezik
koordinatlandirma pek ¢ok uygulama icin yeterli dogrulukta
jeodezik koordinatlandirma saglar [2].

Lidar nokta bulutunun segmentasyonu ile kentsel alandaki
degisim belirlenebilir [3]. Kentsel alandaki bitki tiirleri ve
yapist Lidar 6lgmelerinden tespit edilebilir [4]. Bitki tiirleri
tespitinde lidar ve fotogrametri birlikte de kullanilmigtir [5].
Ek olarak Lidar tarafindan saglanan 3B geometrik veriler
kentsel yesil altyapiy1 korumaya da yardimci oldmaktadir [6].
Lidar yansima degerinden yiizeyin material 6zelligi hakkinda
bilgi edinilebilir. Ornegin yiizeyin kuru ve 1slak olmasi
durumunda yansima degerlerinin farkli olacaktir. Bu durum
yiizeylerin ayirt edilmesini saglar [7].

Fotogrametrik goriintiilerden olusturulan nokta bulutu
verisinin Olgeklendirilmesi ve jeodezik koordinatlandirma
ucus esnasindaki kamera konumlar1 ile dogrudan
gerceklestirilebilir. Diger yandan Lidar nokta bulutu
koordinatlar1 ile de Olgeklendirme ve koordinatlandirma
yapilabilir. Bu ¢alismada kentsel alan modellemesinde Lidar
ve fotogrametrik (SfM) nokta bulutu yOntemleri
aragtirtlmistir.  Elde edilen nokta bulutlarinin jeodezik
koordinat sistemine doniisiimii yapilarak farkli arazi Ortiisii
tiirleri icin karsilagtirma yapilmistir.

Il. MATERIAL VE METHOD

A. Hava Lidar

Lidar Ol¢melerinde temel prensip Olgiilen noktanin
mesafesi ile 6l¢li 1511 dogrultusunun belirlenmesi ve donen
1smin - tagidigr  bilginin - digital kodlara donistiiriilerek
kaydedilmesidir. Olgiiler alet merkezli lokal bir koordinat
sisteminde ifade edilir. Isin kaynaginin 6lgme noktasina olan
mesafesi 1g1n1n ugus siiresi ile hesaplanir. Mesafe, bilinen 151k
hiz1 ve ugus siiresi kullanilarak dogrudan ya da dolayli olarak
hesaplanir. Isin dogrultusu, tanimli referans sisteminin yatay
ve diisey diizlemleri ile yapilan agilarla ifade edilir. 3B nokta
koordinatlarinin elde edildigi bu sistem 3B Lidar olarak ifade
edilir.

Olgme yiizeyinin renk ve materyal yapist donen ismin
yansima siddetini etkiler. Yansitma orani yiiksek ylizeyler
daha uzak mesafelerden Ol¢iilebilir. Tarama noktalarmin 3B
konum dogrulugu biiyiik oranda iraksama agisi, donen 1s1nin
siddeti ve aletin ag¢1 6lgme hassasiyeti ile iliskilidir.

Lidar nokta bulutunu haritalamada kullanabilmek icin
jeodezik koordinat sistemine doniistiiriilmesi  gerekir.
Jeodezik koordinat sistemine doniisiimii YKN, ugus verileri
ve veri isleme olmak iizere ii¢ yontem ile yapilir. YKN ugus
alaninda diiz yiizeyler {izerine tesis edilir ve koordinatlari
yersel yontemlerle Olgiiliir. Maliyetli ve zaman alict bir
yontemdir.  Ucus  esnasindaki  GNSS  verileri ile
koordinatlandirma kolayca yapilir. Dogrudan cografi
referanslama, kiiresel navigasyon uydu sistemleri (GNSS) ve
atalet ol¢lim birimi (IMU) kullanir. GNSS, konumu (XYZ

koordinatlar1) kaydeder ve IMU, kayit aninda eksen etrafinda
donme, egim, sapma acilarini kaydeder. Bu parametreler
birlestirilir ve Olglilen her Lidar noktasi dogrudan cografi
referans sistemine dondstiiriiliir. Lidar nokta bulutu en az
islem ile hassas bir sekilde cografi referanslandirilir.
Dogrudan cografi referanslama, LiDAR nokta bulutu verileri
icin gliniimiizde en yaygm kullanilan ydntemdir. Veri
islemeye dayali yontem olgiilen nokta bulutunun daha
onceden jeoezik koordinatlandirilmig nokta bulutu koordinat
sistemine doniistimii seklinde uygulanir.

Ugus
% yonii
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idar 1511 —h Ucus '
tarama ag1s1 XLy, yikseklig |
FoV b =
D Tarama
seridi
/ \L
_— \ Isin raksama .
N

\
\ acisi
[l

Sekil 1. Hava 3D Lidar tarama

B. Fotogrametrik Nokta Bulutu

StM aynmi Ortii alanma ait farkli agilardan c¢ekilmis
parlaklik, 6lgek ve doniikliikleri farkli goriintiilerin otomatik
eslestirilmesi ile kamera ve eslenik nokta koordinatlarinin
taniml1 bir koordinat sisteminde ifade edilmesini igerir. Bu
islemler i¢in kamera kalibrasyonu gerekmez. Kamera
kalibrasyon parametreleri ve nokta koordinatlari iteratif
olarak hesaplanir.

StM algoritmasi ile fotogrametrik nokta bulutu dort adimda
olusturulur. Ik adimda, goriintii 6zellik noktalar: bulunur.
Ikinci adimda, 6zellik noktalar1 karakteristik degismez
ozellikleriyle tanimlanir. Tanimlayici, 6zellik noktalarini 128
boyutlu uzayda temsil eder. Ugiincii adimda tiim gériintiiler
arasindaki benzer ozellik noktalari eslestirilir ve dordiincii
adimda 151n demetleri dengelemesi ile gorintiilerin goreli
konumlart tahmin edilir. Eslestirme sonuglar1 genellikle
seyrek nokta bulutudur ve bunlar daha sonra ek eslesmelerle
yogun nokta bulutuna doniistiiriiliir. Ticari fotogrametri
yazilimlari, kullanicilarin eslesen 6zellik noktalariin sayisini
kisitlamasina olanak tanir. Bu sayede c¢oklu goriinti
eslestirme, bilgisayar kapasitesini zorlamaz. Eslesen tim
Ozellik noktalar1 i¢in 3B uzamsal koordinatlar, lokal referans
koordinat sistemine gore elde edilir [8]. Nokta bulutunun
Ol¢eklendirilmesi gergek obje {izerindekine benzer o&lgii
yapmay1 saglar. Olceklendirme ve cografi referanslamanin
kontrol noktasina dayali olarak yapilmasi zaman ve maliyet
alic1 bir islemdir. Bunun yerine dogrudan ugus aninda GPS
ile kaydedilen kamera ¢ekim merkezi koordinatlari
kullanilarak jeodezik koordinatlandirma yapilir. Bu islem
fotogrametrik nokta bulutunun jeodezik koordinatlandirilmasi
icin hizl ve etkili bir yontemdir.
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C. Verilerin Elde Edilmesi

Calisma alan1 Konya ili, Kulu ilce merkezinde 1.11km? lik
bir alandir ve denizden yiiksekligi ortalama 1000m dir (Sekil
2). Lidar tarama ortalama 841m yiikseklikten 2-3 nokta/m?
yogunluk ile yapilmistir. Lidar 6l¢iisii yapilirken ayni anda
fotogrametrik degerlendirme icin hava fotograflar1 da

cekilmistir. Fotograf ¢cekimi aninda kamera ¢ekim merkezinin
GPS koordinatlar1 da kaydedilmistir. Fotograflar 24 bit
derinliginde ve 10625-14204 pixel ¢oziiniirliiktedir. Olgme
alanina ait dokuz fotograf kaydedilmistir.

Sekil 2. Caligsma alani

I11.ARASTIRMA SONUCLARI

Fotograflardan nokta bulutu Agisoft yazilimi ile
dretilmistir.  Nokta bulutu  "medium"  ozelligi ile
olusturulmustur. Fotograflardan olusturulan nokta bulutu
verisinin 6lgeklendirilmesi kamera ¢ekim merkezlerinin GPS
koordinatlar1 koordinatlar ile yapilmistir. Elde edilen nokta
bulutu Lidar nokta bulutu ile karsilastirilarak farkli yiizey
ortiilii alanlar i¢in dogruluk degerlendirmesi yapilmistir.

u>9

200 m

Sekil 3. Kamera konumlar1 ve bindirmeli alanlar.

Tablo 1. Kamera konumlar1 ve ortalama hatalar1 [Units are cm]

XY error
12.1211

Z error
13.5528

Y error
7.2215

Xerror
9.7351

Toplam hata
18.1825

Fotogrametrik nokta bulutu dokuz fotografin ortak gdriintii
alanindan {retilmistir. Kamera c¢ekim merkezleri ve
fotograflar arasi bindirmeli alanlar Sekil 3 de verilmistir.
Seyrek nokta bulutu 13831 nokta igcermektedir. Baglanti
noktalarmin ortalama projeksiyon sayisi 2.65 tir. Baglanti
noktalarmin resim diizlemine geri projeksiyonunda ortalama
hata ise 1.74 pixel dir. Isin demetleri dengelemesinden sonra
kamera ¢ekim merkezlerindeki ortalama hatalar Tablo 1 de
ve hata elipsi biiytikliikleri Sekil 4 de verilmistir. "Medium"
secenegi ile tretilen yogun nokta bulutu 6273511 nokta
icermektedir. Yogun nokta bulutundan elde edilen sayisal
yiikseklik modeli bina yiikseklikleri de dikkate alindiginda
calisma alaninda ortalama 50m kot degisimini gostermektedir
(Sekil 5). Farkli ortii tiplerine sahip arazilerde Lidar ve
fotogrametrik nokta bulutlarinin dogruluklart etkilenebilir.
Bunu tespit etmek i¢in Lidar ve fotogrametrik nokta bulutlar
karsilagtirilmistir (Sekil 6).

@ 30cm
® 24cm
© 18 cm
0 12cm
© 6cm
© O0Ocm
© -6cm
© -12.cm
© -18cm
@ -24cm
@® -30 cm

x 300

—
200 m

Sekil 4. Kamera ¢ekim merkezi konum hatalari.

1.06 km

1.02 km

—
200 m

Sekil 5. SfM nokta bulutu sayisal yiikseklik modeli
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Sekil 6. Lidar ve SfM nokta bulutu karsilagtirmasi
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IV.SONUC

Lidar aktif bir Olgme teknigidir. Tarama noktalarmin
koordinatlar1 ile birlikte yansima degerleride kaydedilir.
Noktalarin renklendirilmesi kamera gorintiileri ile yapilir.
Hava Lidar o6lgiilerinde dogruluk ucus yiiksekligi, 1sin
iraksama acisi ve yansima siddeti gibi degerlere baglidir.
Olgme dogrulugu yatayda 20cm diiseyde 10cm civarindadir
ve topografik Olgmeler igin yeterli dogrulugu saglar.
Fotgrametrik nokta bulutu &l¢li dogrulugu temelde piksel
boyutlar1 ve ugus yiiksekligi ile ilgilidir. Farkli arazi ortiisii
tiirleri nokta dogrulugunu etkileyebilir. Ancak bu caligmada
Lidar ve fotogrametrik nokta bulutu arasinda 6nemli bir fark
goriilmemistir. Kentsel alan modellemede her iki yontem
birlikte yada ayr1 olarak kullanilabilir..
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Mines are a weapon that can change the naval operating environment and force the enemy to change their operational plan
or clean up to a level where their forces can operate. For this reason, the measures to be taken against the mines in the hands
of the enemy force are very important for the survival of the operation to be carried out. In this context, the use of machine
learning algorithms in the planning of measures against possible landmines is discussed in this study. In this direction, firstly,
synthetic data to be used in the study was produced, then predictions were made with five different machine learning using these
data and the performances of the algorithms were compared. As a result of the calculations, it was seen that the best result was
obtained with the ANN algorithm, and therefore, in the first step, "Mining Probabilities of the Channels" followed by the "
Number of Ships to be Commissioned in Channels™ were determined using the ANN algorithm. In the last step, the required
number of ships was calculated based on the results obtained in the previous steps by using Linear Programming. In the
conclusion part of the study, the effects of the change in channel mining probabilities on the amount of need were examined and
the gains obtained with the developed model were mentioned. In addition, case studies that can be done in the following period
for mine warfare were also discussed.

Keywords — Naval Operations, Sea Mine, Machine Learning, Regression, Linear Programming, ANN Regression, SVR, Decision
Tree Regression, Random Forest Regression.

Citation: AKYOL H., ZILCI, R., TABAN C. (2023 Modeling Naval Mine Warfare with Machine Learning Algorithms
International Journal of Multidisciplinary Studies and Innovative Technologies, 7(1): 20-31.

I. INTRODUCTION of action to be applied. For this reason, it is very important
Mines are important weapons that can change the to be ready at any time against a mine-laying operation by
balance of power in the naval operational environment. The the enemy force against the channels that are in our areas of
possibility of mines being trapped in any area in the naval responsibility and that we will use to bring our
operational environment will force the adversary to change surface/underwater elements to the operation area. In this
their combat plan(s) or to clean up against these threats to a study, the gains to be obtained by using machine learning
level where their forces can operate. Similarly, if certain sea algorithms in planning for the situation will be mentioned
areas under the control of our country are trapped with and a planning will be made according to a sample scenario.
mines of various characteristics, this will hinder our Il. LITERATURE REVIEW
dominance in the seas and the protection of our national As mentioned above, sea mines have been weapons that
interests. Therefore, the mine is a force multiplier. directly affect the results of wars throughout history. For
Mines are usually trapped in sea areas called channels at this reason, various studies have been carried out for the
port exits to confine the opposing force to its area. However, planning of mine warfare in various periods. Especially in
the mines were used in history for the purpose of defense recent studies, it is seen that artificial intelligence
against an all-out enemy attack, which was intended to land algorithms are also used. Case studies discussed in this
a landing operation from the sea and to occupy Istanbul by context are presented in Table 1.

crossing the straits during the Dardanelles Naval War and
created a great surprise effect.

Although the mine threat cannot completely stop naval
operations, it may delay for a long time or cause other forms
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Table 1. Similar Studies in Literature.

Name of the Study Scope of the Study Used Models
The scope of this study is to explore the application of artificial intelligence (Al)
Application of techniques in naval mine warfare planning. The study aims to investigate how | Artificial Neural Networks

Artificial Intelligence
Techniques in Naval
Mine Warfare
Planning [1].

Al can enhance the effectiveness and efficiency of mine warfare planning by
leveraging advanced computational algorithms and decision support systems. It
examines various Al techniques and their potential for improving mine
detection, classification, localization, and neutralization strategies in naval
operations.

(ANN)

Genetic Algorithms
Fuzzy Logic Systems
Expert Systems

Artificial Intelligence-
Based Decision
Support System for
Naval Mine Warfare
Planning [2].

The scope of the study aims to develop an artificial intelligence-based decision
support system specifically designed for naval mine warfare planning. The study
focuses on leveraging Al techniques to enhance the efficiency, accuracy, and
effectiveness of mine warfare planning processes, ultimately improving naval
operational capabilities and reducing potential risks.

Support Vector Machines
Genetic Algorithms

Machine Learning
Approaches for Naval
Mine Warfare
Planning [3].

The scope of the study focuses on exploring the application of machine learning
techniques in naval mine warfare planning. The objective is to develop efficient
and accurate models that can aid in decision-making processes, enhance
situational awareness, and optimize mine countermeasure operations. The study
investigates various machine learning algorithms and their suitability for
addressing the challenges associated with mine warfare planning.

Convolutional Neural
Networks (CNN)

Recurrent Neural Networks
(RNN)

Support  Vector Machines
(SVM)

Reinforcement Learning (RL)

Intelligent Systems
for Naval Mine
Warfare Planning and
Execution [4].

The study aims to develop intelligent systems for naval mine warfare planning
and execution. It focuses on utilizing artificial intelligence techniques to enhance
the effectiveness and efficiency of mine warfare operations. The research
investigates the application of advanced algorithms and decision support
systems to support decision-making processes, optimize resource allocation, and
improve situational awareness in mine warfare planning and execution.

ANN
Genetic Algorithms

A Review of
Artificial Intelligence
Techniques for Naval
Mine Warfare
Planning [5].

The fifth study, conducted by Roberts and Thompson in 2019, provides a
comprehensive review of various artificial intelligence techniques employed in
naval mine warfare planning. The study aims to evaluate and compare the
effectiveness and applicability of these techniques in enhancing mine warfare
planning processes within naval operations. The review encompasses a wide
range of Al methodologies and their specific applications within the field,
addressing both theoretical aspects and practical implementation considerations.

ANN
Genetic Algorithms

Deep Learning
Approaches for Naval
Mine Warfare
Planning [6].

The scope of this study is to explore the application of deep learning techniques
in naval mine warfare planning. The study aims to investigate the effectiveness
of deep learning models in mine detection, classification, and threat assessment,
and their potential for improving the accuracy and efficiency of mine warfare
planning.

Generative Adversarial
Networks (GANS)

RNN

RL

CNN

Evolutionary
Algorithms for Naval
Mine Warfare
Planning [7].

The scope of the study focuses on the application of evolutionary algorithms in
naval mine warfare planning. It aims to explore the effectiveness of evolutionary
algorithms as a decision support tool for optimizing mine warfare planning
strategies. The study investigates how evolutionary algorithms can assist in tasks
such as route planning, resource allocation, and mission sequencing in naval
mine warfare operations.

Genetic Algorithm

Particle Swarm Optimization
Ant  Colony Optimization
(ACO)

Fuzzy Logic-Based
Decision Support
System for Naval
Mine Warfare
Planning [8]

The study focuses on the development and implementation of a fuzzy logic-
based decision support system for naval mine warfare planning. The aim is to
utilize fuzzy logic techniques to enhance the decision-making process in the
planning phase of mine warfare operations. The study aims to improve the
effectiveness and efficiency of mine warfare planning by providing decision
support based on fuzzy logic principles.

Defuzzification Techniques
Fuzzy Logic Model:

Neural Network
Models for Naval
Mine Warfare
Planning [9].

The study focused on the application of neural network models in naval mine
warfare planning. The study aimed to investigate the effectiveness of neural
networks in predicting minefield characteristics, optimizing mine clearance
operations, and enhancing decision-making processes in mine warfare planning.
The researchers aimed to compare different neural network architectures and
evaluate their performance in various mine warfare scenarios.

CNN

Radial Basis Function Neural
Network (RBFNN)

RNN

Feedforward Neural Network
(FNN)

Multi-objective
Optimization in Naval
Mine Warfare
Planning Using

The study focuses on the application of multi-objective optimization techniques
in naval mine warfare planning using genetic algorithms. The study aims to
develop an efficient decision support system that can simultaneously optimize
multiple objectives in mine warfare planning, such as minimizing risk to naval

Genetic Algorithm

Genetic Algorithms vessels, maximizing the area covered for mine detection, and minimizing the
[10]. time required for mine clearance operations.
KNN Regression
With this study, considering the factors affecting the planning of mine warfare, | Decision Tree Regression
This Study it will enable the development of a new model that will enable the planning to | Random Forest Regression

be carried out in a way that is far from subjective values and gives results close
to reality.

SVM Regression
ANN Regression
Linear Programming
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. MATERIALS AND METHOD
3.1. Data Definition and Preprocessing

Since the real data, which is the input of the study, is
"CONFIDENTIAL" within the scope of the National
Security of our country, synthetic data produced according
to a certain assumption were used in the study instead of the
real data in question. In this direction, it was assumed that
planning would be made for 10 channels and synthetic data
were created for the following variables for each channel,
and based on these data, the mining probabilities of each
channel were tried to be estimated by machine learning
algorithms.

v' Depth; Depth is one of the most important factors
that show whether the enemy force will mine in that
channel. The depths at which sea mines can be effective are
limited. Therefore, the deeper the channel is, the less likely
it will be mined. In this context, random depth values
between 25 and 500 meters were assigned to the channels
considered in the study. The channel depth information
resulting from the assignment is presented in Table 2.

Table 2 Depth Information of Channels.

Channel Nu Depth (meter)
Channel 1 226
Channel 2 129
Channel 3 33
Channel 4 354
Channel 5 427
Channel 6 122
Channel 7 190
Channel 8 275
Channel 9 381
Channel 10 80

Then, each channel was given a score between 0 and 5
according to the depth of the channel. Channels with lower
depth values scored close to 5, while channels with higher
depth values scored close to 0. Depth-Score Values used in
this context are presented in Table 2.

Table 3 Depth-Score Table.

Depth (meter) Score
25-100 5

100-200

200-300

300-400

400-500

500+

OR[N W|~

One of the important factors affecting the possibility of
mines in the channel is the enemy force platforms
(plane/submarine/ship) detected in the channel. In this
context, while creating the data set, it was assumed that the
number of platforms determined for 365 days in each
channel was recorded and synthetic data was created.
Details regarding the said data are explained in the
following articles.

v" Number of Frigates Detected in the Channel;
frigates in the hands of enemy forces will be able to be

actively used in mine-laying activities. In this context, the
number of frigates detected in each channel was determined
by assigning random values with an average of 5 and a
standard deviation of 3, which were considered to fit the
normal distribution (total of 3650 data were created). Then,
a score was made according to the number of frigates
detected in the channel. The Detected Frigate Number-Point
Values used in this context are presented in Table 4.

Table 4 Number of Frigates Detected-Score Table.

Number of Frigates Detected Score
7+ 5
6-7
4-6
3-4
1-3
0-1

O, INW|(~

v" Number of Corvettes Detected in the Channel;
Corvettes in the hands of enemy forces will be able to be
actively used in mine dumping activities. In this context, the
number of corvettes detected in each channel was
determined by assigning random values with an average of
5 and a standard deviation of 3, which were considered to
fit the normal distribution (total of 3650 data were created).
Then, a score was made according to the number of
corvettes detected in the channel. The Detected Number of
Corvettes-Point Values used in this context are presented in
Table 5.

Table 5 Number of Corvettes Detected-Score Table.

Number of Corvettes Detected | Score
7+ 5
6-7
4-6
3-4
1-3
0-1

O INW|(~

v" Number of Assault Boats Detected in the Channel,
gunboats in the hands of enemy forces will be able to be
actively used in mine-pouring activities. In this context, the
number of torpedo boats detected in each channel was
determined by assigning random values with an average of
10 and a standard deviation of 4, which were considered to
fit the normal distribution (total of 3650 data were created).
Then, a score was made according to the number of torpedo
boats detected in the channel. The Number of Detected
Assault Boats-Point Values used in this context are
presented in Table 6.

Table 6 Number of Detected Assault Boats-Score Table.
Number of Detected Assault Boats | Score
14+ 5
11-14
8-11
6-8
3-6
0-3

OR[N W(~

v" Number of Submarines Detected in the Channel,
submarines in the hands of enemy forces will be able to be
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actively used in mine dumping activities. In this context, the
number of submarines detected in each channel was
determined by assigning random values with an average of
2 and a standard deviation of 1, which were considered to
fit the normal distribution (total of 3650 data were created).
Then, a score was made according to the number of
submarines detected in the channel. The Number of
Detected Submarines-Point Values used in this context are
presented in Table 7.

Table 7 Number of Detected Submarines-Score Table.

Number of Detected Submarines Score
3+ 5
2-3 4
1-2 2
0 0

v" Number of Aircraft Detected in the Channel,
aircraft in the hands of enemy forces will be able to be
actively used in mine-pouring activities. In this context, the
number of aircraft detected in each channel was determined
by assigning random values with an average of 10, a
standard deviation of 2 and accepted as conforming to the
normal distribution (total of 3650 data were created). Then,
a score was made according to the number of aircraft
detected in the channel. The Number of Detected Aircraft-
Score Values used in this context are presented in Table 8.

Table 8 Number of Detected Aircraft-Score Table.
Number of Detected Aircraft Score
12+ 5
10-12
7-10
5-7
3-5
0-3

ol INW|~

v" Number of Amphibious Ships Detected in the
Channel; Amphibious ships in the hands of enemy forces
will be able to be actively used in mine-laying activities. In
this context, the number of detecting amphibious ships in
each channel was determined by assigning random values
with an average of 3 and a standard deviation of 2, which
were considered to fit the normal distribution (total of 3650
data were created). Then, a score was made according to the
number of amphibious ships detected in the channel. The
Number of Detected Amphibious Ships-Point Values used
in this context are presented in Table 9.

Table 9 Number of Detected Amphibious Ships-Score

Table.
Number of Detected Amphibious Ships | Score

5+ 5
4-5 4
3-4 3
2-3 2
1-2 1

0 0

v" Number of Autonomous Vehicles Detected in the
Channel, autonomous vehicles in the hands of enemy forces
will be able to be actively used in mine dumping activities.
In this context, the number of autonomous vehicles detected

in each channel was determined by assigning random values
with an average of 8 and a standard deviation of 2, which
were considered to fit the normal distribution (total of 3650
data were created). Then, a score was made according to the
number of autonomous vehicles detected in the channel.
The Number of Detected Autonomous Vehicles-Point
Values used in this context are presented in Table 10.

Table 10 Number of Detected Autonomous Vehicles-
Score Table.

Number of Detected Autonomous Vehicles | Score
8+ 5
7-8
6-7
4-6
2-4
0-2

O INW|(~

v" Number of Civil Boats Detected in the Channel,
civilian boats in the hands of enemy forces can be actively
used in mine dumping activities. In this context, the number
of civilian boats detected in each channel was determined
by assigning random values with an average of 20, a
standard deviation of 3 and accepted to fit the normal
distribution (total of 3650 data were created). Then, a score
was made according to the number of civilian boats detected
in the channel. The Detected Civilian Boat Number-Point
Values used in this context are presented in Table 11.

Table 11 Number of Detected Autonomous Vehicles-
Score Table.
Number of Civil Boats Detected Score
21+ 5
17-21
14-17
8-14
5-8
0-5

OR[N W|~

v" Number of Auxiliary Class Ships Detected in the
Channel, auxiliary class ships in the hands of enemy forces
will be able to be actively used in mine laying activities. In
this context, the number of auxiliary classes detected in each
channel was determined by assigning random values with a
mean of 9, a standard deviation of 2 and accepted to fit the
normal distribution (total of 3650 data were created). Then,
a score was made according to the number of auxiliary class
ships detected in the channel. The Number of Detected
Auxiliary Class Ships-Point Values used in this context are
presented in Table 12.

Table 12 Number of Detected Autonomous Vehicles-
Score Table.

Number of Detected Auxiliary Class Ships | Score
9+ 5
8-9
7-8
5-7
2-5
0-2

Ol INW|~

By using the scores obtained from the data explained
above and the formula (1), the mining probabilities of each
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channel for the data collection day were calculated and
added to the data set.

v pll‘:
k

k _ [Zk("ii*‘”i)]
pf = (1)
k > Indicates the day on which the mining probability
is calculated.
i : The mining probability refers to the calculated
channel.
j . It expresses the parameter that affects the
probability of mining.
x{‘j . It represents the score of the i channel for the j

parameter on day k.

w;j . It expresses the effect (weight) of the parameter

j on the probability of being mined. (The weight values in
Table 13 were used in the calculations.)

pf‘ - Itexpresses the probability that channel i is mined

on day k.
Table 13 Parameter Weight Values Used in the Study.

Parameter Weight

Depth 0,3
Number of Frigates Detected 0,04
Number of Corvettes Detected 0,04
Number of Detected Assault Boats 0,04
Number of Detected Submarines 0,04
Number of Detected Aircraft 0,04

Number of Detected Amphibious Ships 0,1
Number of Detected Autonomous Vehicles | 0,15
Number of Civil Boats Detected 0,15
Number of Detected Auxiliary Class Ships 0,1

3.2. Creating the Model
3.2.1. Determining Channel Mining Probabilities

Based on the values explained so far, a data set
consisting of a total of 3650 rows has been created. By
making use of the aforementioned data set, the
performances of the algorithms were compared using the
machine learning algorithms in Figure 1, and then the
mining probabilities of each channel were calculated
according to the data in Table 14 with the algorithm that
showed the best performance.

Algorthims Used
i Decision Tree
Sl Regression
Random Forest S“K};“r; Vector
Regression achines
Regression
Artificial Neural
Network
Regression

Figure 1 Algorithms Used in the Study.

Brief information about the algorithms used in the study
is explained in the following articles.

3.2.1.1. KNN Regression

K-Nearest Neighbors (KNN) regression is a non-
parametric algorithm used for predicting continuous values.
It is a variant of the KNN algorithm, which is commonly
used for classification tasks. In KNN regression, instead of
classifying data points into categories, the algorithm
predicts the numerical value of the target variable based on
the values of its nearest neighbors [11].

The main idea behind KNN regression is to find the K
nearest neighbors of a given data point in the feature space
and use their values to predict the target variable. The "K"
in KNN represents the number of neighbors considered for
making predictions. These neighbors are determined based
on a distance metric, typically Euclidean distance, which
measures the similarity between data points [11].

To make a prediction using KNN regression, the
algorithm calculates the average (or weighted average) of
the target values of the K nearest neighbors. The predicted
value is then assigned to the data point. The choice of K can
have a significant impact on the model's performance. A
smaller value of K will result in a more flexible model with
potentially higher variance, while a larger K will lead to a
smoother prediction surface with potentially higher bias
[11].

One advantage of KNN regression is its simplicity and
interpretability. It doesn't make any assumptions about the
underlying data distribution, making it suitable for a wide
range of problems. Additionally, KNN regression can
capture complex relationships between features and the
target variable. However, it can be computationally
expensive, especially when dealing with large datasets, as it
requires calculating distances between all pairs of data
points [11].

KNN regression can be further improved by applying
various techniques such as feature scaling, dimensionality
reduction, and tuning the value of K. Additionally, selecting
an appropriate distance metric and handling missing data
are also important considerations [11].
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Figure 2 Visual Expression of KNN Algorithm.

3.2.1.2. Decision Trees Regression

Decision tree regression is a popular non-parametric
algorithm used for predicting continuous values. It is based
on the concept of a decision tree, where the data is split into
partitions based on the values of the input features. Each
partition corresponds to a leaf node of the tree, and the
average (or weighted average) of the target variable within
that partition is used as the prediction for new data points
falling into that leaf [4].

The decision tree regression algorithm begins with a
single node representing the entire dataset. The feature that
best splits the data is selected based on a criterion such as
minimizing the mean squared error (MSE) or maximizing
the coefficient of determination (R-squared). The data is
then split into two branches based on a threshold value of
the selected feature. This process is recursively applied to
each resulting partition until a stopping criterion is met,
such as reaching a maximum depth or minimum number of
samples in a leaf node [4].

One advantage of decision tree regression is its ability to
capture non-linear relationships between the features and
the target variable. The resulting model can be easily
visualized and interpreted, making it useful for
understanding the underlying patterns in the data. Decision
trees are also robust to outliers and can handle a mixture of
numerical and categorical features. Additionally, decision
trees can be combined in ensemble methods such as random
forests to further improve predictive performance [4].

However, decision tree regression has some limitations.
It is prone to overfitting, especially when the tree becomes
too deep or when the dataset has noise or irrelevant features.
Regularization techniques such as pruning or setting a
minimum number of samples required to split a node can
help mitigate overfitting. Decision trees are also sensitive to
small changes in the data, which can lead to different tree
structures. Therefore, it's important to consider the stability
of the results and to use techniques such as cross-validation
to assess model performance. [4]
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Figure 3 Decision Tree Algorithm Example Display.

3.2.1.3. Random Forest Regression

Random Forest regression is a powerful ensemble
learning algorithm that combines the predictions of multiple
decision trees to make accurate predictions on continuous
target variables. It is an extension of decision tree
regression, where a collection of decision trees, known as a
forest, is created using bootstrapped samples from the
training data. Each decision tree is trained independently on
a subset of features and data points. The final prediction is
obtained by averaging (or taking the weighted average) of
the predictions made by all the trees in the forest [13].

Random Forest regression addresses some of the
limitations of decision tree regression, such as overfitting
and high variance. By aggregating the predictions of
multiple trees, random forest regression reduces the impact
of individual trees that may overfit the training data. This
ensemble approach provides more robust and stable
predictions by capturing a wider range of patterns in the
data. Additionally, random forests can handle both
numerical and categorical features and are less sensitive to
outliers compared to single decision trees [13].

The randomization aspect of random forest regression
plays a crucial role in its effectiveness. Firstly, during the
construction of each decision tree, a random subset of
features is considered for splitting at each node. This
ensures that each tree focuses on different aspects of the
data, leading to a diverse set of trees. Secondly, the
bootstrapping process introduces randomness by sampling
the training data with replacement. This means that each
tree is trained on a slightly different subset of the data,
further promoting diversity among the trees [13].

Random Forest regression provides important
advantages, including robustness, scalability, and
interpretability. It can handle large datasets efficiently and
is less prone to overfitting compared to individual decision
trees. The ensemble of decision trees also enables the
estimation of feature importance, allowing for the
identification of influential variables in the prediction
process. Moreover, random forests can be used for missing
value imputation and can handle high-dimensional data
[13].
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Random Forest Regression
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Figure 4 Random Forest Algorithm Example Display

3.2.1.4. Support Vector Machines Regression

Support Vector Machine (SVM) regression is a machine
learning algorithm that is commonly used for solving
regression problems. It is an extension of the SVM
algorithm, which is primarily used for classification tasks.
In SVM regression, the goal is to find a hyperplane that
maximally fits as many data points as possible within a
certain margin, while also minimizing the prediction error
[14].

In SVM regression, each data point is represented as a
vector in a high-dimensional feature space. The algorithm
aims to find the optimal hyperplane that separates the data
points while maximizing the margin between the
hyperplane and the closest data points, known as support
vectors. The decision function of the SVM regression model
is defined by a linear combination of support vectors, with
weights determined during the training process [14].

The unique characteristic of SVM regression is the use
of a loss function called e-insensitive loss. This loss
function allows for a certain tolerance (&) around the
predicted value, such that any prediction falling within this
tolerance is considered accurate. This flexibility helps the
model handle outliers and noise in the data, as they have less
impact on the final prediction [14].

One of the key advantages of SVM regression is its
ability to handle non-linear relationships between the
features and the target variable. This is achieved by
applying kernel functions, such as radial basis function
(RBF), which transform the data into a higher-dimensional
space. The transformed data is then separated by a
hyperplane in this new space, allowing for non-linear
decision boundaries in the original feature space [14].

SVM regression has several other benefits, including its
ability to effectively handle high-dimensional data and the
existence of a regularization parameter (C) that controls the
trade-off between maximizing the margin and minimizing
the prediction error. Additionally, SVM regression has a
solid theoretical foundation and is less prone to overfitting
compared to some other regression algorithms [14].

xlﬂ l

Figure 5 SVR Algorithm Example Display.

As seen in the graphic plane, we have two data groups
and want to classify them by labeling them. When the
support vector machine regression algorithm is applied, we
get the parallel line passing through the middle. The points
where the similar range drawn on the graph intersects are
the support points [14].

3.2.1.5. Artificial Neural Networks Regression

Artificial Neural Network (ANN) regression is a
powerful machine learning technique used for solving
regression problems. It is inspired by the structure and
function of biological neural networks in the human brain.
ANN regression models consist of interconnected artificial
neurons, organized in layers, that process input data and
generate predictions [15].

In ANN regression, the input layer receives the features
of the data, and the output layer produces the regression
predictions. Between the input and output layers, there can
be one or more hidden layers, each consisting of multiple
neurons. Neurons in each layer are connected to neurons in
the subsequent layer through weighted connections. The
weights represent the strength of the connections and are
adjusted during the training process to optimize the model's
performance [15].

The key idea behind ANN regression is that the neurons
in each layer perform a weighted sum of their inputs,
followed by the application of an activation function. This
activation function introduces non-linearity into the model,
allowing it to capture complex relationships between the
features and the target variable. Popular activation functions
used in ANN regression include sigmoid, tanh, and ReLU
(Rectified Linear Unit) [15].

Training an ANN regression model involves an iterative
process called backpropagation. During this process, the
model's predictions are compared to the actual target values,
and the errors are propagated backward through the
network. The weights of the connections are updated based
on the calculated errors, aiming to minimize the difference
between the predicted and actual values. This iterative
process continues until the model reaches a satisfactory
level of performance [15].

ANN regression offers several advantages. It can handle
both numerical and categorical features, making it versatile
for various types of data. ANN regression models are
capable of learning complex non-linear relationships,
making them suitable for capturing intricate patterns in the
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data. Additionally, ANN models could generalize well to
unseen data when appropriately trained [15].

However, ANN regression models can be
computationally intensive and require a large amount of
training data to avoid overfitting. Proper preprocessing of
the data, such as feature scaling and handling missing
values, is also important for achieving optimal performance.
Hyperparameter tuning, including the number of hidden
layers, the number of neurons in each layer, and the learning
rate, is crucial for obtaining the best model performance
[15].
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Figure 6 ANN Layers.

3.2.1.6. Comparing Algorithm Performances

Using the created data set, predictions were made with
each algorithm and the performances of the models were
compared by using the R? Scorel. The R? Score values
obtained in this context are presented in Figure 7.
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Figure 7 Algorithm Performances

When the data in Figure 7 is examined, it is seen that the
best result is obtained with the ANN algorithm. Therefore,

1 R? Score also known as the coefficient of determination, is a
statistical measure used to evaluate the goodness of fit of a
regression model. It indicates the proportion of the variance in the
dependent variable that can be explained by the independent
variables in the model. The R? score ranges from 0 to 1, where a
value of 1 indicates a perfect fit, meaning that all the variance in
the dependent variable is accounted for by the independent
variables. To calculate the R? score, we compare the sum of
squares of the differences between the predicted values and the
mean of the dependent variable (SSR, sum of squares of
regression) with the sum of squares of the differences between the

the mining probabilities of the channels will be calculated
using ANN.

3.2.1.7. Calculation of Mining Probabilities of Channels

In this part of the study, the mining probabilities of each
channel will be calculated. In this context, the mining
probabilities of each channel were determined by using the
ANN algorithm and using the data in Table 14.

Table 14 Data Used for Estimation.

4 ) c g 9‘

18] Ny
s|glf|8|S|E|2| 2 8|2
(o8 [e)) > X o = (] — c
8 | 5|88/ 5|5|e|&8|&]&
Llo| e 3 < E 5 O 2

< < b

226 | 5 5 10 | 2 10 |3 8 20 |9
129 | 5 5 10 | 2 10 |3 8 20 |9
33 |5 5 10 | 2 10 |3 8 20 |9
354 | 5 5 10 | 2 10 |3 8 20 |9
427 | 5 5 10 | 2 10 |3 8 20 |9
122 | 5 5 10 | 2 10 |3 8 20 |9
190 | 5 5 10 | 2 10 |3 8 20 |9
275 | 5 5 10 | 2 10 | 3 8 20 |9
381 | 5 5 10 | 2 10 | 3 8 20 |9
80 |5 5 10 | 2 10 |3 8 20 |9

The channel mining probabilities calculated based on
this information are presented in Table 15.

Table 15 Calculated Channel Mining Probabilities.

Mining
Channel NU | o0 b aility
Channel 1 0,8
Channel 2 0,6
Channel 3 0,55
Channel 4 0,4
Channel 5 0,9
Channel 6 0,35
Channel 7 0,65
Channel 8 0,7
Channel 9 0,75
Channel 10 0,5

The calculated channel mining probabilities are used to
determine the priority degrees of the channels. In other
words, a mine hunting ship will be planned primarily for the
channel where the channel is likely to be mined. In this
context, the priority degrees of the channels formed

actual values and the mean of the dependent variable (SST, total
sum of squares). The formula for R? is R = 1 - (SSR / SST).
Essentially, R? measures the proportion of the total variability in
the dependent variable that is captured by the regression model.
The R? score is commonly used as an evaluation metric for
regression models because it provides an intuitive interpretation of
the model's performance. A high R? score indicates that a large
portion of the variability in the dependent variable is explained by
the independent variables, suggesting a good fit. On the other
hand, a low R? score implies that the model fails to capture much
of the variation, indicating a poor fit [16].
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according to the mining probabilities calculated are
presented in Table 16.

Table 16 Priority Levels of Channels.

Channel Nu | Priority Rating
Channel 1 0.13
Channel 2 0.10
Channel 3 0.09
Channel 4 0.06
Channel 5 0.15
Channel 6 0.06
Channel 7 0.10
Channel 8 0.11
Channel 9 0.12
Channel 10 0.08

3.2.2 Determining the Number of Platforms Needed

In this part of the study, the number of mine hunting
vessels required for 100% clearing of 10 channels against
the mine threat will be calculated. It is assumed that there
are 3 types of ships named MWS1 (Mine Warfare Ship 1),
MWS2 and MWS3 operating in the channels. In this
context, firstly, a data set consisting of mine hunting
missions performed in the past with mine hunting ships was
created. However, two different approaches were used
while creating the data sets. In the first, a data set was
created for the situation in which each ship served
individually. Then, a second data set was created for the
case of more than one ship at the same time. The parameters
used in the data sets are explained in the following articles.

v' Depth: The depth values determined in the data
sets are the same values used in the mining probabilities.

v' Length: The length values of each channel where
the task is performed are entered into the data set. In this
context, the lengths of the channels were determined by
assigning random values between 5000-15000 miles. The
resulting channel lengths are presented in Table 17.

Table 17 Length Information of Channels.

Channel Nu | Channel Length (nm)
Channel 1 10000
Channel 2 7000
Channel 3 5000
Channel 4 9000
Channel 5 14500
Channel 6 11000
Channel 7 8250
Channel 8 6500
Channel 9 10500
Channel 10 15000

v' Width: The width values of each channel where the
task is performed are entered into the data set. In this
context, the lengths of the channels were determined by
assigning random values between 250-600 miles. The
channel widths obtained are presented in Table 18.

Table 18 Width Information of Channels.

Channel Nu | Channel Width (nm)
Channel 1 500
Channel 2 300
Channel 3 450

Channel Nu | Channel Width (nm)
Channel 4 250
Channel 5 350
Channel 6 600
Channel 7 400
Channel 8 300
Channel 9 250
Channel 10 400

In line with this information, in the data set in
which a single ship was assigned:

v 4000 random values suitable for normal
distribution with a mean of 5 standard deviations of 2 for
MWS1,

v' For MWS2, 4000 random values suitable for
normal distribution with a mean of 4 and a standard
deviation of 2,

v' For MWS3, 4000 random values were generated,
which were in accordance with the normal distribution with
a mean of 3 standard deviations of 1.

v"In the data set where more than one ship was
assigned, 4000 random values were created according to the
following conditions.

v" For MWS3, data with a mean of 2 standard
deviations of 1 and a normal distribution were generated.

v MWS2 igin;

If (MWS3<=2);
MWS2== random.randint(2,3)
Else

MWS2== random.randint(1,2)

v MWSI igin;

If (MWS2<=2);
MWS1== random.randint(2,3)
Else

MWS1== random.randint(1,2)

The model was trained using the prepared data sets and
the ANN algorithm, and the number of ships needed in each
channel was calculated using the data in Table 19.

Table 19 Forecast Data.

Channel Channel Channel
Length Width Depth (m)
(nm) (nm)

10000 500 226
7000 300 129
5000 450 33
9000 250 354

14500 350 427

11000 600 122
8250 400 190
6500 300 275

10500 250 381

15000 400 80

As a result of the calculations, the number of ships
needed in each channel is presented in Tables (20 and 21).
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Table 20 Number of Ships Required in Case of Single
Ship Assignment.

Channel Nu | MWS1 | MWS2 MWS3
Channel 1 7 5 3
Channel 2
Channel 3
Channel 4
Channel 5
Channel 6
Channel 7
Channel 8
Channel 9
Channel 10
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Table 21 Number of Ships Required in Case of More than
One Ship Deployment.

Channel Nu | MWS1 | MWS2 MWS3
Channel 1 3 2 2
Channel 2 2 1 1
Channel 3 2 2 2
Channel 4 2 2 2
Channel 5 3 2 2
Channel 6 3 2 2
Channel 7 3 2 2
Channel 8 2 2 2
Channel 9 3 2 2
Channel 10 2 1 1

The values in Table 21 are the values that occur when
ships are sent to the channels at different times. In this
context, in order to determine the amount of need in case
ships are sent to the channels at the same time, the following
mathematical model has been created and the required
amounts have been determined in order to calculate the
number of ships required to carry out these operations with
minimum cost within the scope of all the information
obtained so far.

Objective Function:
minz = Y;; xl.j * Cj 2

The total ship cost is tried to be minimized.

Constraints:
Vi;
x} =1 3)
Constraint to have at least one ship in each channel.
Vi, Vj;

[ll- * (xl] * a]-)] > q; 4
=22 5

l Zpi ( )

Area constraint to clear.

Ve vy,

2 Ship costs were determined randomly and, in this study, the cost
was accepted as 30 million dollars for MWS1, 45 million dollars
for MWS1 and 40 million dollars for MWS3.

[l (Zyx/ =€) < ¢ (6)
Cleaning time limit.

: Channel index

j : Ship index.

xij : Number of ships j sent to channel i.

¢ : j ship cost?

l; : priority of channel i.

a; : The maximum area in which the task can be
performed during the cleaning period determined by ship j.
a; : Area of the i channel.

Di . The probability of mining the i channel.

eij : Minimum number of ships j to be deployed to
channel i.

ti : Time required to clear the i channel®.

The model was solved with the python program and the
number of ships required to clean all channels in a specified
time with optimal cost was calculated. The calculation
results in question are presented in Table 22.

Table 22 Number of Ships Required to Clean All

Channels.

Channel Nu | MWS1 MWS2 MWS3
Channel 1 3 2 2
Channel 2 2 2 2
Channel 3 2 2 2
Channel 4 2 2 2
Channel 5 3 2 2
Channel 6 3 2 2
Channel 7 3 2 2
Channel 8 2 2 2
Channel 9 3 2 2
Channel 10 2 2 2

Total 25 20 20
Total Cost 2480000000 $

According to the values in Table 22, it has been seen that
the number of ships in Table 21 will not be sufficient if there
is a simultaneous assignment in all channels. In this way,
any vulnerabilities can be prevented from occurring. The
study has been updated for 3 different cases in order to
observe the effect of the change in the mining possibilities
of the channels on the change in the amount of need and
cost. These are the case where the mining probabilities are
assumed equal in all channels, and the two cases where the
mining probabilities are determined subjectively at random.

Mining probabilities considered in this context are
presented in Table 23. The reason why different values are
taken as Case 2 and Case 3 is to show that if the mining
probabilities are determined by different people, the
probability values will change, and in this case, it will also
affect the amount of need. This may result in unnecessary
costs.

3 In this study, the cleaning time was taken into account as 24
hours.
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Table 23 Mining Probabilities According to Different

Situations
Mining Probabilities
Channel Nu Case 1 Case 2 Case 3
Channel 1 0,75 0.51 0.58
Channel 2 0,75 0.74 0.93
Channel 3 0,75 0.79 0.90
Channel 4 0,75 0.52 0.54
Channel 5 0,75 0.85 0.63
Channel 6 0,75 0.88 0.66
Channel 7 0,75 0.59 0.50
Channel 8 0,75 0.64 0.89
Channel 9 0,75 0.59 0.78
Channel 10 0,75 0.75 0.75

The costs incurred according to the amount of ships
calculated according to the 3 different situations in question
are presented in Table 24.

Table 24 Number of Ships Required for Different
Situations and Total Costs.

Total Number of
Case Nu Ships Needed Total Cost
Case 1 69 2570000000%
Case 2 85 3250000000%
Case 3 93 3490000000%
This Study 65 2480000000 $

As can be seen in Table 24, channel mine probabilities
play a very important role in determining the amount of
need. For this reason, the change in mine possibilities also
affects the number of ships, which causes unnecessary
costs. In this context, as in this study, the use of machine
learning algorithms in the steps that directly affect the
amount of needs will produce more cost-effective solutions,
and since data-driven calculations are made, personnel
replacement will not cause much change in the calculations.

V. RESULTS

In this study, the number of mine hunting ships that will
be needed in a sample scenario has been calculated by using
machine learning algorithms in mine warfare planning.

In this context, firstly, the mining probabilities of the
channels were tried to be determined. First of all, synthetic
data was produced because the data to be used within the
scope of the study have the degree of confidentiality.
Subsequently, the synthetic data produced was tested with
5 different algorithms and the algorithm with the best
performance was determined first. The best end to the
calculations made. It was taken with the ANN algorithm
with a 93% R? score.

Then, using the estimation data set and ANN algorithm,
the priority degrees of the channels were calculated
according to the probability values of the mining probability
of each channel.

Subsequently, the number of ships required for the
performance of the cleaning task in each channel was
calculated using the ANN algorithm, again on the synthetic
data. Finally, a mathematical model was developed based
on the data obtained because of the calculations, and the
model was solved with python software and the number of
ships needed within the scenario was calculated.

In addition, the number of ships was calculated
according to different mine probabilities to see the effect of
the change in the mining probabilities on the number of
ships needed.

As a result of the calculations, it has been seen that the
probabilities of channel mines directly affect the amount of
need. For this reason, it is considered that calculating the
mining probabilities in a data-driven way, as in this study,
will provide more cost-effective results.

V. DISCUSSION

This study was carried out to determine the amount of
need for mine hunting vessels. However, with the
developing technology, it is evaluated that autonomous
vehicles can be used in mine warfare as in every field. This
may shorten the term of office.

For this reason, it is considered that it would be
appropriate to carry out this or similar studies for mine
warfare planning, including autonomous vehicles.
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Uretken Yapay Zeka

Tiirk¢e Ozet — Bir makine, insan yapimi eserlerden ayirt edilemeyecek, benzersiz igerikler olusturabilir mi? Bunu,
karmasik gergek diinya veri 6rneklerinin yapisini 6grenerek ve ayni yapiya bagli benzer sentetik 6rnekler iireterek,
iiretken c¢ekismeli aglarin (GAN'lar) yardimiyla yapmak miimkiin miidiir? Uretken modellerin gelismesindeki
ilerlemelere gore, cevap en azindan bir dereceye kadar evet gibi goriiniiyor. Uretken modellerde hedef, mevcut veri setine
yakin sentetik ornekler tretmektir; diger bir deyisle, verilen bir veri setindeki 6rneklerin tiiretildigi dagilimi 6grenip bu
dagilimdan yeni 6rnekler tiretmektir. Genel olarak veri setleri sinirli sayida 6rnekler igerdiginden, her zaman veri seti dagilimini
tam olarak 0grenmek miimkiin olmamaktadir. Bu nedenle gergek veri dagilimma miimkiin oldugunca benzer bir dagilim
modellenmeye galisiimaktadir. Uretilen verilerin kalitesini lgmek igin kapsamli ve kapsayici bir metrige ihtiyag duyulmaktadir.
Bu caligmada, GAN’larin degerlendirme puanlarini 6nemli Olglide etkileyebilecek gercek veri kiimelerindeki kiigiik
degisikliklerin ve ince farkliliklarin etkilerini hafifletmeye yardimei olabilecek yeni bir yontemden bahsedilmis olup gesitli
uygulamalar yapilmistir. Ayrica GAN’lar ile ilgili etik ve hukuki problemlere deginilmistir.

Anahtar Kelimeler — Uretken Cekismeli Aglar, Uretken Cekismeli Aglarin Uygulamalari, Etik, Yapay Zekd, Derin Ogrenme

Anf: Gozet, M., Filiz, U. ve Yilmaz, A. E. (2023). Uretken Yapay Zeka. International Journal of Multidisciplinary Studies and
Innovative Technologies, 7(1): 32-40.

Generative Artificial Intelligence

Extended Abstract

Can a machine attempt to approach the task of creating unique content that would be indistinguishable from human-produced
artefacts? Is it possible to do this with the help of generative adversarial networks (GANSs) by learning the structure of the
complex real-world data examples and generating similar synthetic examples that are bound by the same structure? According
to the recent advances in the development of generative models, the answer seems to be yes, at least to an extent. In generative
models, the goal is to generate synthetic samples close to the existing dataset; In other words, it is to learn the distribution from
which the samples in a given data set are derived and to generate new samples from this distribution. In general, since the datasets
contain a limited number of samples, it is not always possible to learn the dataset distribution exactly. For this reason, it is tried
to model a distribution as similar as possible to the actual data distribution. A comprehensive and inclusive metric is needed to
measure the quality of the data produced. In this study, a new method that can help mitigate the effects of small changes and
subtle differences in real datasets that can significantly affect the evaluation scores of GANs is mentioned and various
applications are made. In addition, ethical and legal problems related to GANSs are mentioned.

Keywords — Generative Adversarial Networks, GANs Applications, Ethic, Artificial Intelligence, Deep Learning
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. GIiRiS edilir. Denetimli 6grenme durumunda, etiketleri otomatik
olarak toplamak veya not eklemek zordur. Bu nedenle,
aragtirmacilar denetimsiz 6grenmeye daha fazla Onem
vermektedir. Denetimsiz 68renme gorevinde, {retken
modeller en umut verici teknolojilerden biridir. Tipik iiretken

Makine Ogrenmesi algoritmalari, veri setinin etiketlenip
etiketlenmemesine gore denetimli ve denetimsiz 6grenme
olmak {izere iki kategoriye ayrilabilir. Denetimli 6grenme igin
farkli 6zelliklere sahip bir veri seti gereklidir ve veri setindeki modeller genellikle Markov  zincirlerine, maksimum

her 6rnek etiketlenmelidir. Denetimli 6grenmenin temsilcileri olabilirlige ve yaklasik cikarima dayalidir. Uretken modeller,
smlbﬂlandllrrfl;, Aregrisygn Ve Y?pﬂandmln?;f T let} bir siiredir farkli alanlardaki arastirmacilarin  ilgisini
probiemieriair. Anca erletlmsmwogrenme, etiketli veri cekmektedir. Makine 6grenimi ve daha spesifik olarak derin
tgermez diger bir deyisle bagiml deg1§kep yO.ktl..lI‘. Veriler bir O0grenme alanlarindaki son gelismelerle birlikte, {iretken
dizi 6mek x'ten olugur ve amag, Xin istatistiksel yapisim modellemenin arastirma ¢aligmalarinin sayisinda ve farkl

ogrenmektlr.: "Geinel' olarak yogunl}lk,, Eahmlm, kiimeleme, alanlardaki uygulamalarinda muazzam bir artig goriilmektedir.
sentez ve gliriiltii giderme denetimsiz 6grenme olarak kabul Uretken modelleme sanat eseri ve miizik bestelerinden,
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sentetik ve tibbi veri kiimelerine kadar, hem hayal giiciiniin
hem de zekann sinirlarini zorlamaktadir [S].

Uretken modellerin girdi degiskenleri genellikle gercek
diinya degerleriyle hi¢ ilgili olmayan ve hatta ¢ogu zaman
rastgele olusturulmus say1 vektorleridir. Uretken modeller,
goriintii iiretimindeki basarisinin yani sira rastgele giirtiltiiden
metin, miizik veya video iiretme gibi bir¢ok farkli alanda
caligmalar yapilmaktadir [39, 40].

Gergek goriintiilere benzer sentetik goriintiilerin tiretiminde
Uretken  Cekismeli Aglarin  (Generative  Adversarial
Networks-GAN) oldukga basarili bir performans sergiledigi
goriilmektedir [1].

I1. MATERYAL VE YONTEM
2.1. Uretken Modeller ve Uretken Cekismeli Aglar

Biiyiik ol¢iide oyun teorisi kavramlarindan ilham alan
iiretken ¢ekigmeli aglar, ilk olarak Goodfellow ve arkadaslari
tarafindan onerilmistir [1]. Uretken ¢ekismeli aglar, yapay
zekd alanindaki en 6nemli arastirma yollarindan biridir ve
olaganiistii veri tiretme kapasitesi genis ilgi gdrmiistiir [18]. Bu
aglarin amaci, veri kiimesindeki Ornek gorsellere benzer
sentetik goriintiiler iretmektir. Klasik derin ag mimarilerinden
farki, iiretici ve ayirict olmak {izere iki derin ag mimarisinin
egitimini  ¢ekismeli ~ve  eszamanli  bir  sekilde
gerceklestirebilmesidir.

Uretken modeller yeni veri &rnekleri olusturabiliyorken
ayirict modeller, farkli veri 6rnekleri tiirleri arasinda ayrim
yapmaktadir. Uretken bir model, ger¢ek hayvanlara benzeyen
yeni hayvan fotograflar1 olusturabilirken, ayirt edici bir model
bir kopegi bir kediden ayirt edebilmektedir. Bir dizi X veri
Ornegi ve bir dizi Y etiketi verildiginde: tiretken modeller ortak
olasilik p(X, Y) veya etiket yoksa yalmzca p(X)'i yakalarken
ayirict modeller kosullu olasiligi p(Y | X) yakalar.

Uretken bir model, verilerin dagilimm icerir ve belirli bir
ornegin ne kadar olasi oldugunu sdyler. Ornegin, bir dizideki
bir sonraki kelimeyi tahmin eden modeller tipik olarak iiretken
modeldir, ¢inkii bunlar bir kelime dizisine bir olasilik
atayabilirler. Ayirict bir model, belirli bir 6rnegin muhtemel
olup olmadigi sorusunu yok sayar ve yalnizca bir etiketin
ornege uygulanma olasiliginin ne kadar oldugunu séyler [7].

2.2. Klasik Uretken Cekismeli Ag Mimarisi

Klasik iretken c¢ekigsmeli ag mimarisi aragtirmacilar

tarafindan geleneksel iiretken modellerin performansini
artirmak i¢in gelistirilmis, denetimsiz 6grenme i¢in kullanilan
bir sinir ag1 mimarisidir. Sekil 1°de gosterildigi gibi bir iiretken
(generative, G) ve bir ayristirict (discriminator, D) olmak tizere
iki farkli derin ag mimarisine sahiptir. Bu yapisi ile bilinen
derin ag mimarilerinden farklilik gosterir ve 6grenme islemi
bu iki agin rekabet¢i bir sekilde caligmasiyla gergeklesir.
Uretken cekismeli aglar hem iiretken hem de ayristirict bir
model igerirken, iiretken ve ayristirict modeller ayri ayri var
olabilmekte ve farkli gorevler i¢in kullanilabilmektedir.
Sadece iiretken modeller hedef dagitimdan yeni veri 6rnekleri
olusturabilmektedir.

o . Uretilen Sahte (rnekler
Glrilt] el Uﬁ;km - 6l2) 1{Gereek)
z
Ayngtine
D
0( Sahte )
Gergek Omekler
G kayip X
= D kayp
w—p Bilgi altarims

Sekil 1. Klasik GAN mimarisi [41]

Sekil 1. de G derin agi, giris olarak aldigi bir giiriilti
vektoriinden gergek goriintiilere benzer goriintiiler iiretmeye
calisirken; D derin agi, {iiretici tarafindan {iretilen sentetik
goriintiiler sahte (0) ile gergek (1) goriintiileri ayirt etmeye
calisir. Bu sekilde her iki ag da paralel, ¢ekismeli bir sekilde
egitilir ve bu egitim agsamasinda G kademeli olarak gergek
goriintiiler ile ayirt edilemeyecek yeni goriintiiler tiretir [9]. Bu
cekismeli egitim, iiretken ve aywrt edici kayiplarin deger
fonksiyonu ile minimax oyunu olarak adlandirilir. Kayip
fonksiyonu denklem 1'de formiile edilmistir.

log D(x)] +

X~ Pdata(x) [

Ez - v, [109 (1 - D(G(Z)))]

minmaxV(D,G) = E
G D
1)

Burada x, gergek veri dagilimi pggeq(x)'den Orneklenir, z,
onceki dagitim p,(,'den Orneklenmistir. Uretici  gergek
verilerle ayn1 verileri iiretebildiginde ve ayristiric artik sahte
verileri gergek verilerden dogru bir sekilde ayirt
edemediginde, iki ag Nash dengesine ulagsmak i¢in es zamanli
olarak egitilir.

Klasik iiretken ¢ekigmeli ag mimarisinin geleneksel tiretken
modellere gore ¢esitli avantajlart vardir. Gergek veri
noktalarina benzer yiiksek kaliteli veri noktalar: iiretebilmek,
gesitli uygulamalar i¢in gesitli veri noktalar1 tiretebilmek ve
etiketli verilere olan ihtiyact azaltan denetimsiz 6grenme
modelleri kullanilarak egitilebilmektedir. Bununla birlikte,
klasik iiretken ¢ekismeli ag mimarisinin de bazi sinirlamalari
vardir. Ana smnirlamalardan biri, 6zellikle biylik veri
kiimelerinin  egitilmesinin  hesaplama agisindan pahali
olmasidir. Ek olarak, optimum performans elde etmek i¢in
kullanilan hiperparametreleri ayarlamanin ¢ok kolay bir is
olmamasidir. Fakat yine de gergek veri noktalarina benzer
yiiksek kaliteli veri noktalar: {iretebilen denetimsiz 6grenme
icin giliglii bir aragtir. Bazi sinirlamalart olmakla birlikte,
iretken modelleme alaninda devrim yaratma ve gercek¢i veri
noktalar tiretebilen yapay zeka sistemlerinin olusturulmasi
i¢in yeni olasiliklar agma potansiyeline sahiptir.

Uretken  ¢ekismeli  aglar  Goodfellow  tarafindan
onerildiginden beri, ¢ok fazla iiretken ¢ekismeli ag varyanti
yaymlanmstir [22].
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Tablo 1. Uretken ¢ekismeli ag taksonomisi mimariler

GAN Taksonomisi

Mimariler

Ag Gizli Alan Uygulamaya
Mimarileri Mimarileri Odakh

Mimariler
LAPGAN, CGAN, 2014; CycleGAN,
2015/ AC-GAN, 2017;DiscoGA
DCGAN, 2016 2017; N, 2017;
/ BEGAN, InfoGAN, 2016 DualGAN,
2017/ / BiGAN, 2016 / 2017 / SRGAN,
PROGAN, SGAN, 2016 2016/
2017; StyleGAN,
AutoGAN, 2019 / Face
2019/ Completion
SAGAN, GAN, 2017/
2018; AlphaGAN,
BigGAN, 2018 / Moco-
2019; YLG, GAN, 2018 ;
2020 DVD-GAN,

2019/

SinGAN, 2019

GAN taksonomisi, GAN mimarileri ve kayip degiskenleri

olmak tizere iki ana kategoriye ayrilmigtir. Tablo 1 GAN
mimarilerini igermektedir. Mimariler: a§ mimarisi, gizli alan
mimarileri ve uygulama odakli mimariler olmak {izere {i¢ alt

kategoriye ayrilmistir. 1-

Tablo 2. Uretken ¢ekismeli ag taksonomisi kayip degiskenler

GAN Taksonomisi

Kayip
Kayip Tipleri Diizenlilestirme
IPM Tabanh IPM WGAN-GP,2017 /
Tabanh WGAN-CT, 2018
Olmayan / WGAN-LP,2017
RGAN,2018 / FCGAN, f MRGAN, 2016 /
SN-GAN, 2018 /
WGAN, 2017 2014; SS-GAN. 2019
| Geometric LSGAN, '
GAN, 2017, 2016;
ggg:re GAN, £.GAN,
2016  /
UGAN,
2016/
LS-GAN,
2017

Tablo 2. de kayip degiskenler, kayip tipleri ve diizenleme
olarak iki alt kategoriye ayrilmistir. Yazarlar, bu taksonomiyi

323 iretken g¢ekismeli ag makalesini inceleyerek
hazirlamiglardir [22].
2.3. Degerlendirme Metrikleri

Son zamanlarda, iretken c¢ekismeli aglarin teorik

basarilarina ragmen, iretilen verilerin kalitesini 6lgmek igin
kapsamli ve kapsayict bir metrige ihtiya¢ duyulmaktadir. Bu
nedenle iiretken modelleri karsilagtirmak igin IS, MS, FID,
MS-SSIM, vb. gibi farkli metrikler kullanilmaktadir. Son
yillarda alanda yapilan ¢alismalardan bazilar1 FID metriginin
temel sorunlar1 olan taraflilik (bias) ve kiiciik ayrintilara
bir
gelistirilmistir. Bu baglik altinda ek olarak Filiz tarafindan
degerlendirme Olciide
gergek kiigiik
degisikliklerin ve ince farkliliklarin etkilerini hafifletmeye
yardimci olabilecek yeni bir yontemden de bahsedilmistir.

hassaslik  problemlerine ¢Oziim bulmak amaciyla

Onerilmis, puanlarini  6nemli

etkileyebilecek veri  kiimelerindeki

2.3.1. Baslangi¢ Puani (IS)

Bu metrik, {iretken c¢ekismeli aglarda yaygin olarak
kullanilmaktadir ve Salimans vd. tarafindan [36] Onerilmistir.
IS’nin yiiksek olmasi, olusturulan modelin yiiksek kaliteli
ornekler iretebildigini, ayn1 zamanda Orneklerin de ¢esitli

oldugunu gostermektedir.
IS(G) — e(]Ex~PgDKL(p(3’|x)||p(J’))) (2)
Burada x, P, den 6rneklenir ve D, (p(y[x)|Ip(y)) x vey
dagilimlar1 arasindaki Kullback-Leibler sapmasi, p(y|x)

kosullu simif dagilimi ve p(y) = fx p(y|x)pgy(x) marjinal
sinif dagilimidir.

Iyi sonuglar igin karsilanmas1 gereken 2 kosul 6nerilmistir:

1) p(y|x) diisiik entropiye sahip olmalidir, yani goriintiide tek
bir nesne olmalidir.
2) p(y) yiiksek entropiye sahip olmalidir.

Bu varsayimlar karsilandiktan sonra, daha yiiksek IS puani,
daha iyi bir iiretim performansini gostermektedir. Bununla
birlikte, IS'nin de sinirlamalar1 vardir, eger tretici model,
¢okiis moduna girerse, IS puani yiiksek olsa da dogru bir basar1
degerlendirme yontemi olmayacaktir. GAN, bir goriintii veri
kiimesindeki tim siniflart algilamada basarisiz oldugunda,
baslangi¢ puani degismez, bu nedenle, GAN'in performansini
gostermez.  Bunun baska  metriklere

i¢in ihtiyag

duyulmaktadir.
2.3.2. Mod Puani (MS)

IS'ye dayanarak, olusturulan orneklerin gesitliligini ve
gorsel kalitesini ayni anda yansitabilen MS adli baska bir
degerlendirme Olgiitli onermistir. Bu degerlendirme metrigi,
yer gercegi etiketleri iizerindeki onceki dagilimlara duyarl
olmayan IS sorununu ele alir.

2.3.3. Frechet Baslangi¢c Mesafesi (FID)

FID, Heusel ve digerleri tarafindan 6nerilmistir [37] ve sinif
ici modun diismesini tespit etmek icin kullanilir. Bu
yaklasimda, tiretilen 6rnekler, baslangic aginin belirli katmant
tarafindan saglanan o6zellik uzayina gomiiliir. Uretilen
orneklerin ¢ok boyutlu bir Gauss'u takip ettigi varsayimina
dayanarak, olusturulan 6rnekler ile gergek veriler arasindaki
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ortalama ve kovaryans hesaplanir. FID’in, resim Kkalitesi ile
arasina negatif bir iligki vardir. Diigiik FID puani, modelin
daha iyi performans gosterdigini gosterir. Aktivasyonlarin
kovaryans matrislerinin ortalamalar1 ve izleri arasindaki Oklid
mesafesinin karesi olarak hesaplanir:

FID = |l — plls + Tr(Se + Zg — 25%,) 3)

IS ile karsilastirldiginda, giiriiltiiye kars1 daha dayaniklidir.
Yetersiz ornek olmasi durumunda bile (yalnizca bir tiir resim
tiretilir), yiiksek bir FID degeri olugmaktadir [41]. FID, pratik
acidan oldukca popiiler olmasina ragmen, “goriintiiniin birden
fazla ant iizerinde c¢alisma” [2] ve goruntideki kiigiik
degisikliklerin yiiksek etkisi gibi pek ¢ok dezavantajh
davranisa sahiptir [44].

2.3.4. Goriintii Kalitesi icin Cok Olgekli Yapisal Benzerlik
(MS-SSIM)

Iki goriintii arasindaki benzerligi 6lgmek icin kullanilan tek
6lcekli SSIM metriginden farkli olarak, Wang ve ark. [22] ilk
olarak ¢oklu 6lgekli goriintii kalitesi degerlendirmesi igin MS-
SSIM'i &nermistir. Insan algis1 benzerlik yargisini tahmin
ederek goriintiilerin benzerligini nicel olarak degerlendirir.

Iyi bir degerlendirme metrigi, olusturulan &rnekleri gergek
olandan ayirmali, mod ¢okiisiini dogrulamali ve asir
ezberlemeyi tespit etmelidir.

2.3.5. Cekirdek Baslangi¢c Mesafesi (KID)

Cekirdek baslangic puani, rastgele secilen Orneklerle
gergek bir gortintii dagilimi B, ile olusturulan goriintii dagilimi
P, arasindaki farklilik miktarini 6lgen bir metriktir. [45].
Teorik olarak MMD, bir polinom Gauss c¢ekirdegi ile
karelenmis maksimum ortalama tutarsizlik olarak hesaplanir
(Fortet ve digerleri 1953):

Mk(Pr’ Pg) =E x,x'~Py [k(x,x")] — 2E x~Pr,y~Pg [k(x,¥)]

+E 315, [k, Y)] Q)

Burada k Gauss g¢ekirdegidir. k(x, x’) = ele=x1? - qyr.
Uygulamada, yapilacak bu hesaplama ic¢in bir tahmin
yapilmasi gerekir, bu nedenle hem iiretici hem de gercek
goriintii dagilimlarindan sonlu o6rneklerle tahmin ediciler
burada P. = {xq, X2, ..., Xn} V€ By = {y1, Y2, ..., Yn} dir.

My (B, B) = ézl’ii' k(i x;) — éZ}'ij’ k(x;,y;) +

1
@ijj' k(}’j,}’j') %)
Tipki Fréchet Baglangic Mesafesi gibi, Cekirdek Baslangig
Mesafesi de Inception-V3 agmnin tahmininde normal dagilim
varsayar ve daha diisiik Cekirdek Baslangic puan1 daha iyi bir
performansi gosterir.

2.3.6. Onerilen yontem

Yiginlama yontemi, Uretken Cekismeli Aglarin (GAN'lar)
degerlendirmesini iyilestirmenin bir yolu olarak onerilmistir.
Toplu islemede, orijinal goriintii birden ¢ok daha kiiciik
gorilintiiye veya "gorlintii parcalarina" boliintir. Metrik daha
sonra her yigin i¢in hesaplanir ve her yigmin puanlari
toplanarak nihai puan elde edilir. Bu islem matematiksel
olarak asagidaki formiille temsil edilir:

axf

Drotar = Z Dy
b=0

Burada @ siirecte kullanilan metrigi temsil eder ve b y1ginin
indeksini gosterir. a ve B degerleri, yiginlarin sirasiyla satirini
ve stitununu kontrol eden parametrelerdir.

(6)

Bu yontemin amaci, her seferinde yalnizca bir goriintii
yerine mevzubahis goriintiiniin ig¢indeki birden ¢ok goriintii
grubunu dikkate alarak GAN'larin daha kapsamli bir
degerlendirme yapmasini saglamaktir. Bu yaklagim, Parmar
vd. [44] tarafindan tartisildigi gibi degerlendirme puanlarini
onemli Ol¢lide etkileyebilecek gergek veri kiimelerindeki
kiigiik  degisikliklerin  ve farkliliklarin

ince etkilerini

hafifletmeye yardimec1 olabilir.

2.4. Uretken Cekismeli Aglar Uygulamalar

Bir tiir {iretken model olan, GAN'larin dogrudan uygulama
alant veri lretimidir. Bu, ger¢ek orneklerin dagilimindan
ogrenmektedir ve dagilimla tutarli 6rnekler olusturmaktadir.
Su anda GAN'larin en basarili uygulamalari; goriintii ¢evirisi,
gOriintii sliper ¢ozlinlirligi, gorlintii sentezi ve video lretimi
vb. dahil olmak {izere bilgisayarla gorme alanlarinda
kullanilmaktadir. Bu uygulamalarin detaylar1 asagida
tanitilmaktadir. Sadece goriintii degil, diger medya tiirleri de
(ses, metin) bu sekilde iiretilebilir [10-13].

Gorlintii  i¢i  boyama, goriintiilerin  eksik  kisimlari
doldurulabilmektedir. Bir goriintiideki bosluklar1 doldurma
gorevi olan goriinti i¢i boyama bir¢ok uygulamada
kullanilmaktadir. Ortaya ¢ikan alani uygun goriintiilerle
doldururken istenmeyen goriintii igerigini kaldirmak i¢in de
kullanilmaktadir [14].

Goriintii siiper ¢ozliniirligd, diistik ¢oziintirliiklii gortintiileri,
gozle gorilir yiikseltme kusurlar1 olmaksizin  yiiksek
¢Oziiniirliige yiikseltir [15]. Siiper ¢oziiniirliik, yakalanan
gorilintiileri iyilestirir ve giiriiltiiyli olduk¢a iyi bir sekilde
ortadan kaldirabilir, ancak giivenlik endiseleri nedeniyle
birgok deney ve deneme yapilmasi gerektiginden, tibbi alanda
GAN'larin benimsenmesi olduk¢a yavastir. Saglik hizmetiyle
ugrasirken, modelleri degerlendirmek ve giiriiltii gidermenin
gOrilintiiniin gergek icerigini yanlis bir teshise yol acabilecek
bir sekilde bozmamasini saglamak igin bir dizi alan ile ilgili
uzmanin dahil edilmesi zorunlu hale gelmektedir.

Etki alani uyarlamasi, bir alandan gelen verileri diger
alandan gelen verilere benzetmektedir (6r. orijinal olarak
tasvir edilen igerigi korurken normal bir fotografi yagl boya
tablo gibi gostermek) [16]. Sekil 2. de at igerigi bulunan bir
fotografin CycleGAN modeli ile Zebralara donistiiriildigii bir
ornek verilmistir.
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At->Zebra

Sekil 2. Herhangi iki sirasiz goriintii koleksiyonu X ve Y verildiginde,
algoritma bir goriintilyli otomatik olarak birinden digerine "¢evirmeyi"
Ogrenir ve bunun tersi de gecerlidir: ImageNet veri setinden alinan at
gorseli (solda) ve stil doniisiimii sonucunda olusturulan zebra gorseli
(sagda).

Cizgi film karakteri tiretmek, insan yiizleri girdi olarak alinip
yiiksek yogunluklu bir cokgen elde etmek i¢in igleyerek GAN
ile karakterler olusturulabilir, bu da sifirdan ¢izgi film
karakterleri gelistirirken zaman kazandirabilir [48].

Sahte haberler ve sohbet robotlari, insanlar her zaman
makinelerle konusmak istemislerdir; ilk sohbet robotu ELIZA
[6], 1960'larda MIT'de yazilmistir ve bir kullanicinin girdisini
dontistiirmek ve bir yanit olusturmak igin basit bir program
kullanilmistir.  BERT modeli daha sonra donistiiriicii
birimleri, dogal dil kaliplarinin ve baglamsal 6nemin giicli
birgok boyutlu kodlamasinda birlestirir. Bu yaklasim, dogal dil
isleme (NLP) gorevleri veya chatbot diyalog sistemleri i¢in
belge olusturmada kullanilabilir.

Uretken yapay zeka goriintii doniisiimleri i¢in de sikga
kullanilmaktadir. Etiket girislerinden bina cephesi iiretimi,
siyah beyaz goriintiilerin renklendirilmesi, uydu/hava haritasi
giris gorintillerini  Google Haritalar benzeri ¢iktilara
dontistiirme, etiketleri segmentlere ayirmak icin sokak
goriiniimii gibi anlamsal segmentasyon gorevleri eskizden
fotografa, eskizden portreye, eskizden kediye, eskizden renkli
Pokémon'a ve hatta ayakkabilar, c¢antalar vb. arka plam
kaldirma boyama sirasinda veya gorinti tamamlama,
termalden RGB goriintiiye geviri, giindiizden geceye manzara
ve yazdan kisa manzara doniigimil gibi birgok farkl
uygulamasi bulunmaktadir. Sekil 3’te pix2pix algoritmasi ile
olusturulmus farkli uygulamalar verilmistir.

Etiketlerden Bina Cephesi Hava Gériintiisinden Harita

Késelerden Fotograf
(Ayakkabi)

Sekil 3. Pix2pix algoritmasiyla goriintii ¢evirisi ornekleri [16, 49, 50]

Derin sahtecilik (Deepfake), coklu girdilerden 6grenen ve
¢ikti iireten en iyi tekniklerden biridir. Yiiz degistirmek,
goriintii olusturmak i¢in de kullanilabilir. Sekil 4’te farkli
metinler verildiginde Deepfake modeli ile olusturulan farkli
gorseller verilmistir.

Tasan Yz Bir Kase Corba

Kiigiik bir Kug

Sekil 4. Deepfake ile olusturulan goriintii 6rnekleri. Goriintiiler DALL-E
modeli ile olusturulmustur.

Moda endiistrisinde tasarim ve desenler ¢ok 6nemli bir rol
oynamaktadir ve zaman gectikce tasarimcilar yeni giysiler i¢in
yeni tasarim ve desenler bulmalar1 gerekmektedir. Bu teknik,
moda tasarimeisinin kumag ayakkabi, ¢anta ve ciizdanlar igin
yeni bir tasarim olusturmasina yardimci olan eski tasarim ve
desenlerin kombinasyonundan desen ve tasarim olusturmada
kullanilabilir [8, 42]. Sekil 5°’te Dunhuang desen veri seti
icindeki farkli desenler, Fashion MNIST veri seti igindeki
kiyafetlerle birlestirilerek farkli kiyafet tasarimlarmin nasil
elde edilecegini gosteren diyagram verilmistir.

{1 Uretici Sinir
o A

Guruliu

Uretiimis Smekier

[ ] Stil Transfer
Sinir A

] Aynghnc
Sinir Al

L-01m
LD
Fashion MNIST
Veri Seti

Desenli Kiyafetier

Dunhuang Desen Veri Sefi

Sekil 5. Dunhuang desen veri seti ve Fashion MNIST veri seti kullanilarak
farkli desenlerden kiyafet elde edilmesi [42]

Bu teknoloji eglence amacl yaratilmistir, ancak simdi
derin sahtecilik popiilerlik kazandikg¢a, kullanimi artmaya
baslamistir. Bu teknik artik {inliilerin ve yiiksek profilli
politikacilarin yiiziinii bagka biriyle degistirerek karakter
karalamasi i¢in kullanilmaktadir. Bu teknik, gelecek yillarda
etik olmayan sekillerde kullanilirsa problem teskil edecegi
ongoriillmektedir [38].

Kendisine bir¢ok farkli kullanim alani bulmasina ragmen,
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GAN'larin hala ¢oziilmesi gereken problemleri vardir.
GAN'lart egitmek herkesin bildigi gibi zordur ve bazen bu
aglar, gercek hayatta belirli seylerin nasil ¢alistigini anlamak
icin egitim verilerinde yeterli bilgiye sahip olmadig1 i¢in,
beklenmedik gériintiiler iiretebilmektedir. Ornegin, portre
goriintiilerinden olusan bir veri kiimesi verildiginde, ag insan
yiizlerinin nasil modellenecegini biliyor olabilir, ancak belirli
giysi 6gelerinin nasil goriinmesi gerektigi fikrini kavramada
basarisiz olabilir. Bu nedenle, beklenen sonugla ilgili olacak
verilerin dikkatli bir sekilde segilmesi zorunludur.

2.5. Zorluklar: ve Smmirhhiklar:

Temel iiretken ¢ekigmeli ag mimarisi ile diisiik ¢oziiniirlige
iyi
iiretilebilmektedir. Fakat yiiksek c¢oziiniirlikli veri setleri

sahip veri setleri kullanilarak nispeten sonuglar
kullanildiginda genel olarak iki ana problem meydana
gelmektedir. Ik problem, iiretken ¢ekismeli agmn kararsizlik
durumuna diismesidir. Bu problem ayristirici agin, iiretici aga
iistiinliik saglamasi sonucu ortaya g¢ikmaktadir; diger bir
deyisle ayristirict ag, {iretici ag1 i¢in yiiksek gradyan degerleri
tiretmekte ve tiretici agini istikrarsiz hale getirmektedir. Yakin
zamanda bu problemle basa ¢ikmak igin, kayip fonksiyonlari
[24-27], diizenlilestirme teknikleri [28-31], tiretken ¢ekigmeli

ag mimarileri [32-35] dnerilmektedir.

Uretken ¢ekismeli aglardaki ikinci temel sorun, her zaman
¢okme moduna girmesidir. Mod ¢Okiisii; iretici agin ¢ok
boyutlu uzayda benzer O6zelliklere sahip c¢ok fazla 6rnek
iirettigi veya lretilen Ornekler arasinda minimum g¢esitlilik
oldugu durumu goéstermektedir. Cogu zaman, GAN'lar gergek
dengeye yaklasamaz ve optimal olmayan ¢oziimler iiretir. Bu
problemin {istesinden gelmek i¢in ise ayristirict aga girdi
olarak her bir yigindaki imgelerin birbiriyle olan benzerlik
istatistikleri verilmektedir.

GAN'larin egitilmesinin zor oldugu bilinmektedir ve bu da
genellikle ciktilar
olmaktadir. GAN'larin 6grendiklerini

anlamsiz ireten ireticilere neden
ve c¢ok katmanh
GAN'larin ara temsillerini anlamaya ve gorsellestirmeye

caligan ¢ok smirli yaymlanmig aragtirma vardir [17].
2.6. Problemlere Yonelik Olusturulan Coziim Onerileri

Umut verici bagarilara ragmen, gradyan kaybolmasi, mod
¢okmesi ve 1raksak veya salimimli davranis gibi birka¢ yaygin
sorunlu kararsiz egitim ve yakinsama davranisi nedeniyle
GAN'lar1 egitmek hala zordur. Uretken cekismeli aglarin
egitimindeki bu sorunlar genellikle bu alanda daha fazla
aragtirma uygulanabilirligi  engellemektedir.  Son
zamanlarda, yukarida belirtilen sorunlari hafifletmek igin
mevcut c¢alismalar, daha kararli ag mimarileri tasarlamak,
ogrenme hedeflerini degistirmek, hedefleri diizenli hale
getirmek, egitim stratejileri, hiperparametreleri ayarlamak vb.
gibi ¢esitli ¢oziimler 6nerilmistir.

ve

Mevcut calismalarin ¢ogu ya goriintii kalitesine ya da
goriintii ¢esitliligine odaklanmistir. Olas1 bir aragtirma yonii,

diistik goriintii ¢esitliliginden zarar gérmeyen goriintii kalitesi
GAN'larin  egitim
istikrarsizlig1 sorununu ele almak i¢in mevcut yontemler,
degisikliklere karsi cok hassas olan bulugsal yontemlere hala
baglidir. Bu yaklagimlarin yeni alanlarda uygulanabilirligini

iizerinde c¢aligmak olabilir. Ayrica,

kisitlayan temel sebeplerden biri de budur. Ote yandan,
mevcut ¢aligmalarin ¢ogunun bir seferde yalnizca bir egitim
sorununu ¢ézmeyi Onerdigini ve ¢ogu zaman teorik analiz
icermedigi gdzlemlenmistir. Diger bir dnemli arastirma yond,
daha izlenebilir formiilasyonlari kesfetmek ve egitimi istikrarl
ve anlasilir kilmak amaciyla GAN'larin egitim stirecindeki
sorunlari ele almak icin teorik bir ¢ergeveye/analizlere sahip
olmaktir.

Ayrica, Onerilen ¢oziimler egitim iyilestirme Olceginde
farklilik gostermektedir. Modellerin ¢ogu, hiperparametre
ayarlarin1 ve hesaplama kaynaklarimi iyilestirerek benzer
sonuglara ulasabilir. Bu nedenle, ilgili ¢aligmalarin biiyiik
cogunlugunun en son teknoloji verimlilik yerine en yiiksek
dogruluk elde etmeye odaklandigini sdylenebilir. Mevcut
islerin {izerinde algoritmik iyilestirmelere sahip c¢oziimler
gelistirmek, gelecege yonelik bir yon olabilir.

ama¢ fonksiyonlarmin ve
GAN
ve

Uygun mimari se¢iminin,
optimizasyon

gelistirdigi

tekniklerinin
GAN
onerilmistir. Ek olarak, amag¢ fonksiyonlari, farkli GAN'lar
icin gelecekteki arastirmalarda kesfedilebilecek olan
optimizasyon stratejilerinin  kullanimia, hiperparametre
secimine ve egitim adimlarinin sayisina duyarhdir. Ote
yandan, GAN egitimini gelistirmek i¢in ¢evrimici 6grenme,

egitim  kararlihigim

tasarim optimizasyon ¢Oziimi

oyun teorisi varyantlart vb. gibi diger teknolojilerin
kullanilmasina  yonelik arastirmalar heniiz  baslangi¢
asamasindadir. Uygun mimari, kayip fonksiyonu ve

optimizasyon tekniklerinin bir kombinasyonu, iistiin sonuglar
verebilir ve gelecekte kesfedilecek bir aragtirma yonii olabilir.

2.7. Etik

Diinyanin nasil modellendigi ve bu modelleri kullanmanin
digerlerinin diinyay: algilama bi¢imini nasil etkileyebilecegi
6nemli bir konudur. GAN'larin 6grendigi semantik kavramlar,
verilere dayalidir ve diinyanin nasil ¢calistigina dair gergegi tam
olarak temsil etmemektedir. Ornegin, cogu insan verisi erkek
veya kadin olarak tanimlanmaktadir. Bu nedenle bir GAN, tek
tip bir spektrum olarak erkek ve kadin arasinda bir sekilde
dogrusal bir iligki 6grenmektedir. Ancak bu, sadece erkek ya
da kadindan olugsan birgok insan i¢in  gergekle
uyusmamaktadir. GAN'lar kullanilarak  bir  goriintiide
cinsiyetin manipiile edilmesi, bu nedenle, onu herhangi bir
sistemin pargast olarak agiklamadan Once diisiiniilmesi
gerekmektedir. Olusturulan herhangi bir sistem (makine
Ogrenimi veya bagka tiirlii) i¢in bazi basit sorular sorulmalidir:
Sistemden faydalanan veya zarar goren insanlar var m1 ve bu
insanlar bu faydayr veya zarar1 gormeli mi? Insanlarin
davraniglarini olumlu veya olumsuz yonde degistirebilir veya
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iyi niyetli kullanicilar tarafindan bile kdtiitye kullanilabilir mi?
Genel olarak, mikro ve makro oOlgekte neyin yanlis
gidebilecegi diisiiniilmelidir. Etik ¢cok karmagik bir konudur.
Ancak derin Ogrenmeyle birlikte birgok farklt seyi
otomatiklestirme yetenegi vardir. Bu, toplum igin bir nimet
olabilir ve insanlar1 zahmetli ve yorucu islerden kurtarabilir,
ancak ayni zamanda istenmeyen esitsizlikleri bir o6l¢ekte
biiyiitebilir ve ¢ogaltabilir.

GAN'lar, giivenlik tehdidi olusturabilecek sahte belgeler
veya diger hassas materyaller olusturmak icin kullanilabilir.
Ornegin, birine ait olan agiz hareketlerini baska bir sesle
esleslestirerek taklit ettirilebilir ve videolar degistirmek igin
kullanilabilir. Ayrica bagkalarini yaniltmak igin giiclii bir
aragtir. Kodu c¢evrimi¢i yayinlarsaniz, bagskalarina zarar
vermek igin kolayca koétitye kullanilabilir. Bu kodu halka
yerlestirmenin faydalar nelerdir ve zararlarindan agir basar
mi1? Eger kotiiye kullanilabilecek bir iiretken olusturursaniz,
belki de modelinizden/yaklagiminizdan bir goriintiiniin gelip
gelmedigini anlayan ve boylece herhangi bir koétii amagh
kullanimi tespit etmeye yardimer olan bir detektor tizerinde
calisilabilir. Bunlar soyut problemler gibi goriinebilir, ancak
isin icindeyken baz1 endiseler olacaktir. Ornegin, yakin tarihli
bir rapor, derin sahtekarlik olarak bilinen deepfakelerin
insanlar yiizbinlerce dolar1 dolandirmak i¢in kullanildigini
gostermistir [43]. Etik kolay cevaplari olan siyah beyaz bir
mesele degildir. Yapay zekanin sosyal adalet, demokrasi ve
insan onuru tizerindeki etkisi gibi daha genis toplumsal ve
kiiltiirel Bir
diistiniilmesi gerektigi unutulmamalidir.

2.8. Hukuki Hususlar

konular1  kapsar. is yaparken etraflica

Makine &grenimi, veri bilimi ve iiretken ¢ekismeli aglar
alanlarindaki hizli gelismeler, derin sahtekarlik (deepfake)
olarak bilinen yeni bir igerik olusturma teknolojisi olusmustur.
Tipkt onceki birgok teknoloji gibi (Sony Betamax kaydedici,
sanal gerceklik veya Bitcoin), derin sahtekarliklar baglangigta
baz1 yasa dist veya ahlaksiz faaliyetlere uygulanmistir [47].
Medyanin yaratilmasindan ve kullanilmasindan kaynaklanan
ve yasal yelpazeyi kapsayan, se¢im yasasi, ceza hukuku, kanit
ve fikri miilkiyet alanlarindaki sonuglar da dahil olmak {izere
potansiyel sonuglar vardir [46].

Hukuki ac¢idan, mahremiyete yonelik saldirinin yani sira,
yaratict  derin  sahtekarliklarin  yasalligiyla  ilgili
anlagmazliklarda sdzlesme, haksiz fiil veya miilkiyet
hukukundan kaynaklanan bir dizi bagka temel yasa doktrin
gecerli olabilir. Ek olarak, yaratic1 derin sahteler, IP ile ilgili
belirli tartigmalara yol agabilir. Daha spesifik olarak, telif
hakki yasasi agisindan, bir derin sahte yaraticinin yeni
olusturulan derin sahtecilik i¢in telif hakki sahibi oldugunu
iddia edip edemeyecegi veya orijinal igerigin kullaniminin (bir
veya daha fazla telif hakkiyla korunan ¢aligma) ihlal teskil edip
etmedigi sorgulanabilir. Ayrica telif hakki ve/veya goriintii
haklar1 derin sahtekarligin yaraticisinin sorumluluktan muaf

bir
sorgulanabilir. Ornegin, telif hakki ihlali durumunda, derin bir

olacak Dbelirli doktrine giivenip giivenemeyecegi
sahtekarligin yaraticisi,

muafiyetlere basvurabilir.

Ortak hukuk mahkemeleri 6niinde bir telif hakki ihlali
iddias1 s6z konusu oldugunda, derin sahtekarligin yaraticisi
adil
giivenebilir. Daha spesifik olarak, derin sahtekarligin yaraticisi

parodi veya hiciv gibi yasal

sorumluluktan kagmak ig¢in kullanim  doktrinine
ABD mahkemelerinde dava edilirse, davali, adil kullanimi
olumlu bir savunma olarak, yani davaci bir telif hakk: ihlali
tespit etmeyi basardiktan sonra ileri siirebilir. Derin
sahtekarligin yaraticisinin sorumluluktan kagip kagamayacagi
sorusu, davanin olgusal kosullarina ve ihlalde bulundugu iddia
edilen kiginin mahkemeyi adil analizin dort faktoriiniin kendi
lehine olduguna ikna edip edemeyecegine bagl olacaktir. Ilk
olarak, sanik yeni yaratilan derin sahtekarligin dogasi geregi
dontstiiriicii oldugunu ve derin sahtekarligin ahlaki agidan iyi
amaglar i¢in "kullanilmasmin" amaglandigini gostermelidir.
Ancak derin sahtecilik ticari amaglarla kullanilirsa davali adil
kullanim gostermekte zorluk yasayabilir. ikincisi, adil
kullanim doktrini, orijinal ¢alismanin dogasinin ne olduguna
bakmay1 gerektirir: yayinlanmis mi, yayinlanmamis m1? Derin
sahtecilik s6z konusu oldugunda, 6zellikle derin sahteciligin
¢ok sayida girdi dosyasina dayandigi durumlarda, adil
kullanim doktrininin bu ikinci sartinin belirli bir durumda nasil
sonuglanacagini gérmek zor olabilir. Uciinciisii, bir derin sahte
davadaki sanik, derin sahte olusturmak i¢in kullanimin
onemsiz oldugunu gostermede basarilt olabilir ve tim
anlagmazlik, derin sahte olusturmak i¢in kullanilan orijinal
calismanin (veya eserlerin) kalitesi ve miktar1 etrafinda
donecektir. Thlal ettigi iddia edilen kisi, bir filmin yalnizca kisa
bir pargasi kullanilmigsa daha fazla sansa sahip olabilir; ancak
bu kisa parga bir filmin en kotii s6hretli sahnesiyse, davali bu
noktada basarili olamayabilir. Son olarak ve dordiincii olarak,
adil kullanim analizi, orijinal {riiniin potansiyel pazari
lizerindeki etkisinin degerlendirilmesini gerektirir. Yine, bu,
davanin verili olgusal kosullarina bagli olacaktir [47].

Geligsmekte olan bir¢ok teknoloji i¢in, yasanin ortaya
cikardiklar1 benzersiz sorunlara acil bir ¢éziimii yoktur. Sonug
olarak, mahkemeler ve avukatlar, kendi
masalarinda karsilastiklar1 bu sorunlara ¢6ziim tiretmelidir. Bu
siirecin etkinligi, hukuk alanina, teknolojinin tiirine, davay1
goren mahkemeye ve bir dizi baska faktore bagli olarak 6nemli
Olgiide degismektedir [46]. Bu nedenle, derin sahtelerin

davalarinda ve

kaderinin, derin sahte tespit teknolojilerinin gelistirilmesine ve
icerik dagitim platformlarinin kotii niyetli igerigi belirlemeye
yonelik etik taahhiitlerine bagli kalmasi onerilmektedir [47].
Bireylerin ve kuruluslarin GAN'lart herhangi bir amagla
kullanmadan once en son yasal geligmelerden haberdar
olmalar1 ve yasal riskleri azaltmak i¢in stratejiler gelistirmeye
yardimci  olabilecek hukuk uzmanlarindan danigmanlik
almalar1 6nem arz etmektedir.
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Uretken modellerin ag ve algoritmalarinin mimarisini
iyilestirerek, insanlarin ayirt etmesi zor olan goriintiiler, sesler,
videolar ve metinler iiretebilen daha giiglii bir iiretken model
tasarlamak miimkiin gériinmektedir. Goriintiilerden metinlere
ve hatta melodilere kadar veri olusturmak, buzdagimin sadece
goriinen kismini temsil etmektedir. Yapay zekanm siirekli
gelismesiyle birlikte siber giivenlik ve hatta yapay zeka
giivenligi arastirmacilar tarafindan giderek daha fazla ilgi
gormektedir.  Ozel  yeni cekigsmeli  aglar
uygulamalarinin ortaya ¢ikisi, artirilmig gergeklik, egitim
verisi olusturmak, gilivenlik alanindan tip alanina kadar
tiretken ¢ekismeli aglarin  biiylik fayda

uretken

saglayacagi
ongoriilmektedir. Uretken gekismeli ag modellerinin hem ele
alman problemlerde daha iyi sonuglar almasini saglamak hem
de benzer birgok problemde kullanigli hale getirmek igin
degerlendirme  metrikleri  gelistirilerek ~ performansini
arttirmaya yonelik ¢alismalar yapilmaya devam etmektedir.
Diger taraftan GAN'lar, kimlik hirsizlig1, var olmayan kisilerin
sentetik goriintiilerini olugturmak, birinin yapmadigi bir seyi
sOylemis veya yapmis gibi goriinmesi igin degistirilmis
videolar veya resimler olan deepfake'ler olusturmak i¢in de
kot amaglar i¢in kullanilabilir. GAN’lar, mevcut telif
haklarin1 veya ticari markalar1 ihlal edebilecek ve potansiyel
yasal anlagsmazliklara yol agabilecek icerikler iiretebilir. GAN
tarafindan olusturulan igerigin kotii amaglarla kullanilma
GAN'larin

Ozgiinliigiiniin yerini alma potansiyeli gibi bir dizi etik kaygiy1

potansiyeli  veya insan yaraticiliginin = ve
giindeme getirmektedir. Bu kaygilar1 Oniine gegmek igin
GAN'lar1 kullanirken yasal ihlalleri 6nlemek, etik yonergeleri
kullanmak\gelistirmek, yetkili egitim verileri kullanmak,
gizlilige saygi duymak, derin sahtekarliklar1 tespit etmek igin
onlemler almak hukuk danigmak
gerekmektedir. GAN'larin potansiyel risklerini ve faydalarini

anlamak i¢in daha fazla arastirmaya ihtiyag vardir.

ve uzmanlarina
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