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Amacg ve Kapsam

Mus Alparslan Universitesi Fen Bilimler Dergisi, temel bilimler, miihendislik bilimleri, gevre ve enerji alanlarinda
ulusal ve uluslararas1 diizeyde yapilan bilimsel nitelikli ve 6zgilin ¢alismalar1 bilimsel bir yaklasimla ele almak
amaciyla yayimlanan uluslararas1 hakemli bir dergidir. Mus Alparslan Universitesi Fen Bilimleri Dergisinin temel
amaci; uluslararasi alanda bilim ve teknolojideki yenilikler ve gelismeler, giincel ortaya konulan bilimsel ¢aligmalar,
tespit edilen sorunlarin ve ¢dziim Onerilerinin tartisildigi 6zgiin ve nitelikli makaleler yayinlanan bilimsel bir dergi
olmaktir. Ayrica Mus Alparslan Universitesi Fen Bilimleri Dergisi, yiiksekogretim kurumlarinda gérev alan
akademisyenler, lisansiistli 6grenciler, sanayi ve endiistride ¢alisan kisilerin akademik ve mesleki gelisimlerine katki
saglayan bilimsel, nitelikli akademik ¢alismalarin yayginlagtirilmasina hizmet etmeyi hedeflenmektedir.

Mus Alparslan Universitesi Fen Bilimleri Dergisi; temel bilimleri, tarim ve uygulamali bilimleri, doga bilimleri
ve mithendislik alanlar1 ile alakali konularda 6zgiin ve nitelikli bilimsel ¢aligmalar1 kapsamaktadir. Dergide, yukarida
belirtilen alanlarda yapilmis deneysel ve teorik ilerlemeleri igeren bilimsel ve 6zgiin arastirma makalesi tiiriindeki
bilimsel ¢alismalara ve giincel igerikli derlemelere yer verilmektedir. Dergide yayimlanan tiim makalelere DOI
numarasi atanmakta ve yayimlanan makaleler i¢in herhangi bir tcret talep edilmemektedir. Mug Alparslan
Universitesi Fen Bilimleri Dergisinde yayimlanan yazlarn bilimsel ve hukuki sorumlulugu, yazarlarma aittir.
Yaymmlanan yazilarin biitiin yaym haklar1 Mus Alparslan Universitesi’ne ait olup yaymn, yaymncinm izni olmadan
kismen veya tamamen elektronik ortama tasimamaz. Mus Alparslan Universitesi Fen Bilimleri Dergisi, 6zgiin bilimsel
aragtirmalar ile uygulama caligmalarina yer veren Haziran ve Aralik sayisi olmak tizere yilda iki defa diizenli olarak
yayimlanan bir dergidir.

Mus Alparslan Universitesi Fen Bilimler Dergisi asagidaki indekslerce taranmaktadir:

e TR Dizin

e Academic keys

e CAB Abstract

o CiteFactor

e COSMOS IF

e CrossRef DOI

e DRIJI (Directory of Research Journals Indexing)
e Eurasian Scientific Journal Index (ESJI)

e Index Copernicus

e Infobase index

e International Innovative Journal Impact Factor (11JIF),
e ResearchBib

e ROAD

e Scientific Indexing Service

e Sindex

e SOBIAD
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Aims and Scope

Mus Alparslan University Journal of Science is an international refereed journal that is published with a scientific
approach to handle scientific and original studies in the fields of basic sciences, engineering sciences, environment and
energy. The main aim of Mus Alparslan University Science Journal is to become a scientific journal which published original
and qualified articles, current scientific studies, their identified problems, and their solution suggestions, discussing
innovations and developments in science and technology in the international surroundings. In addition, Mus Alparslan
University Journal of Sciences is aimed to serve the dissemination of scientific and qualified academic studies which
contributed to the academic and professional development of academicians, graduate students, working people in industry.

Mus Alparslan University Journal of Science covers original and qualified scientific studies in the fields of basic sciences,
agriculture and applied sciences, natural sciences, and engineering. There are scientific, original research articles and
current content reviews that include experimental and theoretical advances mentioned above in the fields in the journal.
All published articles in the journal are assigned a DOI number and no fee is charged for the published articles. The authors
belong to scientific and legal responsibility of the articles published in Mus Alparslan University Journal of Science. Mus
Alparslan University belongs to all publishing rights of the published articles, and it cannot be published to the electronic
medium partially or completely without the permission of the publisher. Mus Alparslan University Journal of Science
including the June and December issues is a regular journal published twice a year that is included original scientific
research and application studies.Mus Alparslan University Journal of Science is included in the following abstracting and
indexing services:

e TR Dizin

e Academic keys

e CAB Abstract

o CiteFactor

e COSMOS IF

e CrossRef DOI

e DRIJI (Directory of Research Journals Indexing)
e FEurasian Scientific Journal Index (ESJI)

e Index Copernicus

o Infobase index

e International Innovative Journal Impact Factor (11JIF),
e ResearchBib

e ROAD

e Scientific Indexing Service

e Sindex

e SOBIAD



MAUNFBD
Mus Alparslan Universitesi Fen Bilimleri Dergisi
Mus Alparslan University Journal of Science

Yil/Year: 2024 o Cilt/Volume: 12 e Sayl/Number: 2
MAUNFBD Dergi Yaym Etigi ve Sorumluklar

MAUNFBD Dergisinde uygulanan yaymn siireglerinde yazarlar, hakemler ve editorler etik ilkelere yonelik
standartlara uymasi1 6nem tagimaktadir. MAUNFBD Dergisinde yaym etigi kapsaminda tiim yazarlar, hakemler ve
editorler asagidaki etik sorumluluklar1 tasimasi beklenmektedir. Asagida yer alan etik gorev ve sorumluluklar
olusturulurken agik erigsim olarak Committee on Publication Ethics (COPE) tarafindan yayinlanan etik kurallara ve
sorumluluklar dikkate alinarak hazirlanmistir.

Yazarlarin Etik Sorumluluklar:

Yazar(lar)in gonderdikleri ¢aligmalarin 6zgiin olmasi beklenmektedir. Yazar(lar)in baska c¢alismalardan
yararlanmalar1 veya baska calismalari kullanmalart durumunda eksiksiz ve dogru bir bigimde atifta bulunmalar1
ve/veya alint1 yapmalar1 gerekmektedir. Calismanin olusturulmasinda igerige katk: saglamayan kisiler, yazar olarak
eklenmemelidir. Yazarlar ¢aligmalarin1 ayn anda birden fazla derginin basvuru siirecinde bulunduramaz. Her bir
bagvuru onceki bagvurunun tamamlanmasint takiben baslatilabilir. Bagka bir dergide yayinlanmis c¢alisma
MAUNFBD Dergisine gonderilemez. Yayinlanmak {izere gonderilen tiim ¢aligmalarin varsa ¢ikar ¢atigsmasi teskil
edebilecek durumlari ve iligkileri agiklanmalidir. Yazar(lar)dan degerlendirme siirecleri gergevesinde makalelerine
iliskin ham veri talep edilebilir, boyle bir durumda yazar(lar) beklenen veri ve bilgileri yaym kurulu ve bilim kuruluna
sunmaya hazir olmalidir. Degerlendirme siireci baslamis bir ¢alismanin yazar sorumluluklarinin degistirilmesi (Yazar
ekleme, yazar sirasi degistirme, yazar ¢ikartma gibi) teklif edilemez. Yazar(lar) kullanilan verilerin kullanim
haklarina, arastirma/analizlerle ilgili gerekli izinlere sahip olduklarimi veya deney yapilan deneklerin rizasinin
alindigin1 gosteren belgeye sahip olmalidir. Yazar(lar)in yayinlanmig, erken goriiniim veya degerlendirme
asamasindaki ¢aligmasiyla ilgili bir yanlis ya da hatayr fark etmesi durumunda, dergi editdriinii veya yayinciyi
bilgilendirme, diizeltme veya geri ¢cekme islemlerinde editdrle ig birligi yapma yiikiimliliigli bulunmaktadir.

Editorlerin Etik Gorev ve Sorumluluklari

MAUNFBD Dergisindeki editorler ve alan editorleri, agik erisim olarak Dergipark sayfasinda yayimlanan
Committee on Publication Ethics (COPE) tarafindan belirtilen etik goérev ve sorumluluklara sahip olmalidir:

Genel Gorev ve Sorumluluklar

Siirekli olarak derginin gelisimini saglama, dergide yaymlanan g¢aligmalarin kalitesini gelistirmeye yonelik
stiregleri yiiriitme, okuyucularin ve yazarlarin bilgi ihtiyaglarini karsilamaya yonelik ¢aba sarfetme, diizeltme,
aciklama gerektiren konularda yaymn agisindan agiklik ve seffaflik gosterme. Fikri miilkiyet haklari ve etik
standartlardan taviz vermeden is siireglerini devam ettirme editdriin gorev ve sorumluluklarindandir.

Hakemlerin Etik Sorumluluklar

Sadece uzmanlik alanmi ile ilgili ¢alisma degerlendirmeyi kabul etmelidir. Tarafsizlik ve gizlilik igerisinde
degerlendirme yapmalidir. Gizlilik ilkesi geregi inceledikleri galigmalar1 degerlendirme siirecinden sonra imha
etmelidir. Degerlendirme siirecinde ¢ikar ¢atismasi ile karst karsiya oldugunu disiiniirse, ¢alismay1 incelemeyi
reddederek, dergi editoriinii bilgilendirmelidir. Degerlendirmeyi nesnel bir sekilde sadece ¢alismanin igerigi ile ilgili
olarak yapmalidir. Degerlendirmeyi yapici ve nazik bir dille yapmalidir. Diigsmanlik, iftira ve hakaret igeren asagilayici
kisisel yorumlar yapmamalidir. Degerlendirmeyi kabul ettikleri caligmayir zamaninda ve yukaridaki etik
sorumluluklarda gerceklestirmelidir.

Yayincinin Etik Sorumluklari

MAUNFBD Dergisinde gonderilen ¢aligmalarin tiim siireglerinden editér sorumludur. Bagimsiz editor karar
olugturulmasini taahhiit eder. MAUNFBD Dergisinde ekonomik ya da politik kazanglar goz oniine alinmaksizin karar
verici kisi editérdir. MAUNFBD Dergisinde yayinlanmis her makalenin miilkiyet ve telif hakkini korumak
zorundadir. Editore iliskin her tiirlii bilimsel suiistimal ve intihalle ilgili dnlemleri alma sorumluluguna sahiptir.

Yazarlar ile iliskiler

Editor, caligmalarin 6nemi, 6zgiin degeri, gegerliligi, anlatimin agiklig1 ve derginin amag ve hedeflerine dayanarak
olumlu ya da oluMAUNZz karar vermelidir. Yayin kapsamina uygun olan ¢alismalarin ciddi problemi olmadig: stirece
on degerlendirme agamasina almalidir. Editor, ¢alisma ile ilgili ciddi bir sorun olmadik¢a, olumlu yondeki hakem



onerilerini gz ard1 etmemelidir. Yeni editor, ¢aligmalara yonelik olarak 6nceki editdr tarafindan verilen kararlari ciddi
bir sorun olmadik¢a degistirmemelidir. MAUNFBD Dergisinde bir Yazar Rehberi yaymlamalidir. Yazarlara
agiklayici ve bilgilendirici sekilde bildirim ve doniis saglanmalidir.

Hakemler ile iliskiler

Editor; dergi yayin politikalarinda yer alan Koér Hakemlik ve Degerlendirme Siireci politikalarini uygulamakla
yiikiimliidiir. Hakemleri yayinin alan konusuna uygun olarak secilmelidir. Yayinin degerlendirme siirecinde gerekli
tiim bilgileri hakemlere saglamakla yiikiimliidiir. Yazarlar ve hakemler arasindan ¢ikar g¢atismasi olup olmadigini
gozetmek durumundadir. Yayimin degerlendirme siirecinde hakemlerin kimlik bilgilerini gizli tutmalidir. Hakemleri
tarafsiz, bilimsel ve nesnel bir dille calisgmay1 degerlendirmeleri i¢in tesvik etmelidir. Hakem havuzunun genis bir
yelpazeden olusmasi i¢cin adimlar atmalidir. Hakemlerin performansini artirict uygulama ve politikalar belirlemelidir.
Bilimsel olmayan degerlendirmeleri engellemelidir.

Okuyucu ile iliskiler

Editor tiim okuyucularin ihtiya¢ duyduklar bilgi, beceri ve deneyim beklentilerini dikkate alarak karar vermelidir.
Yayinlanan ¢alismalarin okuyucu, arastirmact, uygulayici ve bilimsel literatiire katki saglamasina ve 6zgiin nitelikte
olmasina dikkat etmelidir. Editér okuyuculardan gelen geri bildirimleri dikkate almak, agiklayici ve bilgilendirici geri
bildirim vermekle yukimlidur.

Yaymn Kurulu ile iliskiler

Editor, tim yaym kurulu dyelerinin siirecleri yayin politikalar1 ve yonergelere uygun ilerletmesini saglamalidir.
Yayin kurulu iiyelerini yayin politikalar1 hakkinda bilgilendirmeli ve gelismelerden haberdar etmelidir. Yeni yayin
kurulu iiyelerini yayin politikalar1 konusunda egitmeli, ihtiya¢ duyduklari bilgileri saglamalidir.

Dergi Sahibi ve Yayma ile iliskiler

Editor ile yayinci arasinda yapilan yazili sézlesme geregi, editdriin alacagi tiim kararlar yayinci ve dergi sahibinden
bagimsizdir. Yani editdr ve yayinci arasindaki iliski bagimsizlik ilkesine dayanmaktadir.

Kisisel Verilerin Korunmasi

Editor; degerlendirilen c¢alismalarda yer alan deneklere veya gorsellere iligkin kisisel verilerin korunmasini
saglamakla yiikiimlidiir. Calismalarda kullanilan bireylerin agik rizasi belgeli olmadigi siirece ¢alismay1 reddetmekle
gorevlidir. Ayrica editor; yazar, hakem ve okuyucularin bireysel verilerini korumaktan sorumludur.

Etik Kurul, Insan ve Hayvan Haklar

Editor; degerlendirilen c¢aligmalarda insan ve hayvan haklarinin korunmasini saglamakla yiikiimlidiir.
Caligsmalarda kullanilan deneklere iliskin etik kurul onay1, deneysel arastirmalara iligkin izinlerin olmadigi durumlarda
¢alismay1 reddetmekle sorumludur.

Olas Suiistimal ve Gorevi Kotiiye Kullanmaya Karsi Onlem

Editor; olasi suiistimal ve gorevi kotiiye kullanma iglemlerine karst dnlem almakla yiikiimliidiir. Bu duruma
yonelik sikayetlerin belirlenmesi ve degerlendirilmesi konusunda titiz ve nesnel bir sorusturma yapmanin yani sira,
konuyla ilgili bulgularin paylasilmasi editoriin sorumluluklar arasinda yer almaktadir.

Fikri Miilkiyet Haklarinin Korunmasi

Editor; yaymlanan tiim makalelerin fikri miilkiyet hakkini korumakla, olasi ihlallerde derginin ve yazar(lar)in
haklarini savunmakla yiikiimliidiir. Ayrica editdr yayinlanan tim makalelerdeki igeriklerin baska yayinlarin fikri
miilkiyet haklarini ihlal etmemesi adina gerekli 6nlemleri almakla yiikiimliidiir. Bu asamada yazarlardan makaleleri
ile birlikte almig olduklari intihal raporu talep edilmektedir.

MAUNFBD Dergisinde Etik Olmayan Bir Durumla Karsilagirsaniz!

MAUNFBD Dergisinde yukarida bahsedilen etik sorumluluklar ve diginda etik olmayan bir davranis veya igerikle
karsilagirsaniz liitfen h.onlu@alparslan.edu.tr adresine e-posta yoluyla bildiriniz.
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MAUNFBD Journal Editorial Ethics and Responsibilities

It is important for authors, referees and editors to comply with the standards regarding ethical principles in the
publication processes applied in the Journal of MAUNFBD. All authors, referees and editors are expected to have the
following ethical responsibilities within the scope of publication ethics in MAUNFBD journal. The following ethical
duties and responsibilities have been prepared as open access, taking into account the ethical rules and responsibilities
published by the Committee on Publication Ethics (COPE).

Authors' Ethical Responsibilities

The works submitted by the author (s) are expected to be original. If the author (s) benefit from other studies or
use other studies, they must cite and / or cite completely and accurately. People who do not contribute to the content
of the study should not be added as author. The authors work in the application process can not contain more than one
journal at a time. The work published in another journal cannot be sent to the MAUNFBD Journal. That might
constitute a conflict of interest if all studies submitted for publication must be explained and relationships. Author (s)
can be requested from the evaluation process raw data of the frame in the article, in such a case the author (s) must be
ready to provide the expected data and information science committee and the editorial board. Replacing the
responsibility of the author began a study of the evaluation process (authors add, modify order of authors, writers like
stickers) cannot be offered. The author (s) must have a document showing that they have the right to use the data used,
the necessary permissions for research / analysis, or that the subjects who have been experimented with have consent.
Author (s) of the published case early view or assessment notice a wrong or error about her work on stage, to inform
the journal editor or publisher has an obligation to carry editors to cooperate in the correction or retraction.

Editors' Ethical Duties and Responsibilities

Editors and field editors in the MAUNFBD Journal should have the ethical duties and responsibilities specified by
the Committee on Publication Ethics (COPE) published on the Dergipark page as open access:

General Duties and Responsibilities

Continuously improving the quality of the journal, carrying out processes to improve the quality of the work
published in the journal, striving to meet the information needs of readers and authors, correcting, showing publicity
and transparency in matters requiring explanation, continuing business processes without compromising intellectual
property rights and ethical standards is one of his duties and responsibilities.

Ethical Responsibilities of Referees

Only study related to the specialty should accept the assessment. It should evaluate in impartiality and
confidentiality. The study examined the privacy policy should be destroyed after the evaluation process. If referee
thinks that he/she faces a conflict of interest during the evaluation process, he should refuse to review the study and
inform the journal editor. The referee should make the assessment objectively only in relation to the content of the
study. Referee should make the assessment in a constructive and kind language. It should not make humiliating
personal comments that include hostility, slander and insults. They should perform the work they accepted to evaluate
on time and with the ethical responsibilities above.

Publisher's Ethical Responsibilities

The editor is responsible for all the processes submitted in the MAUNFBD Journal. The independent editor
commits to the decision. The decision maker is the editor, regardless of economic or political gains in the Journal of
MAUNFBD. It must protect the property and copyright of every article published in the MAUNFBD journal. It has
the responsibility to take all sorts of scientific abuse and plagiarism related measures.



Relations with Authors

Editor, the importance of the work, the original value, validity, the openness of expression and should give a
positive or negative decision based on the journal's goals and objectives. Unless there is a serious problem for the
studies that are suitable for publication, they should take the preliminary evaluation stage. The editor should not ignore
the positive reviews of the referees unless there is a serious problem with the work. The new editor should not change
the decisions made by the previous editor for the work unless there is a serious problem. It should publish an Author
Directory in the MAUNFBD journal. Authors should be provided with informative and informative feedback and
feedback.

Relations with Referees

Editor is responsible for applying the Blind Review and Evaluation Process policies included in its publication
policies. Referees should be selected in accordance with the subject of the publication. It is obliged to provide all
necessary information to the referees during the evaluation process of the publication. It has to observe whether there
is a conflict of interest among the authors and reviewers. The identity information of the referees must be kept
confidential during the evaluation of the broadcast. Encourage referees to evaluate working in an objective, scientific
and objective language. The referee should take steps to make the pool a broad spectrum. Implementations and policies
that increase the performance of the referees should be determined. It should prevent unscientific evaluations.
Relations with Readers

The editor should make a decision by considering the knowledge, skills and experience expectations of all readers.
The reader should pay attention to the fact that the published studies contribute to the reader, researcher, practitioner
and scientific literature and be original. The editor is obliged to take into account the feedback from the readers and
to provide explanatory and informative feedback.

Relations with the Editorial Board

The editor should ensure that all editorial board members advance the processes in accordance with editorial
policies and guidelines. The editorial board should inform the members of the editorial policies and inform the
developments. The new editorial board should educate its members on broadcast policies and provide the information
they need.

Relations with the Owner of the Journal and the Publisher

In accordance with the written contract between the editor and the publisher, all decisions taken by the editor are
independent of the publisher and magazine owner. In other words, the relationship between the editor and the publisher
is based on the principle of independence.

Protection of Personal Data

The editor is obliged to ensure the protection of personal data related to the subjects or images in the evaluated
works. Unless the explicit consent of the individuals used in the studies is documented, they are responsible for
refusing to work. Also, editor is responsible for protecting the individual data of the author, referee and readers.

Ethics Committee, Human and Animal Rights

The editor is obliged to ensure the protection of human and animal rights in the evaluated works. Ethics committee
approval for subjects used in studies is responsible for refusing to work in cases where there is no permit for
experimental research.

Measure Against Potential Abuse and Abuse

The editor is obliged to take measures against possible abuse and misconduct. In addition to conducting a rigorous
and objective investigation about the identification and evaluation of complaints for this situation, sharing the findings
on the subject is among the responsibilities of the editor.



Protection of Intellectual Property Rights

The editor is obliged to protect the intellectual property right of all published articles and to defend the rights of
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ABSTRACT

The most significant component of the skeletal and muscular system, whose function is vital to human existence, are
the bones. Breaking a bone might occur from a specific hit or from a violent rearward movement. In this study, bone
fracture detection was performed using convolutional neural network (CNN) based models, Faster R-CNN and
RetinaNet, as well as a transformer-based model, DETR (Detection Transformer). A detailed investigation was
conducted using different backbone networks for each model. This study's primary contributions are a methodical
assessment of the performance variations between CNN and transformer designs. Models trained on an open-source
dataset consisting of 5145 images were tested on 750 test images. According to the results, the RetinaNet/ResNet101
model exhibited superior performance with a 0.901 mAP50 ratio compared to other models. The obtained results show
promising outcomes that the trained models could be utilized in computer-aided diagnosis (CAD) systems.

Keywords: Deep learning, medical imaging, object detection, convolutional neural network, vision transformer

Otomatik Kemik Kirig1 Tespitinde Evrisimsel Sinir Aglar1 ve Transformer Modellerinin
Performansinin Analizi

0z

Insan varlig1 igin hayati 6nem tastyan iskelet ve kas sisteminin en 6nemli bileseni kemiklerdir. Bir kemigin kirilmasi
belirli bir darbeden veya siddetli bir geriye dogru hareketten kaynaklanabilir. Bu ¢aligmada, kemik kirig1 tespiti,
evrisimli sinir ag1 (ESA) tabanli modeller olan Faster R-CNN ve RetinaNet, ayrica bir transformer tabanlt model olan
DETR (Detection Transformer) kullanilarak gergeklestirilmistir. Her model igin farkli omurga aglart kullanilarak
detayli bir inceleme yapilmistir. Bu ¢alismanin birincil katkilari, CNN ve transformator tasarimlari arasindaki
performans farkliliklarinin yontemsel bir degerlendirmesidir. 5145 goriintiiden olusan agik kaynakli bir veri setinde
egitilen modeller, 750 test goriintiisiinde test edilmistir. Sonuglara gore, RetinaNet/ResNet101 modeli diger modellere

gore daha iistiin performans sergileyerek 0.901 mAP50 oranina ulagsmistir. Elde edilen sonuglar, egitilen modellerin
bilgisayar destekli tan1 (BDT) sistemlerinde kullanilabilecek vaat edici sonuglar sunmaktadir.

Anahtar Kelimeler: Derin 6grenme, medikal goriintiileme, nesne tespiti, evrisimsel sinir aglari, goriis
transformatorii

INTRODUCTION ray images are taken, and the result is transmitted to the

orthopedic doctor. Manual detection can be time-
A bone is among the most fundamental components that  consuming. Also, sometimes radiologists or orthopedic
make up our body's support and mobility system [1].  doctors may not be available in emergency departments
Bones have many tasks such as keeping our body upright, late at night. In this case, other doctors can be less capable
protecting internal organs, and walking. An adult to identify minor fractures due to their lack of
human's body contains 206 bones in total [2]. Bones can  specialization and may prolong the patient's recovery
be broken as a result of falling, trauma, or impact. Bone  process by applying the wrong treatment to the patient
fractures are manually detected by radiologists after x-  [3]. Additionally, early diagnosis plays an important role
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in the selection of appropriate treatment methods and the
success of treatment [4]. Computer-aided diagnosis also
helps minimize human errors during treatment [5].
Previously, the usefulness of diagnostic computers for
bone fracture detection was very limited in practical
clinical settings, mainly due to its low accuracy.
Recently, thanks to the availability of extensive,
annotated image datasets, many new studies on CAD
based on deep learning have been presented [6]. CNNs
used in image analysis are an important network within
the scope of deep learning [7]. CNNs represent a
specialized branch of artificial neural networks designed
particularly for tasks involving visual data processing,
such as image recognition and analysis. CNN algorithms
can perform object detection and classification on
medical images as well as on many images. In such cases,
they can be utilized to comprehend the content of the
image or determine the location of objects by extracting
features from complex structures within the image. In the
study conducted by Ozdemir et al. [8], CNN models were
comprehensively compared on augmented images,
demonstrating the success of CNN models.

Faster R-CNN [9] and RetinaNet [10] are common
architectures of CNNs used for object detection. Faster
R-CNN performs object detection in two stages, first
suggesting the regions where the objects may be, and
then the location is determined from the suggested region
[9]. In RetinaNet, focal loss [10] solves the class
imbalance problem and detects objects of different sizes
using anchor boxes [10]. The differences between Faster
R-CNN and RetinaNet are that Faster R-CNN uses
regional proposals, and RetinaNet uses anchor boxes. In
addition, cross-entropy is used as a generality loss
function in Faster R-CNN, and focal loss is used in
RetinaNet. Vision transformer [11] is used for object
identification inspired by the transformer [12]
architecture. DETR [13] is a model based on the
transformer architecture used for object detection. DETR
also uses the transformer structure that performs all
object detection at once.

In this study, CNN-based architectures Faster R-CNN
and RetinaNet, and the DETR model based on
transformer architecture, were used. These models were
employed to detect the fractured region in broken bone
images in x-ray images and compared to measure which
model performs better.

The primary findings of this research include:

e Qur study comprehensively examines the
advantages and disadvantages of CNN-based
architectures compared to transformer-based
architectures.

A comprehensive comparison of Faster R-CNN,
RetinaNet, and DETR models was conducted.

Our comprehensive study provides a different
approach to bone fracture detection,
contributing significantly to the development of
computer-aided diagnostic systems.

The remaining portions of this study's content are
categorized into the following sections: In the literature
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review section, existing studies are examined. The
material and method section contains the models that
were utilized in this investigation. Results and discussion
include performance metrics, model experimental
results, and a discussion of the findings. Future research
and a conclusion are provided in the section conclusion.

LITERATURE REVIEW

Numerous studies have been conducted using state-of-
the-art models of convolutional neural networks in the
literature. Some studies have focused on bone fracture
detection.

In the study by Warin et al. [14], a total of 1710
mandibular images were used, and 855 of these images
had fractures. First, the images were classified in binary
as fracture and nonfracture. DenseNet-169 [15] and
ResNet50 models were used for classification.
Meanwhile, the outcomes that the specialists discovered,
and residents were compared. According to the results,
DenseNet-169 performed 100% classification. In broken
bone detection, the Faster R-CNN model outperformed
the YOLOvV5 model with an f1 score of 90.67%.

Kim et al. [16] proposed an assessment method utilizing
a stacked autoencoder (SAE) for bone fracture
investigation that builds upon prior research in the fields
of unsupervised learning, medical imaging, and structural
health monitoring. This novel approach aligns with
recent efforts to enhance the accuracy and efficiency of
fracture analysis without relying solely on traditional
imaging techniques. Additionally, the use of virtual
spectrograms and a short-time Fourier transform in
image-based training signifies a departure from
conventional methodologies.

The study conducted by Tao et al. [17] applied an
automated segmentation method in medical imaging,
focusing specifically on the segmentation of zygomatic
bones in cone-beam computed tomography (CBCT)
images. The utilization of attention maps generated by
gradient-weighted class activation mapping (Grad-
CAM) and guided Grad-CAM algorithms for improved
interpretability represents a novel contribution to the
field. Comparisons with human dentists highlight the
efficiency and accuracy gains achieved by the proposed
model, setting it apart as a promising tool for 3D
modeling in preoperative planning scenarios. While
achieving a 99.64 accuracy rate, a dice coefficient score
of 92.34 was obtained.

In their study, Ahmed and Hawezi [18] used the
integration of machine learning algorithms in medical
imaging, particularly for bone fracture detection,
representing a significant advancement in enhancing
diagnostic  accuracy.  The  proposed  system,
encompassing pre-processing, edge detection, feature
extraction, and machine learning classifications,
underscores the multidimensional approach employed to
refine the diagnostic process. The findings, with support
vector machine (SVM) exhibiting an accuracy rate of
0.92 among the algorithms.



Du et al. [19] contributes to the field of skeletal bone age
assessment (BAA) by proposing an innovative two-stage
segmentation method for hand bone X-ray images. The
importance of accurate segmentation in BAA is
emphasized, given the intricate structure and small
features of hand bones. The utilization of the OSA-
YOLOvV5 network for initial extraction and the
subsequent application of GRU-UNet for separation
mark a novel approach to enhance accuracy and
completeness in segmentation. The GRU-UNet
segmentation model demonstrates a significant
improvement, achieving a 14.70% higher accuracy than
the conventional Unet [20].

The study conducted by Karanam et al. [2] contributes to
the burgeoning field of fracture detection by presenting a
comprehensive overview of various techniques and
methodologies. Notably, the study addresses a critical
gap in existing literature by emphasizing the importance
of not only detecting but also classifying bone fractures.
This work serves as a valuable resource for researchers
aiming to develop models that can automatically detect
and classify fractures, supporting the construction of
fracture detection.

In their study, conducted by Caron et al. [3] contributes
to the advancing understanding of osteoporosis by
presenting a novel approach to studying microdamage
development in trabecular bone under mechanical
loading. The study is centered on the usage of YOLOv4
[21] and Unet. The proposed two-step approach
showcases the potential of YOLOv4 for microdamage
detection and Unet for segmentation, offering promising
results in accurately identifying and delineating
microdamage regions. With average intersection over
unions (loUs) of 45.32% and 51.12% and mean average
precisions (MAPs) of 28.79% and 46.22% for samples 1
and 2, respectively, the YOLOv4p5 model performed the
best.

In their study, Zheng et al. [22] contributes to medical
imaging by presenting a novel two-stage method
designed for the automatic identification and localization
of complex pelvic fractures. The proposed method stands
out by harnessing the symmetry properties of pelvic
anatomy and capturing symmetric feature differences
caused by fractures on both sides, addressing limitations
observed in existing methods that focus solely on image
or geometric features. Leveraging supervised contrastive
learning with a siamese deep neural network,
incorporating a structural attention mechanism and a
structure-focused attention (SFA) module, the method
demonstrates superior mean accuracy and sensitivity as
opposed to cutting-edge contrastive learning methods
and advanced classification networks.

Our study distinguishes itself in the literature by
meticulously focusing on fracture detection in medical
imaging, with a distinct emphasis on CNN models and
transformer models. Unlike earlier works, we adopted
state-of-the-art detection models for our investigation,
carefully selected for their potential advantages in our
targeted domain. Our comparative analysis involves a
thorough comparison between CNN and transformer

66

models for fracture detection, along with a
comprehensive evaluation. Ultimately, our research
contributes to the burgeoning field of medical imaging,
addressing critical gaps and paving the way for
advancements in fracture detection that hold significant
implications for clinical applications.

MATERIAL AND METHOD

In this section, dataset and object detection models
employed for fracture detection are introduced.

Dataset

In this study, the dataset used for bone fracture detection
is open source and obtained from the Roboflow platform
[23]. The information regarding the utilized dataset is
provided in Table 1.

Table 1. Dataset for bone fracture

Total
6645

Val
750

Test
750

Train
5145

Dataset

There are 6645 images in all in the entire dataset, which
encompass fractures from different types of bones. The
dataset contains images of hand, finger, arm, leg, toe, and
hip fractures. Figure 1 shows some of the images taken
from the dataset.

Figure 1. Sample images for fractures. The green-colored
bounding boxes represent the ground truth.

Faster R-CNN

In order to extract features from the images, Faster R-
CNN uses models like visual geometry group (VGG)
[24] and residual network (ResNet) [25] as a backbone in
the initial stage of the process [26]. Simultaneously, the
VGG architecture is used as the backbone in the article
on Faster R-CNN.

In the other stage of Faster R-CNN, the region proposal
network (RPN) creates recommended regions for object
detection, processing the image only once [27]. The
purpose of the RPN is to send the extracted features to a



1x1 convolutional layer using 3x3 convolution and 2x2
max pooling layers. Two cells make up the RPN's output
layer: one predicts the region bounding box, and the other
determines if an item is there or not [27]. Subsequently,
ROI pooling outputs the maximum feature map of each
region and brings the regions proposed by RPN in
different sizes to the same size [28]. After passing
through convolution and fully connected layers, target
class identification, and sensitive box presenter
regression are performed.

Once region proposals are generated, the Fast R-CNN
detector refines these proposals and classifies objects
[29]. The classification loss penalizes incorrect class
predictions. Cross-entropy loss is commonly used in
classification problems. Equation 1 presents the cross-
entropy loss.

Hy,9) = =(y.log@ +1-y) xlogl -9)) (1)
where, y is the true label (ground truth), which is either 0
or 1. 9 is the predicted probability of the positive class.
Bounding box regression loss penalizes inaccurate
bounding box regression. The Smooth L1 Loss function
measures the absolute difference by comparing the
ground truth with the bounding box drawn by the model
[30]. The Smooth L1 loss is given in Equation 2.

0.5x2 iflx] <0
[x] — 0.5 otherwise

SmoothL1(x) = { 2

where, x is the discrepancy between the predicted
bounding box coordinates and the ground truth bounding
box coordinates.

Figure 2 shows the architecture of the Faster R-CNN.

Figure 2. Architecture of Faster R-CNN.

Asiillustrated in Figure 2, during the initial stage of Faster
R-CNN, the input image undergoes processing through a
CNN backbone, such as ResNet or VGG, extracting a
hierarchical set of feature maps. Concurrently, the RPN
operates on these feature maps to generate region
proposals.

RetinaNet

RetinaNet is a model proposed to address the issue of
excessive foreground and background imbalance
encountered during the training of other models in object
detection [31]. RetinaNet consists of two main
components: Feature Pyramid Network (FPN) [32] and
focal loss.
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CNN is used by FPN to capture richer information at a
reduced resolution. The top-down path employs high-
resolution feature maps, focusing on the general features
of the image [33]. Pyramidal links in the specified paths
of the FPN enable bottom-up or top-down connections,
bringing together different feature levels and scales.
Simultaneously, high-resolution feature maps and low-
resolution feature maps merge. This merging enhances
the visibility of small objects with larger feature maps,
and large objects become more visible in small feature
maps.

In general, loss functions assign the same importance to
each sample because most samples belong to the same
class. However, in some rare cases, this can cause the
model to lose focus. Focal Loss, used in RetinaNet, is
designed to prevent this by paying less attention to easily
classifiable samples and more attention to more complex
samples. Focal loss is given in Equation 3.

©)

where, p, is the predicted probability of the true class,
and y is a tunable focusing parameter (typically a positive
value). The term (1 — p,)? is the focal weight, which
down-weights the contribution of well-classified

FocalLoss(p,) = —(1 —p.)¥log(p;)

examples. Figure 3 shows the architecture of the
RetinaNet.

Figure 3. Architecture of RetinaNet

To attain the highest level of performance, RetinaNet
combines a focal loss with an FPN, as can be observed in
Figure 3.

Detection Transformer (DETR)

DETR is inspired by the transformer-based architecture.
DETR can process the image in a single stage and
estimate the object positions and class of objects. The
input layer, transformer layer, and output layer are the
three layers that make up DETR [34].

Firstly, in the input layer, the image passes through CNN
layers using a backbone. Extracted features are used to
identify the objects in the next stages. In the transformer
layer of DETR, there are encoder and decoder. The
encoder matches the features extracted from the
backbone and the reference boxes [35]. Using the
attention mechanism, the relationship between different
objects in an image is learned. In the decoder part,



classification and predictions are made for object
detection. In the output layer, a feed-forward network is
used so that each layer produces an output for object
detection and classification using the output from the
previous layer.

The loss functions used in DETR are Hungarian Loss and
Smooth L1 Loss [13]. Hungarian Loss calculates the
absolute difference between the class labels predicted by
the model and the actual class labels. The Hungarian loss
is given in Equation 4.

HungarianLoss = — YL, Cost [i, assignment][i]] 4
where, N is the total number of predicted boxes,
assignment[i] is the index of the ground truth box
assigned to the predicted box i according to the optimal
assignment, and Cost is the cost matrix representing the
cost of assigning each predicted box to each ground truth
box. Figure 4 displays the DETR's architecture.
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Figure 4. Architecture of DETR

DETR is an object detection architecture that uses
transformer-based models to achieve accurate and
effective detection tasks, as can be seen in Figure 4.

RESULTS AND DISCUSSION

Metrics are implemented to assess and enhance the
model's performance by determining whether the model
properly or mistakenly predicts item detections.
Simultaneously, they help to take necessary actions
according to the model's state by evaluating its
performance. The metrics used to test object detection
models are as follows:

Precision: It measures the accuracy of positive
predictions made by the model. The precision is given in
Equation 5.

TP
TP+FP

Precision = (5)
Recall: It measures the ability of the model to capture all
positive instances. Recall is given by Equation 6.

TP

TP+FN (©)
F1 Score: It considers both precision and recall to provide

a balanced assessment of a model's performance. The F1
Score is given by Equation 7.

Recall =
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2XPrecisionxRecall

F1 — Score = )

Precision+Recall
mAP(Mean Average Precision): It combines precision
and recall to provide a comprehensive measure of how
well a model identifies and localizes objects in an image.
mMAP is given in Equation 8.

1vc
mAP = ch=1APc (8)
where, C is the whole count of classes. AP, is the average
precision for a class c.
Faster R-CNN, RetinaNet, and DETR models were tested
using 750 test images. Both training and testing processes
were conducted in the Google Colaboratory

environment. Table 2 displays the results that were
achieved.

Table 2. Results of the model’s performances

Model/Backbone mAP50 Precision Recall Fl-
Score

FasterR- 0.828  0.899 0.906 0.902

CNN/ResNet50

FasterR- 0.832  0.906 0.907 0.907

CNN/ResNet101

RetinaNet/ResNet50 0.896  0.921 0.878 0.899

RetinaNet/ResNet101 0.901  0.917 0.880 0.898

DETR/ResNet50 0.844  0.870 0.883 0.887

DETR/ResNet101 0.840  0.905 0.887 0.896

The backbone of the Faster R-CNN and RetinaNet
models contains FPN. Although the same type of
backbone is used in the models, the depths of the
backbones are different. Faster R-CNN and RetinaNet
models were trained for 20,000 iterations, while DETR
models were trained for 200 epochs. A batch size of 8 and
a learning rate of 0.0001 were applied to each model
during training. Additionally, adam was used to optimize
the models.

In Table 2, the highest mAP50 value is observed in the
RetinaNet-ResNet101 model with a ratio of 0.901,
indicating high success in object detection. The
RetinaNet/ResNet50 model also demonstrates good
performance with a high mAP50 value of 0.896.
However, Faster R-CNN models have lower but still
acceptable mAP50 values. The Faster R-CNN/ResNet50
model and Faster R-CNN/ResNet101 model achieved
ratios of 0.828 and 0.832, respectively.

The highest Precision value is 0.921, belonging to the
RetinaNet/ResNet50 model, indicating how accurately
the model identifies true positive objects. Other models
also have high Precision values. While the
RetinaNet/ResNet101 model has a precision ratio of
0.917, slightly behind the RetinaNet/ResNet50 model, it
outperforms other models.

The highest Recall value is 0.907, observed in the Faster
R-CNN/ResNet101 model, indicating its ability to detect



truly positive objects with a high success rate. The Faster
R-CNN/ResNet50 model showed a recall ratio of 0.906,
very close to the performance of the Faster R-
CNN/ResNet101 model.

The highest F1-Score value is 0.907, belonging to the
Faster R-CNN/ResNet101 model, demonstrating a good
balance between Precision and Recall metrics. The Faster
R-CNN/ResNet50 model also has a high F1-Score value
of 0.902, indicating a well-maintained balance.

The mAP50 values for DETR/ResNet50 and
DETR/ResNet101 models are 0.844 and 0.840,
respectively. These values indicate that DETR models
have an average performance in object detection. The
Precision value for the DETR/ResNet50 model is 0.870,
while for the DETR/ResNet101 model, it is 0.905. These
values indicate the proportion of detected objects by
DETR models that are truly positive. The Recall values
for DETR/ResNet50 and DETR/ResNet101 models are
0.883 and 0.887, respectively. The DETR/ResNet101
model has a slightly higher Recall value compared to
DETR/ResNet50.

RetinaNet generally outperforms Faster R-CNN and
DETR in terms of mAP50, precision, indicating its
superiority in object detection accuracy and reduction of
false positives. Faster R-CNN achieves the highest recall,
suggesting its effectiveness in capturing a higher
proportion of true positive instances. DETR shows
competitive performance but falls slightly behind in
terms of mAP50, precision, and F1-Score compared to
RetinaNet and Faster R-CNN.

Figure 5 displays the RetinaNet/ResNet101 model's
prediction results.

Figure 5. RetinaNet/ResNet101 prediction results.

Figure 5 displays sample images of prediction results
obtained using the RetinaNet/ResNet101 model. The
green color represents the ground truth, while the yellow
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color represents the predicted bounding box.
Additionally, confidence score values are also shown.
The model exhibiting the best performance in terms of
mMAPS50 ratio, RetinaNet/ResNet101, is compared with
existing studies in Table 3. Existing studies have used
similar datasets aimed at bone fracture detection.

Table 3. Evaluation of the suggested model in the light of
previous research.

Paper L\)/IodeI/Back mAP50 Precision Recall Fl-
one Score
Maand  Faster R- - 0.897 0.904 0.9014
Luo [36] CNN+CrackN 9
et
Guanet CNN 0.620 - -
al. [37]
Guanet DCFPN 0821 - -
al. [38]
Zouand YOLOv7- 0.862 - -
Arshad  ATT
[39]
Caronet YOLOv4p5 0.462 - -
al. [3]
Proposed RetinaNet/Res 0.901  0.917 0.880 0.898
Model Net101

The analysis of the presented table reveals notable
insights into the performance of various object detection
models. The Faster R-CNN+CrackNet model, as
reported in Ma and Luo [36], achieved a precision of
0.897, recall of 0.9049, and an F1-Score of 0.9014, but
no mAP50 value was provided. When compared to the
recommended model, Faster R-CNN+CrackNet
surpasses our model in terms of recall and F1-score,
while our proposed model excels in precision. The CNN
model proposed by Guan et al. [37] achieved a modest
mAP50 of 0.6204, highlighting its limitations. Similarly,
the DCFPN model proposed by Guan et al. [38] showed
a mAP50 of 0.821, while YOLOvV7-ATT proposed by
Zou and Arshad [39] demonstrated a mAP50 of 0.862.
The proposed method performs competitively with these
models in terms of mAP50. YOLOv4p5 proposed by
Caron et al. [3], with a mAP50 of 0.4622, lags
significantly behind the proposed model.

In terms of precision, the proposed model excels with a
value of 0.917, demonstrating its ability to minimize false
positives. The CNN model proposed by Guan et al. [37],
lacks precision information, necessitating further
evaluation. For recall, the Faster R-CNN+CrackNet
model proposed by Ma and Luo [36] achieves the highest
score at 0.9049, emphasizing its effectiveness in
capturing true positives. In contrast, the proposed model
exhibits a slightly lower recall of 0.880, indicative of its
potential trade-off with precision. Lastly, considering the
F1-Score, the proposed RetinaNet/ResNet101 remains
superior with a value of 0.898, offering a balanced
performance between precision and recall. Meanwhile,
YOLOv4p5 again lags behind without specific F1-Score
information.

Overall, the RetinaNet/ResNet101 model outperforms
other models according to the mAP50 metric, while



surpassing the Faster R-CNN+CrackNet model in terms
of precision. The Faster R-CNN+CrackNet model
outperformed our model only in the Recall and F1-Score
metrics.

CONCLUSION

Faster R-CNN, RetinaNet, DETR models were compared
for bone fracture detection based on mAP, precision,
recall and F1-score values. The RetinaNet/ResNet101
model has the highest mAP and precision, which may be
due to the fact that they are more complex samples thanks
to Focal loss. The DETR models, which comes from a
vision transformer-based architecture instead of a CNN-
based architecture like Faster R-CNN and RetinaNet, is
very close to the Faster R-CNN models in terms of F1
score. Considering all these results, it is decided that
CNN-based models such as Faster R-CNN and RetinaNet
are the most suitable for optimal bone fracture detection.
However, it is important to recognize certain limitations
in our study. Firstly, the model's dependence on
extensive training data might pose challenges in
scenarios where acquiring a diverse and sufficiently large
dataset is difficult. The generalizability of the model to
various imaging conditions and patient demographics
may be compromised as a result. Secondly, the lack of
interpretability in deep learning models remains a
concern, as understanding the decision-making process is
crucial, especially in medical applications.

In future studies, we aim to explore the potential benefits
of ensemble models, amalgamating predictions from
various architectures to create a synergistic and more
robust framework for fracture detection. Additionally,
our future endeavors will include extensive real-world
validation studies across diverse clinical settings,
ensuring the practical effectiveness and reliability of the
bone fracture detection models in authentic healthcare
environments.
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ABSTRACT

This study identified the survival kinetic and thermal resistance (D- and z-values) of Salmonella with its potential
surrogate, Enterococcus faecium, in oat flour during isothermal processing. Oat flour (aw = 0.40) was uniformly
inoculated with S. Enteritidis PT30 and E. faecium (108-°CFU/g). Samples (1 + 0.1 g) were in plastic bags heated at
75, 80, and 85°C to assess bacterial survival. The survival inactivation of S. Enteritidis PT30 and E. faecium were
analyzed using Log-linear and Weibull models. The survival curves followed first-order kinetic. D7sec, Dgoc and
Dgsec values of S. Enteritidis PT30 and E. faecium in oat flour decreased from 16.08 = 1.36 to 2.27 = 0.35 min and
23.61 + 1.39 to 3.87 + 0.42 min respectively, with corresponding z-values of 13.4 + 0.37 and 12.1 £ 0.41°C. Results
from this research can be applied to validate the thermal process to ensure the low moisture food safety.

Keywords: E. faecium, Salmonella, oat flour, thermal processing

Yulaf ununda Salmonella ve Enterococcus faecium NRRL B-2354'lin izotermal inaktivasyon
kinetigi

0z

Bu ¢aligmada Salmonella'nin 1sil islem sirasinda yulaf ununda hayatta kalma ve 1s1l toleransinin (D- ve z-degerleri)
patojen Ozellik gostermeyen Enterococcus faecium ile birlikte belirlenmesi amaglamistir. Yulaf unu (aw=0.40)
ornekleri nem kontrollii bir ortamda S. Enteritidis PT30 ve E. faecium ile esit sekilde inokiile (10%° CFU/g)
edilmistir. Un ornekleri (1+0.1 g) daha sonra plastik torbalarda vakumlanarak paketlenmis ve bakterilerin sicaklik
direncini degerlendirmek tizere 75, 80 ve 85°C’de sicak su banyosunda 1sil igleme tabi tutulmustur. S. Enteritidis
PT30 ve E. faecium'un hayatta kalma egrileri, iki farklt model (Log-lineer ve Weibull) kullanilarak analiz edilmis ve
mikroorganizmalarin hayatta kalma egrilerinin birinci derece kinetik modelini takip ettigi gozlemlenmistir. S.
Enteritidis PT30 ve E. faecium'un yulaf unundaki D-degerlerinin sicaklik artigi ile 16.08+1.36'dan 2.27+0.35
dakikaya ve 23.61+1.39'dan 3.87+0.42 dakikaya diistiigii gozlemlenirken, karsilik gelen z-degerleri 13.41+£0.37 ve

12.13+0.41°C olarak belirlenmistir. Bu arastirmadan elde edilen D- ve z-degerleri, diisiik nemli gidalarin mikrobiyal
giivenligini saglamak adina 1s1l iglemlerin dogrulanmasinda kullanilabilir.

Anahtar Kelimeler: E. faecium, Salmonella, Isil islem, Yulaf unu

INTRODUCTION often been involved in multiple recalls and incidents.

From 2006 to 2019, there were 26 salmonellosis
Foodborne pathogens have become a significant global  outbreaks reported due to the contamination of LMFs
food safety concern. In 2017, 841 foodborne pathogen-  such as nuts [3, 4, 5], spices [6], peanut butter [7], pet
related outbreaks were reported, resulting in numerous  food [8], and cereals [9]. The presence of Salmonella in
illnesses, hospitalizations, and tragically, some deaths LMFs (particularly flours) poses a significant hazard,
[1]. Most outbreaks (29%) and illness (34%) are linked increasing the need for enhanced preventive measures to
to Salmonella in various foods [1]. This emphasizes the  minimize or eliminate outbreaks [10, 17, 18, 22, 40].
critical need for thorough preventive measures and Hence, Salmonella presents a growing concern within
efficient control strategies to reduce the risks linked to ~ LMFs, evident from various recalls and outbreaks.
Salmonella. Historically, low-moisture foods (LMF) Typically, the thermal resistance of microorganisms
including flour and dry vegetables have been considered  specific to the product formulation is considered to
to have minimal risk of microbial contamination. Thisis  guide the industrial pasteurization protocols when
primarily because their water activity (below 0.70) acts  developing industrial isothermal processes [11].
as a barrier, preventing the growth of microorganisms  Although food processing environments generally
[2]. Despite their generally perceived safety, LMFs have  exclude pathogens, innovative food safety approaches
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may still necessitate microbial validation. Therefore, a
surrogate has been identified as a non-pathogenic
organism used to simulate the behavior of a pathogen
under specific conditions. For example, Enterococcus
faecium NRRL B-2354 (E. faecium) is often considered
as a surrogate for Salmonella in thermal studies due to
its similar heat resistance properties in LMFs [12]. This
surrogate has been instrumental in validation studies for
various food processing technologies used with LMFs,
including extrusion [14], moist-air convection heating
[15], infrared pasteurization [16], and radio frequency
heating [17, 18]. This study examines the isothermal
inactivation of S. enteritidis PT30 and the use of E.
faecium as a surrogate in oat flour for process
validation.

MATERIAL AND METHOD

Oat flour (OF) samples with a 10.3 % w.b. moisture
content, as indicated on the package, were obtained
commercially from a local store in Nottingham, UK.
Water activity (aw, 25°c) was measured by using a aw
meter (Decagon Devices, Pullman, WA).

Bacterial inoculation of oat flour

S. Enteritidis PT30 and E. faecium were grown in TSB
(9 ml) (Tryptic Soy Broth) (BD, Sparks, MD, USA)
extracted with 0.6% (w/v) yeast for 24 h at 37°C.
Subsequently, the culture (1 ml) was evenly spread on
TSA (Tryptic Soy Agar) (BD, USA) plates. The lawn of
both microorganisms formed on TSA was then collected
into 20 ml (0.1% PW (Peptone water)) (BD, USA) and
centrifuged at 2600 g for 30 min as explained in [19].
After removing the supernatant, the resuspended pellet
in 4 ml (0.1% PW) was used to inoculate OF sample by
following the method described by [19]. The
concentrated pellet (1 ml) of S. Enteritidis PT30 or E.
faecium was added to 10 g of OF in a sterile bag and
mixed thoroughly until a homogeneous mixture was
achieved. Then, 10 g of the inoculated OF were used to
uniformly inoculate 90 g of OF which was then
homogenized using a mini stomacher (Norfolk, UK) for
5 min at 260 rpm. To avoid the impact of aw on the
thermal tolerance of both microorganisms in OF,
samples were spread on the trays and then placed in a
humidity controller (SP Industries, PA, USA) for up to
3 days to achieve the target aw level of 0.4 at 25°C.

Isothermal treatment

The inoculated samples (1 + 0.1 g), sealed in sterile
plastic bags, were arranged in a holder and completely
submerged in a heating bath (Fisher Scientific,
Newington, USA) set at 75, 80, and 85°C. The duration
to achieve the process temperature, approximately 6 s,
was not considered as a factor in the reduction of the
total bacterial count due to high thermal resistance and
log heating time as reported by [20]. Samples were
removed from the water bath at various time intervals,
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up to 120 min based on the specific process conditions.
After heating, the samples were quickly placed in an
iced bath. Each experiment was performed at least three
times on different dates to ensure the reproducibility and
accuracy of the results.

Enumeration of microbial survival

Following the heat treatment, each sample, including
both treated and control groups, was aseptically opened
and transferred into stomacher bags. Control samples
were utilized to verify the inoculation level of each
microorganism in OF prior to thermal treatment. They
were subsequently diluted using 0.1% PW at a 1:10
ratio. Initially, the heated OF were homogenized using a
stomacher for up to 5 min at 260 rpm, as described in
[21]. To enumerate the survival of Salmonella
Enteritidis PT30 and E. faecium in OF, the dilutions
were transferred on mTSA and eTSA, respectively, as
described in [19, 22]. The composition of modified
MTSA and eTSA were listed in [18, 19]. The plates
were stored aerobically for up to 24-48 h at 37°C h,
followed by enumeration of colonies and conversion of
populations to log CFU/g. The final concentration of S.
Enteritidis PT30 and E. faecium in OF (control) was
determined to be approximately 10%° CFU/g. No
bacterial growth of Salmonella and E. faecium was
observed in un-inoculated OF using the same plating
technique used in this study. Hence, the natural
microflora was not considered. Log reductions were
determined by comparing the initial population to the
survivor counts after thermal treatment.

Modeling inactivation kinetics

The isothermal kinetics of both microorganisms were
described using following primary models below [23],

The first-order kinetic (Eq. 1):

1 N =L Eq.1
og(Nn)— D q.
Weibull (Eq. 2):

a
tog (V/y,) = = [¥/s] Eq.2

N and No represent the bacterial count (CFU/g) at times
(t) and 0, respectively; t represents the duration of the
thermal process (min) after come-up time (CUT), and D
is the required time (min) to achieve one log (10-fold)
reduction in microbial population at a specific
temperature (°C); & indicates to the steepness of the
inactivation curve of bacterial population; o refers the
shape of the curve, being linear ( a=1) or nonlinear
(a#1) with decreasing (o <1) or increasing (a>1)
inactivation rate over time [19].



The survival data were applied to both models to
describe the model fitness using the root mean square
error (RMSE) (Eq. 3) (log CFU/qg) [24].

2
i=1 (log(N/NO)data,i_ IOg(N/NO)model.i)

RSME =
n-p

log(N/No)eatai is oObserved log reductions, and log
(N/No)moderi is the estimation of log reductions. n
represents the count of observations, and p denotes
model parameters. RMSE was calculated by using three
independent replicates. The Integrated Pathogen
Modeling Program (IPMP) [25] was employed to
evaluate model’s fitness and directly provide RMSE.
The differences in D-values in each sample heated at
different temperatures were analyzed using ANOVA
(Minitab Inc., State College, PA). The log of D-values
is plotted against heating temperature, which is
commonly referred to as the isothermal death time when
the log-linear model appropriately shows survival
curves. The slope of the obtained curves (-1/z) is where
(z) represents the change in process temperature
required to shift a one-log cycle in the D-value.

RESULTS AND DISCUSSION
D and z- values in oat flour

The natural microbial count in OF samples was
determined to be as 2.29 £ 0.32 log CFU/g. This count
was sufficiently low to ensure it would not affect the
counts obtained during the inactivation process. Figure
1 represents the survival kinetics of both S. Enteritidis
PT30 (a) and E. faecium (b) in OF at aw,2s.c = 0.40.
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Figure 1 The inactivation curves for S. Enteritidis PT30 (a)
and E. faecium (b) in OF with an aw of 0.40 at 25°C were
determined at various temperatures. Each experiment was
independently repeated three times.

The survival data for both S. Enteritidis PT30 and E.
faecium aligned well with the models, showing
comparable RMSE values (Table 1).

Table 1 Estimates for the parameters of the primary models,
along with RMSE values

Linear Model ‘Weibull Model

RMSE RMSE

Temperature (°C) D-value (min)

(log CFU/g)

(min) a
(log CFU/g)

75 17.08 £ 1.36 0.51 17.56£3.42 165014 0.72

Salmonella 80 7.34£0.69 027 8.27=0.64 0.86 = 0.08 042

85 227+035 021 1922046 072007 033

75 2061139 032 24424456 1L13+038 0.52

E. faecium 80 11.56 +0.96 042 1012092 064026 0.61

85 387042 0.19 278062 072007 027

* RMSE was calculated by IPMP software using experimental
observations
* Lower RMSE signify a better model fit.

This study defined the thermal resistance of each
microorganism by employing the log-linear model
(Figure 2).
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Figure 2 Thermal tolerance of Salmonella and E. faecium in
oat flour.

Given that the Weibull model did not significantly
enhance the fitness of inactivation curves compared to
the log-linear model. Thus, the thermal tolerance of both
Salmonella and E. faecium was analyzed using the log-
linear model. The D-values for S. Enteritidis PT30 in
OF derived from the slopes of the trend lines at 75, 80,
and 85°C, were 16.08 + 1.36, 7.34 + 0.69, and 2.27 +
0.35 min, respectively (Figure 1). As the temperature
for inactivation increased, the thermal tolerance of
Salmonella in OF decreased accordingly. The D-values
obtained for Salmonella in this study align with those
reported in the previous studies. For example, [26] and



[27] provided Dgpec values of Salmonella in wheat flour
(WF), with equivalent ay levels, as 6.9 £ 0.7 and 5.51
0.22 min, respectively. Furthermore, the D-values
obtained for S. Enteritidis PT30 in OF also aligned with
those reported for organic WF which was reported as
17.65 + 1.58, 7.17 + 0.35, and 2.92 + 0.35 min at 75°C,
80°C, and 85°C, respectively [18]. The survival
population of Salmonella in LMFs during thermal
inactivation decreases as aw decreases. Previous studies
have reported similar findings on the thermal
inactivation of Salmonella in LMFs such as spices [17],
WF [18, 19], corn flour [22], pet foods [28], skim milk
powder [29], and peanut paste [30]. [31] reported a
similar correlation between water activity and thermal
resistance for Listeria monocytogenes in WF. However,
the specific mechanisms driving the heightened thermal
tolerance of Salmonella in LMFs have yet to be fully
understood. In addition to aw, the thermal tolerance of
bacteria is influenced by several other factors, such as
bacterial strain [32], the stage of bacterial growth [33,
34, the physical structure of the food [35], fat content
[36], and carbohydrates [37]. The slight variations in
observed D- values can therefore be attributed to a
combination of variations, such as the bacterial strain,
the food matrix composition, aw, and the physical state
of the food. In this study, E. faecium exhibits notably
greater heat resistance at the tested temperatures,
showing a z-value comparable to that of S. Enteritidis
PT30, as indicated by statistical significance (p < 0.05).
The D-values for E faecium are 75, 80, and 85 °C were
23.61 + 1.39, 11.56 + 0.96, and 3.87 = 0.42 min,
respectively (Figure 1). As seen in Figure 2, the D-value
of Salmonella decreases at a significantly higher rate
with increasing the temperature as compared to those
for E. faecium. The z-values of S. Enteritidis and E.
faecium in OF were 13.4 + 0.4 and 12.1 + 0.4 °C,
respectively. The data slightly exceeded the obtained z-
value of S. Enteritidis (14.8°C), which was derived from
D-values in WF with an ay of 0.43 [26]. Additionally,
these values were higher than the z-value of 12.8°C for
WF with a ay of 0.45 at 25°C.

DISCUSSION

Despite traditionally being considered safe, LMFs have
been linked to several significant foodborne pathogen
outbreaks. From 2006 to 2017, CDC reports
documented 59 Salmonella outbreaks associated with a
diverse range of products, including LMFs [1]. Among
these outbreaks, approximately one-third were
associated with LMFs [1]. Multiple Salmonella strains
were linked to outbreaks involving flour (wheat and oat)
or raw dough [1], highlighting the need to validate the
thermal treatment of OF to prevent potential Salmonella
contamination and outbreaks. Despite the roasting
process involved in flour production, which includes
grinding roasted grains, pathogenic bacteria such as
Salmonella can survive. Additionally, these bacteria
might be introduced during later stages, such as storage
or transportation. In the current industry, after the
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processes of roasting and grinding, flours do not
undergo any additional heat treatment until they are
incorporated as ingredients in various products [38]. To
successfully create and apply accurate procedures
within a risk-based safety protocol, it is essential to
comprehend the thermal reduction of Salmonella under
typical treatment conditions. Furthermore, validating E.
faecium as a potential surrogate for the thermal
treatment of OF is essential.

E. faecium for process validation

FDA [10] requires food companies to establish and
validate measures to reduce or manage significant risks,
such as Salmonella in various LMFs [10]. E. faecium is
frequently utilized as a substitute for Salmonella in
thermal validation studies for LMFs because of its non-
pathogenic nature and higher tolerance to heat and acid
[39]. E. faecium exhibits greater heat tolerance than
Salmonella during the thermal processing of different
LMFs. This includes extrusion processing of
carbohydrate-protein meals [14], thermal heating of
low-ay pet food [28], radio-frequency processing of WF
[18], spices [17, 22], and peanut paste [30]. E. faecium
consistently exhibited higher D-values than Salmonella
at all tested temperatures in OF. The D-value ratios
between E. faecium and Salmonella varied from 1.3 to
1.4, indicating that E. faecium is an appropriate to be
used instead of Salmonella during the thermal treatment
of OF at aw = 0.40. However, as indicated in previous
studies, E. faecium may not be a representative
microorganism to validate the thermal process across
varying aw levels or temperature conditions in the same
food matrix [19]. [40] observed that increasing the
initial ay to 0.45 resulted in Salmonella exhibiting
greater heat resistance compared to E. faecium at all
tested temperatures in cocoa powder, with the D-value
ratios of E. faecium to S. Enteritidis PT30 ranging from
0.67 to 0.81. This suggests that E. faecium might not be
a suitable substitute for Salmonella as aw in cocoa
powder exceeds a specific level. In a confectionery
formulation with a aw of 0.57, the Dgyc of Salmonella
were higher than the reported values for E. faecium in
cocoa powder [41]. In this research, the log10 D-values
plotted contrary process temperature revealed that the
curves for S. Enteritidis PT30 and E. faecium intersected
at around 75, 80, and 85°C at aw = 0.40, indicating the
temperatures at which the appropriateness of E. faecium
as a surrogate changes. To enhance and confirm the
accuracy of thermal processing, additional research is
required to verify the feasibility of E. faecium as a
potential surrogate for Salmonella in OF.

CONCLUSION

The thermal reduction of Salmonella and E. faecium in
oat flour was defined by employing the log-linear
model. The findings from this study indicated that E.
faecium exhibited significantly higher thermal
resistance in OF with aw,25°c=0.40 as compared to



Salmonella. This study can further help the LMF
industry develop thermal processes to improve the
safety of oat flour. Furthermore, the industry might use
E. faecium as a conservative surrogate for process
validation of Salmonella, given its greater thermal
resistance.
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ABSTRACT

The Onosma genus has been used as a treatment among the public for a long time. In this study, the content analysis
and some biological activities of the plant O. Alborosea Fisch. & C.A.Mey. ssp. (O. alborosea) used in traditional
medicine in our country were investigated. For this purpose, methanol and water extracts of the plant were taken, and
the total phenolic substance amount of each extract was determined by HPLC device. FRAP, CUPRAC reduction
methods, DPPH, and ABTS radical scavenging methods were used to determine antioxidant activities. According to
the results of our study, water and methanol extracts showed lower activity than standard antioxidants. It can be said
that the reason for this is related to the ratio of the phenolic amount they contain. Since no antioxidant studies were
found when the literature search related to the current plant species was conducted, it is thought that our study will
guide other studies to be carried out with this plant species and is important in terms of protecting our plants, which
are our genetic treasure, and transferring them to future generations.

Keywords: Antioxidant, Free Radical, Mus, Phenolic Substance, O. Alborosea.

0. Alborosea Bitkisinin Fenolik Bilesen Analizi ve Antioksidan Ozellikleri

OZET

Onosma bitkisi uzun uzun zamandan beri halk arasinda tedavi edici olarak kullanilmaktadir. Calismamizda tilkemizde
geleneksel tipta kullanilan O. Alborosea Fisch. &C.A.Mey. ssp.'nin (O. alborosea) bitkisinin igerik analizi ve bazi
biyolojik aktiviteleri aragtirildi. Bu amagla, bitkinin metanol ve su ekstraktlar1 alinarak, her bir ekstraktin toplam
fenolik madde miktar1 HPLC cihazi araciligryla belirlendi. Antioksidan aktivitelerini belirlemek i¢in FRAP, CUPRAC
indirgeme yontemleri ile DPPH, ABTS radikali stipirme yontemleri kullanildi. Caligmamizin sonuglarina gére, su ve
metanol ekstraktlarinin standart antioksidanlara gore daha diisiik aktivite gosterdikleri tespit edildi. Bunun sebebinin,
icerdikleri fenolik miktarinin oraniyla iligkili oldugu sdylenebilir. Mevcut bitki tiirliyle alakali literatiir taramasi
yapildiginda ozellikle antioksidan caligmalara rastlanmadigindan ¢aligmamizin bu bitki tiirii ile yapilacak baska
caligmalara rehperlik edecegi, genetik hazinemiz olan bitkilerimizin korunmasi ve nesillere aktarilmasi agisindan
Onem arz ettigi disiiniilmektedir.

Anahtar Kelimeler: Antioksidan, Fenolik Madde, Mus, O. Alborosea, Serbest Radikal.

INTRODUCTION Onosma genus, which is used for medicinal purposes
among people, is preferred in the treatment of abdominal
Oxidative stress caused by excessive accumulation of  pain, wound healing, fever and burns [6, 7]. This plant
free radicals causes various diseases in the body. genus, whichis also used for food purposes, has also been
Therefore, antioxidants play a vital role in eliminating  used in food coloring and PCR analyses [8, 9, 10]. This
oxidative stress and restoring the balance [1, 2]. In  plant, which has versatile benefits, has also attracted
addition to enzymes, hormones and metabolites in the  great interest by researchers. As a result of the studies, it
body, dietary antioxidants are important compounds in  was reported that this plant genus is antioxidant,
establishing this balance. Due to the side effects of antibacterial, anticancer, anti-inflammatory and wound
synthetic antioxidants, plants are preferred by researchers  healing [10]. O. Alborosea, described by the Russian
for antioxidant defense. The presence of secondary botanist Friedrich Ernst Ludwig Fischer and the German-
compounds such as natural phenolic compounds, born Russian botanist Carl Anton von Meyer, is known
flavonoids, terpenes, and organic acids in plants is the  as a rock sucker in Turkey [11]. It is distributed in rocky
main reason for these preferences [3, 4, 5]. areas and can be distinguished by different color
The largest member of the Boraginaceae family, which  transformations in its flowers.
includes important genera, is Onosma L. There are more  In this study, phenolic components of methanol and
than 100 species of this genus in Turkey and about half  water extracts of O. Alborosea species collected in Mus
of them are endemic [5]. It has been reported that province were determined by HPLC. Ferrous ion
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reducing power (FRAP), cupric ion reducing power
(CUPRAC), 1,1-Diphenyl 2-picryl hydrazyl (DPPH)
radical scavenging and 2,2'-azinobis (3-
ethylbenzothiazoline-6-sulphonic acid (ABTS) radical
scavenging methods were used to determine the
antioxidant capacity of the extracts. Butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT)
and ascorbic acid (AA) were preferred as standard
antioxidants in antioxidant studies. Working with
different extracts of the plant contributes to the richness
of the research. However, since we did not have enough
plant tissue, we preferred to work with only methanol and
water extracts of the plant. Since no antioxidant studies
were found in the literature on the present plant species,
it is thought that this study is important in terms of
guiding future studies and protecting our plants, which
are our genetic treasure, and transferring them to
generations.

MATERIAL and METHOD

Plant Collection And Species Identification

0. Alborosea was collected in East Anatolia, Mus, Cavus
Mountain (38° 44’ 17- 41° 29’ 29), and the species was
determined by Murat Aydin SANDA of the Molecular
Biology and Genetics Department of Mus Alparslan
University. The chemical processes were carried out in
the laboratories of Mus Alparslan University.

Preparation of Extracts

The plants were collected during the growing season and
dried. After species identification, the water and
methanol extracts of the plant were obtained using a
Soxhlet apparatus. For the extracts, about 50 g of plant
samples were dissolved in 300 mL of methanol and
water, respectively. The extracts were filtered and
lyophilized in the laboratories of the Molecular Biology
and Genetics Department of Mus Alparslan University.

Phenolic Compound Analysis by HPLC

17 different standards (ascorbic acid, myricetin,
quercetin, apigenin, abscisic acid, kaempferol, curcumin,
catechol, vanillin, rosemarinic acid, caffeic acid, gallic
acid, 4-hydroxybenzoic acid, cinnamic acid, 3,4-
dihydroxybenzoic acid, salicylic acid and trans-p-
coumaric acid) were weighed to a total concentration of
10 mg/ml and placed in 50 ml volumetric flasks. Then
1% acetic acid and acetonitrile (1/9) were mixed and
added to the standards, followed by the addition of
methanol in the same ratio to prepare the stock solution
necessary to dissolve the standards. After dilution of the
stock solutions, the concentration of the extracts was
diluted to 20 mg/ml using the stock solution used in the
standard. Finally, the filtered extracts were injected into
the HPLC [12]. HPLC analysis was performed by using
the Agilent Technologies 1260 Infinity 1l HPLC
(Agilent, USA). The HPLC configuration consisted of a
1260 DAD WR detector (272 nm, 280 nm and 310 nm
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wavelength), 1260 Quat Pump VL pump (1.0 mL/min
flow rate), 1260 Vial sampler (20 pL injected) and
G7130A column furnace (28°C). The analytical column
used for the analysis was ACE 5 C18 (250 x 4.6 mm id).

Antioxidant Assays
Reducing Power of Fe*® lons

The reducing power of Fe* ions to Fe*? ions was
determined by Oyaizu method [13]. The volume of the
samples (25, 50 and 100 pg/ml) taken in tubes was
completed to 200 ul with distilled water. After adding
500 pl each of buffer solution (pH: 6.6) and KsFe(CN)s
to each tube, it was incubated for twenty minutes (50 °C).
Then 500 pl of trichloroacetic acid (TCA) was added to
the mixture. After centrifugation, 500 pl of the
supernatant was taken and the same amount of distilled
water and 100 ul of FeClswere added. Absorbances were
measured at 700 nm in a micro-volume
spectrophotometer.

Cu*? lons Reduction Power By CUPRAC Method

After taking different concentrations of extracts and
standards into test tubes, their total volumes were made
up to 1 ml with distilled water. 0.25 ml each of CuCly,
ethanolic neocuprin and acetate buffer were added. After
thirty minutes of incubation, the absorbance values of the
samples at 450 nm were recorded [14].

DPPH Radical Scavenging Assay

Ethanol was added to the extracts (25 pg/ul, 50 pg/pl and
100 pg/pl) in test tubes to a final volume of 600 pl. After
200 pL of DPPH solution was added, the reaction was
allowed to incubate for about 30 minutes to complete the
reaction. Absorbance values at 517 nm were measured
with the help of a spectrophotometer [15]. Radical
scavenging activities of the extracts were calculated
according to the following equation.

DPPH radical scavenging activity (%): (Ac-As/Ac)*100

Ac: Absorbance value of control, As: Absorbance value
of samples.

ABTS Radical Scavenging Assay

ABTS solution was diluted with phosphate buffer until
the absorbance of the solution reached 0.750 + 0.025 at
734 nm. After the total volume of the samples was made
up to 200 ml with water, 1 mL of ABTS* the solution
was added. After 30 minutes of incubation, the
absorbance values of the extracts were measured at 734
nm [16]. Radical scavenging activities of the extracts
were calculated according to the following equation.

ABTS radical scavenging activity (%): (Ac-As/Ac)*100

RESULTS and DISCUSSION



Phenolic Substance Analysis

The phenolic compound composition of O. alborosea
analyzed by HPLC was evaluated with phenolics
introduced as standards. The results showed that the
water and methanol extracts of the plant were poor in

terms of phenoalic content, but the total phenolic content
of both extracts was similar (Table 1). According to the
results, ascorbic acid (3.15 ng/pL) and catechol (2.24
ng/uL) were found in the water extract, while quercetin
(3.21 ng/pL), cinnamic acid (0.99 ng/uL) and ascorbic
acid (0.69 ng/uL) were found in the methanol extract.

Table 1. Phenolic content of water and methanol extracts of O. alborosea (ng/pL)

Phenolics
Ascorbic acid
Gallic acid -
3, 4-dihydroxybenzoic acid -
4- hydroxybenzoic acid -
Trans-p coumaric acid -
Myricetin -
Abscisic acid -
Quercetin -
Apigenin -
Kaemferol -
Curcumin -
Catechol
Vanillin -
Caffeic acid -
Cinnamic acid -

Rosemarinic acid -
Salicylic acid -

0. alborosea -water
3,15041+0.24

0. alborosea -methanol
0,69218+0.06

3,21354+0.26

2,24031+0.11 -

0,99032+0.07

In the literature review, it was observed that Onosma
genus contains various bioactive components such as
phenolics, flavonoids, terpenes, and alkaloids. Wazir et
al. found that the crude extract of O. hispidium was
particularly rich in alkaloids, flavonoids, glycosides and
phenols [17]. Saravanakumar et al. reported that the
extracts of O. bracteosa and O. isaurica were very rich
in phenolics and flavonoids. O. bracteosa species
contains  2,5-dihydroxybenzoic acid, gallic acid,
protocatechuic acid, 3,4-dihydroxyphenylacetic acid,
chlorogenic acid, 4 hydroxybenzoic acid, vanillic acid,

syringic acid, 3-hydroxybenzoic acid, vanillin, p-
coumaric acid, ferulic acid, luteolin 7-glucoside,
hesperidin, hyperoside, apigenin 7-glucoside,

pinoresinol, eriodictyol and quercetin compounds were
found in O. isaurica. Caffeic acid, sinapic acid and
rosmarinic acid were higher in O. isaurica, while caffeic
acid, sinapic acid and rosmarinic acid were higher in O.
isaurica [18]. In another study, total phenolic and
flavonoid analyses of O. gracilis and O. oreodoxa
extracts showed that O. oreodoxa extract had richer
phenol and flavonoid content than O. gracilis extract
[19]. Kirkan et al. found that Onosma trapezuntea
extract contained higher total phenolics (24.08 mg
GAE/g extract) and flavonoids (14.51 mg QE/qg)
compared to O. rigidum (10.63 mg GAE/g and 7.42 mg
QE/qg). Total flavonoid levels constituted more than 50%
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of total phenolics in both species [10]. When the results
of this study are compared with the studies in the
literature, there are differences in the content and
amounts of phenolic compounds. This may be due to
different species, geographical differences, climate
change, methods used and the use of different solvents.

Antioxidant Activities

Ferrous ions (Fe*®) reduction analysis (FRAP) can be
defined as an electron transfer. When the FRAP results
of the study were evaluated, it was observed that the Fe*®
ion reduction capacities of the extracts generally
increased with the increase in concentration (Figure 1).
While water extract showed better performance than
methanol extract, BHT, BHA and AA standard
antioxidants showed the strongest effect, respectively.

Excess iron, one of the most important metals for the
organism, can cause several undesirable side effects.
Excess Fe*? ions in the environment can be converted to
hydroxyl radical, a very dangerous free radical, by the
Fenton reaction [20]. Therefore, FRAP is one of the most
preferred methods for researchers. In our research, we
found that studies on the reducing power of the genus
Onosma were quite limited. Saravanakumar et al. found
that the activities of O. isaurica and O. bracteosa extracts
were equivalent to 85.76 + 4.34 mg and 88.98 + 6.62 mg
trolox acid, respectively, according to FRAP results [18].
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Figure 1. Comparison of ferrous ion reducing capacity of water
and methanol extracts of O. alborosea with standard
antioxidants (BHA, BHT and AA)

In one study, O. Trapezuntea was reported to have a
stronger reducing capacity than O. Rigidum [10], while
in another study [21] O. Sericea was reported to be a
stronger reductant than O. Stenoloba. When the studies
were evaluated in general, it was reported that species
rich in secondary compounds showed stronger
performance.

The results of CUPRAC assay showed that water and
methanol extracts had activities close to each other and
standard antioxidants. It was also found that the reducing
power of the extracts and standard antioxidants increased
with the increase in concentration (Figure 2).
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Figure 2. Comparison of cupric ion reducing capacity of water
and methanol extracts of O. alborosea with standard
antioxidants (BHA, BHT and AA)

In the literature, it has been reported that the species-rich
in phenolic and flavonoids have stronger performance in
studies on the CUPRAC method of Onosma genus [10,
21, 22]. This evaluation is consistent with the results of
our study.

DPPH and ABTS methods were preferred for the radical
scavenging activities of the study. These methods are the
most preferred methods by researchers because they are
cheap, fast and reliable [23, 24]. According to the results
of DPPH radical scavenging activity, BHA showed the
highest activity while water extract showed the lowest
activity. The activity of the extracts and standard
antioxidants generally increased with increasing
concentration (Figure 5). At the highest concentration
(100 pg/mL), the activities of the samples were in the
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following order: BHA (88.57%) > BHT (84.89%) > AA
(64.61%) > Methanol extract (34.50%) > Water extract
(25.08%).

2
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g 0 25 50 100 BHT
< Concentration (L)

Figure 3. DPPH radical scavenging activity results of extracts
and standard antioxidants

According to the ABTS results of the study, AA showed
the highest activity while methanol extract showed the
lowest activity. The activity of the extracts and standard
antioxidants generally increased with increasing
concentration (Figure 4). At the highest concentration
(100 pg/mL), the activities of the samples were in the
following order: AA (93.10%) > BHA (92.50%) > BHT
(84.52%) > Water extract (41.62%) > Methanol extract
(36.14%).
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Figure 4. ABTS radical scavenging activity results of extracts
and standard antioxidants

According to the study by Ozer et al., water extract of O.
heterophyllum scavenged DPPH radicals most strongly.
This was followed by methanol and ethyl acetate,
respectively. It was also observed that all three extracts
strongly scavenged ABTS radicals, while the weakest
activity was observed in ethyl acetate extract [25]. Other
studies have also reported that Onosma genus is a strong
radical scavenger due to the richness of secondary
compound contents [10, 19, 21, 22].

The results vary depending on the type of plant, solvent
used, climatic conditions and geographical location.

CONCLUSION



Plants rich in phenolic compounds, which are widely
used for medicinal purposes, are antioxidant organisms
that act as electron donors to scavenge free radicals. In
this study, water and methanol extracts of O. alborosea
collected in Mus province were prepared after species
identification. Phenolic content and quantity were
determined by HPLC. Four different in vitro methods
were used to determine the antioxidant capacity of the
extracts. As a result of the chemical content analysis of
the plant, ascorbic acid (3.15 ng/uL) and catechol (2.24
ng/uL) were found in the water extract and quercetin
(3.21 ng/pL), cinnamic acid (0.99 ng/uL) and ascorbic
acid (0.69 ng/uL) in the methanol extract. When the
antioxidant results were evaluated, it was observed that
the extracts scavenged DPPH and ABTS radicals weaker
than standard antioxidants. At the same time, the extracts
significantly reduced Fe*® and Cu*? ions. The activities
of the samples were generally found to increase with
increasing absorbance. The lack of research on the
antioxidant activity of O. alborosea in the literature
makes this study even more important. We hope that this
study will shed light on future research on this species.
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ABSTRACT

This paper examines the impact of non-Abelian gauge theories on space-time structures within the context of quantum
gravity theory. The study explores the intricate effects of the non-perturbative properties of gauge fields on the
topological and geometric structures of space-time, analyzing how these effects align with or differ from the current
understanding of quantum gravity theory. The simulations conducted in this study visually model the dynamic effects
of gauge fields on the microstructures of space-time, illustrating the role these structures play in quantum gravity
theory. The findings suggest the potential for developing new approaches to experimentally test quantum gravity
theory. Recommendations for future research include more comprehensive simulations involving different gauge
groups and a more detailed investigation of the energetic contributions of these structures. This paper contributes to a
broader understanding of quantum gravity theory, offering new insights into its potential applications in the physical
world.

Keywords: Gauge theories, quantum gravity, non-perturbative dynamics, topological invariants, space-time
structures

Non-Abelyen Gauge Teorileri ve Ortaya Cikan Uzay-Zaman Yapilari: Kuantum
Gravitasyona Yeni Bir Yaklasim

(04

Bu makale, non-Abelyen gauge teorilerinin uzay-zaman yapilari tizerindeki etkilerini kuantum gravitasyon teorisi
baglaminda incelemektedir. Arastirmada, gauge alanlarinin non-perturbatif 6zelliklerinin uzay-zamanin topolojik ve
geometrik yapilari tizerindeki karmagsik etkileri ele alinmis, bu etkilerin kuantum gravitasyon teorisinin mevcut
anlayistyla nasil Ortlistiigii veya farklilagtigi analiz edilmistir. Calismada gergeklestirilen simiilasyonlar, gauge
alanlarmin uzay-zamanin mikro yapilan iizerindeki dinamik etkilerini gorsel olarak modelliyerek, bu yapilarin
kuantum gravitasyon teorisinde nasil bir rol oynadigin1 gostermistir. Bulgular, kuantum gravitasyon teorisinin
deneysel olarak test edilmesine yonelik yeni yaklasimlar gelistirme potansiyeline isaret etmektedir. Gelecek ¢alismalar
icin Oneriler, farkli gauge gruplarinin daha kapsamli simiilasyonlarla incelenmesini ve bu yapilarin enerjisel
katkilarinin daha ayrintili olarak arastirilmasini icermektedir. Bu makale, kuantum gravitasyon teorisinin daha genis

kapsamli bir gekilde anlagilmasina katki saglayarak bu teorinin fiziksel diinyadaki uygulamalarina yonelik yeni fikirler
vermektedir.

Anahtar Kelimeler: Gauge teorileri, kuantum gravitasyon, non-perturbatif dinamikler, topolojik invariantlar, uzay-
zaman yapilari

INTRODUCTION Einstein's field equations, determines the motion of
objects:

Quantum gravity represents one of the deepest challenges R _1/2g R+Ag, = 872G /c'T

in modern theoretical physics, as it seeks to unify the " " " “
seemingly distinct realms of general relativity and
quantum mechanics. Formulated by Einstein in 1915,
general relativity provides an extraordinarily successful scalar, 9. the metric tensor, A the cosmological
description of gravity as the curvature of spacetime, yet T

it is fundamenta"y a classical theory [21] It treats Constant' G the gravitational constant and o the
spacetime as a smooth, continuous fabric that is curved  energy-impulse tensor. On the other hand, quantum

by massive objects, and this curvature, as summarized in  mechanics describes the behaviour of particles at the

R . e ..
Where # is the Ricci curvature tensor, R the Ricci
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microscopic scale in a fundamentally probabilistic
framework [27]. The incompatibility of these two
frameworks becomes especially evident in extreme
conditions, such as singularities inside black holes or in
the state of the universe at the time of the Big Bang,
where the classical concept of spacetime collapses. This
contrast emphasises the need for a quantum theory of
gravitation that can describe the gravitational force in the
quantum framework that successfully explains other
fundamental forces.

The search for quantum gravitation is not just a
theoretical curiosity; it has profound implications for our
understanding of the universe. At the heart of this quest
lies the challenge of quantising space-time itself, a task
that requires new mathematical tools and conceptual
frameworks [52]. Several approaches have been
proposed, such as string theory, loop quantum gravitation
and the holographic principle [32]. For example, in loop
quantum gravitation, spacetime is quantised into discrete
rings, and the field and volume operators have discrete
spectra, suggesting a granular spacetime structure on the
Planck scale [44]. However, each of these theories brings
its own challenges and unresolved questions. For
example, loop quantum gravitation aims to solve the
Wheeler-DeWitt equation:

HY =0

Where H is the Hamiltonian constraint operator and Y
is the wave function of the universe. However, it is
difficult to find solutions of this equation corresponding
to a smooth spacetime in the semiclassical limit. These
persistent difficulties make it necessary to explore
alternative approaches, and this is where Non-Abelian
gauge theories come into play [53].

Non-Abelian gauge theories have radically changed the
way we understand particle physics since the mid-20th
century [25]. In contrast to Abelian gauge theories such
as electromagnetism, where gauge fields are
commutative, Non-Abelian gauge fields interact in more
complex ways due to their non-commutative algebra. The
dynamics of these fields is governed by the Yang-Mills
action:

Se=—1/4d*xTr(F,F*)

Where the field strength tensor F”V is defined as

follows:
F.=0,A-0,A+0 [A, A ]

Here Ff” represents the gauge field, g is the gauge
_ (A, AV]
coupling constant and " is the commutator
reflecting the Non-Abelian nature of the gauge group.
The tracing is done through the internal gauge group
indices. This commutator enriches the structure of the
theory and leads to phenomena such as confinement and
asymptotic freedom as seen in quantum chromodynamics
(QCD) [40]. The mathematical structure of these
theories is deeply connected with the fundamental space-
time geometry. In this context, gauge fields can be
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interpreted as connections on a principal bundle, and the
curvature associated with these connections s

represented by the field strength tensor F/“’ [34]. This
geometrical interpretation provides a natural connection
between gauge theories and spacetime curvature and
suggests that Non-Abelian gauge theories can play an
important role in formulating a quantum theory of
gravitation.

One of the interesting aspects of non-Abelian gauge
theories is their potential to describe emergent
phenomena [48]. In many physical systems, complex
behaviours arise from the collective dynamics of simpler
components. For example, in condensed matter physics,
phenomena such as superconductivity and the quantum
Hall effect arise from the collective behaviour of
electrons in a material [29]. Similarly, in the context of
quantum gravitation, the smooth spacetime of general
relativity can arise as a low-energy, effective description
of more fundamental, discrete structures governed by
Non-Abelian gauge fields. This idea is supported by the
observation that gauge field dynamics in Non-Abelian
theories can generate topological structures such as
instantaneous structures, monopoles and domain walls,
which may correspond to quantised properties of
spacetime [12]. Moreover, the non-commutative nature
of these gauge fields offers a natural discretisation at
small scales, which can provide a mathematical
framework for describing the quantum geometry of
spacetime [13].

The aim of this research is to investigate the possibility
that space-time is a phenomenon arising from the
dynamics of Non-Abelian gauge fields. By analysing the
mathematical structures underlying Non-Abelian gauge
theories, we aim to develop a new approach to quantum
gravitation that can explain how spacetime arises at a
fundamental level. This approach differs from
conventional quantisation procedures in that it does not
start from a pre-existing spacetime manifold. Instead, we
aim to define spacetime as a concept that emerges from
the underlying gauge field dynamics. This change in
perspective not only offers a new approach to solving the
quantum gravitation problem, but also opens new
avenues to address long-standing problems such as the
nature of singularities and the cosmological constant
problem [28].

To achieve these goals, our research will involve a
combination of the study of mathematical structures,
analytical techniques and numerical simulations. The
mathematical framework builds on the foundations of
Non-Abelian gauge theory and consists of how
topological structures in the emergence of spacetime can
be interpreted in terms of quantised spacetime properties.
For example, the effect of a gauge field on a closed loop
in spacetime is represented by the Wilson loop:

W (C)=TrPexp(i $. A, dx")
We will investigate whether this loop can provide a
quantised description of the curvature of spacetime at the

Planck scale. Analytical techniques, including
perturbative and non-perturbative methods, will be used



to solve the resulting equations. Finally, numerical
simulations will be used to explore the dynamics of Non-
Abelian gauge fields in various scenarios.

THEORETICAL FRAMEWORK
Mathematical modelling

Gauge theories play a critical role in modern physics for
understanding the nature of fundamental forces. These
theories describe the fundamental interactions of nature,
based on the principles of symmetry. Non-Abelian gauge
theories are central to the understanding of strong and
weak interactions, especially in quantum field theory and
elementary particle physics [53, 24].

Geometric and topological structure of gauge fields

Gauge theories are based on the mathematical structure
of Lie groups and gauge fields are defined as matrix-
valued fields corresponding to the Lie algebra of these
groups [35]. These fields can be considered as elements
of a symmetry group at each point in spacetime and they
determine how these symmetry groups change along
spacetime. The geometric interpretation of gauge fields
can be made as connections on a principal bundle, where
the term connection can be thought of as the parallel
transport operator of the gauge field [38].

. A . .
Gauge fields ~*# are expressed as a field defined at a
point x in spacetime, and these fields transform under
gauge transformations as follows:

A— A, =(x)A, g7 (x)+g9(x)0,97"(x)

-1

Here g (X) is an element of the Lie group and g (X)
is its inverse. This transformation shows how symmetry
is preserved in gauge theories and how gauge fields are
redefined [53]. When gauge fields are considered as an
element of a Lie algebra at every point of spacetime,
variations of these fields can affect the topological
structure of spacetime [35]. In particular, gauge fields can
lead to the emergence of topological structures and non-
trivial vacuum configurations in spacetime [6].

Field force tensor: description of dynamics

The dynamics of gauge fields is described by the field

strength tensor F/“” . This tensor shows the curvatures of
gauge fields and the effects of these curvatures on space-
time [53]. The field strength tensor is defined by the
derivatives of the gauge fields and the interactions
between them as follows:

F.0,A-0,A+g [A, A ]

This expression reflects the non-linear nature of gauge

A,
fields. The commutator term [ " A”] here is the
difference between non-Abelian gauge theories and
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Abelian theories. In Abelian theories this term is zero, so
there are no such interactions in theories such as the
electromagnetic field [38]. In Non-Abelian theories,
however, this term reflects the interactions of gauge
fields among themselves, which plays a critical role in
understanding phenomena such as strong interactions
[24].

The field strength tensor is also associated with
topological structures of spacetime. For example, certain
topological configurations of this tensor can be
associated with structures such as instantons or
monopoles [12]. These structures play an important role
in quantum field theory and are especially used to
understand the structure of the quantum vacuum [42].

Yang-mills action and fundamental equations of
gauge theories

Yang-Mills theory is one of the most fundamental
examples of Non-Abelian gauge theories and this theory
is used to determine the dynamics of gauge fields [53].
Yang-Mills action functional is the basic expression used
to derive the equations of motion of the gauge theory:

Sy _—1/4]d"xTr(F,,F*)

This action shows how gauge fields interact in a Lorentz
invariant way. Here the trace operation is taken over the
Lie algebra of the gauge group, which makes the action
invariant under gauge symmetry [35]. The Yang-Mills
equations can be derived from this action functional and
determine the dynamical behaviour of gauge fields.
These equations reduce to Maxwell's equations in the
classical limit, while at the quantum level they describe
the interactions of gluons and phenomena such as
quantum chromodynamics (QCD) [24].

Yang-Mills theory is also used to model topological
structures of space-time. For example, certain
configurations of the Yang-Mills action can lead to
topological solutions such as instantons [7]. These
solutions explain the existence of non-trivial vacuum
states in quantum field theory, and these vacuum states
are directly related to the topological structures of gauge
fields [12].

Modelling topological and geometric structures of
space-time

Gauge theories provide a powerful framework for
modelling both the topological and geometric structure
of space-time. Field strength tensors act in a similar way
to the curvature tensors of spacetime and can therefore be
used to model the geometric structure of spacetime [34].

In this context, the field strength tensor F/“’ shows how
a gauge field affects topological and geometrical
structures in spacetime [53].

The geometric structure of spacetime modelled by means
of gauge fields is usually expressed in terms of the

R . . .
curvature tensor  #"?? in the context of Riemannian



geometry. The curvature tensor describes the degree of
curvature of spacetime and is given as follows [33]:

A A
R,uvpaz apryva_ aaryvp_'_r pﬂyro’vﬂ,_ Faﬁyr pV
Where =~ #"? is the Christoffel symbols and they are
expressed in terms of derivatives of the metric tensor.
Gauge fields form an analogue of the curvature tensor
and this is used to understand the influence of gauge
fields on the topological structure of space-time [35].

The field strength tensor F”V is directly related to the
geometric structure of spacetime, and the similarity of
gauge fields with curvature tensors allows us to
understand how gauge fields affect the topological
structures of spacetime [53]. Examples of topological
structures of gauge fields are instantons and monopoles.
The existence of these structures shows that gauge
fields are located in certain topological classes and
these classes define the non-trivial structure of space-
time [7].

The existence of topological structures is critical for
understanding how energy is distributed and how
vacuum structures are formed in gauge theories [42].
For example, instanton solutions show that a gauge field
belongs to a certain topological class and that this class
defines non-trivial structures in spacetime. An instanton
solution can be classically defined as follows [12]:

Jd“xTr(F,F,,) = 32z’

Where # s the dual of the field strength tensor and
is defined as follows [12]:

F~,. =0""F

And N is the degree of the topological class expressed
by an integer (this is also known as topological charge).
This integral expresses the existence of topological
structures in spacetime and how gauge fields play a role
in the nature of these structures [35].

Topological structures are also used in the understanding
of vacuum states and quantum transitions in quantum
field theory [44]. For example, monopoles can arise as
topologically stable solutions, and these solutions are
critical for understanding the effects of gauge fields on
spacetime structure [47]. The energy density of
monopoles is usually expressed as follows [47]:

E:1/2Id3x(BZ+E2)

Where B and E are the magnetic and electric fields,
respectively. This integral shows the energy dissipation
due to a monopole and how such topological structures
play a role in quantum field theory [35, 38].
Furthermore, the modelling of topological structures of
spacetime in gauge theories is also used to understand
topics of quantum field theory such as non-trivial vacuum
structures and quantum transitions. This provides a
deeper understanding of the effects of gauge fields on
spacetime structures and explains how these effects are
modelled in quantum gravitation theories [42, 19].
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Visualising these theoretical structures can help us better
understand the effects of gauge fields on spacetime and
the emergence of topological structures. The figure
below shows the distribution of gauge fields in
spacetime, the curvature effect and how a topological
structure (instanton) is formed.
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Figure 1. Gauge fields and topological structures of space-
time

Figure 1 visually represents the effects of gauge theories
on spacetime and the formation of topological structures.
The blue vectors show the orientation of gauge fields at
various points in spacetime. These vectors express how
gauge fields are distributed and how they change
throughout spacetime. Field strength tensors and the
directions of these vectors reveal the symmetric and
asymmetric structures of gauge fields that shape the
topological structure of space-time. The black
isocontours simulate the curvature of spacetime and
show how spacetime bends under the influence of a
central mass. This curvature helps us understand how the
geometric structure of spacetime is shaped by gauge
fields.

The red vector is shown in a different colour to highlight
a gauge transformation. Gauge transformations show
how gauge fields are redefined under symmetry groups
and how these transformations are compatible with the
fundamental principles of gauge theory. The red vector
shows how the gauge field is transformed at a given point
and the effects of this transformation on the topological
structures of spacetime.

The green circle represents an instanton or other
topological structure. Such structures represent
topologically non-trivial configurations of gauge fields.
Instantons arise as solutions corresponding to certain
topological classes and are critical for understanding the
effects of gauge fields on vacuum structures. The linear
dashed representation of the green circle implies that
these topological structures have a localised and
energetically stable nature.



The general interpretation of the figure visualises the
effects of gauge theories on the topological and
geometrical structures of spacetime. It allows us to
understand how field strength tensors work in gauge
theories, how gauge transformations are applied and how
topological structures arise. This visual representation
helps to concretise theoretical concepts and provides a
better understanding of the relationship between gauge
theories and space-time geometry. This figure makes the
complex nature of gauge theories more accessible by
embodying the physical meaning of the theoretical
models.

Analytical techniques

Analytical techniques are of great importance in
modelling gauge theories and topological and
geometrical structures of spacetime. These techniques
provide the necessary mathematical tools for analysing
theoretical structures and obtaining physical results.
Various analytical techniques such as differential
equations, group theory, variational methods and
topological tools play a central role in the deep
understanding and application of gauge theories [35, 38].

Differential equations and gauge theories

Differential equations play a central role in the
mathematical framework of gauge theories. Gauge fields
and field strength tensors are often expressed by
differential equations. For example, the Yang-Mills
equations are second order differential equations that
determine the dynamical behaviour of gauge fields.
These equations act on variations of gauge fields and are
expressed as follows:

D,F"=0d,F,+g[A, F"] =0’

Where D/‘ is the covariant derivative operator and
represents the derivatives of gauge fields over the Lie
algebra. This equation shows the variations of a gauge
field in time and space and how this field interacts with

the source term 9 [38].

Such differential equations are used not only in gauge
theories but also in general relativity to understand the
curvature structure of space-time. Einstein's field
equations are considered to be differential equations
describing the distribution of the gravitational field (and
hence spacetime):

4
R,.-1/29,R+Ag, = 872G/cT,
These equations represent the curvature tensor of

spacetime and the effects of matter and energy on this
curvature [33].

Group theory and symmetry methods
Gauge theories are fundamentally built on group theory.

Symmetry groups express the most fundamental
principles that determine how physical systems behave.
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In non-Abelian gauge theories, symmetry groups are
. . U(2
usually defined as Lie groups such as ( )

SU (3) Group theory plays a critical role in
understanding the mathematical structure of such
symmetry groups and how these structures apply to
physical theories [35, 38].

Lie groups and Lie algebras are the mathematical
foundations of gauge fields. The Lie algebra of a Lie
group is defined by the infinitesimal generators of the
group, and these generators determine the derivatives of
gauge fields. For example, the Lie algebra of a group

SU (2

( ) is represented by Pauli matrices: Lie groups and
Lie algebras form the mathematical foundations of gauge
fields.

|:-|-a’ Tb:| _ ic‘)abc-l-c

and

Where T° denotes the generators of the Lie algebra and

o denotes the structural constants. This structure is
used to understand how field force tensors and gauge
transformations in gauge theories work [38].

Group theory is also used to understand how to quantise
gauge fields and how these fields behave under different
symmetry breaking. Spontaneous symmetry breaking
explains how gauge fields gain mass and symmetries are
broken through processes such as the Higgs mechanism.
This is one of the fundamental building blocks of the
Standard Model [38].

Variational methods and principle of action

The dynamics of gauge theories are often derived using
variational methods. The action principle is a
fundamental principle that determines the dynamical
behaviour of a physical system. The action functional of
a physical system is a scalar quantity that summarises all
dynamical processes of the system. Trajectories
determined such that the variation of this action
functional is zero provide the equations of motion of the
system. The Yang-Mills action functional is the
fundamental action functional that determines the
dynamics of gauge fields:

Sy=-1/4[d*xTr(F, F")

Variational methods are used to derive the equations of
motion from this action functional. These methods are
also used to understand how topological structures (e.g.
instantons) arise in gauge theories. Variational
techniques play a vital role to calculate the energy of
topological structures and to evaluate their contribution
to vacuum states [12].

Topological tools and quantum field theory
Topological structures in gauge theories play an

important role in quantum field theory. These topological
structures usually appear as solution classes such as



instantons and monopoles. The existence of these
structures indicates that gauge fields have topologically
non-trivial configurations [42]. For example, an
instanton solution shows that a certain topological class
is non-trivial and that this class contributes to the
geometric structures of a gauge field.

The calculation of such topological structures is usually
done using mathematical tools such as topological index
theorems and Pontryagin classes. For example, the
topological charge of an instanton solution can be
computed using the Pontryagin class:

Q=1/327%[d"xTr (F,,F™"

Where Q represents the topological charge and F
represents the dual of the field force tensor [35].

These techniques are used to understand how gauge
theories are applied in quantum field theory and how
topological properties of spacetime can be modelled.
Topological tools play a critical role in understanding
non-trivial vacuum states and phase transitions of
quantum field theory [47].

The concretisation of these complex mathematical
structures and tools can facilitate the understanding of
gauge theories and topological structures of spacetime.
The figure below visually represents the distribution of
gauge fields in spacetime, the effect of symmetry
transformations and how topological structures (e.g.
instantons) arise. This visualisation helps us to
understand more clearly how differential equations,
group theory and topological tools interact within the
theoretical framework.
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Figure 2. Gauge fields, lie group transformations and
topological structures

Figure 2 brings together the basic mathematical and
physical components of gauge theories to visually
represent how they interact over space-time. Gauge
fields, represented by blue vectors, express their
orientation and distribution in spacetime. These vectors
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symbolise how the field force tensors, the basic building
blocks of gauge theories, propagate in spacetime and
interact with each other. This distribution of gauge fields
is important for understanding the dynamical behaviour
and symmetric structure of the theories in space-time.
The green dashed circle represents the topological
structure like an instanton. This structure shows non-
trivial configurations of gauge fields and how energy is
concentrated in certain regions. Topological structures
play a critical role, especially in understanding vacuum
structures, and have an important place in quantum field
theory as stable configurations.

The red and other coloured arrows represent Lie group
transformations. These transformations are associated

with symmetry groups such as U (2) or U (3) and
reflect the fundamental symmetry principles of gauge
theories. Lie group transformations show how gauge
fields are redefined under symmetry groups and the
effects of these transformations on space-time structures.
The overall structure of the figure embodies the physical
meaning of the mathematical structures involved in
gauge theories. It combines the relationship between
gauge fields, topological structures and symmetry
transformations in a single visual. This figure makes the
complex nature of theoretical models more accessible
and provides a visual tool for understanding the
mathematical framework of gauge theories.

Numerical simulations

Complex structures such as gauge theories and quantum
field theories often involve equations that cannot be
solved analytically. Therefore, numerical simulations
play a critical role in testing the validity of these theories
and verifying their predictions. Numerical simulations
provide a powerful tool for understanding how
theoretical models behave in the physical world.
Numerical simulations in gauge theories are often
performed using lattice gauge theory. This method
discretises spacetime, placing it on a finite lattice instead
of a continuous structure. Thus, the dynamics of gauge
fields and the non-perturbative properties of quantum
field theory can be studied numerically [50]. In lattice
gauge theory, gauge fields are defined along the edges of
the lattice and their interactions are analysed using
Wilson loops:

W (C)=Tr (Pexp(i$. A, dx"))

. A
Here C isaclosed path on the lattice, = # represents the

gauge field and Pis the path ordering operator. The
Wilson loop occupies an important place as an
observable used to study the non-perturbative properties
of gauge fields.

Another important tool used to understand the dynamical
behaviour of gauge fields is the gauge field strength
tensor. This tensor describes the variations of gauge
fields in space-time and determines how gauge fields
interact in gauge theories:



F () =0,A00)-0,A,(x)+ 9 A(x), A(X)]
This tensor plays a critical role in lattice gauge theory in
understanding how gauge fields interact along edges and
the dynamics of these fields.
Numerical simulations are also used to study different
regimes of quantum field theory. For example, in
calculations of strong interactions such as quantum
chromodynamics (QCD), situations such as hadronic
phase transitions and quark-gluon plasma have been
studied through numerical simulations [14]. These
simulations are critical to understand how the theoretical
models behave for parameters such as temperature and
density and to compare them with experimental
observations [31].
Topological structures in gauge theories are also studied
through numerical simulations. In particular, structures
such as instantons and monopoles are important for
understanding the topological properties of gauge
theories. The Pontryagin class is used to study the effects
of these topological structures on gauge fields and their
contribution to the vacuum structure:

p=1/87%Tr(F AF)

Here F is the gauge field force tensor and P is the
topological class of these structures. Topological
structures can also be related to instanton solutions. The
topological charge of an instanton is expressed as
follows:

Q=1/327*]d*xTr(F,,F ™)

Here F " represents the dual of the gauge field force

tensor and Q is the topological charge of the instanton.
Such simulations are used to study the effects of
topological structures on the energy spectrum and
vacuum states [36].

Finally, numerical simulations are performed using
action functionals to test the validity of the theoretical
models. The action functional determines the dynamic
behaviour of the system and equations of motion are
derived using variational principles. The Yang-Mills
action, commonly used in gauge theories, is expressed as
follows:

Sy = —1/4]d*xTr(F, F*)

This action shows how gauge fields interact in a Lorentz
invariant way and how it is used in simulations. The
Yang-Mills action is critical for simulating the
fundamental dynamics of gauge theories.

In addition to testing the validity of theoretical models,
these numerical simulations allow comparison of
experimental results with theoretical predictions. This
plays a vital role for understanding real-world
applications of gauge theories and quantum field
theories.

In order to better understand how gauge theories are
investigated by numerical simulations, a diagram
visualising the lattice gauge theory model and a visual to
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better understand how topological structures are
investigated by numerical simulations and the effects of
these structures on gauge fields are presented below.

-

Figure 3. Lattice gauge theory simulation

Figure 3 visualises the study of gauge theories through
numerical simulations and in particular is based on the
lattice gauge theory model. This model, which shows a
lattice structure in which spacetime is discretised, allows
one to numerically study the non-perturbative properties
of gauge fields by dividing spacetime into a finite number
of cells. Each cell in the lattice is used to model the
interactions of gauge fields on a given spacetime point,
and this discretised structure makes continuous
spacetime numerically solvable.

The vectors seen on the lattice represent the direction and
magnitude of the gauge fields, and these vectors show
how the gauge fields propagate and interact along the
lattice. Vectors of different colours represent gauge fields
in different directions, and these fields are defined along
the edges of the lattice. This type of structure is
associated with observables such as Wilson loops and is
used to understand the dynamical behaviour of gauge
fields.

This lattice model is an approach used to numerically
solve the complex equations encountered in gauge
theories. Especially in theories such as quantum
chromodynamics (QCD), such lattice simulations play a
critical role for non-perturbative analyses of strong
interactions. Wilson loops are used as an important
observable to measure how gauge fields change and
interact along the lattice.

Overall, this figure embodies the key components of
lattice gauge theory and how these theories are studied
through numerical simulations. The discretised structure
of the lattice shows how numerical methods are used to
model the dynamics of gauge fields, and these



simulations provide a powerful tool to test the validity of
the theoretical models and compare them with
experimental results.

—— -

S

Figure 4. Topological structures and numerical simulation

Figure 4 visualises how topological structures in gauge
theories are studied through numerical simulations. This
figure shows how topological structures (e.g. instantons)
are formed in a given region of spacetime and the effects
of these structures on gauge fields. Topological structures
are known as non-trivial configurations in gauge theories,
and such structures allow energy to be concentrated in
specific regions.

The green dashed circle in the figure represents a
topological structure like an instanton. This structure
indicates that gauge fields belong to a certain topological
class and describe non-trivial structures in space-time.
Instantons, as localised solutions of gauge fields on
spacetime, can cause vacuum states to have different
energy levels. Such structures play a particularly
important role in quantum field theory and their energetic
and topological properties are studied through
simulations.

The blue, red, green and purple vectors around the circle
show how the gauge fields behave on this topological
structure. These vectors represent the direction and
intensity of the gauge fields and symbolise their
interactions with the topological structure. These
interactions play a critical role in understanding non-
perturbative effects in gauge theories. Simulations are
used to understand the effects of such interactions on
vacuum structures.

Mathematical modelling of such topological structures is
done using topological invariants such as the Pontryagin
class. The Pontryagin class studies the topological
properties of gauge fields and the effects of these
structures in space-time. Also, concepts such as the
topological charge of instantons are important in this
context. These simulations are used to study the
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contribution of topological structures to energy spectra
and their effects on vacuum states.

In general, Figure 4 embodies how topological structures
in gauge theories are analysed through numerical
simulations. The effects of such structures on spacetime,
their interactions with gauge fields, and the importance
of these structures in quantum field theory become better
understood through simulations. This figure provides a
powerful tool to test the validity of theoretical models
and compare them with experimental results.

LITERATURE REVIEW

The search for a theory that unifies general relativity and
quantum mechanics has been a challenge at the centre of
modern theoretical physics. While general relativity
provides a robust framework for understanding
gravitational interactions on macroscopic scales, it
struggles to accommodate the principles of quantum
mechanics. This becomes particularly evident at the
Planck scale or extreme conditions close to singularities,
where the classical concept of spacetime collapses [33].
This incompatibility has led to the development of
various theories of quantum gravitation, such as string
theory, loop quantum gravitation and causal dynamical
triangles, each offering different perspectives on how
spacetime can be quantised [39, 2].

For example, string theory suggests that the fundamental
components of reality are not point-like particles, but
one-dimensional  ‘strings’, which are vibrations
corresponding to different particles [23]. This theory
naturally includes gravity and has the potential to unify
all fundamental forces under a single theoretical
framework. However, the need for extra dimensions and
the lack of direct experimental evidence have been
significant challenges for the acceptance of string theory
[54]. On the other hand, loop quantum gravitation offers
an approach in which spacetime itself is quantised and
suggests that space is composed of discrete rings at the
smallest scales, resulting in a granular structure [5].
While this theory has been successful in providing a
background-independent  formulation of quantum
gravitation, it faces difficulties in how to reconcile it with
the smooth spacetime of general relativity in the low-
energy limit [44].

Non-Abelian gauge theories have also played a central
role in modern physics, especially in explaining the
strong and weak nuclear forces in the context of the
Standard Model [24]. These theories extend the concept
of symmetry due to forces, allowing the gauge fields
associated with these forces to interact in non-trivial
ways, which has profound effects on the structure of
spacetime [38]. Yang-Mills theory, the cornerstone of
non-Abelian gauge theories, has played a critical role in
understanding the behaviour of elementary particles
under the influence of these forces [53]. The connection
between gauge fields and spacetime curvature suggests
that Non-Abelian gauge theories may offer valuable
insights in understanding the nature of quantum
gravitation [35].



Although the idea that spacetime can derive from more
fundamental entities is not new, it has gained
considerable interest in recent years. In many physical
systems, complex macroscopic behaviours can arise from
the collective dynamics of simpler microscopic
components. For example, in condensed matter physics,
phenomena such as superconductivity and the quantum
Hall effect arise from the collective behaviour of
electrons in a material [30]. Similarly, in the context of
quantum gravitation, the smooth spacetime described by
general relativity can emerge as a low-energy effective
theory from a more fundamental, discrete structure
governed by non-Abelian gauge fields [10]. The
dynamics of these fields can give rise to topological
properties such as instantons and monopoles, which may
correspond to quantised aspects of spacetime [7].
However, despite the successes of these theories, several
challenges remain. For example, although loop quantum
gravitation provides a discrete spacetime model, it is still
not fully understood how to reconcile this with the
continuous spacetime observed at macroscopic scales
[47]. Similarly, the fact that string theory relies on
unobservable higher dimensions poses a significant
theoretical hurdle [9]. Furthermore, the integration of
Non-Abelian gauge theories with quantum gravitation
requires a deeper understanding of how these gauge
fields interact with spacetime at the quantum level [19].
These limitations emphasise the need to continue
exploring and refining these theoretical frameworks.

METHOD
Research model

In this study, a numerical simulation approach is adopted
to investigate the effects of non-Abelian gauge theories
on space-time structures. Firstly, the mathematical
structures necessary to model the dynamics of gauge
fields based on Yang-Mills theory and their topological
and geometrical effects on spacetime are investigated.
Mathematical tools such as the force tensor and
Pontryagin class are used to analyse the energy density
distributions of gauge fields and their effects on the
microstructures of spacetime. Numerical simulations
have been carried out to test the validity of these
theoretical models and to visualise the predicted results.
These simulations have supported the practical validity
of our theoretical findings by revealing the non-
perturbative dynamics of gauge fields and the effects of
these dynamics on the energy distribution over
spacetime.

Data collection

The numerical simulation approach adopted in this study
was developed in order to investigate in depth the effects
of non-Abelian gauge theories on space-time structures.
The data collection process started with the study of
comprehensive mathematical structures for modelling
the dynamics of gauge fields based on Yang-Mills theory
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and their topological and geometrical effects on
spacetime. Mathematical tools such as the force tensor
and the Pontryagin class were used to analyse the energy
density distributions of gauge fields and their effects on
the microstructures of spacetime. In order to test the
validity of these theoretical models and to visualise the
predicted results, numerical simulations have been
performed to provide practical validation of the
theoretical findings by studying the non-perturbative
dynamics of gauge fields and the effects of these
dynamics on the energy distribution over spacetime.
During the data collection process, these numerical
simulations and mathematical analyses were combined to
create a comprehensive data set, which was examined in
detail to test the accuracy of the theoretical conclusions.

Analysing the data

The analysis of the data was carried out in order to
evaluate the accuracy of the theoretical models of our
study and the effects of gauge theories on space-time
structures. Firstly, the data obtained from numerical
simulations were analysed in terms of energy density
distributions of gauge fields and energy contributions of
topological structures. These data were processed using
various mathematical tools, in particular mathematical
structures such as the force tensor and Pontryagin class
were applied to determine the dynamical effects of the
fields and their consequences on the microstructures of
space-time. In addition, statistical analyses of the data
were performed to check the consistency and accuracy of
the simulations and to evaluate their compatibility with
the predictions of the theoretical models. As a result of
these analyses, the relationship between the theoretical
and numerical data is presented in detail, and the
reliability and validity of the findings are ensured.

ANALYSIS and FINDINGS

In this chapter, mathematical analyses and simulations of
non-Abelian gauge theories and space-time structures are
presented. The mathematical analysis underlying the
simulations provides a critical tool to test the accuracy of
the theoretical models and to understand the relation of
these models to physical systems.

Energy density distribution of gauge fields
Mathematical analysis

To understand the energy density distribution of gauge
fields, we need to consider the Yang-Mills action
function and the gauge field force tensor in detail. The
Yang-Mills action function is defined as a fundamental
mathematical structure that determines the dynamics of
gauge fields. It determines how the energies of gauge
fields are distributed in space-time and how they interact.
The Yang-Mills action function is expressed as follows:

Syy=-1/41d*xTr(F,F*)



In this function, Som represents the Yang-Mills action

. F .
function,  # the gauge field force tensor, Tr the trace

4
of the matrix and d"x the integration over space-time.
The gauge field force tensor describes the dynamical
behaviour of gauge fields in space-time and is expressed
as:

F.=0,A-8,A+g[A,A]

. A, .0
In this equation, ~ # is the gauge field, # and a" are
the spacetime derivatives of the gauge field and Yis the

interaction constant. The commutator term [A“' A”:I
indicates the non-Abelian structure of gauge fields,
which leads to the emergence of nonlinear interactions.
The force tensor is critical for determining the energy
density of gauge fields.

The Yang-Mills action function, which determines the
dynamics of gauge fields, is minimised using the
variational principle. This process leads to the equations
of motion via the Euler-Lagrange equations. Using

L=-1/4Tr(F,F*)
density:
0,0L16(0,A,) - aLIoA, = 0

defined as the Lagrangian

These equations determine the behaviour of gauge fields
in spacetime and how these fields affect energy densities.
In non-Abelian gauge theories, these equations of motion
exhibit complex structures and reveal the non-
perturbative properties of gauge fields.

The components of the gauge field force tensor are used
to calculate the energy density. The trace of the squares
of the force tensor gives the energy density of the gauge
field:

Energy intensity =1/2Tr (F,,F*)

This expression determines the distribution of the energy
of gauge fields in space-time. The energy density is
calculated with respect to the components of the gauge
field force tensor and can be written as:

EI:1/2((6#A) (0“A) ~(8,A,) (0"A%) + g’[A, A]Z)
The first two terms of this equation contain the squares
of the derivatives of the gauge field and their cross terms,
while the last term is related to the square of the
commutator, reflecting the non-Abelian structure of
gauge fields. This energy density determines the
distribution of gauge fields in space-time. In non-Abelian
gauge theories, this energy density exhibits a complex
structure due to nonlinear interactions, and these
interactions lead to the concentration of the energy
density in certain regions.

The energy density distribution of gauge fields has an
important place in non-Abelian gauge theories. The
nonlinear interactions of gauge fields cause the energy
density to be concentrated in certain regions and remain
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low in other regions. This nonlinear behaviour of the
force tensor directly affects how the energy density is
distributed in spacetime. This distribution is a critical tool
for understanding how gauge fields behave in non-
perturbative regimes and the effects of this behaviour on
spacetime.

This mathematical analysis helps us to gain a deep
understanding of the distribution of the energy density of
gauge fields in space-time. This distribution plays a
critical role in understanding the dynamics of non-
Abelian gauge theories and studying their applications in
physical reality. Simulation results provide important
data to test the accuracy of these theoretical models and
to understand their counterparts in physical systems.

Simulation results

The energy density obtained as a result of the above
mathematical analysis is shown in a graph with the
results of the simulation performed to see how gauge
fields behave in space-time. This graph presents the
distribution of the energy density obtained using the
Yang-Mills action function in space-time with a colour

scale.
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Figure 5. Energy density distribution of gauge fields
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The “energy density distribution of gauge fields” shown
in Figure 5 is the result of a simulation based on the
Yang-Mills action function and visualises how gauge
fields propagate in space-time and in which regions the
energy is concentrated. The distribution of the energy
density is expressed in a colour scale, with high energy
densities indicating areas of strong interaction of gauge
fields, and low-density regions indicating areas of calmer
and weaker interaction. This gives important information
about the dynamical behaviour of gauge fields and
reveals how energy is concentrated at certain points in
space-time.

The mathematical basis underlying the simulation is the
Yang-Mills action function. This action function
determines how gauge fields interact and how energy
densities are distributed through space-time. Gauge field
force tensors describe the dynamics of the fields and the
energy density is expressed as:

Energy Density



Syy=-1/41d*xTr(F,F*)

This equation defines the regions where the energies of
gauge fields are concentrated and the graph obtained
from the simulation clearly shows this concentration.
Especially in non-Abelian gauge theories, these fields
exhibit non-perturbative properties; that is, the behaviour
of gauge fields is determined by non-linear interactions.
The energy density in the graph is a direct consequence
of these non-linear interactions and clearly shows how
energy is concentrated in certain regions of spacetime.
High energy densities represent places where gauge
fields interact strongly, while low energy regions show
more stable and symmetric structures.

This distribution in the graph is important for
understanding the behaviour of gauge fields in non-
perturbative regimes. In particular, regions of high
energy density can be topological structures or areas
where non-trivial configurations can occur. The
existence of these structures has important effects on the
geometric and topological properties of spacetime, and
these effects are of great importance in the context of
qguantum gravitation theories. Areas with low energy
densities can be analysed as regions where vacuum states
are more symmetric and stationary. Such regions provide
important clues for analysing the dynamical behaviour of
gauge fields.

The results of this simulation have important
implications for the development of non-Abelian gauge
theories and quantum theories of gravitation. The energy
density distribution of gauge fields is a powerful tool to
test the accuracy of theoretical models and to understand
the effects of these models on spacetime structures. In
regions with high energy densities, more research can be
done on topological structures, and these fields can offer
new insights into quantum gravitational theories.
Likewise, low energy density regions are also an
important research area for further analyses of vacuum
structures.

Energy contributions of topological structures
Mathematical analysis

The contribution of topological structures to the energy
spectrum is analysed through topological invariants such
as the Pontryagin class. The basic formula of this class is
as follows:

p= 1/87Tr(F AF)
This mathematical expression studies the effects of gauge
fields on topological structures. Here F represents the
gauge field force tensor and A is the outer product. The
Pontryagin class is used to calculate the energies of these

topological structures and their contributions to vacuum
states.

Simulation results

Using the above mathematical analysis through
simulations, we visualise the density and energy

94

contributions of topological structures in space-time. The
figure below illustrates the effects of topological
structures on spacetime by showing their contribution to
the energy spectrum under the Pontryagin class effect.

Lattice Y
pological Structure Intensity

[s]

Lattice X

Figure 6. Energy contributions of topological structures

Figure 6 shows the effects of topological structures of
spacetime on gauge fields and their contribution to the
energy spectrum through simulations. This graph
analyses in depth the effects of topological structures in
spacetime by visualising the energy density calculated
through topological invariants such as the Pontryagin
class.

The density distribution in the graph shows the
configurations of topological structures in spacetime and
how these structures interact with gauge fields. Such
topological structures have an important place in non-
Abelian gauge theories, because they allow energy to be
concentrated in certain regions and profoundly affect the
geometrical properties of spacetime. Topological
structures can be defined as non-trivial structures of
vacuum states and their energies are calculated by
mathematical tools such as the Pontryagin class:

p=1/87%Tr(F AF)

This mathematical expression represents the topological
class obtained by the outer product of the gauge field
force tensor, and this class is used to determine the effects
of topological structures on space-time. The density
distribution seen in the graph shows how the energy of
these topological structures is concentrated and how this
energy is distributed in space-time.

The regions of high density in the graph represent the
places where the topological structures interact most
strongly and where the energy is most concentrated.
These regions are often associated with non-trivial
topological solutions such as instantons or monopoles.
Such structures are the areas where the non-perturbative
properties of gauge fields are most strongly manifested.
In non-Abelian gauge theories, such topological
structures determine the contributions of the topological
structure of spacetime to the vacuum energy, and the



existence of these structures produces observable effects
in physical systems.

Low-density regions represent regions of the topological
structure where the energy is less concentrated and
therefore the gauge fields are quieter. These regions can
be areas where vacuum states are more symmetric and
stationary. The study of such regions is important for
understanding how vacuum structures are formed in
gauge theories and their contribution to energy spectra.
The results of the simulation provide a powerful tool for
understanding how topological structures dissipate
energy in spacetime and the effects of these structures on
physical systems. In particular, such topological
invariants, calculated using the Pontryagin class, are
critical for understanding how gauge fields behave in
non-perturbative regimes and how they contribute to the
energy spectra of these structures.

This graph also highlights the importance of topological
structures in the context of quantum theories of
gravitation. The existence of these structures opens new
avenues for understanding how the geometric and
topological structure of spacetime is shaped at the
quantum level. Furthermore, the contributions of these
structures to energy spectra can help determine the
applications of gauge theories in physical systems and
how these theories can be verified experimentally.
Consequently, the analysis of this graph provides an in-
depth study of the contribution of topological structures
to energy spectra and their effects on spacetime. These
findings from simulations support the accuracy of the
theoretical models and emphasise the importance of
topological structures in the context of non-Abelian
gauge theories.

Symmetry breaking and phase transitions
Mathematical analysis

Symmetry breaking and phase transitions play a
fundamental role in quantum field theories, and the
mathematical analysis of these processes is vital to
understanding field theories. The potential energy
function used to model symmetry breaking is commonly
known as the Higgs potential and is expressed as:

V(g) = —u’¢’+2¢"

In this potential energy function, parameter ¢ represents
2

the field, parameter H the mass of the field and

parameter /Ithe self-interaction strength of the field.

Initially, the field has a minimum at point ¢=0 ,i.e.the
system is in a symmetric state. However, when the
system goes below a certain energy level, this symmetric
minimum becomes unstable and the field shifts towards
new minima. These hew minima indicate that the field
settles into new non-symmetric vacuum states.

By taking the derivative of this potential energy function,
we can find the minimum points of the field:

dV (¢)/ dg =—242¢+428°

We determine the minimum points by setting this
equation equal to zero:

2 2
$(¢° - 1122) = 0
This solution works in two important cases: ¢=0 , the

=+
symmetric case, and ¢ tu 122 , the case where

the system transitions to two new minima where
symmetry is broken. This analysis shows how the field
tends to new minimum energy states by phase transition
during symmetry breaking.

Simulation results

Simulations designed for symmetry breaking and phase
transitions provide a visual representation of this
mathematical analysis. The potential energy landscape
clearly reveals the energetic positions of the field and the
transitions between these positions. Initially the field is

located at a symmetric minimum at point ¢ - O, but as
the energy of the system decreases, this symmetry is
broken and the field settles into new minimum energy

=+ 1
states at points ¢ ~H /2/1. The simulation

shows how the field is orientated to the minima of the
potential energy function and how the symmetry is
broken in this process. The potential energy landscape
seen below visually expresses where the field is stable
and where it becomes unstable.
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Figure 7. Symmetry breaks and phase transitions

In Figure 7, the minimum points of the potential represent
the states where the field is most stable, i.e. the energy is
lowest. These points show the new minimum energy
states to which the field settles during symmetry
breaking. In the context of symmetry breaking and phase
transitions, these simulations play a critical role in
understanding the dynamics of physical processes. In
particular, in cases such as the Higgs mechanism, this
kind of symmetry breaking explains the transition of the

Potential Energy



field to a particular energy minimum and, in the process,
imparts mass to other particles.

This designed simulation shows how the field behaves
during phase transitions and how it tends to potential
energy minima. The simulation results visually represent
the transition of the field from a symmetric to an
asymmetric structure as it transitions to low energy
states. This visualisation provides important clues to test
the accuracy of theoretical models and to determine the
applications of these models in the physical world. The
potential energy landscape that emerges during
symmetry breaking and phase transitions is crucial for
understanding the dynamics of physical systems and
seeing how these processes operate in quantum field
theories.

In conclusion, the mathematical analysis of simulations
helps us to gain a deeper understanding of how symmetry
breaking and phase transitions occur and how these
processes operate in physical systems. Visualisation of
these processes is a critical tool for testing the accuracy
of theoretical models and determining their application in
the physical world. We can say that these analyses are a
guide to better understand how symmetry breaking and
phase transitions are applied in the field of theoretical
physics and the counterparts of these processes in
physical reality.

Presentation of results

Non-Abelian gauge theories, especially Yang-Mills
theory, have a profound impact on the topological and
geometrical properties of spacetime. These theories deal
with the complex behaviour of gauge fields in the non-
perturbative regime and play a critical role in the
formation of spacetime structures [1].

The dynamics of gauge fields has a direct impact on the
topological structures of space-time. In non-Abelian
gauge fields, it is of great importance how the complex
structures formed due to nonlinear interactions change
the topological properties of spacetime [51]. These
interactions can lead to the concentration of energy
densities in certain regions of spacetime and the
emergence of topological structures (e.g. instantons,
monopoles). Such topological structures represent non-
trivial solutions of the vacuum structures of spacetime,
and these solutions are considered as fundamental
components of quantum field theories and, in particular,
quantum gravitation theories [41].

These non-perturbative structures in gauge theories
contribute to the energy spectrum of vacuum structures
by affecting the geometry of spacetime. These effects of
gauge fields are expressed mathematically through
topological invariants, in particular the Pontryagin class
[6]. The Pontryagin class is used to quantify the
topological effects of gauge fields on spacetime, and this
topological invariant plays an important role in the
topological classification of spacetime. This class
represents the topological structures of the propagation
of gauge fields in space-time and calculates the
contributions to the energies of these structures [18].
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In non-Abelian gauge theories, the emergence of such
topological structures determines how the vacuum states
of spacetime are shaped and the energetic stability of
these vacua [46]. These states can lead to the formation
of different vacuum structures in different regions of
spacetime, and the energy densities of these structures are
determined by the dynamics of gauge fields. These
processes are critical for understanding the implications
of gauge theories on spacetime [12].

These theoretical implications are also the basis for the
development of quantum theories of gravitation. The
effects of gauge fields on the topological structures of
spacetime form the fundamental building blocks of
quantum gravitation, and these effects are vital for
understanding the behaviour of spacetime at the quantum
level [42]. In particular, the dynamics of non-Abelian
gauge theories plays a critical role in understanding how
the behaviour of spacetime at the quantum level is shaped
[19].

The presentation of these results analyses in detail the
effects of the dynamics of non-Abelian gauge theories on
spacetime structures. These effects are evaluated in terms
of nonlinear interactions of gauge fields and their
consequences on the topological and geometrical
structures of spacetime. Such analyses are an important
tool for understanding the behaviour of spacetime at the
quantum level, one of the fundamental problems of
theoretical physics. These dynamical effects of non-
Abelian gauge theories help us to understand the
complexity of spacetime structures and how these
structures are shaped in the context of quantum field
theories [1, 51, 41].

Interpretation of findings

Non-Abelian gauge theories and their effects on
spacetime structures provide important clues to one of the
most fundamental problems of quantum gravitation
theory, namely how to unify quantum field theory and
general relativity. The findings highlight the role of the
dynamics of gauge fields in the formation of topological
and geometrical structures in spacetime. These findings
shed light on several critical points in the context of
quantum theories of gravitation.

Firstly, the non-perturbative behaviour of gauge fields
opens a fundamental window for understanding the
microstructures of spacetime. The topological structures
arising in  Yang-Mills theory are critical for
understanding the effects of quantum gravitation on
vacuum states [19]. Such topological solutions,
especially instantons and monopoles, help us to
understand how the geometric structure of spacetime is
shaped at the quantum level [46]. In this context, our
findings reveal how the topological structures of
spacetime can be related to quantum field theories and
show how the fundamental mechanisms of quantum
gravitation work through these structures.

Topological invariants arising in gauge theories,
especially mathematical structures such as the Pontryagin
class, are fundamental tools for calculating the energetic



contributions of topological structures of spacetime.
These invariants play a critical role in describing
different topological classes of spacetime and emphasise
the importance of these structures in the context of
quantum gravitation [6]. Such topological invariants play
an important role in understanding the contributions of
microstructures of spacetime to vacuum energies, which
is of great importance for understanding the quantum
structure of spacetime, one of the fundamental problems
of quantum gravitation [42].

CONCLUSION AND DISCUSSION

The results obtained in this study analyse in depth the
effects of non-Abelian gauge theories on spacetime
structures and reveal how these effects coincide or
diverge with quantum gravitation theory. Compared to
existing theories, these findings are in general in
agreement with quantum gravitation theory, but also
show some important differences. In particular, the
effects of the non-perturbative properties of gauge fields
on the topological structures of spacetime exhibit a more
complex structure than predicted by existing theories
[15]. This is especially important for understanding how
gauge fields play a role in the microstructures of
spacetime through topological invariants [26]. While
existing theories usually deal with the effects of gauge
fields on spacetime through perturbative approaches, the
findings of this study show that non-perturbative effects
should also be taken into account. This suggests the need
to re-evaluate the current state of theoretical physics and
to deepen the understanding in these areas.

The theoretical contributions of this work provide
important clues towards the development of the quantum
theory of gravitation. In particular, the in-depth study of
the effects of the dynamics of gauge fields on the
topological and geometrical structures of spacetime
offers new perspectives in efforts to unify quantum field
theory and general relativity [45]. The role of topological
invariants in gauge theories is critical to understanding
the quantum structure of spacetime. These invariants
determine the energetic contributions of the
microstructures of spacetime and show how these
contributions are involved in quantum theories of
gravitation [20]. In terms of practical contributions, these
findings may allow the development of new methods for
experimental testing of quantum gravitation theories. In
particular, the effects of gauge fields on the energetic
spectra of topological structures can provide a potential
basis for experimental observations [4]. This could be an
important step towards experimental verifiability of
qguantum gravitation theories and open new avenues for
understanding the correspondence of theoretical models
in the physical world.

However, this study also has some limitations. The
simulations were carried out within the framework of a
specific model and certain assumptions, and the
limitations of this model may limit the generalisability of
the results obtained. In particular, more extensive
simulations may be required to fully understand the
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behaviour of gauge fields in non-perturbative regimes
[22]. The mathematical methods used have a certain
degree of accuracy, which may affect the precision of the
results [11]. In addition, the theoretical emphasis of the
study raises the need for experimental testing of the
theoretical models. This study makes a limited
contribution to  such  experimental validation,
emphasising the need for future experimental work [8].
The focus of the study on topological structures and
gauge fields studied in a specific context may also lead
to the neglect of other potential effects. This limitation
may make it difficult to address quantum gravitation
theory in a more comprehensive manner. Therefore, it is
important that future studies address these limitations and
adopt a more comprehensive approach [26].

The findings of this study provide important implications
in the context of quantum gravitation theory by analysing
in depth the effects of non-Abelian gauge theories on
spacetime structures. Among the most important findings
of the research are the complex effects of the non-
perturbative properties of gauge fields on the topological
and geometric structures of spacetime. In particular, the
critical role played by gauge fields in the microstructures
of spacetime through topological invariants is largely
consistent with the current understanding of quantum
gravitational theory, but also offers some new
perspectives. These findings are important for
understanding the effects on the energetic spectra of the
topological structures of spacetime and how these
structures are involved in quantum gravitation theories
[45, 20]. The research has studied in depth the dynamical
effects of gauge fields on the microstructures of
spacetime and shown how these structures are modelled
in the context of quantum gravitation theory.

Based on these findings, several important research areas
stand out for future studies. Firstly, the study of the non-
perturbative dynamics of gauge fields with more
extensive simulations can contribute to a deeper
understanding of this field. In particular, a more detailed
investigation of different topological structures and their
energetic contributions in the context of quantum
gravitation can help to improve existing theories [15].
These studies may open new avenues for experimental
testing of quantum gravitation theory and provide an
important basis for understanding the correspondence of
these theories in the physical world. Furthermore, new
experimental approaches to the experimental verifiability
of quantum gravitation theory can be developed by
studying the effects of gauge fields on topological
structures [4].

In addition, future research may adopt a more
comprehensive approach by addressing the limitations of
this study. In particular, different gauge groups and their
effects on spacetime structures can be analysed in a wider
range. Such studies can contribute to the general structure
of quantum gravitation theory and provide a more
comprehensive understanding of this theory [22]. In
addition, new theoretical models and simulations in this
field can also contribute to the efforts to unify quantum
field theory and general relativity. In this direction, it is



necessary to develop more advanced mathematical and
physical tools to understand how the quantum structure
of spacetime is shaped and to make experimental
observations on these structures [11].
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ABSTRACT

The Wijsman convergence is a type of convergence for sequences of closed sets in metric spaces, utilizing the distance
from a point to a set. This study introduces a new sequence space by defining a summability concept for sequences of
closed sets in the Wijsman sense, using sequences of Orlicz functions. Various inclusion theorems related to the space
of Wijsman statistically convergent sequences of sets have been presented, considering different parameters used in
the definition of this set sequence space. Additionally, in the obtained results, a concept of density has been employed
using weight functions instead of asymptotic density.

Keywords: Density, Orlicz function, Statistical convergence, Wijsman convergence

Orlicz Fonksiyon Dizileri ile Wijsman Toplanabilirlik
0z
Wijsman yakinsamasi, metrik uzaylarda kapali kiime dizileri i¢in bir yakinsama tiiriidiir ve bir noktanin bir kiimeye
olan uzakligim1 kullanir. Bu ¢aligmada, Orlicz fonksiyonlarinin dizileri kullanilarak, Wijsman anlaminda kapali
kiimeler dizileri igin bir toplanabilirlik kavrami tanimlanarak yeni bir dizi uzay1 6nerilmistir. Bu kiime dizileri uzaymin
tanimlanmasinda kullanilan parametrelerin farklilasmasi durumunda veya Wijsman istatistiksel yakinsak kiime

dizilerinin uzayiyla iliskili gesitli kapsama teoremleri sunulmustur. Ayrica, elde edilen sonuclarda, asimptotik
yogunluk yerine agirlik fonksiyonlar1 kullanilarak elde edilen bir yogunluk kavrami kullanilmastir.

Anahtar Kelimeler: Yogunluk, Orlicz fonksiyonu, Istatistiksel yakinsaklik, Wijsman yakinsaklik

INTRODUCTION many generalizations (see [5], [6], [7, 8], [9], [10], [11],

[12])

Aral et al. [13] defined Wijsman p —statistical
convergence and Wijsman strongly p —summable
sequences of sets in a metric space using a density
function different from the natural density function.
Additionally, they defined a sequence space consisting of
sequences of sets by utilizing Orlicz functions.

The primary motivation for our work has been [13].
Instead of using a single Orlicz function as defined in
[13], we consider a sequence of Orlicz functions to obtain
generalized similar results.

The concept of convergence is a critical tool used in
various areas of mathematics. Many properties of given
space can be expressed in terms of sequences that either
converge or do not converge. Different types of
convergence are defined based on the elements that
constitute sequences or nets, or according to the
underlying mathematical structure. Comparisons can
also be made between different types of convergence
defined within the same structure, and they can be
considered together.

One such type of convergence is the Wijsman
convergence, which is defined using the distance of a
point from a set with respect to a metric function. This
form of convergence was initially defined by R.A.
Wijsman and applied to sequences of convex subsets in
Euclidean spaces ([1,2]). Subsequently, various
generalizations of this type of convergence, its
application to different mathematical structures, and

MATERIAL and METHOD

Let (E, d) be a metric space and U be non empty closed
subsets of E. The distance of an element p € E to U is
defined as follows:

d(p,U) = inf{d(p,a):a € U}.

comparisons with other types of convergence have been
explored (see [3]).

Nuray and Rhoades were the first to examine Wijsman
convergence alongside statistical convergence [4]. Later,
it has been addressed from multiple perspectives with

For simplicity, for a metric space (E, d), the family of all
closed subsets will be denoted by cl(P(E)).

Definition 2.1 [1] Let (E, d) be a metric space, {Uy} c
cl(P(E) and U € cl(P(E)). Then, {Uy} is said to be
Wijsman convergent to U provided that
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limd(p, U) = d(p,U)
holds for all p € E.
In recent times, one of the most intensively studied types
of convergence is statistical convergence, first defined by
Fast [14] and Steinhaus [15]. Preliminary works in this
area include those by Schoenberg [16], Salat [17], Fridy
[18], and Connor [19]. Over time, the concept of
statistical convergence has been generalized in various
perspectives and mathematical structures (see [20], [21]
[22], [23]).
Statistical convergence is based on the density of sets,
and the natural density of a set G € N is defined by the
limit (if exists)

1
lim —|{k < n:k € G}|
n-oo N

where |{k < n:k € G}| denotes the number of elements
of G that are less than or equal to n (see [18]).

The concept of Wijsman convergence was subsequently
generalized in the context of statistical convergence by
Nuray and Rhoades [4]. The natural (asymptotic) density
function, which forms the basis of statistical
convergence, is defined as follows:

Definition 2.2 [4] Given (Uy) c cl(P(E) and U €
cl(P(E)), the sequence (Uy) is called Wijsman statistical
convergent to U if, for e > 0 and for every p € E,

1
lim Hlk < n:|d(p,Uy) —d(p,U)| = ¢ = 0.

n—oo

Subsequently, it has been generalized using various
mathematical tools. One such generalization is provided
by Aral et al. [13], who employed a different density
function. For this density function, a non-decreasing
sequence p = (p,) of positive reals numbers is used such
that

pn — o, limsup 22 < 00, Ap, = pyuyy — P Apy =

n—-oo
0(1), (2.1)
foreveryn € Z*.

Definition 2.3 [13] Let (E, d) be a metric space and a €
(0,1]. It is called that the sequence (Uy) < cl(P(E)) is
Wijsman p-statistical convergent to U € cI(P(E)) of
order a (or WSg-convergent to U) if for every e > 0 and
p €EE,

1
lim Flk < n:|d(p,Uy) —d(p,U)| = ¢| = 0.
n—oo n
where p = (py) is defined as in (2.1).

Furthermore, in [13], a new class of sequences of sets is
defined as follows, using an Orlicz function @: [0, o) —
[0,00) such that & is non-decreasing, convex and
continuous, ®(0) = 0 and ®(p) — co asp — oo.

Definition 2.4 [13] Let (E, d) be a metric space, @ be an
Orlicz function, g = (qx) € R*, a € (0,1] and p = (py,)
be a sequence such as in (2.1). Then, for A > 0,

(wg, [@, (@]) = {{Ui} € cI(P(E)):

1\ ld(p, Uy) — d(p, D)\ ]*
p—z[q’( X )] -

for some U and for p € E}

A sequence M = (®dy) of Orlicz functions is known as a
Musielak-Orlicz  function, and we represent the
collection of all Orlicz functions by 0.

RESULTS

In the literature, numerous generalizations of the natural
density concept exist. One such modification, proposed
by Balcerzak et al. in [24], introduces the notion of a
weight function. A function g: N — [0, ) is termed a
weight function if it meets the criteria lim,_,,g(n) = o

and lim,_, % # 0. The notation G stands for the set of

all such kind functions.
Let g € G and consider a subset G € N*. In [24], the
density of G with respect to the weight function g,
referred to as the g-weighted density, is given by the limit
1
o <.
rlll_p; o) [{k < n:k € G},

whenever it exists.
For sets G, F c N, the following properties are observed:
the density 8,(G) is zero for finite sets G; if §,(G) exists
forg € G, then §,(N\G) = 65(N) — 64(G); and if G < F,
then 8,(G) < 8,4(F) holds.
In the subsequent results, £% (R) will be used as the set
of bounded sequences consisting of strictly positive real
numbers. Suppose that q = (qx) € #%(R) suchthat 0 <
qx < supk{qx} = H < o, and K = max{1,2%71}. For
the real sequences (ci) and (dy), the following inequality
will be utilized in proofs:

e + die| T < K(Jeg | T + [dy [T (3.1)
and

|e | < max{1, |a|"}

forall a € R.

Definition 3.1 Let (E, d) be a metric space and g € G.
The sequence (Uy) c cl(P(E)) is Wijsman g-statistical
convergent (shortly WS,-convergent) to a closed set U €
cl(P(E)) if, for every p € E and for every € > 0,
1

lim —— |k < n:|d(p, Uy) —d(p,U)| = ¢| = 0.

“ggg(n%clg < n:|d(p,Ui) —d(p,U)| = ¢
We use Uy —3 U to indicate this convergence, and we
denote the set of all sequences of closed sets that are
Wijsman g-statistically convergent by WS,,.

Remark 3.2 Let a € (0,1] and let p = (p,) be a
sequence that satisfies the conditions in (2.1).
Specifically, for g(n) = py, Definition 3.1 coincides
with Definition 1 in [13], and WS, corresponds to
WSy Thus, Definition 3.1 generalizes the definitions in
[12] and [4] (see [13]).

Consequently, given Definition 3.1 with the g-density
function, results analogous to those in [13] can be easily
obtained. However, this study focuses on the Wijsman
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summability of sequences of closed sets using g-density
functions and sequences of Orlicz functions.

Definition 3.3 Let (E, d) denote a metric space. Consider
M = (®y) as a sequence of Orlicz functions, q =
(qx) © R*, and g € G. We say that a sequence {U,} of
closed subsets of E is Wijsman (M, g, q)-summable to a
closed set U c E if there exists a A € R* such that for
every p € E, following equality holds:
ak
)| =o

_%%5;22 0, (1.0 40,0

A
. W]v[ .
We denote this by U, — U. The collection of all
sequences {Uy} of closed subsets of E that are Wijsman
(M, g, q)-summable to some closed subset U is denoted
by W, [M, q]. Formally,

wg[M' ql = {

lim

n—-oo

whd
{Ux} € P(E)|Uy — U for some U

€ cl(P(E))}.

Remark 3.4 Let a € (0,1] and let p=(p,) be a
sequence that satisfies the conditions in (2.1).
Specifically, for g(n) =p% and M = (dy) being a
constant sequence, Definition 3.3 coincides with
Definition 3 introduced in [13], and W,[M,q]
corresponds to W' [®, (q)].

Theorem 3.5 Let M = (®) € O and q = (qix) be a
sequence in R* such that ]i(glg{qk}>0. If {Us}e€

Wg'q
W,[M, q] and U, —> U, then U € cI(P(E)) is unique.

wed wed
Proof. Let us assume that Uy —= U, and Uy —5 U,,
where U;, U, € cl(P(X)). Hence, there exist positive real
numbers A; and A, such that

i B o (St (o)
and

r{m$2£=1 [CDk (Id(P.Uk);d(P,Uz)I)]qk = 0. (3.3)
Let A = max{A;, A5}, 0 <h=inf{qy} < qx <

sup{qx} = H, and K = max{1, 2F~*}. For every k € N,
@, is a non-decreasing and convex, by (3.1), we obtain
the following inequalities:

)|

0< [CD1 (|d(P' Uy) —d(p, Up)|
|d(p,U;) —d(p, Uz)l)]qk

SZ[(D“( A

102

|d(p, Uy) — d(p, Up)|

)

(o
d(p, Up) — d(p, U,
+[¢k(l (p k)}\2 (p, Up)|
ld(p, Uy) — d(p, U1)I>]q“ N

e [ou N

|d(p, Ux) — d(p, Up)|
A2
Thus, using the inequalities in (3.2) and (3.3), and taking
the limit as n — oo, we have
[¢<M@ﬂﬂ—d@ﬂﬁ5r_o
1 A - Y
for every p € E. This implies that U; = U,.

dk

)

n

<K, o

Theorem 3.6 Let (E,d) be a metric space, q = (qy) €
25 (R) such that 0 < h = inf{qy} < qx < supy{qx} =
H < o0, g€ G and M = (Py) be a sequence of Orlicz
functions such that li(rngI(CI)k(t)) > 0 forevery t € (0, o).

Then,
W, [M,q] € WS,

Proof. Suppose that {Uy} € W,[M,q] and £ > 0. For
every n € N, it holds that
)]qk

1 % d(p, Uy) — d(p, U)]
mz [ (
d(p, Uy) — d(p, U)|

A
n
2. 2

=1
.U —dpV)lze

¥

)

1 Y d(p, U.) — d(p, U)]\1%
z [ (I (p, Ux) — d(p, )I)]
+— (o}
g(n) — A
|d(p,Up)—d(p,U)|<e
> 1 zn: [ (|d(P' Uy) —d(p, U)|)]qk
> o
g &~ A
|d(p,Uy)—d(p,U)|ze
1 d qk
3
= — Z P, (=
g(n) o [ k(x)]
|d(p,U)—d(p,U)|ze
1 - g h e H
2 —— Z min{( infd, (=) ] ,(infd, (=
oy () (o)) |
|d(p,U)-d(p,U)|ze
> I{k < n:|d(p, Uy) — d(p,U)| = }| . A
= S ) - ) > e}
g(n) P Vi) — dlp

where A = min {(infCDk G))h ) (infCDk G))H} Thus, it

can be seen that
1 n qk
lim _)w—z [CD ( )] =0
" g(n) Luk=1 k

implies that

|d(p, Ui) — d(p, U)|
A




lim —= |{k < n:]d(p, U) — d(p, U)| = &} = 0.

In other words, {Uy} € WS,,.

Theorem 3.7 Let (E,d) be a metric space, q = (qx) €
24 (R) such that 0 < h = inf{qy} < qx < sup{qx} =
H < 0o, M = (®dy) be a bounded sequence of Orlicz
functionsand g € G . Then,

WS, € W[ M, q].

Proof. Suppose that {U,} € WS, and £ > 0. Since {Uy}
is bounded, there exists C € R* such that |d(p, Uy) —

d(p,U)| < Cforevery n € N. In that case, for any € > 0,
the following inequalities hold:

?1@ kzl [ ¢k(|d(p,uk);d(p, U)I)]q“

- L Zn: [‘Pk (Id(p, U —d(p, U)|)]qk
g(n)

4 A
|d(p,Uy)—d(p,U)|ze

o
D)

[d(pU)—d(pU)]<e
n
<1 z B
gm) &
|d(p.Uy)-d(p,U)|z¢
€\19k
+— @y (=
g(n) L [ k()\)]
| [dovdEise
< Bﬁl{k < n:|d(p,Uy) — d(p,U)| = &}

+ ?r;) max {(sup‘bk (;))h ’ (Sur@k (;)>H}

where 0 < h = inf{qy} < qx < sup{qy} = H < o and

b = max{ (supoc (£)) (supe (5)) |

It follows that {Uy} € W,[M, q].

[¢k (Id(p. Uk); d(p, U)I)]‘“‘

1

NgE

~

Theorem 3.8 Let (E,d) be a metric space, q = (qx) €
2L (R), M = (dy) be a bounded sequence of Orlicz
functions and g,h € G. The following assertions are
valid:

1. Assume there is a positive constant L and k, € N such

that% < L holds for all n = k. In that case,
WelM,q] € W[ M, q].

2. Assume there is a positive constant 1 and k, € N such

that1 < % holds for all n > k. In that case,

WhM,q] € We[M,q].

3. Assume there are positive constants 1, L. > 0 and k, €

N such thatl < % < L holds for all n > k. In that case,

We[M, q] = Wy [M, q].

Proof. Suppose that {U, } € W,[M, q]. Then, there exists
aclosed set U c E and A > 0 such that, for p € E,

by o (S0 SO

By hypothesis, there exists a number L > 0 and k, € N
such that % < L holds for all n > k. Hence, we derive
the following inequlity:

1 % ld(p, Uy) — d(p, W)[\]%
r s ()

< L$ o [ka (|d(p,uk)l—d<p.U)|)]qk

(3.4)

Thus, by taking limitas n — oo, the equality (3.4) implies
that {Uy} € W4,[M, q]. The proof of (ii) is similar and
(iii) is a consequence of (i) and (ii).

Theorem 3.9 Let M = (&) € 0. If q=(qx) and r =
(r) are two sequences in R* such that 0 < q <1y <
oo for each k € N, then

W[ M, q] € W[ M, 1].

Proof. For {Uy} € W,[M, q], there exists a A € R* such
that the following equality

g I (1o

<o, [ (oo

holds for every n € N. It then follows that {U,} €
Wy [ M, 1].

If we take the sequence q = (qy) as a constant one
sequence, then W,[M, q] will be denoted by W, [M].

Corollary 3.10 Let M = (dy) €0, q=(qx) be a
sequence in R*, and g € G. Then,
1. If,foreachk € N, 0 < qx < 1then
W,[M,q] € W[ M].
2. If, foreachk € N, q = 1 then
Wg[M] c Wg[M, q]-

Theorem 3.11 Let M = (&) € 0,T = (Q) €0, g €
G and q = (qx) < R*. If the inequality ®, < Q, holds
for every k € N, then

WelT,a]l € Weg[M, q]
holds.

Proof. Suppose that {Uy} € W,[T,q]. The desired

inclusion is readily apparent from the following
inequality:

kz [ o (|d(p, Uk); d(p, U)I)]qk

n

<3 etz

k=1
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Remark 3.12 Any two Orlicz functions &, and &, are
said to be equivalent if there are positive constants o and
B, and p, such that @, (ap) < @,(p) < @, (Bp) forall p
with 0 < p < p,. In this instance, we derive the
following result by utilizing Theorem 3.11.

Corollary 3.13Let M = (&) € 0,7 = (Q) € 0,q €
G and q = (qi) < R*. If &, and Qy are equivalent for
every k € N, then

Wg[T: ql = Wg[M: ql.

Theorem 3.14 Let M = (&) € 0, T =(Q) <€ 0,q €
G and q = (qi) < R*. Then, the following statements
are hold:

1 W[T,ql N W, [M,q] € Wy[M +T,q].

2. WM +T,q] S W,[T,q] UW,[M,q].

Proof. (i) Let us assume that {Uy} € W,[7,q] N
We[M, q]. Then, there exist U € cI(P(E)) and positive
real numbers A; and A, such that

i1 yn [d@UR-deW\]% _
rl,glgo g(n) Lic=n [Qk( A )] =0 (3.5)
and

i1 yn [dUR-d@EWI\]% _
rl,glgo g(n) Lic=n [ch ( A )] =0 (3.6)

If we choose A = max{A;,A,}, 0 < gy < supyqy = H,
and K = max{1, 2871}, by using (3.1), we obtain the

following inequality:
n

Z [cbk (Id(p. U;) ; d(p, U2)|)]qk

k=1

23 et S

N [ &, (Id(p. Uy) — d(p, Uz)l>]‘“‘)

A
o3 sy

M

A,
Consequently, using the inequalities in (3.5) and (3.6), it
follows that {Uy} € W,[T + M, q].
On the other hand, for each t € R, since @ (t), Qi () <
(D + Q) (), it follows from Theorem 3.11 that the
inclusion stated in (ii) is satisfied.

CONCLUSION

In the presented study, Wijsman statistical convergence
and Wijsman summability of sequences of closed sets in
metric spaces are defined using Orlicz function
sequences. The definitions involve the use of a weighted
density function, which is a generalized form of the
natural density function. Inclusion theorems related to the
sequence spaces obtained from these definitions have
been established. Future research on this topic could
explore similar results by differentiating density
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functions or using lacunary sequences. Additionally, the
structural properties of these sequence spaces could be
examined.
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ABSTRACT

This study is devoted to a few qualitative behaviors of solutions of continuous-time systems of DDEs. Here, certain
the continuous-time delay unperturbed and perturbed systems of DDEs are considered, respectively. The qualitative
behaviors of solutions of the considered equations are studied based on the L-K-F approach. Firstly, an L-K-F is
defined, and then by aid of this L-K-F, three new theorems, Theorems 1-3, which have improved and adequate
conditions for asymptotic stability (AS), integrability and bounded solutions, are proved. Two specific examples are
also offered, which illustrate the efficiency of the L-K-F approach. The new results of this study are also more general
than that obtained in the past literature.

Keywords: System, Delay differential equations, Asymptotic stability, Integrability, Boundedness, Lyapunov-
Krasovskii functional approach

Degisken Gecikmeli Diferansiyel Sistemlerin Niteliksel Davranislar icin Gelistirilmis Yeni
Sartlar

0z

Bu makalede, birinci mertebeden gecikmeli diferansiyel denklemlerin siirekli zaman sistemlerinin ¢éziimlerinin bazi
niteliksel analizleri ele alinmaktadir. Burada belli formda siirekli zaman gecikmeli pertiirbe ve pertiirbe olmayan
diferansiyel denklemler sistemleri sirastyla goz 6niine alinmaktadir. Bu sistemlerin ¢éziimlerinin asimptotik kararlilik,
integrallenebilirlik ve smirlilik davraniglar1 Lyapunov-Krasovskii fonksiyonel metodu yardimiyla incelenmektedir.
Elden edilen sonuglarin uygulanabilirligini gostermek igin iki 6rnek verilmistir. Verilen yeni sonuglar, ge¢mis
literatiirde elde edilmis sonu¢lardan daha genel niteliktedir.

Anahtar Kelimeler: Sistem, Gecikmeli diferansiyel denklemler, Asimptotik kararlilik, Integrallenebilirlik, Sinirlilik,
Lyapunov-Krasovskii fonksiyonel yaklagimi

INTRODUCTION

As it is known, in many applied science fields, including
engineering, medicine, economics, artificial neural
networks, control theory, mechanics, electricity and
more, differential equations  correspond to  the
mathematical models denoting of various problems in
that areas. A significant type of these differential
equations is known as delay differential equations
(DDEs). Stability problems of solutions of that kind
equations in the Lyapunov sense have a significance
place in applications. However, in generally solving
DDEs explicitly is a very hard task, indeed sometimes it
is impossible to find explicit solutions except
numerically.  Across that kind of difficulties, the
Lyapunov-Krasovskii functional (L-K-F) method allows
to get information regarding the stability and a few other

behaviors of solutions without any prior knowledge of
solutions depending upon DDEs under study.

Thereby, based on the data from the present literature, it
can be seen that functional differential equations (FDES),
in particular, DDEs of first and second order, have widely
applications across a range of fields of sciences,
medicine, engineering and so on. In these researches
fields and some related ones, most of real problems can
be modeled mathematically as FDEs, in particular cases,
as first and second order DDEs, see, for examples,
(Arinoetal. [1], Azbelev etal. [2], Burton [3], Hale and
Verduyn Lunel [9], Kolmanovskii and  Myshkis
([10],[21]], Kolmanovskii and Nosov [12], KrasovskKii
[13], Kuang [14], Lakshmikantham et al. [15], Slyn’ko
and Tung [20], Smith [21]). Indeed, to reach analytical
solutions of nonlinear DDEs explicitly is a hard task.
However, from the past up to now, there have been done
intensively works regarding the research of the behaviors
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of solutions of DDEs without finding solutions. The L-
K-F approach is one of very effective methods to discuss
the qualitative behaviors of solutions of FDEs without
needing to find their explicitly solutions.
In the recent literature, the AS of the below systems of
DDEs and their modified forms were investigated by
many researchers (in particular, see, Chuan-Ke et al.( [4],
[5]), Ge etal. [7], Leeetal. [16], Lietal. ([17], [18]).
Seuret and Gouaisbaut [19], Tian and Ren [20] and
Wang et al. [35]) considered DDEs as follows:
a(t) = Aw(t) + Ba(t — h(t)) 1)

and
o(t) = Ao(t) + Ajo(t-d(t))
depending upon the initial function

o(t) = ¢(t), te[-h,,0],

where @(t) is the system state, and h(t) and d(t)are

the time-varying retardations, and they also have lower
and upper constant bounds. The proper reason to study
these DDEs intensively may be their effective roles in
applications of engineering.

In Chuan-Ke et al. ([4], [5]), Ge et al. ([6], [7]), Lee et al.
[16], Lietal. ([17], [18]), Seuretand Gouaisbaut [19],
Tian and Ren [20], Wang et al. [35], Wu and He [36],
and Zevin [37], suitable L-K-Fs were defined to discuss
the AS of the systems of DDEs (1), (2) and their modified
forms. Based on the defined L-K-Fs, some interesting
results that have sufficient conditions on the AS of the
systems of DDEs (1), (2) and their modified forms were
proved. In that works, it was also determined various
different upper bounds for the constant and variable
delays related to the considered FDEs. Indeed,
additionally, in the papers (SIny’ko and Tung, [20],
Tung ([23],[24],[25]), [26], [27], Tun¢ and Tung
([28],[29],[30],[31]), it can also be found some
interesting and recent results on the various qualitative
features of different classes of various FDEs. This
paper's inspiration came from recent publications of
Chuan-Ke et al. ([4], [5]), Ge etal. [7], Leeetal.[16], Li
et al. [17], Lietal. [18], Seuret and Gouaisbaut [19],
Tian and Ren [22], Wang et al. [35] and that in the
references of this study. In this study, we will think
about the subsequent system of DDEs consisting of the
time-varying retardation:

O]

X(t) = —AM)F (x(1)) - G(X (1)) + CH (x(t —d (1))
+Q(t, x(t), x(t —d (1)), ®3)
xell" tel", 07 =[0,),
de Cl(D +,(0,OO)) is the time-varying retardation,
andAEC(DJr,ann), CEDM,
Hec@ 0", F(0)=G(0)=H(0)=0
QeC( " x0"xI",I"). 1tis also supposed that

where

F! G,

and

4)

We now provide a brief overview of this paper’s purpose.

0
1 )We will study the system of DDEs (3) by three
results, when Q(...) =0 and Q(...) # 0. Tosearch

these problems, we define an alternative auxiliary
functional, i.e., an L-K-F, which is different from that
in Chuan-Ke et al. ([4], [5]), Ge etal. [7], Leeetal. [16],
Lietal. [17], Lietal. [18], Seuretand Gouaisbaut [19],
Tian and Ren [22] and Wang et al. [35]).

20) Firstly, we will study the AS and subsequently the

integrable solutions of the following unmodified system
of DDEs by Theorems 1, 2, respectively:

X(t) = —AM)F (x(1)) - G(X (1))

+CH (x(t — d (1))). (5)

The results to be given here are new and original.

0
3 ) Secondly, we will search conditions for the

bounded solutions of the modified system (3), i.e. when
Q(...) = 0, see, Theorem 3. This result is also new and

original.

0
4 ) In particular cases of the systems of DDEs (3) and

(5), new examples will be given to justify the
applications of Theorems 1-3.

PRELIMINARIES
We take into account the below system:

B _2,%),

6
m (6)

where Z€C(RxC,,R"), z(t,00=0, and it
converts bounded sets into bounded sets. Suppose that
for some 7 >0, Co = CO([—T,O], [ n) is the space

the functions ¢5 [—T, 0] — [ n, which are continuous
Let XeCy([t,—7.t,+a], [ "), where a>0,
acR, %X =X(+0) for -z <6<0 and t 21,

Let ZEDn- The norm ”” is described by

n

”Z” = ;|Z,| Next, assume that U €™, Then, ”U ”

n
is described by ||U || = FE%LEM |]
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Throughout this study, let x(t) denote X.

For any ¢ € Co, assume that
ol = 5w [écoNl [,

and
C, ={¢:¢4<C, and ||¢||CO <H <o}

It is also assumed that the functional Z has the
conditions of the uniqueness of solutions of (6). We note
that the systems (1), (2), (3) and (5) are particular cases

of the Let KJ=[t0—T,t0] and
X(t) = x(t,t,,#) be a solution of (6),

system  (6).

where

¢EC(§O,D“), i.e., it is an initial function, and

X0 =9(0). vep.

Let
II(t,¢):0 " xC, »0*

be a continuous L-K-F  for its arguments and

T1(t,0) = 0. Additionally, let %H(t,xt)represent

the derivative of this L-K-F along the system (6) on the
right.

STABILITY AND INTEGRABILITY
PROPERTIES

We take Q(.) = Q(t, x(t), x(t —d(t))) =0 in DDEs
(3). Let’s consider the system of DDEs (5). We now
establish generalizations and improve some results
mentioned above under new and more suitable
conditions. Our results will be confirmed by the L-K-F
approach. The first new result, Theorem 1, studies the
asymptotic stability.

Theorem 1. Assume that

(Cy 3 > 0, dy from (C1), is such that
Zn: |aii (t)|_aii(t) <-4, forall tell i
j=1, j=i

(C2) fo >0, g, >0, ho >0 and Py >0 are real
constants such that

F(0)=0, [F()| = o[,
G(0)=0, [|G(X)]= go|¥].
H(0)=0, [HX)|<h x|, vxel",

(8, fo +9,)A-dy) —hy ”C” 2 Py

where the constant do >0 s from (4). Then, trivial

solution of (5) is asymptotically stable.

Proof. Let T1, =TI, (t,X ) bean L-K-F given by
t

Mt x) =[x +o [ [HxE)[ds, @

t-d(t)

inwhich v e 1, v>0.In fact, the constant U is

arbitrary and it will be chosen in the proof, after a few
steps.
The L-K-F (7) is converted to the subsequent form:

M) = Yk O +0d) | s

i=1 i=L t-h(t)
Based on the information above, it is derived from the
L-k-F TI(t,X) that
I1(t,0) =0,
TI(t, %) = > % (O] =||x()]|-
i=1

Considering the auxiliary functional H(t, X[) in (7) and
employing (3), we find

1) = XX Oson(x(E+0))
roHOW)
Da-dOHKE-dO)] @

As for the next step, by virtue of the first term of (8),
conditions (C1), (C2) and elementary calculations,

we get:
Zn:sgn X (t+0)x/(t)
3]

—leen|+[c| [H e -d |
<=3 fo[x(®)] - 9o [V

+[C|| [H (xt-d()))].

Zn: |aji(t)|_aii(t)J|Fi(X(t))|

j=1 j=i
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Substituting the result of the inequality above into (8) and
using the conditions (C1), (C2)and

0<d’(t) <dy <1, we derive:

ST X) = - 3 f [x@)] - golx(V)]
+C] R exte-d )]
+oH ()|
~o(l—d)|H(xt-d @)

Choosing o, as U=(1—d0)_1||C||, we get

%H(t, x) <—[a, f, + g, ]| x|

+{L-dy) " h[C| JH )]

<—[afo + 90— W=do) R [[C[JxV)
== (1_ do)_1

x[ (3, Ty + 95) A~ dy) = hy[[C|[][x(V)]

Using the condition (C2), we reach that

d 1
SIEx) <= A=d)) " s [x(®)] <. )

Thus, dir[(t, X, ) is negative definite. Hence, the proof
t

of the result of the AS is finished, (see, [5]).
The second new result, Theorem 2, studies integrability
of solutions.

Theorem 2. Let conditions (C1) and (C2) be fulfilled.
Then, the solutions of (5) satisfy

[Ix@lds <1 <<,
f

where | = (1-d,),'TI, >0, and
-1
(1-dy)py Ty ell.
Proof. Take into account the L-K-F TI(t, Xt)' Next,
according to the conditions (C1) and (C2), itis obvious

%H(t, X)<— (1—dy)" p, [x(®)] <O.

that
The inequality above confirms that the L-K-F H(t, X )

is decreasing.
Subsequently, integrating the above inequality, we get:

[Ix(s)]|@—do)™ pyds < TT(t,, #(t,)).

f

t>t,>0.
Let T(t,, #(t,)) = I1, >0, Ho ell.
Based on tthe above results, we have
[Ix()]ds < @—d,) 51T,
Let t —>t0+OO.Then,
[Ix(s)|ds < (L—dy) p,"TT, < .
)

Because of this reason, the solutions of (5) are integrable.
It should be noted that here integarbility is taken in

meaning of Lebesgue on [ *.Thereby, Theorem 2’s
proof was completed.

Example 1. We take into account to the beneath two
dimensional system of DDEs with a variable delay:

[X;J__ 25+(1+t)"  —(1+t)"
X, —(1+t)_1 25+(1+t)_l
x|
+
x[2|X1|+XfJ_ g 1+exp(x;)
2|%,| + % x|+ |%,|
1+exp(x?)

3 1) % (t— 1 arctgt)
T
+ (1 3} , (120)

X, (t— 1 arctgt)
V4

where  d(t) ziarctgt is the delay function and
V4

t>2"
As the next step, from the comparison of the systems of
DDEs (10) and DDEs (5), we find the following

relations:
AL = (25+ A+t @+t j
(L+t)™ 25+ (@1+t)"

—a, (t)+ Z la; () =—25 < —24 = -3,

j=1j=#

thanks to
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ail(t)+|a21(t)|
o os- 1 Y o5 o4-_a,
1+t 1+t

2, (t) +|a, (1))

1t1t

2 X
F(X)=F(x,%)= . | F( =0,
2|%, |+ x

2

2+

2|%,|+x;
= 20X+ X+ 2[x, |+ %3
>2|x], f, =2;

[FOall=[F (0, %)] =

1%
1+exp(x’)

ol s
2 1+ exp(x?)

||+
G(X) =G(x, %) =

[0l =0, %,)] =

H (% (£), %, (1)) {Xl“)j, H(©) =0,

X, (t)
[HOO = [H 0 (0,1, 0)] = H h0) H

= ]+ =[x, b =L
d(t) =iarctgt,
T

0<d(t) =iarctgt < ;
0<d()=—r<tog <1
r(l+t?) x

(8 fo +9)A-dy) -y "C”
=(48+2)(1-7")-4=46-507">0.
According to the results above, the conditions (C1) and

(C2) of the two proved results, i.e., Theorem 1 and
Theorem 2, have been satisfied. Thanks to this fact, the

solution (X1 (t), X, (t)) = (0,0) of  (10) is

asymptotically stable, additionally, the solutions are
integrable depending upon their norm.

BOUNDEDNESS

The third new result, Theorem 3, studies boundedness of
solutions.

As for the bounded solutions of the system (3), we need

the following conditions, which are modified forms of
conditions in (C2):

(€3) F(0)=0, [F(x)]|> fo[x],

G(0) =0, |G = go[X].

H(©0) =0, [HX)|<h x|, vxel™,
[Qct, x(¥), x(t - d )] <[a, )] [x(®)]

and

[(ao 1:0 + go)(l_do) - ho ||C||_(1_do)|qo (t)[l >0
VteR", VX, x(t-d(t) el ",

where the constants do >0 is from 4), 4, is from
cy, f,>0,9,>0, hy>0, p, >0 are from
(C2), respectively, and 0, € C(U,[1).

Theorem 3. Let the conditions (C1) and (C3)be
fulfilled. Then the solutions of (3) are bounded.

Proof . Like the same as before, the L-K-F H(t, Xt) is
the main tool here for the proof. The conditions (C1)and
(C3) lead that

d
—TII(t, <
p (t,x)
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- (1_ do)il[(ao fo + go)(l_ do) - hO ”C”:I x ”X(t)”

1
x, (t ——arctgt)
et x(t), x(t—d ®)))] {3 1) -

13 X, (t —iarct t)
<= (-0, [ 2oy + 90)0-0,) -y Jol - ), (O ) T
. " o exp(t)sin x,
Hence, according to the condition (C3), it is evident 1
that 1+exp(2t) + X, (t — —arctgt)
+ 7 , (12
%H(t, x)<0. (11) exp(t)sin le
1+exp(2t) + X, (t — —arctgt)
Integrating, we obtain z
II(t, x,) <TI(t,, 4(t,)) =11, >0, I1, €J. where  d(t) = larctgt is time-varying retardation
By the virtue of (11) and the auxiliary functional and t> 21 d
TI(t, %), it follows that
¢ If we compare the systems (12) and (3), then it is
[x@)] < @-dy)*|C|| J |F (x(s))||ds + | xt)| evident that functions A(t), F, G, H and the matrix
t=d® C are the same as in Example 1. We do not need to
= TI(t, x,) < I(t,, #(t,)) =11, > 0. show the calculations related to these functions again.
Hence, we consider the subsequent function:
Thereby, in the subsequent, we have
1
t, x(t), x(t — —|arctan(t
||X(t)|| <, Q(t, x(t), x( ﬂ| O))
Next, it is obvious that exp(t)sin x,
1
4
Then, the boundedness of solutions of (3) is observed exp(t)sinx,
depending upon t — 400, Theorem 3’s proof was . 1
completed. 1+exp(2t) + x; (t - . arctgt)
Example 2. We have the following modified system:
Then,
(.t 1 1
| 4t 1+t Q(t,x(t), x(t - = |arctan(t))))
X 1o 1 7
1+t 1+t exp(t)sinx,
1
4
) 2|x1| +x! ) 1+exp(2t) + x; (t i arctgt)
2|%,|+ %; exp(t)sin x,
1
x|+ x| 1+exp(2t) + X (t — —arctgt)
— o= V4
1+exp(x’) 4 . .
x| < (L+exp(2t)) [ exp(t)[sin x,|+exp(t) [sin x, ]
X, .
e T exot) < exp(t) 1+ exp(20) [+ e ] = O]

where
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0, ()] = exp(t) (1+exp(20)) ", ] = x|+,

By the virtue of Example 1 and the discussion above, we
obtain

[ (8 fy +90)—dy) ~hy |C[| — (L~ dy) ], (V)]

exp(t)
1+exp(2t)

=46-507" - (1-77")=45-4977" > 0.

=(48+2)(1-72")-4-(1-7")

Thereby, the conditions (C1) and (C3) of Theorem 3
are satisfied. Therefore, we can reach that the solutions
of (12) are bounded depending upon T — co.

CONCLUSION

In this study, the unperturbed and perturbed systems of
DDEs (3) and (5) were considered. We proved there new
results, Theorems 1-3, on the behaviors of solutions of
the non-perturbed system (3) as well as the perturbed
system (5). These theorems, Theorems 1-3, include new
sufficient conditions. As the main tool in the proofs, a
Lyapunov- Krasovskii type functional was constructed
and used to prove Theorems 1-3. As for the applications
of the results of this study, two examples were given to
show applications of Theorems 1-3. The new outcomes
of this study have new contributions to the qualitative
theory of DDEs, and they extend and enhance a few
related results in the past literature.
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ABSTRACT

In this study, the effects of the production parameters used in injection molding of particle-reinforced thermoplastics
on the product quality and mechanical properties of the produced part are modeled using an optimized Genetic
Algorithm-Long Short-Term Memory (GA-LSTM) hybrid deep learning method. Here, LDPE, HDPE, and PP, the
most important members of the polyolefins group, were used as thermoplastics, while powdered synthetic paint wastes
were evaluated as reinforcement elements. Using different parameters, 819 specimens were produced by injection
molding, and mechanical tensile, three-point bending, and izod impact tests were performed on each specimen. The
GA-LSTM model was trained with the parameters used and the results obtained during the experimental process, and
the predicted values were determined to correspond to the actual values. Well-known methods were used to measure
the success of the hybrid GA-LSTM model. The designed GA-LSTM model produced the best outcomes, according
to the results attained.

Keywords: Deep Learning, Injection Molding, Machine Learning, Mechanical Properties, Thermoplastic

Sentetik Atik Takviyeli Poliolefinlerin Mekanik Ozelliklerinin GA-LSTM Hibrit Modeli ile
Tahmini

0z

Bu ¢alismada, pargacik takviyeli termoplastiklerin enjeksiyon kaliplamasinda kullanilan iiretim parametrelerinin iiriin
kalitesi ve tiretilen parcanin mekanik dzellikleri izerindeki etkileri optimize edilmis bir Genetik Algoritma-Uzun Kisa
Sureli Bellek (GA-LSTM) hibrit derin 6grenme yontemi kullanilarak modellenmistir. Burada termoplastik olarak
poliolefinler grubunun en dnemli {iyesi olan AYPE, YYPE ve PP kullanilirken takviye elemani olarak ise toz halde
sentetik boya atiklar1 kullanilmistir. Farkli parametreler kullanilarak enjeksiyon kaliplama yoluyla 819 numune
iiretilmis ve her numune tizerinde mekanik ¢ekme, iic nokta egme ve izod darbe testleri gerceklestirilmistir. GA-
LSTM modeli, kullanilan parametreler ve deneysel siire¢ boyunca elde edilen sonuglarla egitilmis ve tahmin edilen
degerlerin gergek degerlere kargilik geldigi belirlenmistir. Hibrit GA-LSTM modelinin basarisint 6lgmek i¢in iyi
bilinen yontemler kullanilmistir. Elde edilen sonuglara gore tasarlanan GA-LSTM modeli en iyi sonuglari {iretmistir.

Anahtar Kelimeler: Derin Ogrenme, Enjeksiyon Kaliplama, Mekanik Ozellikler, Makine Ogrenmesi, Termoplastik

INTRODUCTION

Polymers are materials we use in all areas of our daily
life because they are simple to produce, low cost, and
readily available. In particular, the use of polymer matrix
composites developed together with many different
reinforcing elements, in addition to their use alone, is
widespread [1, 2]. One of the most preferred types of
composite is thermoplastic matrix composites. Many
organic or inorganic reinforcement elements can be used
in these composites, as well as synthetic fillers [3-6].
Especially if the reinforcing element used is in the form
of particles, the injection molding method is preferred in

production. The injection molding method is a mass
production method, and the production parameters used
here are critical. Parameters such as temperature,
injection pressure, holding pressure, receiving pressure,
etc., belonging to the injection part of the injection
machine, and parameters such as mold temperature and
cooling time belonging to the mold part of the injection
machine significantly affect the part quality in
production. Knowing these parameters in advance will
enable the production to be carried out in series by saving
both material and energy without resorting to trial and
error at the beginning of the machine in case of changing
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the type of matrix and reinforcing element to be used in
production or changing the mixture ratios [7, 8].

Today, artificial intelligence methods have started to be
used to learn and predict these parameters. With the
emergence of the ease of application of these methods to
different fields with the developing technology, artificial
intelligence methods are used more easily and widely in
various production areas. Thus, the production
advantages it brings in production industries have
positively affected the sectors economically [9-10]. Due
to these important features, it plays an important role in
modeling production stages and estimating the optimum
values of various parameters (e.g. mechanical properties)
used in the production of various parts used in
manufacturing. For example, a database was created
based on the mechanical results, such as maximum
compressive/crushing force, maximum strain, and
modulus of elasticity of cylindrical section pipes
produced from carbon fibers used in textiles after
production. With this database, predictions with high
convergence accuracy were developed for pipes
containing different proportions of carbon fiber by using
methods such as artificial neural networks (ANN) based
feedforward backpropagation algorithm (FFBP) and
machine learning (ML) [11]. In addition, dog bones were
produced by plastic injection molding method using
high-density polyethylene, and studies were carried out
to increase the efficiency of the samples produced using
ANN and ML methods [12]. Similarly, the dimensional
stability of injection molded thermoplastics, such as
width and thickness, and mechanical properties, such as
Young's modulus, tensile stress, and elongation at break,
can be predicted using machine learning (ML) [13-15].
Ahmed et al. [16] used Random Forest (RF) and Gradient
Boosted Regression Tree (GBRT) algorithms to predict
the warpage of a PVC component obtained in the
injection molding process. The results achieved using the
absolute percentage metric show that the RF algorithm
performs better than the other algorithms. In order to
reduce the costs of plastic manufacturing companies
during injection molding, the correct parameter values
should be used. Schulze Struchtrup et al. [17] applied
various feature selection methods based on this idea.
Then they used ANN, Binary Decision Trees (bDT), k-
Nearest-Neighbors (KNN), Support-Vector Machines
(SVM), LSBoost, RF, and Gaussian Process Regression
(GPR) methods. Kiehas et al. [18] studied Charpy
fracture surface images and tried to reveal the
mechanisms that cause stress whitening. In this context,
they tried to understand the Ductile to Brittle Transition
Temperature (DBTT) based on fracture surface features.
They also trained a CNN model to predict the DBTT. Wu
et al. [19], offered an efficient machine learning-based
model instead of the old and time-consuming methods
used during the production of polymer materials. The
mechanical properties and polymorphic properties of the
models to be produced with this model were predicted by
RF, Extreme Gradient Boosting (XGBoost), Extreme
Tree (ET), and Gradient Boosting Tree (GBT) machine
learning methods. Nasri and Toubal [20] tried to predict

the impact and mechanical properties of biocomposite
materials with pine and flax fibers reinforced with
polypropylene using an artificial neural heavy (ANN)
model. Many tests and expenses are required to
determine the appropriate properties of these materials
that degrade prematurely. With this model, this situation
was avoided.

In recent years, traditional machine learning and deep

learning methods have been applied to solve the problem

of accurate prediction of various production parameters
due to their ability to solve complex and nonlinear
problems [21]. However, there are some situations where
the performance of traditional machine learning methods
is degraded. For example, in any prediction task, most
machine learning algorithms require the user to provide
relevant features. However, deep learning models extract
the features themselves [22]. In addition, the large
amount of data generated during manufacturing, the
exceptionally high feature space of this data, and the
multimodal data structure all have a negative impact on
the performance of traditional machine learning methods.
Deep learning models, on the other hand, yield quite
successful results in complex tasks such as speech
recognition, image processing, and natural language
processing. Owing to their multi-layered structure, these
methods automatically process data and uncover non-
linear and complex relationships. These automatic
learning capabilities have made deep learning models an

effective tool in complex manufacturing processes [23].

This study created a dataset based on the injection

molding production parameters of polyolefins reinforced

with synthetic dye wastes and the mechanical test results
of the produced samples, and a GA-LSTM hybrid
agorithm was designed to predict the mechanical analysis
results obtained during the production phase. Linear

Regression (LR), RF, SVM, Multilayer Perceptron

(MLP), Recurrent Neural Networks (RNN), and LSTM

models were then applied to measure the

accomplishment of this model.

The contributions of this study are listed as below:

e The predictive power of the LSTM model was
optimized with the GA method.

* In this study, 819 injection-molded specimens were
produced, and each specimen underwent mechanical
tensile, three-point bending, and izod impact testing
with different parameters.

» The mechanical analysis results of both LDPE-HDPE
and LDPE-HDPE-PP were predicted with GA-LSTM.

» The designed GA-LSTM model was compared with
RF, LR, SVM, MLP, RNN, and LSTM.

» Mean Square Error (MSE), Root Mean Square Error
(RMSE), Mean Absolute Error (MAE) and R squared
(R?) metrics were used to measure the success of the
proposed models in predicting mechanical properties.

MATERIAL and METHOD

The matrix materials used in the production are LDPE,
HDPE, and PP obtained from PETKIM A.S. The
reinforcement elements are three different synthetic paint

115



wastes belonging to epoxy, epoxy/polyester (hybrid), and
polyurethane systems.

Production of Test Bars

Powder coating wastes were mixed with each matrix
material separately by %05, 10%, 20%, and 30% by
weight, first mechanically and then homogeneously
using a single screw extruder device in the Polymer
Science and Technology Laboratory of Munzur
University Mechanical Engineering Department. After
these mixtures were cooled at the extrusion outlet, they
were passed through a crusher to 2 to 3-mm granules.
These granules were separately produced into test bars
using the "EKIN 100 T" brand/model plastic injection
molding machine shown in Figure 1 in the Polymer
Science and Technology Laboratory.

Miaterials

Plastic Enjection Machine H
i

Mould Part
o’ &

Test Bars

Figure 1. Production Flow chart of test bars

During these productions, the injection machine
temperature, injection pressure, secondary pressure,
holding pressure, mold temperature, cooling time, and
cycle time values vary depending on the type and mixing
ratio of each matrix material and reinforcing element.
Samples were also produced using pure LDPE, HDPE,
and PP without reinforcements, and the production
parameters varied for each. For example, the number of
samples produced according to the AYPE and paint
waste used for these experiments is given in Table 1. In
addition, the same number of test bars were produced for
other thermoplastics

Table 1. Test LDPE matrix samples used in mechanical tests

Materials/Mechanical ~Tensile  Three- Izod
Tests Test point Impact
bending Test
AYPE pure 7 7 7
AYPE+%5 Epoxy 7 7 7
AYPE+%10 Epoxy 7 7 7
AYPE+%20 Epoxy 7 7 7
AYPE+%30 Epoxy 7 7 7
AYPE+%5 Hybrid 7 7 7
AYPE+%10 Hybrid 7 7 7
AYPE+%20 Hybrid 7 7 7
AYPE+%30 Hybrid 7 7 7
AYPE+%5 P-Pure 7 7 7
AYPE+%10 P-Pure 7 7 7
AYPE+%20 P-Pure 7 7 7
AYPE+%30 P-Pure 7 7 7

A total of 819 test bars were produced as specified, and
the mechanical properties of each of these test bars were
analyzed. In addition, tensile, three-point bending, and
izod impact tests were performed as mechanical tests.

Mechanical Tests

Tensile and three-point bending tests for the bars were
performed using the 100 kN "Shimadzu AG-X" device in
the Mechanical Engineering Laboratory of Munzur
University. The device used in the experiment for the
produced specimens is shown in Figure 2.

Figure 2. Tensile test performed for the produced specimens.

Tensile tests were performed under EN ISO 527
standards with a 50 mm/min tensile speed. And three-
point bending tests were performed under EN I1SO 178
standards with a bending speed of 10 mm/min, and a
maximum travel of 6 mm. lzod impact tests followed EN
ISO 180 standards using the Italian brand "Ceast
Fractovis Plus" impact device in Dokuz Eylul University
Mechanical Engineering Department.

Classification Models
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Popular artificial intelligence methods used in many
current researches were used to measure the performance
of the GA-LSTM hybrid model developed in this study.
These methods are briefly described in this section.

LR: Linear regression is a commonly used method in
statistical data analysis. LR is used for linear and
continuous variables and is one of the popular machine
learning methods. LR shows the relationships between
one or more independent variables and a dependent
variable [24]. There are two different types of LR: Simple
Linear Regression and Multiple Linear Regression
models. The first one deals with one independent
variable, while the other has more than one independent
variable [25].

RF: It is one of the most promising ensembles learning
methods that aims to find more successful solutions to
problems by combining different methods. The random
forest algorithm is an ensemble of multiple decision trees
[26]. The algorithm comprises decision trees that
independent of the input vector of each classifier. For the
classification of the input vector, each tree produces a
unit vote result [27]. The RF algorithm achieves
successful results from both large data sets and small data
sets. It can also work with a combination of discrete and
continuous data types.

SVM: It is a trained statistical learning method used for
classification and regression and successfully solves
machine learning problems. SVM, developed by Vapnik
[28], has gained popularity due to its many efficient
features and good performance in solving nonlinear
problems. The version used to solve regression problems
is called the Support Vector Regression model [29].
MLP: This model is a nonparametric artificial neural
network technique that performs many detection and
prediction tasks. It is a general-purpose, flexible, non-
linear model consisting of units (neurons) organized in
multiple layers [30]. It consists of many layers, and for
each neuron in these layers, it takes the sum of the
product of the connection weight and the input signals
and calculates its output as a function of this sum. This
model is also known as feedforward ANN, as the learning
is done from the previous layer to the following layer
[31].

RNN: In RNN, a type of artificial neural network, the
output data depends on the calculation of the sequential
time series inputs of the neural network. These models
are networks where the connections between units form
a directed loop. RNN allows a system to exhibit dynamic
temporal behavior [32]. Unlike feedforward neural
networks, RNNSs can process inputs using their own input
memory. RNN performs processing time series data in
application areas such as handwriting, speech, and
activity classifications [33-34].

LSTM: This effective model is a variant of RNN and is
used to solve various problems where the RNN method
does not provide the desired solution power. LSTM is
designed to overcome error-backflow problems. It was
proposed by Hochreiter and Schmidhuber [35]. There are
four layers in the LTSM architecture: input, forget,
output, and cell. The cells that are the key to the
architecture can keep or remove the information because
of the features in the LTSM architecture, which are
expressed as gates [36]. The other layers in the
architecture, namely the input, output, and forgetting
layers, constitute the memory of the network in the cell
state. LSTM achieves very effective results in
classification and regression problems, especially in text
and audio-related tasks.

Developed Hybrid Deep Learning Model

This section describes the development process of the
deep learning-based model, which successfully predicts
the actual experimental results by using the production
parameter values used and obtained experimental results
in the real experimental environment and thus
realistically models this experimental process. First, a
data set was created using real experimental results, and
then the data was given as input to the model after
preprocessing steps. The developed GA-LSTM hybrid
model inputs the experimental parameters and generates
predictions for mechanically tensile, three-point bending,
and izod impact tests as output. The architecture of the
developed GA-LSTM model is shown the Figure 3.

As seen in Figure 3, the GA-LSTM architecture consists
of an input layer, LSTM layers, and an output layer. The
input layer is taken to the input layer after the data has
gone through a certain preprocessing process in the first
stage of the model. This layer receives time series data
and prepares it in a format suitable for the LSTM layers.
LSTM layers are used to learn and model long-term
dependencies of consecutive data. Each LSTM layer
contains an input gate, an output gate, a forget gate, and
a cell state. The input gate determines how to process
newly arriving data. The forget gate decides how much
of the previous state information to forget. The output
gate outputs the updated state information. The cell state
stores and updates the long-term information. These
gates and the memory cell control how the data is updated
and stored at each time step. Hidden layers, the outputs
obtained from the LSTM layers, are passed to the hidden
layers. These layers represent the learned features at a
higher level and increase the learning capacity of the
model. The output layer provides the final prediction
results of the model. Information from the hidden layers
is passed to the output layer to produce the model's
predictions.
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Figure 3. The architecture of the developed GA-LSTM model

Dataset

The dataset used in this study comprises three mechanical
test results: tensile, three-point bending, and izod impact
results of the samples produced with the parameters used
during the injection molding of polyolefins reinforced
with synthetic dye wastes. The dataset consists of 819
real test results obtained in the laboratory. Table 2 shows
the attributes and value ranges in the dataset.

Table 2. Attributes and value ranges in the dataset

Attributes Value ranges

Percentage contribution >0 <03
Temperature (°C) >165 <200
Injection pressure (bar) >60 <90
Secondary pressure (bar) >50 <03
Holding pressure (bar) >0 <80
Mold temperature ( °C) >25 <90
Cooling time (s) >30 <80
Cycle time (s) >60 <110

Tensile strength >5.13 <56.783

Tree point bending strength >10.54 <68.55

I1zod impact strength >2.11 <23.87

Evaluation Metrics

In prediction problems, the metrics Root Mean Squared
Error (RMSE), Mean Squared Error (MSE), Mean
Absolute Error (MAE), and R Squared (R2) are mainly
used to determine the error between predictions and
actual values. MSE is calculated by subtracting the
predicted values from the actual values, squaring them,
and calculating the average. MSE is calculated using
Eq.1, where y is the actual value, ¥ predicted values and
n is the number of samples.

Parameter

Optimization
Genetic Algori_thm . — with Genetic
LSTM LSTM LSTM

laver

laver

Prediction
Results

GA-LSTM Model

1 ~
MSE = -¥i,(y = 9)* @)
RMSE calculates the standard deviation of the prediction
errors. The square root value of MSE represents RMSE,
as shown in Eq.2.

RMSE = =37, (ly = 91)? )

MAE takes the absolute value of the difference between
the actual values found and the values predicted by the
methods and then calculates their average. It calculates
the mean of the prediction errors. MAE is calculated
using Eq.3.

1 ~
MAE =31, |y = 9| @3)
R? is a statistical measure of the proportion of variance.
R? is calculated using Eq.4. ¥ is the average of the actual

values. The values of y and § were mentioned at the
beginning of the section and are not repeated here.

Ty-)?
R? =
-2

(4)
Proposed Hybrid GA-LSTM Prediction Model

In this research, the hybrid model was designed and
compared with RF, LR, SVM, MLP, RNN, and LSTM
models in practice. First, this dataset was normalized in
between 0 and 1 values with the MinMaxScaler method
belongs to the Scikit Learn library and then artificial
intelligence  models were applied. After the
normalization step, the data were divided into training,
test, and validation sets. As a result of the experimental
studies, the highest prediction accuracy was achieved in
the combination of 80% training and 20% testing, so
these values were chosen for the experimental studies. In
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addition, 10% of the training data was reserved for
validation. The validation data was used to optimize the
parameters of the applied models. The model parameters
were optimized using the GridSearchCV method from
the Scikit Learn library to ensure the applied models get
the best prediction outcomes. GridSearchCV uses a
different combination of all specified hyperparameters
and their values and selects the best value for the
hyperparameters by calculating the performance for each
combination. However, in the GA-LSTM model,
parameter optimization was carried out using the GA
algorithm to create the ideal parameter configuration for
accurately predicting mechanical properties. Initially,
3x3 and 5x5 kernel sizes were tried for kernel sizes.
These sizes were evaluated in a wide range to ensure that
the model could learn different features and as a result of
the experimental studies, 3x3 kernel size was selected.
For epoch numbers, 50, 100 and 150 epoch values were
used in the training process and as a result of the
experimental studies, 100 epoch number was selected.
For number of neurons, 50, 100 and 150 values were tried
as the neuron numbers used in different layers and as a
result of the experimental studies, 50 neurons were
selected.

For learning rate, 0.001, 0.01 and 0.1 values were tried
and as a result of the experimental studies, 0.01 learning
rate was selected.

The LSTM can learn and model the sequential data more
efficiently. This allowed LSTM to learn long-term
patterns better. The following equations show the stages
of the LSTM algorithm.

LSTM algorithm

For the input sequence Ty, Ty, ..., Ty the hidden state h,
and the output y, can be calculated as in Equations 1 and
2.

hy = HWi, Ty + Whphe_y + by) (1)
yt = Wyohe + b, 2
Wi, Wy, and Wy, refer to the weight matrices between
the input, hidden, and output layers. Here, an input x; is
received at time t. C,_, denotes long-term memory and
h;_, denotes the transaction memory.

The following equations are used for learning and
prediction by the LSTM deep learning model.

ip = 0(WyiXxe + Wpihe—q + WeiCeq + bp) 3)
fe = U(foxt + thht—l + WepCeq + bf) (4)
¢t = f; © co_q + i O tanh (W, + Wyehe—q + b)(5)

0r = 0(Wyo + Wpohy_1 + WeoCeq + by) (6)

he = 0, © h(c,) (7

where, i, represents the input gate, o, the output gate,
f: the forgetting gate, ¢ denotes the cell activation vector,
w weight matrix, and b is the bias vector. O is a the scalar
product of two vectors. x; and h, denotes input-output
sequences.

The parameters used in the experiments performed in this
study were given as input to the LSTM model. These
parameters were used in the construction of the
algorithms to be selected while building the model. The
selection of the activation function and the construction
of the optimization algorithm can be given as examples.
In order for the model to make effective and high
performance predictions, the optimum values of the
hyperparameters should be selected, and also the limits
of the hyperparameters should be considered during this
selection. Some of these hyperparameters to be selected
are the kernel size, epochs, neurons, and layers numbers.
However, finding the optimum values of the
hyperparameters is a time-consuming process. The first
hyperparameters obtained while designing the model
usually do not give successful results. In the following
process, many trials are made to achieve the highest
success of the model and optimum results are obtained.
The model is trained with these hyperparameter values.
By adjusting the most successful hyperparameter
combination, the best results are tried to be obtained by
using success metrics. In this study, the hyperparameter
values are optimized using GA to increase the success of
the LSTM model. Thus, the most successful model was
tried to be found.

Genetic Algorithm

GA is a population-based and stochastic method. It is also
an efficient classification and search algorithm. Its ability
to adapt to problems, its fast operation, and the fact that
it does not get stuck in local solutions in the search space
make it stand out. This algorithm was introduced by John
Holland [37]. GA is a method developed based on
Darwin's theory of evolution and the principle that the
best-adapted individual will survive [38]. The operators
that form the basic structure of the algorithm are
crossover, mutation, and selection operators. When
adapting GA to problems, the representation of
individuals should be done correctly, the fitness function
should be created efficiently, and the correct genetic
operators should be selected.

In GA, each solution corresponds to a chromosome, and
gene represents each variable. GA calculates the fitness
of each candidate solution in a population, and the
individual with the best fitness after all iterations is
presented as the solution. The GA algorithm first
generates a random initial population. The aim here is to
expand the solution space by creating a wide variety of
individuals [39]. The pseudocode of GA is given in
Figure 4.
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Input:
Set initial population size (n)
Set the maximum (MA4X) number of iterations
Define objective function
Quiput:
Return the best X, solution
begin

Generate an initial population of n chromosomes, X, (i = 1,2,...,n)

Set iteration counter =0
Calculate the fitness value of each chromosome
while (t < MAX)

Select a chromosome pair from the nitial population, taking mto account the fitness value
Perform the crossover operation with a crossover probability on the selected chromosome pair
Apply the mutation operation to the offspring with a certain mutation probability

Replace the old population with the new population

Increase the current number of iterations by one

end while
Return the best solution X,
end

Figure 4. The pseudocode of GA

The selection operator determines whether chromosomes
will participate in the reproduction process. In other
words, individuals selected by the selection operator are
eligible to enter the crossover pool, while unselected
individuals are destroyed. In some studies, the selection
operator is also called the reproduction operator. This
operator affects the convergence process of the
algorithm. Various selection methods include the
Roulette wheel, rank, tournament, and Boltzmann [41].
The crossover process, which is used to create new
generations in the evolutionary process, comes to life in
the genetic algorithm as a crossover operator that
produces better solutions. The crossover operator creates
a new generation from individuals selected by the
selection operator. New chromosomes are produced at
this stage, just as new ones are produced from parent
chromosomes. After the replication process is finished,
two chromosomes are randomly selected from the new
population to be crossed. Generally, single-point, double-
point, k-point, partially matched, uniform, shuffle, order,
and cycle crossover operators are used [40]. The last
operator is the mutation operator. With this operator, a
process similar to the natural mutation process is carried
out. It diversifies the solutions formed after the selection
and crossover processes with a certain probability. This
increases the diversity of the population, recovers good
features that may be lost due to crossover, and prevents
the algorithm from getting stuck in local solutions [39].
In the process of optimizing the LSTM model with the
genetic algorithm, 20 iterations were performed for each
experiment. In the implementation of the GA, the
Python-based Distributed Evolutionary Algorithms in

Python (DEAP) package was used. In addition, the Keras
and PyGAD packages were used for the LSTM model to
integrate the GA into the LSTM. In the optimization
process with the GA, the population size was determined
as 50 agents. This number of agents was found to be
sufficient to reach optimum results by scanning a large
part of the solution space. The tanh transfer function was
preferred as the activation function used in the LSTM.
This function was chosen to ensure that the LSTM cells
learn long-term dependencies better. In the output layer,
since it was a regression problem, the linear activation
function was used. Finally, the KerasGA class generates
the initial population of parameters of the LSTM model.
The MSE metric served as a fitness measure. Through the
algorithm's operation, these values were attempted to be
maximized. In other words, an effort was made to
identify the maximum fitness value. As a result, GA
optimized the parameters of the LSTM. Additionally, the
LSTM's weights were initially set to random numbers.
Here the sliding window size parameter and the LSTM
cells number are represented as chromosomes and
encoded in binary bits. Recombination and selection
operators work to discover the best solution from the
population. As a result, the solutions with the best fitness
values were selected for reproduction. If the condition to
terminate the algorithm is reached after the reproduction
operator is applied, it means that the optimal solution is
approached. If the desired quality solutions are not
reached as a result of iterations, crossover and mutation
operators are applied again in order for the model to
generate better solution candidates. The flowchart of the
developed model is shown in Figure 5.
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Figure 5. Flowchart of the developed model

EXPERIMENTAL RESULTS

In order to determine the error between the predictions
and the actual values, MSE, MAE, RMSE, and R? results
are given below for each thermoplastic separately and
together.

Mechanical Predictions of LDPE-HDPE

This study evaluated the mechanical test results of LDPE
and HDPE specimens in the data set. In addition, the
tensile, bending, and izod test results of LDPE-HDPE
obtained with the developed hybrid GA-LSTM model
were given.

Table 3 shows the variations among the actual and
predicted values of the tensile test results of LDPE and
HDPE processed together. If R? is examined from these
changes, it is seen that it is above 0.9 for all models.
Therefore, when this value approaches 1, the difference
in standard deviation among the actual and predicted
values is nearly negligible. and the accuracy is high. A
convergence to zero is sought if the MSE, RMSE, and
MAE metrics are examined. When we look at the
developed GA-LSTM-based deep learning method, it is
seen that the R? value is 0.992 and the margin of error is
minimum, and the other metrics are the closest values to

0 in the GA-LSTM-based model. If the R? value moves
away from 1, it is understood that the standard deviation
range increases and the difference between the actual and
predicted values widen.

Table 3. Tensile strength results

Model MSE RMSE MAE R?
LR 2.718 1.649 1.271 0.925
RF 1.724 1.313 1.007 0.953
SVM 2.607 1.615 1.176 0.928
MLP 1.482 1.218 0.938 0.959
RNN 1.192 1.092 0.899 0.967
LSTM 0.748 0.865 0.759 0.979
GA- 0.444 0.666 0.585 0.992
LSTM

Table 4. Three Point Bending strength results

Model MSE RMSE MAE R?

LR 1.813 1.347 1.077 0.869
RF 1.780 1.334 0.987 0.871
SVM 3.416 1.848 1.314 0.753

121



MLP 1.744 1.320 1.096 0.874
RNN 1.569 1.253 1.036 0.886
LSTM 0.800 0.894 0.682 0.942
GA- 0.771 0.878 0.670 0.958
LSTM
Table 5. 1zod impact strength results

Model MSE RMSE MAE R?
LR 9.612 3.100 2451 0.501
RF 4.393 2.096 1.765 0.772
SVM 8.194 2.862 1.858 0.575
MLP 7.346 2.710 2.195 0.619
RNN 6.062 2.462 1.848 0.686
LSTM 1.441 1.200 0.854 0.925
GA- 1.396 1.181 0.841 0.939
LSTM

Tables 4 and 5 analysis reveals that GA-LSTM is the
most effective model. The minimal standard deviation R?
in Table 4 is 0.958, whereas the minimum distinction
among the actual and predicted values in Table 5 is 0.939.
In addition, if all three tables are examined, it is seen that
the LSTM deep learning method gives the second-best
results, apart from GA-LSTM.

Mechanical Predictions of LDPE-HDPE-PP

The results for the LDPE-HDPE and PP co-processed
values are given in the tables below. Table 6 shows the
success of the tensile test results obtained by machine
learning and deep learning methods. These results show
that LSTM and GA-LSTM deep learning models give the
most accurate convergence, similar to the analysis
performed for LDPE and HDPE. However, the difference
here is that the standard deviation range, i.e., the
difference between the actual and predicted values, is
higher than the LDPE-HDPE results. This is because
although polypropylene is a commercial thermoplastic in
the polyolefin group, it is a different material with
different properties than polyethylene.

Table 6. Tensile strength results

PP and PE have a crystalline/semi-crystalline structure,
but PP is synthesized from propene monomer instead of
ethylene and has unique properties. LDPE and HDPE are
both PE-based; that is, they are more similar in structure
since the polymerization of ethylene monomer produces
them. The most apparent difference between them is their
density. In addition, PP is a brittle material, while PE is
ductile. This makes PP more brittle and therefore causes
variability from production parameters to test results.

Table 7. Three Point Bending strength results

Model MSE R2

RMSE MAE
LR 40.777 6.386 5.128 0.810
RF 29.076 5.392 4,048 0.864
SVM 45,741 6.763 4814 0.786
MLP 38.241 6.184 4,498 0.821
RNN 24.095 4,909 3.525 0.888
LSTM 14.927 3.864 2.210 0.930
GA- 14.236 3.773 2.158 0.952
LSTM

Table 8. 1zod impact strength results

Model R2

MSE RMSE MAE
LR 14.587 3.819 2.962 0.224
RF 5.698 2.387 2.006 0.697
SVM 14.707 3.835 2.326 0.218
MLP 3.068 1.751 1.316 0.837
RNN 1.960 1.400 1.081 0.896
LSTM 1.605 1.267 0.968 0.915
GA- 1.559 1.248 0.954 0.928
LSTM

Model MSE MAE R?
RMSE

LR 17.254 4.154 3.380 0.756
RF 16.180 4.022 2.615 0.771
SVM 18.816 4.338 2.803 0.734
MLP 17.297 4.159 3.472 0.755
RNN 8.067 2.840 2.483 0.886
LSTM 7.608 2.758 2.263 0.892
GA- 7.287 2.699 0.911
LSTM 2.215

The outputs of the models used to predict the bending test
results are shown in Table 7. Similar to earlier studies, it
is clear from these data that GA-LSTM and LSTM deep
learning models produce the most outstanding outcomes.
However, the difference between the actual and predicted
results has increased since the results for PP are included
in addition to LDPE and HDPE. For example, while the
R2value obtained only for LDPE-HDPE was 0.958, here
it was 0.952, slightly more than 1.

Table 8 shows the models' outputs depending on the 1zod
impact test results obtained by working with LDPE-
HDPE-PP. Looking at these results, it is seen that the best
models are GA-LSTM and LSTM, deep learning models.
The following compares the predicted values obtained
for tensile, three-point bending, and izod tests with the
actual values. As shown in Figure 6, the mechanical
results obtained from the original experimental results
were successfully predicted. Graphically, it is seen that
the actual results and the predicted results coincide.
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LDPE-HDPE tensile strength results

LDPE-HDPE three-point bending strength

LDPE-HDPE izod impact strength results
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Figure 6. The comparison of original experimental values and GA-LSTM predicted values

The LDPE-HDPE-PP izod impact strength results
overlap less than the others, as shown in the graph above.
Within a limited range, the hybrid model gave
mechanical results comparable to the actual experimental
results.

DISCUSSION

GA-LSTM has achieved quite successful results in the
training and testing phases, but the model's performance
with completely new data that is not in the original
dataset may have some difficulties. LSTM models are
strong at learning long-term dependencies in time series
data, but when faced with new untrained data patterns,
performance may decrease. This situation can occur
especially when structural changes or different
distributions in the dataset are not fully reflected in the
model.

LSTM optimized with GA may be prone to learning data-
specific features. In this way, although the model
achieves successful results on training data, it may lead
to overfitting problems on new data. Although cross-
validation techniques have been used to prevent
overfitting, this risk exists when faced with a completely
new dataset.

The GA-LSTM model used in this study has shown
superior performance in the injection molding processes
of polyolefin matrix thermoplastics when compared to
other machine learning and deep learning methods
frequently used in the literature.

Ahmed et al. [16] used Random Forest and Gradient
Boosting models to predict the bending properties of
PVC in injection molding processes, providing over 85%
accuracy. However, the GA-LSTM model used in this
study achieved a superior performance in modeling
complex process parameters, achieving over 0.95 in R?
value.

Schulze Struchtrup et al. [17] used ANN and SVM
methods for quality prediction in injection molding, and
R? values were generally below 0.90 in their studies. Our
GA-LSTM model, on the other hand, showed that it
better models complex and nonlinear relationships,
providing results up to 0.95 in R? value, especially in
flexural strength and impact strength predictions.

The ability of the LSTM model presented by Hochreiter
and Schmidhuber [35] to process time series data was
also verified in this study. However, the GA-LSTM
model optimized with genetic algorithms clearly
demonstrated the effect of parameter optimization by
achieving lower error rates in predictions compared to the
pure LSTM.

Comparisons with studies in the literature support that the
proposed model offers higher accuracy and consistency
for the prediction of mechanical properties, especially in
polymer-based injection molding processes, compared to
the methods in the literature. When compared with the
data obtained from other studies in the literature, it was
concluded that the hybrid model used can accurately
model the effects of different parameters and has a
significant potential for improving product quality.

CONCLUSION

This study investigated the effect of production
parameters on product quality in the injection molding of
LDPE, HDPE, and PP thermoplastics with particle filler
reinforcement. In plastic injection molding production,
the part must be easy to separate from the mold, burr
formation is prevented, and the part surface must be
smooth. All these are also among the factors affecting the
mechanical properties of the produced parts. In this
study, the optimum production parameters of the parts
produced by plastic injection molding were processed
with the developed GA-LSTM-based deep learning
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model, and the forecasted values were studied using the
actual values of the mechanical analysis results of both
LDPE-HDPE and LDPE-HDPE-PP. Especially in the
LSTM learning model used, it was determined that the R?
value was close to 1, and the MAE value was close to 0.
These results indicate that the standard deviation range is
decreasing, and the actual and predicted values are close
to each other. Therefore, it is supported that these
parameters, which are used primarily in producing
synthetic particle filler-reinforced LDPE, HDPE, and PP,
can also be used in similar productions.

Nowadays, items that directly affect production, such as
material and labor costs, especially energy costs, are
essential for companies to be sustainable. As a result of
the outcomes obtained in this study, energy, labor, and
material costs for companies producing with plastic
injection molding machines can be reduced, and time
losses can be minimized by supporting mass production.
Predicting the production parameters that directly affect
the product quality, such as temperature, pressure,
receiving amount, and cooling time in advance, will
allow production to start without trial and error. As a
result, material, energy, and time spent on production can
be saved. Consequently, the quality of the parts produced
and production efficiency will increase positively.

In future work, we aim to expand the use of GA-LSTM
in different industrial applications and apply it to more
complex data sets. In addition, it is planned to apply it to
different areas such as other manufacturing processes,
biomedical data analysis and time series prediction, in
addition to the mechanical properties of the polymer
materials used in this study.
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ABSTRACT

Viburnum opulus L., known for its high antioxidant activity and positive health effects, is a valuable medicinal
plant. The effects of different concentrations of Viburnum opulus fruit extract on seed germination and seedling
growth of maize (Zea mays L.) under salt stress were investigated. Parameters such as germination rate, speed,
energy, seed viability were examined; additionally, shoot and root., as well as shoot and root length, weight, and
hypocotyl length were evaluated. The findings revealed that 500 and 1000 pg/ml Viburnum opulus fruit extract
significantly inhibited germination and growth, while 125 pg/ml had no substantial effect. However, the application
of 250 pg/ml Viburnum opulus fruit extract notably promoted seed germination and seedling growth under salt
stress. These results suggest that 250 pg/ml Viburnum opulus fruit extract may play a critical role in enhancing
tolerance to salt stress.

Keywords: Germination, Growth, Maize, Salt stress

Tuz Stresi Altinda Misir (Zea mays L.) Tohumlarinin Cimlenmesi ve Fide Bityiimesine Viburnum opulus L.
Meyve Ekstraktinin EtkKisi

(04

Gilaburu (Viburnum opulus L.), yiiksek antioksidan aktivitesi ve saglik iizerindeki olumlu etkileriyle bilinen degerli
bir tibbi bitkidir. Bu ¢aligmada, Viburnum opulus meyve ekstraktinin farkli konsantrasyonlarinin tuz stresi altindaki
misir tohumlarinin ¢gimlenmesi ve fide gelisimi iizerindeki etkileri arastirilmistir. Cimlenme orani, hizi, enerjisi ve
tohum canliligi gibi parametreler incelenmis; ayrica siirgiin ve kok uzunlugu, agirligi ve hipokotil uzunlugu
degerlendirilmistir. Bulgular, 500 ve 1000 pg/ml Viburnum opulus meyve ekstrakt: uygulamalarinin ¢imlenme ve
biiyiimeyi belirgin sekilde siirladigini, 125 pg/ml’nin ise anlaml bir etki gdstermedigini ortaya koymustur. Ancak,
250 pg/ml Viburnum opulus meyve ekstrakt uygulamasinm tohum ¢imlenmesini ve fide gelisimini tuz stresi altinda
anlaml diizeyde tesvik ettigi gézlenmistir. Bu sonuglar, 250 pg/ml Viburnum opulus meyve ekstraktinin tuz stresine
toleransta dnemli bir rol oynayabilecegini gostermektedir.

Anahtar Kelimeler: Biyume, Cimlenme, Misir, Tuz stresi

INTRODUCTION

Abiotic stresses, such as heavy metals, drought, extreme
temperatures, salinity, and UV radiation, pose
significant threats to crop productivity, leading to
substantial yield losses. Among these, salt stress is
particularly impactful, as it severely impedes seed
germination and early seedling development. High
salinity levels are especially detrimental during the
germination phase, where elevated salt concentrations
reduce germination rates, indices, and seedling growth
parameters, including root and shoot lengths and fresh
weight. This inhibition is primarily due to salt-induced
interference with water uptake, which is crucial during
the early stages of plant development [1]. Moreover,
high salinity triggers osmotic stress and ion toxicity,
disrupting essential physiological processes and

ultimately diminishing crop yields [2]. Notably, the
impact of salt stress varies widely across different plant
species. Wild plants, often demonstrate higher resilience
to salinity compared to cultivated crops [3].
Understanding these species-specific responses is
crucial for developing targeted strategies to enhance salt
tolerance in crops, especially given that salinity affects
approximately 20% of the world’s cultivated land and
33% of irrigated agricultural land [4]. This knowledge is
vital for advancing agricultural resilience in the face of
growing environmental challenges.

Exogenous applications have demonstrated significant
potential in enhancing seed germination under salt stress
by improving various physiological responses that
enable plants to cope with saline conditions. Studies
indicate that substances such as salicylic acid (SA),
melatonin  (MT), and gibberellic acid (GA) can
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effectively stimulate germination even in high-salinity
environments [5-7]. For instance, SA has been found to
mitigate the inhibitory effects of salinity on seed
germination by enhancing antioxidant activity and
modulating hormonal balances that support stress
tolerance [8]. Similarly, MT application has been shown
to increase germination rates in salt-stressed seeds by
regulating genes associated with stress response
pathways, thereby facilitating improved to osmotic
adjustment and protection against oxidative damage [9].
Additionally, GA has been reported to counteract salt-
induced reductions in germination by maintaining
cellular ion balance and promoting the breakdown of
germination inhibitors [10]. These findings underscore
the utility of exogenous treatments in promoting seed
germination and establishing robust seedlings in salt-
affected soils, providing a valuable strategy for
sustaining crop production in challenging environments
[11], [12].

Viburnum opulus (VO) is a valuable decorative,
medicinal, and edible plant belonging to the Adoxaceae
family, naturally growing in Europe, Russia, and some
regions of North Africa and North Asia [13, 14]. It is
commonly known as guelder rose, European
cranberrybush, rosel elder, Europen guelder, water
elder, crampbark, snowball tree, and in Turkey, it is
referred to as gilaburu [15, 16]. V. opulus holds a
significant place in traditional medicine, where its fruit
juice is utilized for the treatment of coughs, colds,
tuberculosis, rheumatic pain, ulcers, liver diseases,
diabetes, and hypertension [17-18]. Numerous studies
have revealed various biological activities of V. opulus.
Animal studies have supported VO's positive effects on
the urinary system [19, 20] anti-inflammatory [21], and
vasorelaxant [22] activities. In vitro studies indicate that
the V. opulus shows antimicrobial [23,] antidiabetic [24]
anti-obesity [25] anti-inflammatory [26] and anti-cancer
[27] properties.

The beneficial effects of V. opulus are attributed to its
bioactive compounds, incluiding phenolic compounds,
vitamin C, carotenoids, iridoids, and essential oils [13],
[28, 29]. This rich compaosition positions V. opulus as a
promising raw material for the production of functional
foods. Additionally, it has been determined that V.
opulus fruit concentrate can serve as an alternative
antioxidant source to delay oxidative changes in the
food industry and holds potential as a natural
preservative in various products [30].

The aim of this study was to elucidate whether V.
opulus fruit extracts (VOFE) have a role on the
germination of maize seeds under salt stress conditions.
The aim of this study is to investigate the bioactive
compounds of V. opulus and their potential effects on
plant development under abiotic stress conditions,
particularly salt stress. Additionally, the study seeks to
evaluate the traditional medicinal significance of V.
opulus, its diverse biological activities (such as
antimicrobial, anti-inflammatory, and anticancer
properties), and its potential applications in functional
food production. This research aims to explore the role

of V. opulus bioactive compounds in enhancing
resilience to abiotic stresses in agricultural production
while highlighting its value as a natural resource for
health and food industries.

MATERIAL and METHODS
Preparation of V. opulus Fruit Extraction

Fresh V. opulus fruits were thoroughly washed with tap
water and allowed to drain overnight. Following
traditional extraction methods practiced by the local
population, a crude extract was prepared. Specifically,
40 g of fresh fruit sample was ground with 2000 mL of
tap water using a hand grinder until a homogeneous
pellet formed. The mixture was then filtered through
0.22 um filter paper to obtain a clear extract. The
resulting extract was stored at +4°C in darkness for

subsequent  pretreatment applications on maize
seedlings. The obtained extract was stored in a
refrigerator at +4°C for analyses.

Plant Material, Germination Conditions and

Experimental Design

Zea mays L. (cultivar, ADA 523) seeds were provided
from Sakarya Maize Research Institute. The seeds were
initially washed with 70% ethanol and then surface-
sterilized with a 5% sodium hypochlorite solution [31]
for 3 minutes. Residual hypochlorite was removed by
rinsing the seeds five times with sterile distilled water,
after which the seeds were placed in sterilized petri
dishes. Germination was conducted in a plant growth
chamber under controlled conditions of 60-65% relative
humidity, a light intensity of 400 pmol m=2 s, a
temperature of 25°C + 2, and a 16-hour light/8-hour
dark photoperiod. Firstly, based on the measurement of
germination percentage by applying four different salt
conditions (0, 150, 200 and 300 mM NaCl) to maize
seeds, the salt concentration of 300 mM NacCl, which
causes severe stress on seed germination, was
determined.

Secondly, four different VOFE treatments (125, 250,
500, 1000 pg/ml) were applied to maize seeds to test the
hypothesis that VOFE applications would increase the
germination limited by salt stress conditions and
contribute strongly to salt stress tolerance. The seeds
were pretreated with VOFE solutions for 24 hours and
then subjected to 300 mM NaCl for 10 days. For each
petri dish, 10 mL of the salt solution was added, and
germination parameters were recorded daily for 10 days.
Germination ~ percentage,  germination  energy,
germination rate index, mean germination time, root
length, hypocotyl length, root weight, and shoot weight
were evaluated. This study aimed to assess the potential
effects of VOFE on mitigating the adverse effects of salt
stress on maize seed germination and seedling growth.

Collection of Viburnum opulus Fruits
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The mature fruits of V. opulus (VO) were collected on
August 29, 2023, from the vicinity of Savsat Karagol
National Park, Artvin, along roadsides and near streams
(600 m, 41°18'15"N, 42°28'10"E). Specimen
identification was verified through herbarium materials
(Aksu 459). These collected fruits are preserved in the
personal collection at the Medical Plants Application
and Research Center of Artvin Coruh University.

Germination Assessment
Germination Percentage (%GP)

The number of seeds germinated was recorded daily for
up to 10 days. From these germination counts, several
germination attributes were calculated to characterize
the salt tolerance, including germination percentage
(%). Seeds with 2 mm long rootlets emerging 3 days
after sowing were counted as germinated, and the seeds
were counted as germinated when cotyledons appeared
at the end of the 10th day.

FGP%= [TNG/TNP]x 100

where FGP % refers to the final germination percentage,
TNG refers to the total number of germinated seeds, and
TNP refers to the total number of seeds [32].
Germination Rate Index (GRI)

The germination rate index (GRI) represents the daily
germination percentage throughout the germination
period. Higher GRI values indicate both a greater

percentage of seeds germinating and a faster overall
germination process.

GI=X(GtITt)

where Gt is the number of seeds germinated on day t,
and Tt is the number of days [33].

Germination Energy (GE)

Germination energy was assessed on the fourth day by
counting the number of typical seedlings [34].

Mean Germination Time (MGT)

The lower the MGT, the faster a population of seeds has
germinated.

MGT=X(TixNi)/XNi

where MGT refers to mean germination time, Ni refers
to the number of germinated seeds on germination days,
and Ti refers to the number of days during the
germination interval (between 0 and 10 days) [35].

Seed Vigour (SV)

SV=[SDM(g) x GP/100]

where SI = seed vigour, SDM is the dry seedling mass
(9), and GP = germination (%) [36].

Seedlings Growth Assessment

To assess seedling growth, ten seedlings were randomly
selected from each petri dish at the end of the
germination period. After selection, shoot length (SL),
root length (RL) and hypocotyl length (HL) were
measured in cm. We also assessed shoot fresh weight
(SFW) and root fresh weight (RFW). SFW and RFW
were measured in grams (gr), while the SL, RL, and HL
were shown in centimeters (cm).

Statistical Analysis

Each experiment was conducted with a minimum of
three replicates. Using one-way analysis of variances
(ANOVA), data were analyzed via SPSS software
version 27.0 in relation to the Duncan’s multiple range
test, which was used for comparisons among the
treatment means.

RESULTS and DISCUSSION

Effect of Different Salt Stress Conditions on
Germination Percentage (%) and Morphological
Changes

Firstly, the effective salt stress concentration was
selected based on the germination percentage. It was
determined that 150 mM NaCl and 200 mM NacCl
treatments did not cause a statistically significant
difference in germination percentage compared to the
control group (non-stressed group). However, 300 mM
NaCl treatments decreased the germination percentage
in maize seedlings by 25% (Fig 1). According to results,
300 mM NaCl was selected as the salt stress
concentration that severe affected seed germination.
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Figure 1. Effects of Different Salt Concentrations on GP (%)
in Maize. Bars marked with the same letters indicate no
significant difference (p<0.05), VOFE: Vibirnum opulus fruit
extract, GP: Germination percentage (%).
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To visually demonstrate the effects of salt stress,
representative images of maize seedlings subjected to
different salt stress concentrations were provided
(Figure 2). In the control group (Figure 2a), healthy root
and shoot development was observed. Similarly,
treatments with 150 mM NaCl (Figure 2b) and 200 mM
NaCl (Figure 2c) did not show significant reductions in
root and shoot development compared to the control.
However, seedlings exposed to 300 mM NaCl (Figure
2d) exhibited a marked reduction in root and shoot
growth, clearly demonstrating the detrimental effects of
salt stress.

Figure 2. Morphological Alterations of Maize Seedlings After

10 Days of Germination under Different Salt Stress
Concentrations. (a) Control group (no salt stress applied); (b)
150 mM NaCl treatment; (c) 200 mM NaCl treatment; (d) 300
mM NaCl treatment. Scale bars represent 1 cm.

Effect of VOFE on Germination Percentage (%) and
Germination Rate Index under Salt Stress

To minimize the aging process and protect seedlings
from environmental stressors, seeds must meticulously
regulate the germination process. Germination and
seedling development are essential stages in a plant’s
life cycle, greatly influenced by temperature and
moisture conditions. In this context, the germination
percentage (GP) plays a critical role in determining seed
viability, plant establishment, and final crop vyield,
particularly under adverse environmental conditions
[37, 38]. Many studies have highlighted the beneficial
effects of exogenous antioxidant applications, such as
MT and SA, 2,4- epbrassinolide (EBR) etc. on
improving seed germination in some crops under salt
stress conditions. For instance, MT and EBR have been
shown to significantly enhance GE and GRI and
improve seedling growth by activating antioxidant
defense mechanisms [39]. Likewise, as shown Table 1,
compared to the salt stressed group alone, 125 and 250
pg/ml VOFE increased the GP by 11.2% and 19.6%,
respectively, whereas 500 and 1000 pg/ml VOFE
decreased in the germination percentage by 8.8% and
6.6% (Table 1).

The germination rate index (GRI), a key indicator of
seedling vigor and speed of development, can be
significantly improved under salt stress conditions
through the application of growth regulators or
protective treatments, helping to mitigate the inhibitory
effects of salinity and promote more uniform and rapid
germination [40]. Studies have shown that improving

the GRI under salt stress can be achieved through
various methods. For example, exogenous GA3
treatment significantly increased the germination rate
index, seed vigor, and other parameters under salt stress
conditions, thereby reducing the inhibitory effects of
salinity on seed germination [11]. Similarly, seed
priming techniques have proven effective in enhancing
germination indices in salt-stressed wheat seeds,
showing improved germination rates even at higher
NaCl concentrations [40]. As shown Table 1, 125, 250,
500 and 1000 pg/ml VOFE increased the GRI by
24.3%, 31.27%, 12.19% and 6.32%, respectively, in
comparison with the salt stressed group alone. The
highest the GRI was showed in 250 pg/ml VOFE. These
results suggest that 250 pg/ml VOFE could be more
effective in promoting seed germination under salt
stress due to its high antioxidant properties, providing a
promising approach to enhancing maize resilience to
salinity and improving crop productivity [41].

Effect of VOFE on Germination Energy Index
under Salt Stress

The ability to optimize germination energy (GE) is key
to ensuring plant establishment in  adverse
environmental conditions, as seeds with higher GE
show better resilience and growth potential under stress,
such as salinity. As shown Table 1, compared to the salt
stressed group alone, 125 pg/ml VOFE pg/ml did not
cause a statistically significant (p<0.05) difference in
the GE. However, 250 pug/ml VOFE increased the GE
by 15.28%, but 500 and 1000 ug/ml VOFE decreased
by 18.5% and 16.08% in comparison with the salt
stressed group alone (Table 1). Some studies has shown
that the positive effects of exogenous treatments on
improving seed GE and resilience some plants under
salt stress conditions [42, 43]. For instance, exogenous
proline improved GE in rice under salt stress [43].
These results provide valuable insights into how about
250 pg/ml VOFE can improve GE and seedling
development under salt stress conditions?

Effect of VOFE on Mean Germination Time under
Salt Stress

Mean germination time (MGT) serves as an indicator of
both the spread of time and the speed of germination
across the seed population [44]. Therefore, a high
germination rate generally corresponds with a lower
MGT, which means the seeds germinate faster and more
efficiently [44]. As shown Table 1, it was detected that
125, 500 and 1000 pg/ml VOFE pg/ml did not cause a
significant difference in MGT compared to the salt
stressed group alone. However, 250 pg/ml VOFE
decreased the MGT by 7.24%. The lowest the MGT was
observed with 250 pg/ml VOFE (Table 1). The
relationship between GP and MGT is significant as
MGT is used to assess the speed of germination. A
study showed that maize seeds with a higher GP
typically have a lower MGT, indicating that they
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complete germination more quickly [45]. The results for
GP and rate provide strong evidence that, with the
increased GP and rate due to 250 pg/ml VOFE, the
germination time decreased under salt stressed group
alone. The results provide strong evidence that the 250
pg/ml VOFE not only increased germination percentage
rate but also effectively reduced mean germination time
in comparison with the salt stressed group alone.

Effect of VOFE on Seed Vigour under Salt Stress

Seed vigour, a complex agronomic trait that
encompasses seed longevity, germination speed,
seedling growth, and early stress tolerance, determines
the duration and success of the establishment period. In
this process, the germination rate-defined as the
percentage of seeds that successfully sprout within a
specific timeframe-serves as a key indicator of seed
viability and vigour under various environmental
conditions [46]. The results showed that 125 and 250
pg/ml VOFE increased the SV by 25.04% and 32.8%.
However, 500 and 1000 pg/ml VOFE decreased the SV
by 19.54% and 29.14%, respectively, in comparison
with salt stressed group alone (Table 1). The SV is
strongly influenced by germination percentage, as a
higher germination percentage typically reflects a more
vigorous seed lot, indicating that seeds are not only
viable but also capable of rapid and uniform
development [47]. Compared to the salt stressed group
alone, the increase in germination percentage observed
with the application of 250 pg/ml VOFE aligns with the
enhanced vigour index, further reinforcing its potential
role in mitigating the adverse effects of salinity.

Table 1. Effects of Salt Stress and Different VOFE on GP,
GRI, GE and MGT and SV in Maize

Treatment GP (%) GRI GE MGT Y

300 MM NaCl 75+8.6° 16.35+0.3° 715+3°  6.25+0.17° 317.7+2.2°
Under salt stress conditions

125 pg/ml 84.4+35° 21.6+0.6° 78.3+5.5° 6.25+0.14*°  423.919.8
VOFE

250 pg/ml 93.3+4.2° 23.8+1.2° 84.4#6.3* 58+0.11°  473.1+8.4
VOFE

500 pg/ml 68.3x5.5° 18.6x1.5° 58.3+8.6° 6.2#0.11°  255.6x2.3
VOFE

1000 pg/ml 70£7.5°  17.4+1.7¢ 60x4.7°  6.24+0.15°  225.1%3.2
VOFE

Bars marked with the same letters indicate no

significant difference (p<0.05), VOFE: Vibirnum opulus
fruit extract, GP: Germination percentage (%), GRI:
germination rate index, GE: germination energy, MGT:
mean germination time and SV: seed vigor

Effect of VOFE on Seedling Growth Parameters on
Salt Stress

As shown Table 2, the effect of various concentrations
of VOFE on shoot fresh weight (SFW), shoot lenght
(SL), root fresh weight (RFW), root weight (RW),
hypocotyl length (HL) were evaluated and also as

shown Figure 2, the morphological alterations were
observation under salt stress.

The shoot fresh weight (SFW) was decreased with 125,
500, and 1000 pg/ml VOFE by 20.37%, 5.28% and
27.16% respectively, in comparison with salt stressed
group alone. However, the 250 pg/ml VOFE
concentration was observed to increase SFW by 5.69%
comparison with salt stressed group alone (Table 2).
Compared to salt stressed group alone, 125, 250, 500
pg/ml VOFE increased the shoot lenght (SL) by 81.3%,
87.5%, 62.5%, respectively. However, SL did not show
any statistically significant (p<0.05) change with the
1000 pg/ml VOFE under salt stressed group alone. The
highest SL was observed in 250 pug/ml VOFE.

Likewise, the root fresh weight (RFW) was decreased
with 125, 500 and 1000 pg/ml VOFE by 11.94%,
34.82%, and 43.78%, respectively, but 250 pg/mi
VOFE increased RFW by 15.55% in comparison with
salt stressed group alone (Table 2). Additionaly, in root
length (RL), 125, 500 pg/mL and 1000 pg/mL VOFE
did not result in a statistically significant (p<0.05)
difference compared to the salt stressed group alone.
However, the 250 pg/mL VOFE increased RL by 37.4%
under salt stressed group alone (Table 2).

The hypocotyl length (HL) of plants tends to reduce
significant or not? due to the inhibitory effects of
salinity on cell elongation and overall growth compared
to salt stressed alone. For instance, studies have shown
that exposure to high salt stress leads to a reduction in
the length of the hypocotyl, indicating that inhibition of
normal hypocotyl growth [48]. As shown in Table 1,
HL did not show any statistically significant (p<0.05)
change with the 125 and 500 pg/ml VOFE under salt
stressed group alone. However, it was observed that the
250 pg/ml VOFE increased the HL by 18.46%, in
comparison with salt stress treatment alone.
Additionally, no hypocotyl development was detected
with 1000 pg/ml VOFE (Table 2). Many studies
investigated that several exogenous substances, have a
potential antioxidant proporties, have been shown to
mitigate the adverse effects of salt stress. For example,
in a study on Leptochloa fusca, it was observed that
increased salinity up to 300 mM NaCl led to improved
root and shoot length under salt [49].

Table 2. Effects of Salt Stress and Different VOFE on SFW,
SL, RFW, RL and HL in Maize.

Treatment SFW (gr) SL (cm) RFW (gr) RL (cm) HL (cm)
300 mM NaCl  2.65+0.02°  0.3+0.03%  2.01+0.03° 3.6+1.2° 1.06+0.12°
Under salt stress conditions

125 pg/ml 2.68+0.03° 1.06+0.01° 1.77+0.04° 3.6x1.1° 1.06+0.07°
VOFE

250 pg/ml 2.81+0.04*  2.440.022  2.38+0.02* 5.75+0.67* 1.3+0.08%
VOFE

500 pg/ml 2.51+0.02¢  0.8%0.04°  1.31+0.06° 3.4+1.3° 1.1+0.07°
VOFE

1000 pg/ml 1.93+0.05° 0.36x0.03¢  1.13+0.07¢ 2.52+0.8"

VOFE

Bars marked with the same letters indicate no significant
difference (p<0.05), VOFE: Vibirnum opulus fruit extract,
SFW: shoot fresh weigth, SL: shoot lenght, RFW: root fresh
weight, RL: root lenght and HL: hypocotyl lenght
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Similarly, jasmonic acid was found to significantly
increase root and shoot growth parameters in Hibiscus
sabdariffa seedlings [50]. These findings suggest that
specific antioxidant substance treatments can enhance
growth and stress resilience in plants exposed to high
salinity conditions. These results support that, compared
to salt stressed group alone, 250 VOFE pg/ml, due to its
antioxidant potential, can significantly promote plant
growth and development, thereby enhancing salt stress
tolerance in plants.

As shown Figure 2, the effects of different
concentrations of V. opulus fruit extract (VOFE) on the
germination and morphology of maize seeds under 300
mM NaCl salt stress. In the absence of VOFE
application (Figure 2a), the adverse effects of salt stress
are evident, with root and shoot growth severely
inhibited, highlighting the significant inhibitory impact
of 300 mM NaCl on germination and seedling
development. When 125 pg/mL VOFE was applied
(Figure 3b), slight improvements in root and shoot
elongation were observed, indicating a partial
alleviation of salt stress. The most notable improvement
was observed at 250 pg/mL VOFE (Figure 3c), where
the seedlings exhibited maximum root and shoot lengths
and enhanced vigor, suggesting that this concentration
was the most effective in mitigating the effects of salt
stress. However, at 500 pg/mL VOFE (Figure 3d), the
growth improvement was limited and less pronounced
compared to 250 pg/mL. At the highest concentration of
1000 pg/mL VOFE (Figure 3e), seedling growth was
severely inhibited, producing results similar to or worse
than those observed under salt stress alone (Figure 3a).
This suggests potential toxicity or reduced efficacy at
excessive concentrations. Overall, 250 pg/mL VOFE
emerges as the optimal concentration for supporting
maize seed germination and seedling development
under salt stress, demonstrating its potential as a
biostimulant for alleviating plant stress.

Figure 3. Morphological Effects of Different
Concentrations of Viburnum opulus Fruit Extract
(VOFE) on Maize Seed Germination and Seedling
Growth under 300 mM NacCl. (a) 300 mM NacCl; (b) 125
pg/mL VOFE; (c) 250 pg/mL VOFE; (d) 500 pg/mL
VOFE; (e) 1000 pg/mL VOFE. Scale bars represent 1
cm.

CONCLUSION

Maize seeds were treated with varying concentrations of
Viburnum opulus fruit extract (VOFE) to evaluate its
effectiveness in enhancing germination and growth
under salt stress conditions. The results showed that
especially 500 and 1000 pg/ml VOFE had a detrimental
effect on seed germination and seedling development,

including root and shoot length/weight, as well as
hypocotyl length under 300 mM salt stress. However,
the exogenous treatment of 250 pg/ml VOFE
significantly improved germination and promoted plant
growth, indicating increased tolerance to high salinity.
These findings strongly suggest that the antioxidant
properties of Viburnum opulus, 250 ug/ml VOFE plays
a crucial role in mitigating the harmful effects of salt
stress, providing strong evidence for its potential use in
enhancing crop resilience in saline environments.
Consequently, the exogenous application of VOFE
during the germination stage is an effective strategy to
improve seed performance under salt stress. It is
therefore recommended to prime crop seeds with VO
FE before planting in saline conditions.
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ABSTRACT

The most stable conformation of molnupiravir (C13H19N3O7), which is frequently used in the COVID-19 treatment,
was elucidated by the Spartan06 program. Using the CAVER program, the potential active binding sites that belong
to the spike glycoprotein, ACE2 receptor, and both the apo and holo forms of the main protease enzyme(MP™) of
COVID-19 were identified. To determine the binding affinity of molnupiravir to target receptors, molecular docking
analyses were carried out using Autodock Vina. The results of molecular docking calculations of the molnupiravir
with the spike glycoprotein (PDB ID:6VXX), ACE2 (PDB ID:6M0J;1R42), the apo form (PDB ID: 6M03) and the
holo form of COVID-19 MP™ (PDB ID: 6LU7) showed strong binding affinities at -7.8, -7.7, -7.7, -7.1, and -7.4
kcal/mol, respectively. Moreover, top-scoring ligand-receptor complex of the molnupiravir with ACE2 (1R42) were
subjected to 50 ns all-atom MD simulations to investigate the ligand-receptor interactions in more detail.

Keywords: ACE2, Molecular docking, Molecular dynamics, Molnupiravir, Spike glycoprotein

Molnupiravir'in Covid-19'a Kars1 Molekiiler Kenetlenme ve Molektler Dinamik
Simiilasyonlar:

0z

COVID-19 tedavisinde kullanilan molnupiravir'in (C13H19N3O7) en kararli konformasyonu Spartan06 programi ile
belirlenmistir. CAVER programi kullanilarak, spike glikoprotein, ACE2 reseptorii ve COVID-19'un ana proteaz
enziminin (Mpro) apo ve holo formlarina ait potansiyel aktif baglanma bolgeleri tanimlanmigtir. Molnupiravir'in hedef
reseptorlere baglanma afinitesini belirlemek i¢in Autodock Vina kullanilarak molekiiler kenetlenme analizleri
gergeklestirilmigtir. Molnupiravir'in spike glikoprotein (PDB ID: 6V XX), ACE2 (PDB ID: 6M0J; 1R42), apo formu
(PDB ID: 6M03) ve COVID-19 M”pro'nun holo formu (PDB ID: 6LU7) ile molekiiler kenetlenme hesaplamalarinin
sonuglar sirasiyla -7,8, -7,7, -7,7, -7,1 ve -7,4 kcal/mol'de gii¢lii baglanma afinitesi gostermistir. Ayrica, ligand-
reseptor etkilesimlerini daha detayli incelemek amaciyla molnupiravirin ACE2 (1R42) ile en yuksek skor alan ligand-
reseptdr kompleksinin 50 ns MD similasyonu yapilmustir.

Anahtar Kelimeler: ACE2, Molekdiler kenetlenme, Molekiler dinamik, Molnupiravir, Spike glikoprotein

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), a coronavirus variant that belongs to the family
of Coronaviridae, is one of the seven coronaviruses
known to infect humans. Severe acute respiratory
syndrome coronavirus (SARS-CoV) and middle east
respiratory syndrome coronavirus (MERS-CoV) can also
be given as examples for coronaviruses that can infect
humans [1]. Coronaviruses are single-stranded positive
RNA viruses that have the biggest known RNA virus
genomes [2]. SARS-CoV-2, which is an RNA virus, is

the reason behind the COVID-19 pandemic [3]. Although
effective vaccines are available for the rapidly spreading
COVID-19 pandemic, it is necessary to develop antiviral
drugs that can be used against COVID-19 [3/4].
Molnupiravir is among the drugs that could be of use for
the therapy of COVID-19 patients. The fact that
molnupiravir does not require a hospital environment to
be used by patients and its easy transportation is a
significant difference between molnupiravir and other
COVID-19 drugs [5]. Molnupiravir is an oral antiviral
prodrug of ribonucleoside analogue [-D-N4-
hydroxycytidine and this drug gets activated by
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metabolism after entering the body [5,6]. Studies have
shown that molnupiravir, which was discovered for the
treatment of Venezuelan equine encephalitis virus
(VEEV) and developed for the treatment of influenza,
has the potential to treat diseases caused by RNA viruses
[7]. Preclinical studies have revealed that molnupiravir
has a broad-spectrum antiviral activity against all
coronavirus types, such as SARS-CoV-2, and clinical
trials for the drug's usage in the COVID-19 treatment
reached the final stage [5,8]. The US Food and Drug
Administration issued molnupiravir an Emergency Use
Authorization for non-hospitalized adult COVID-19
patients recently [9].

Up until this point, many studies have shown the effect
of molnupiravir on COVID-19 and its usability to treat
coronavirus. It was observed that molnupiravir showed
efficacy against SARS-CoV-2 in vitro when it was
examined in a human airway epithelial cell culture
system representing human airway epithelial cells [10].
In animal experiments, mice infected with SARS-CoV-2
were treated with molnupiravir. Molnupiravir treatment
slowed down the rate of SARS-CoV, SARS-CoV-2 and
MERS-CoV virus replication in mice and it improved the
respiratory functions of the mice and reduced body
weight losses [8,10]. While the molnupiravir effect on
virus replication in mice could be observed, the effect of
molnupiravir on the rate of transmission of the virus
could not be observed because virus transmission to
uninfected mice is not possible [6,8]. The effectiveness
of molnupiravir in preventing the transmission of SARS-
CoV-2 has been investigated through studies on ferrets.
This is possible because ferrets can effectively spread the
virus in a similar way to young adult humans [6]. As a
result of the molnupiravir treatment of ferrets, it was
observed that SARS-CoV-2 transmission to untreated
animals could be prevented entirely [6]. This study
showed that molnupiravir can be effective in stopping
disease spread in the community and that secondary
spread of SARS-CoV-2 can possibly be prevented with
early treatment [6,8]. Positive results were also acquired
in phase 1, phase 2 and phase 3 studies with humans [5].
Studies have shown that molnupiravir can be an effective
antiviral drug that can be used for the COVID-19
treatment. In this study, the interaction of molnupiravir
molecule with the apo and holo form of the main protease
enzyme (MP™®) of COVID-19, the spike glycoprotein,
ACE2 and dACE2 proteins were examined by molecular
docking analysis and their binding affinities were found.
The main protease enzyme, MP™®, plays a crucial role in
virus replication and maturation [3]. This is why it has
become one of the most critical target proteins for
antiviral drug discovery and treatments for SARS-CoV-
2 [2]. Since no known human protease shows the
cleavage property of MP, a drug specially developed for
MP will possibly have few side effects on humans [3].
The main protease MP™ has two different conformational
forms; these are the holo form and the apo form [11]. In
this study, molecular docking analysis was performed for
both forms of MP™. Another essential protein examined
in this study is the spike glycoprotein. The spike

glycoprotein (S protein) is the first section to come into
contact with the host cells since it is located on the
surface of the virus [1,12]. The spike glycoprotein's role
in binding the virus to host cells by receptors and entering
the cell is significant. Different types of coronaviruses
can enter the cell using different cell receptors [1].
SARS-CoV-2 enters the host cells through angiotensin
converting enzyme 2 (ACE2), which is a cell receptor
[12]. For the virus to be able to infiltrate into the human
cell, spike glycoprotein must bind with ACE2 [1,12]. For
this reason, both have been one of the main targets of
vaccines and drugs produced.

Studies have shown that the apo and holo forms of the
main protease enzyme (MP°) of COVID-19, spike
glycoprotein and ACE?2 proteins are important targets for
drugs produced for COVID-19 treatment, so for
molnupiravir to work against COVID-19, it must be able
to bind to these proteins. For this reason, firstly, the most
stable conformer of the molnupiravir molecule was found
by using conformation analysis. Then we performed
molecular docking analysis to determine the binding
affinities of molnupiravir molecule and the apo form and
holo form of COVID-19 main protease enzyme (MP™),
the spike glycoprotein, and ACE2 proteins.

METHODS and CALCULATIONS

The most stable conformer of the investigated molecule
was ascertained by evaluating all the possible
conformations with the Spartan06 software [13] and the
AM1 model, which is a semi-empirical quantum
mechanical approach [14].

The CAVER software [15] was used to determine the
active sites on the receptor's surface. Molecular docking
simulations were executed on the identified active sites
via AutoDock-Vina [16]. The binding free energies of the
most stable ligand-receptor were calculated by a
computer-aided, fragment-based drug discovery web
server, known as the ACFIS (ACFIS 2.0) [17-20].
Through the application of the Groningen Machine for
Chemical Simulations (GROMACS) software package
[21- 25] along with the GROMOS96 43al force field
[26-32], a molecular dynamics (MD) simulation was
done on the ligand-receptor complex formed by
molnupiravir and the ACE2 enzym (1R42).
Molnupiravir-protein complex that exhibited the lowest
binding energy was chosen for molecular dynamics
(MD) simulation. The SPC water model was performed
in a triclinic periodic box for the solvation of the
complex. 0.15 M of NaCl was incorporated after
neutralizing the system. Utilizing the steepest descent
method, the minimization process of energy was carried
out for the duration of 50,000 steps. The MD simulation
was performed at a constant temperature of 300 K with
constant volume, constant amount of atoms (NVT), and
under an invariant pressure of 1.0 bar (NPT) according to
the GROMACS equilibration parameters. The Leap-frog
molecular dynamics integrator was applied then,
establishing an approximate number of simulation frames
at 1000. In order to verify the ligand-enzyme complex's
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stability, the MD simulation was set to operate for 50 ns.
The root mean square deviation (RMSD), root mean
square fluctuations (RMSF), the radius of gyration (Rg),
protein-ligand hydrogen bonding and Solvent Accessible
Surface Area (SASA) were determined with MD
simulation to analyze the trajectories of the simulation.

RESULTS
The most stable conformer of Molnupiravir, obtained

from the findings of the conformational analysis, is
illustrated in figure 1.
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Figure 1. The molecular structure obtained from the
conformational analysis of the most stable conformer (a)
and 2D representation (b) of Molnupiravir

Molecular Docking

Spike glycoprotein (PDB ID: 6V XX), ACE2 (PDB ID:
6MO0J; 1R42), the apo form of COVID-19 MP™ (PDB ID:
6MO03) and the holo form of COVID-19 MP™ (PDB ID:
6LU7)'s crystal structures were taken from the protein
databank [33-37]. Molecular docking calculations were
done after the removal of water and the addition of polar
hydrogens to the receptors. In addition to that, grid size
of 40 A x 40 A x 40 A was used.

The interactions present between the drug and the
proteins used in this study are shown in Figures 2-6 and
Table 1.

Based on the molecular docking results between
Molnupiravir and ACE2 (PDB ID: 6M0J) (Figure 2),
several interactions between the ligand and receptor were
detected, including a hydrogen bond with Lys187 at a
bond length of 2.61 A, a pi-sigma interaction with
Tyr202 at 3.75 A, hydrogen bonds with Trp203 at 2.05 A
and 2.19 A bond lengths, a carbon hydrogen bond with
Asp206 at 3.61 A, as well as hydrogen bonds with

Asp509, Ser511, and Arg514 at bond lengths of 2.08 A,
2.18 A, and 2.55 A, respectively.

docked views
representing the most stable conformer of Molnupiravir
interacting with the ACE2 (PDB ID: 6M0J). The
interaction diagrams of the ligand are shown (binding
affinity, -7.7 kcal/mol; binding energy -13.14 kcal/mol)

Figure 2. The three-dimensional

The interactions between Molnupiravir and COVID-19
MP (Apo form) (Figure 3) were found to include a
hydrogen bond with His41 at a bond length of 2.22 A, a
hydrogen bond with Phe140 at 1.98 A, a hydrogen bond
with Asn142 at 2.81 A, hydrogen bonds with Cys145 at
3.6 A and 3.74 A, and a hydrogen bond with His163 at
2.31 A. Additionally, a hydrogen bond was observed at
292 A, a pi-anion interaction at 4.7 A, and an
unfavorable donor-donor interaction at 2.46 A with
Glul66. Finally, a hydrogen bond with GIn189 was
identified at a bond length of 1.86 A.

o s
A
. ’
L, g ’
i

\

P
Ras

s
st

Figure 3. The three-dimensional docked views showing
the most stable conformer of molnupiravir interacting
with the Apo form of MP™ (PDB ID: 6M03). The ligand
interaction diagrams belonging to the receptor-ligand
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complexes are illustrated (binding affinity, -7.1 kcal/mol;
binding energy -17.38 kcal/mol)

Through the molecular docking analysis between
Molnupiravir and COVID-19 MP™ (Holo form) (Figure
4) the interactions between the ligand and receptor were
revealed. A pi-sigma interaction was observed with
His41 at a bond length of 3.96 A. Furthermore, a
hydrogen bond was formed with Leul41 at a bond length
of 2.07 A, and another hydrogen bond was detected at a
2.14 A bond length with Gly143. An unfavorable donor-
donor interaction with Ser144 was obtained at a bond
length of 1.46 A, along with a hydrogen bond at 2.58 A.
In addition, a hydrogen bond was present with Cys145 at
abond distance of 2.11 A, as well as a pi-alky! interaction
at 5.11 A. Two hydrogen bonds were also detected, one
at a bond length of 2.28 A with His163, and another at
1.88 A with Glu166.
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Figure 4. The three-dimensional docked views that
represent the most stable conformer of molnupiravir
interacting with the Holo form of MP™ (PDB ID: 6LU7).
The interaction diagrams of the ligand are illustrated
(binding affinity, -7.4 kcal/mol; binding energy -22.56
kcal/mol)

The molecular docking analysis revealed various
interactions  between  Molnupiravir and  Spike
glycoprotein (Figure 5). These interactions include
hydrogen bonds with Arg1091 at a bond length of 2.68
A, and with Glu1092 at 2.02 A, an unfavorable donor-
donor interaction at a 1.51 A bond length with Thr1105,
two hydrogen bonds at 2.59 A and 2.77 A bond lengths
with GIn1106, two more hydrogen bonds at 1.96 A and
2.11 A bond lengths with Glu1111. Moreover, there are
hydrogen bonds observed at a bond length of 2.35 A with
Asp1118 and at a 2.15 A bond length with Asn1119. A

pi-sigma interaction at 3.95 A with Phe1121 was also
detected.
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Figure 5. The three-dimensional docked views that show
the most stable conformer of molnupiravir interacting
with the Spike glycoprotein (PDB ID: 6VXX). The
interaction diagrams of the ligand belonging to the
receptor-ligand complexes are illustrated (binding
affinity, -7.8 kcal/mol; binding energy -15.07 kcal/mol)

Several interactions between Molnupiravir and ACE-2
(PDB ID: 1R42) were identified (Figure 6). These
interactions are composed of a carbon hydrogen bond
with GIn98 at a bond length of 3.59 A, a hydrogen bond
with GIn102 at 2.41 A, two hydrogen bonds with Tyr196
at 2.55 A and 2.74 A. Additionally, a hydrogen bond was
observed with Gly205 at 2.83 A and Asp206 at 2.91 A.
A hydrogen bond at 2.61 A and an unfavorable donor-
donor interaction at 2.24 A were formed with Glu208.
There is a hydrogen bond at a bond length of 2.2 A with
Asn210 and additional hydrogen bonds at 2.19, 2.34, and
2.67 A with Lys562.
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Figure 6. The three-dimensional docked views of the
most stable conformation of molnupiravir interacting
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with ACE2 (PDB ID: 1R42). The interaction diagrams of
the ligand belonging to the receptor-ligand complexes are
illustrated (binding affinity, -7.7 kcal/mol; binding
energy -22.43 kcal/mol)

Table 1. Binding affinity and interacting residues
between target protein and Molnupiravir.

Target Binding Interacting Chain Length
Protein Affinity Residues  (A)
kcal/mol
ACE2 -1.7 Lys187 2.61
(6M0J) Tyr202 3.75
Trp203 2.05,2.19
Asp206 3.61
Asp509 2.08
Ser511 2.18
Arg514 2.55
apo-form -7.1 His41 2.22
(6MO03) Phel40 1.98
Asnl142 2.81
Cysl45 3.6,3.74
His163 2.31
Glul66 2.46,2.92,4.7
GIn189 1.86
Holo-form -1.4 His41 3.96
(6LU7) Leul4l 2.07
Gly143 2.14
Serl44 1.46, 2.58
Cys145 2.11,5.11
His163 2.28
Glul66 1.88
Spike -7.8 Argl1091 2.68
glycoprotein Glu1092 2.02
(6VXX) Thr1105 151
GIn1106 2.59,2.77
Glu1111 1.96, 2.11
Aspl118 2.35
Asn1119 2.15
Phel121 3.95
ACE-2 -1.7 GIn98 3.59
(1R42) GIn102 241
Tyrl96 2.55,2.74
Gly205 2.83
Asp206 291
Glu208 2.24,2.61
Asn210 2.2
Lys562 2.19, 2.34,
2.67

Molecular Dynamics

The interactions between molnupiravir and the 1R42
receptor and the binding stability were evaluated by
conducting a molecular dynamics (MD) simulation. The
root mean square deviation (RMSD) for the receptor and
ligand, the root mean square fluctuation (RMSF) for the
receptor, the radius of gyration (Rg), protein-ligand
hydrogen bonding, and solvent accessible surface area
(SASA) were determined by the MD trajectory analysis.

For the comparison of different atomic conformations
regarding a given molecular system, the root mean square
deviation (RMSD) of a ligand or a protein is applied. The
RMSD is a measure of the change seen in the
conformation of the ligand or protein, and if the RMSD
result shows a small variation, then there are minimal
conformation changes; therefore, the complexes are
stable. The RMSD value deviations are more important
compared to the mean value. A slight deviation in the
value also means slight changes in the conformation of
the structure. The accepted deviation for the RMSD plot
is <4 A for that complex to be stable enough. In this
study, the RMSD analysis was applied separately to
determine the displacement in the ligand and the receptor
compared to their starting positions. The RMSD graph,
which is shown in Figure 7(a), reveals the magnitude of
structural deviation that the Ca atoms of the complexes
have during the 50 ns-long MD simulations. The RMSD
results, which belong to the protein backbone (PDB ID:
1R42) of the complex with molnupiravir, change
between 2.21 and 4.07 A, with an average of 3.22 A.

The RMSD graph of the ligand shown in Figure 7(b)
illustrates the structural deviation for the atoms of the
ligand in the complexes (1r42) during the 50 ns
simulations. In the molnupiravir-1r42 complex the
trajectory showed a fluctuation at the beginning but
stabilized after 8 ns and appeared to remain stable until
50 ns. Structural variation has an effect over the
compactness of the protein after the binding of the
investigated protein to the ligand, and the radius of
gyration value (Rg) reveals it. A protein that has a folded
conformation has a low Rg value, while a protein with an
unfolded conformation has a high Rg value. The Rg value
changes after the binding of the ligand and protein and
causes an alteration in the conformation of the protein.
Figure 7(c) shows the Rg plots of the molnupiravir/1r42
complex. The Rg values of the protein (1r42)-
molnupiravir complex were found within the range of
24.4-25.3 A and had some small fluctuations. The RMSF
gives information about the fluctuations or local
modifications in the residues of a protein-ligand
complex. The residues of amino acid in each complex
displayed minor variations throughout the entire
simulation, as seen in Figure 7(d). Hydrogen bonds are
crucial in understanding the stability of the conformation
since they play a role in protein-ligand binding. There
have been little differences in the hydrogen bonds within
the protein of the complex. The graph of the number of
hydrogen bonds (HB) formed throughout the MD
simulation as a function of time is shown in Figure 8(a)
and six hydrogen bonds between the molnupiravir and
1r42 were revealed during 50 ns. To analyze the solvent
attributable regions for each of the simulation systems,
the solvent accessibility surface area (SASA)
calculations were done in this study. A higher SASA
profile suggests an expanded protein surface area, while
a lower SASA profile suggests possible truncation of the
protein complexes. The SASA graph of molnupiravir-
1r42 complex is shown in Figure 8(b). The determined
result of the SASA for the investigated complex is about
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245 nm2. Higher values of the SASA indicate more
hydrophilicity. Small changes were expected for
complex structures and the SASA did not show any
significant changes.
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Figure 7. The final results of the simulation and the
analysis of structural stability for the molnupiravir-1R42
complex. (@) The root mean square deviation (RMSD)
graph of the protein, (b) the RMSD graph of the ligand,
(c) the radius of gyration (Rg) graph, (d) the root mean
square fluctuation (RMSF) graph.
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Figure 8. (a) Hydrogen bond graph, and (b) the solvent
accessible surface area (SASA) graph of the
molnupiravir-1R42 complex.

DISCUSSION

In a study on the docking simulations of Paritaprevir with
ACE2, it was found that the ligand interacted with ACE2
residues Asn103, Gly104, Asp206 and Lys562 [38]. In
another study on the docking simulations of Darunavir
with ACEZ2, it was found that the ligand interacted with
ACE2 residues Leu95, GIn102, Asnl103, Asnl94,
Tyrl96, Tyr202, Trp203, Gly205, Asp206, Tyr207,
Glu208, Val209, Ala396, Lys562, Glu564, Pro565 and
Trp566 [39]. The active sites of ACE2 found by our
calculations are highly compatible with the conclusions

of Mahdian et al. and Rahman et al. [38,39]. In a previous
research authored by Celik et al., the docking simulations
of Cepharanthine with the Apo form of MP° were
investigated, and the results of that study have shown that
the ligand interacted with residues His41, Asnl142 and
Cys145 of the Apo form of MP™, through alkyl, pi-alkyl,
pi-donor hydrogen bond interactions [40]. The active site
of the Apo form found by the docking of Cepharanthine
was compatible with the active site identified by the
calculations of our study. In a different study, when the
docking simulations of Succinic acid with the Apo form
of Mpro were examined by Sagaama et al., it was
observed that the ligand interacted with residues Phe140,
Leuldl, Asnl42, Glyl43, Serl44, Cyslds, Hisl63,
Met165, Glul66, and His172 of the Apo form of Mpro
by means of van der Waals, unfavorable donor-donor,
and hydrogen bond interactions [41]. The calculations of
our study was also compatible with the active site of the
Apo form found by the docking of Succinic acid. The
previous study in which Celik et al. investigated the
docking simulations of Cepharanthine, it was shown that
the ligand interacted with residues Glul66, Prol68,
GIn189, and Thr190 of the Holo form of MP™, via pi-
alkyl, pi-anion, and carbon hydrogen bond interactions
[40]. The active site revealed by the docking of
Cepharanthine to the Apo form of MP™ demonstrated
significant compatibility with the active site determined
by the calculations of our study. In an investigation done
by Vijayakumar et al., the docking simulations of 14-
deoxy-11,12-didehydroandropholide were carried out
with the Holo form of MP, and it was found that the
ligand interacted with His41, Tyr54, Leul41 and Serl44
residues of the Holo form of MP®, through hydrogen
bond interactions [42]. The active site of the Holo form
of MP™ identified in our study aligned well with the active
site identified by of Vijayakumar et al. [42], where 14-
deoxy-11,12-didehydroandropholide was docked to the
Apo form of MP® The docking simulations of
Sauchinone with the Spike glycoprotein were
investigated by Romeo et al. in a previous study [43]. The
results showed the interactions between the ligand and
the Argl091, Gly1093, and Aspl1118 residues of the
Spike glycoprotein, which occured through hydrogen
bond interactions [43]. It was determined that
Withasomnine interacted with spike glycoprotein’s
residues Thr912, Glu1092, Val1104, Thr1105, GIn1106,
Glull1ll, GInl1113 and Asnl119 in a study on the
docking simulations conducted by Srivastava et al. [44].
The spike glycoprotein's active site, which is revealed by
our calculations, showed high compatibility with the
active sites determined by the dockings of Sauchinone
[43] and Withasomnine [44]. The active site identified by
the calculations of our study exhibited a high degree of
compatibility with the active site found for Curcumin,
Demethylcurcumin, 1-(3,4-Dihydroxyphenyl)-7-(4-
Hydroxy-3-Methoxyphenyl)Hepta-1,6-diene-3, 5-Dione,
(E)-Ferulic acid, Vanillic acid, Carvacrol, (E)-Carveol,
E-4-(4-Hydroxy-3-Methoxyphenyl)-3-Buten-2-One,

Terpinolene, Vanillin, (Z)-Ferulic Acid, Thymol and
Limonene molecules investigated by a study of Khan et
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al. [45]. In research using a thiazole derivative, it was
observed that the TAZD8 molecule made H-pi
interactions with both Ala99 and Leu391, H-donor
interactions with GLN102, and cation-pi interactions
with Lys562 [46]. In a different investigation by Mohan
et al.,, the Atazanavir molecule was found to have
interactions with amino acids Leu95, Arg98, Ala99,
GIn102, Tyrl96, Trp203, Gly205, Asp206, Glu208 and
Arg219 of the target receptor [47].

CONCLUSION

Assessing the binding affinity of the active compound to
target proteins that are involved in viral entry, replication,
and maturation is the goal of this investigation. It also
examines the modeling and simulation of the virus-
induced host cell maturation in silico.The most stable
conformer of molnupiravir was determined in
consideration of the significance of the relationship
between structure and activity in bioactive molecules.
The binding mechanism of the molnupiravir with the
apo- and holo- forms of MP™, the spike glycoprotein and
ACE2 was demonstrated in the present study. We
provide detailed insights into the types of molecular
interactions, such as electrostatic, hydrogen-bonding
interactions, etc., that contribute to these geometric
alterations. The binding affinities of the Molnupiravir
molecule against the target receptors ACE2(6M0J), apo-
form(6MO03), holo-form(6LU7), spike glycoprotein
(6VXX), and ACE-2 (1R42) were calculated to be -7.7,
-7.1, -7.4, -7.8, and -7.7 kcal/mol, respectively. Thus, it
was found that stable complexes were formed. Through
the molecular dynamic calculation, the RMSD graph of
the molnupiravir-1r42 complex revealed a small
fluctuation until 8 ns, while from 8 ns to 50 ns, this
fluctuation decreased and became stable. The data
collected by our study suggests that it is possible for
molnupiravir to use multiple ways in averting the
infection of SARSCoV-2 (COVID-19).
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ABSTRACT

This study was carried out with 30 plant species growing at different altitudes of Mount Ergan in Erzincan (Trkiye)
province in 2021-2022. The concentration of mineral elements was determined in the collected plants and the soils
in which they grew at 1500 m of altitude (Glaucium leiocarpum Boiss., Alcea calvertii, Genista aucheri, Astragalus
ornithopodioides, Anchusa leptophylla, Linum mucronatum, Euphorbia virgata) at 2000 m (Genista aucheri,
Hypericum scabrum, Tanacetum mucroniferum, Barbarea auriculata, Onobrychis cornuta, Inula oculus-christi,
Euphorbia virgata, Globularia trichosantha) at 2500 m (Aster alpinus, Lallemantia canescens, Scutellaria
orientalis, Dianthus orientalis, Coronilla orientalis, Campanula tridentata, Crepis armena, Anthemis cretica,
Euphorbia petrophila, Papaver fugax) and at 3000 m (Senecio hypoleucus, Pedicularis comosa, Scorzonera sericea,
Anthemis cretica, Astragalus nezaketiae, Papaver fugax, Campanula tridentata, Senecio hypoleucus, Hedysarum
erythroleucum). The collected plant (root, leaf, flower) and soil samples were pretreated and analyzed by ICP-MS.
The data obtained were statistically evaluated and it was determined that there were differences between altitudes. It
was observed that the elements in the soil generally decreased as the altitude increased.

Keywords: Altitude, mountain, mineral element, plant, ICP-MS

Erzincan ili-Ergan Dagi'nda (Turkiye) Yaygin Bitki Tiirleri ve Topraklarindaki Mineral
Elementlerin Rakimsal Degisimi

(04

Bu ¢alisma, 2021-2022 yillarinda Erzincan il sinirlart igerisinde yer alan Ergan Dagi’nin farkli yiiksekliklerinde
yetisen 30 bitki tiirii ile yapilmigtir. Bunun i¢in 1500 m yiikseklikte (Glaucium leiocarpum Boiss., Alcea calvertii,
Genista aucheri, Astragalus ornithopodioides, Anchusa leptophylla, Linum mucronatum, Euphorbia virgata) 2000
m’de (Genista aucheri, Hypericum scabrum, Tanacetum mucroniferum, Barbarea auriculata, Onobrychis cornuta,
Inula oculus-christi, Euphorbia virgata, Globularia trichosantha) 2500 m’de (Aster alpinus, Lallemantia canescens,
Scutellaria orientalis, Dianthus orientalis, Coronilla orientalis, Campanula tridentata, Crepis armena, Anthemis
cretica, Euphorbia petrophila, Papaver fugax) ve 3000 m’de (Senecio hypoleucus, Pedicularis comosa, Scorzonera
sericea, Anthemis cretica, Astragalus nezaketiae, Papaver fugax, Campanula tridentata, Senecio hypoleucus,
Hedysarum erythroleucum) olacak sekilde farkli rakimlardan toplanan bitkiler ve yetistikleri topraklarda mineral
elementlerin konsantrasyonu belirlenmistir. Toplanan bitki (kok, yaprak, ¢icek) ve toprak drnekleri 6n islemlerden
gecirildikten sonra ICP-MS cihazinda analiz edilmistir. Elde edilen veriler istatistiksel olarak degerlendirilerek,
rakimlar arasindaki farkliliklar oldugu tespit edilmistir. Yikselti arttikca topraktaki elementlerin genel olarak
azaldig1 goriilmiistiir.

Anahtar Kelimeler: Yiikseklik, dag, mineral element, bitki, ICP-MS

INTRODUCTION Physiologically, macro and micro elements are very
Plants need certain amounts of mineral elements in  important for plants. Elements generally play an
order to continue their development normally [1-4]. important role in the production of oxidation and
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reduction reactions, enzyme activities, energy transfer,
organic substance production and electron transport in
plants [3]. In addition, elements have important roles in
metabolic processes such as seed and fruit formation,
pollen  health, fertilization, protein  synthesis,
carbohydrate transport, calcium transport and hormones,
development and formation of cell tissues, structural
and physiological properties of roots and flowers,
stability of plant tissue, cell division, cell wall
formation, cell expansion and activation of enzymes in
plants. Due to the deficiency of essential nutrients,
necrosis of young leaves, vegetative development,
growth, fruit blossom end rot, significant losses in crop
yield and quality, reduction in cell lysis and plant
productivity, loss of membrane integrity and problems
in plant functions may take place [4-7].

The forms and concentrations of the elements in the
soil, the functions of which are precisely determined in
plants, are of great importance in terms of plant
nutrition. During the uptake of plant nutrients by plant
roots, many factors such as plant type, age, root growth,
physical, chemical and biological properties of the soil,
the types and amounts of elements in the soil, and
weather conditions have an effect.

Plants obtain essential nutrients from their surrounding
environment. While the majority of these nutrients are
absorbed through the root system serving as the primary
interface with the soil a smaller fraction is assimilated
by aerial structures such as stems, branches, and leaves.
[3, 8, 9]. The effect of the physical and chemical
structure of the soil on plant growth and propagation is
very important. The natural content of metals in soil
depends on geochemical and geophysical processes.
The factors and time of soil formation are highly
influential on the concentration of metals [10, 11].
Geomorphological factors such as lithology, landforms,
elevation, slope and aspect are among the important
factors affecting vegetation diversity and distribution.
Among these factors, elevation is known to be effective
in determining the character of vegetation [12].
Elevation plays a crucial role in shaping both
biodiversity and the physicochemical properties of soils.
Ecosystems at higher altitudes are typically associated
with lower temperatures. Fluctuating precipitation
patterns decreased atmospheric pressure, and nutrient
limitations in the soil further influence biodiversity
dynamics in these environments [13-15]. The amount of
mineral elements varies according to plant type and
elevation. As the elevation increases, climatic
characteristics such as temperature and precipitation
conditions change. In addition, the land becomes more
sloping and faulted. This change in the geographical
environment has important effects on the distribution of
plant species. At low elevation values, plant species
with less precipitation and high temperature demand can
grow, while at high elevations, plant species with high
precipitation demand and low temperature demand can
grow [16].

The primary aim of this study is to examine whether an
altitude-dependent relationship exists between the
mineral element concentrations in the growing

environment and different parts (roots, stems, leaves) of
common plant taxa found at four distinct altitudes on
Mount Ergan, with each altitude separated by a 500 m
difference. This investigation seeks to understand how
variations in altitude influence the uptake and
distribution of mineral elements within plant structures.
Additionally, the study aims to evaluate whether plants
belonging to common floral groups exhibit specific
patterns of association with the mineral element
concentrations of their respective growing environments
at these altitudes. By analyzing these relationships, the
research seeks to provide insights into how
environmental and altitudinal factors shape the mineral
element composition of plants, contributing to a deeper
understanding of plant-environment interactions and
adaptations in mountainous ecosystems.

MATERIAL and METHODS
Study area and plant species

This study was conducted at Mount Ergan with an
elevation of 3256 m, which is a continuation of the
Munzur Mountains in the province of Erzincan
(Tdrkiye). There is a difference of approximately 2000
m between the average elevation of the Erzincan plain
(1200 m) and the average elevation of Mount Ergan
(3256 m). The province of Erzincan is covered by
mountains and plateaus. Mountains extend in various
directions but along a certain line. Munzur to southwest
and Refahiye Mountains to northwest constitute the
borders of the province. The Karasu River coming from
Erzurum to the east and extending towards the west and
the Otlukbeli Mountains divide the provincial area in
depth, leaving wide plains between them. The
mountains cover approximately 60% of the provincial
territory [17, 18]. Mount Ergan is composed of pelagic,
massive and reefal layered limestone, metamorphic
rocks, ophiolites, clastic rocks, mixed ophiolites,
vulcanite’s, and volcano-sedimentary series and
evaporites [19]. In the present study, during the years
2021-2022, plants with different flower coloration
(yellow, white, pink-blue-violet, green) and samples
were collected from the soils growing at an altitude of
1500 m at Mount Ergan (Glaucium leiocarpum Boiss.,
Alcea calvertii (Boiss) Boiss., Genista aucheri Boiss.,
Astragalus ornithopodioides Lam., Anchusa leptophylla
Roem. & Schult, Linum mucronatum Bertol, Euphorbia
virgata Waldst. & Kit.), at 2000 m (Genista aucheri
Boiss.,  Hypericum  scabrum L., Tanacetum
mucroniferum Hub. Mor. Et Grierson, Barbarea
auriculata Hausskn. ex Bornm, Onobrychis cornuta L.,
Desv., Inula oculus-christi L., Euphorbia virgata
Waldst. & Kit., Globularia trichosantha Fisch. &
C.A.Mey) at 2500 m (Aster alpinus L., Lallemantia
canescens (L.) Fisch. & Mey., Scutellaria orientalis L.,
Dianthus orientalis Adams., Coronilla orientalis Miller,
Campanula tridentata Schreber, Crepis armena DC.,
Anthemis cretica L., Euphorbia petrophila C.A. Meyer,
Papaver fugax Poiret,) and at 3000 m (Senecio
hypoleucus Benth, Pedicularis comosa L., Scorzonera
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sericea DC., Anthemis cretica L., Astragalus nezaketiae
A.Duran & Aytag, Papaver fugax Poiret, Campanula

Benth,
(Fig.1).

tridentata  Schreber, Senecio
Hedysarum erythroleucum

hypoleucus
Boiss.)

Figure 1. Study of area

The plant samples used in this study were collected
within the framework of ethical rules and relevant legal
regulations. Necessary permissions were obtained
during the collection process and care was taken not to
harm the plant species. The plants were selected to
represent the study area. The collected plants were
identified. Each identified plant specimen was deposited
in Erzincan Binali Yildirim University Herbarium to
create a permanent record [20].

Heavy metal quantification

Studied plants area common at different elevations. In
the laboratory, the collected plant samples were
partitioned into flowers (petals), leaves, and roots. The
samples were initially dried in an oven at 80°C for 24
hours. Subsequently, the dried material was ground
using a dry mortar and passed through a 1.5 mm sieve.
To prevent cross-contamination, the drying equipment
was cleaned with ethyl alcohol after processing each
sample before proceeding with further pulverization
[21, 22]. Soil samples were taken using a hoe at a depth
of 10 cm from the surface of each area after removing
debris. Approximately 500 g of each sample was
collected and stored in bags to prevent contamination.
Soil samples brought to the laboratory were air-dried
and sieved through a 1.5 mm mesh. For further analysis,
0.5 g of the dried and powdered plant and soil samples
was measured and transferred into microwave digestion
containers. 6 mL HNOs 65%, 2 mL H,O, 30% was
added to the plant samples, while 3 mL HNO3; 65%, 9
mL HCI 37% was added to the soil samples. The
samples were homogenized in a magnetic stirrer for 10
minutes. After placing the containers in the microwave,
dissolution was carried out in acid medium up to 2000
C with 45 bar of pressure for 15 minutes. The samples
burned in the container were taken into a balloon jug
and filled to 50 mL. 10 mL was withdrawn from the 50
mL samples using a Teflon filter. Finally, the samples
were placed in falcon tubes to determine the element
concentrations and metal concentrations  were

determined by ICP-MS [21, 22]. In the study, B, Na, Ca,
Mg, K, Al, Fe, Mn, Zn, Ni metal analyzes were carried
out in plants and soil. The data obtained are given as
“ug/g dw: micrograms per gram dry weight.

Statistical analysis

The data collected in the study were subjected to
statistical analysis. A significance level of p < 0.05 was
used for all statistical assessments. Data were analyzed
using the ANOVA test within a 95% confidence
interval, employing the SPSS 22 software package.
Multiple comparisons among samples were evaluated
using the Student-Newman-Keuls (S-N-K) and Tukey’s
tests to identify significant differences [21].

RESULTS AND DISCUSSION

This study is highly comprehensive in scope, given the
diversity of collected plant species, the analysis of
various plant parts, and the investigation across multiple
altitudinal gradients. Na element was found to have
different data in plant parts and soils. Astragalus
ornithopodioides growing at 1500 m altitude had the
highest Na content in root (490.6+11.6 pg/g dw) and
flower (413.8421.6 pug/g dw) respectively while
Campanula tridentata growing at 2500 m altitude had
the highest values in leaf (464.6+5.2 pg/g dw). Na in the
soil (306.8+24.8 pg/g dw) was highest at 1500 m
altitude. Separate statistical evaluations were made for
plants grown at four different altitudes and significant
differences were observed for Na in plants grown at
each location (Table 1). In addition, Mg concentration
was found to have different data depending on the
altitude. Among the plant parts, the highest value was
found in the root (34764.1+4337.3 png/g dw) in
Astragalus ornithopodioides growing at 1500 m
altitude. Mg concentration in soil decreased
significantly with increasing altitude p<0,001. Statistical
evaluations of the plants grown at each altitude showed
significant differences in terms of Mg element (Table
2). Al concentration was generally higher in the flower
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parts of the studied plants at 2500 m and in the root part
at 2000 m p<0,001. Globularia trichosantha in flower
(36029,0+963,8 ng/g dw) and leaf (12859+669,1 ng/g
dw) and Barbarea auriculata in root (19970,7+2617,3
pg/g dw) were found to have the highest Al content in
plant species growing at 2000 m altitude. Al
concentration in soil was (43136.3+2502.1 pg/g dw) at
2000 m altitude, which is higher than that at other
altitudes (Table 3). The highest concentrations of K in
leaf (61902,3+5432,9 ng/g) and flower
(51864,8+1812,5 pg/g) respectively were found in
Anchusa leptophylla growing at 1500 m. As a result of
soil analysis, differences were found between altitudes.
The soil with the highest K content was observed in the
samples taken from 2000 m (Table 4). Ca concentration
had different data for each elevation in the studied
plants. Ca element in the soil was close to each other at
other elevations except at 2000 m. In terms of statistical
evaluations showed significant differences in plant parts
(Table 5). The highest values of Fe and Mn were
observed in Globularia trichosantha in flower and
Barbarea auriculata in root growing at 2000 m and in
Crepis armena species growing at 2500 m altitude in
leaves. Fe and Mn elements in the soil were found to
have similar values at different elevations p<0,001
(Table 6, 7). Cu concentration was found to be close to
each other in plant leaves and roots. The amount of Cu
in the soil decreased depending on the elevation (Table
8). The highest value of Zn concentration was found in
the flower (201.7+62.3 pg/g dw) in Genista aucheri,
which grows at 2000 m, and in the leaf (149.8+5.3 pg/g
dw) in Campanula tridentata, which grows at 3000 m.
Statistical evaluations of soil and plant parts showed
significant differences between the altitudes p<0,001
(Table 9). Moreover, Ni content decreased significantly
in both plant parts and soil depending on the altitude
(Table 10). In the study, Ca/Mg ratio was determined at
different elevations and while the ratio was 0.1 at 1500
m, it was found to be 1.36 at 3000 m.

It was recorded that plants with yellow flowers were
more dominant and dense at 1500 m and 2000 m, and
plants with purple-violet flowers were more dominant
and dense at 2500 m and 3000 m on Mount Ergan.
Statistical analyses were performed on plants with
yellow and blue-violet flowers. It was seen that B, Mn,
Fe, Ni, Cu and Zn concentrations did not differ in plants
with yellow color and Cu, Zn, Na concentrations did not
differ in plants with blue-violet color (Table 11, 12.).
There is a strong correlation between the mineral
composition of the rocks and soils in an area and the
minerals found in the plants growing in that area.
However, there is a difference in the mineral
composition of some plants in the same region
depending on the altitude. This study was compared
with  previous studies in areas with different
geographical characteristics.

Mineral elements were examined in trees and shrubs
growing in the mountainous region of Pakistan called
Gilgit Baltistan. When the element data they analyzed
were compared with the data obtained in this study, it
was identified that Ca was very high, Fe was low, Mg,

Mn, Zn and Cu had similar levels [23]. The amount of
some metals in trees and herbaceous plants at 600 and
1100 m altitudes of Mount Kaz (Turkiye) was
determined. There appeared to be a difference in metal
concentrations in the studied plants depending on the
elevation. The metal data they obtained are different
from the data obtained in this study [24]. Mineral
elements in the soils where the endemic Salvia
hydrangea L. plant growing in the elevations of 1100,
1700, 2000 m were found in Mazanadarn, Iran. The
amount of the elements decreased as the altitude
increased [14]. Element analysis was conducted as well
at different elevations (1000-1400 m, 1400-1800 m,
1800-2200 m) on Hylocomium splendens moss species
growing in the southeastern Alps of Italy. Significant
differences were discovered in the elements studied
depending on the elevation [25]. The data obtained as a
result of the analysis of Ni, Fe, Mn and Zn in plants
growing at 1000 m and 1600 m of Murat Mountain
(Turkiye) based on the elevation. The results suggest
that some of the plants studied were able to accumulate
some metals in their organs and roots [26]. In the
element analysis of plants growing at 1000 m and 1600
m altitudes on Mount Honaz (Turkiye), significant
differences were found between the two altitudes [27].
According to the data with regards element obtained in
the study conducted in Mount Kaz (100 m-1726 m), it
was observed that the concentrations of B, Ca, Cu, Mg,
Mn and Ni decreased at low altitudes, and the
concentrations of these minerals increased up to a
certain point and then decreased (except Mg 1600-1700
m) as the altitude increased. The highest average values
for B, Ca and Mn were determined at 600 m and for Cu
and Ni at 1000 m. Unlike other elements, Al, Fe and Na
had relatively low values at 600 m [28]. They
determined the content of Al, Ba, Cu, Fe, Mn, Zn, Fe,
Mn and Zn in plants growing in Kumalar Mountain
(Tirkiye) (900-1200 m and 1200-1900 m). Element
accumulation values were higher in the 1200-1900 m
range [29]. In the study conducted on Alabna rock in
Saudi Arabia, the effects of altitude on species diversity,
plant community and soil components were examined.
As a result of the study, the diversity and distribution of
species were affected by the elevation and element
contents in the soil [30]. Research on Mount Changbai
(500-2300 m) in China has shown that carbon (C),
nitrogen (N) and phosphorus (P) concentrations in plant
leaves vary significantly with altitude. They found that
as altitude increased, these changes were influenced by
plant growth forms, climate and soil properties [31]. In
this study, leaf N, P, Ca, K and Mg concentrations were
analyzed in six different plant species (trees, shrubs,
weeds) at 1400, 1600 and 3100 m altitudes. The data
suggest that summer drought, reduced microbial activity
and slowed soil development may have indirect effects
on plant growth at high altitudes. They suggested that
these factors may reduce nutrient pools and possibly
nutrient supply at high altitudes [32]. Considering the
data obtained in the studies, it was seen that coincided
with the data obtained in this study.
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Table 1. Na concentrations (pug/g dw) of plants grown and soil in different altitude (*p<0.05).

Altitude Plant species Flower Color Flower Leaf Root Soil
Linum mucronatum Bertol Yellow 256,9 + 98b 342,1 + 4,19 165,7 + 1,7°
Genista aucheri Boiss. Yellow 257,0 + 6,9° 329,9 + 12,6 140,1 + 16,72
Anchusa leptophylla Roem. & Schult Blue 250,9 + 7,00 307,4 + 10,0° 222.6 + 244
1500 m Euphorbia virgata Waldst. & Kit. Green 260,0 + 37,8° 338,0 + 11,54 189,1 + 54bc 306,8 + 248°
Glaucium leiocarpum Boiss. Orange 312,6 + 5,0° 160,2 * 2,77 206,5 + 9,1
Astragalus ornithopodioides Lam. Purple 413,8 + 21,6° 222,0 + 10,0° 490,6 + 11,6°
Alcea calvertii (Boiss) Boiss. White 1477 + 28 160,6 + 53 218,7 + 3,24
Genista aucheri Boiss. Yellow 326,8 + 2220 394,7 + 11,3 178,5 + 558
Euphorbia virgata Waldst. & Kit. Green 367,6 + 19,10 446,2 + 84¢ 183,2 + 1,9%
Tanacetum mucroniferum Hub. Mor. Et Grierson White 175,7 + 522 159,9 £ 2,00 218,8 + 4,0
2000 m Inula oculus-christi L. Yellow 1441 + 2,3 182,1 + 3,10 194,7 + 3,0 90,2 + 7,00
Hypericum scabrum L. Yellow 425,5 + 16,0¢ 147,9 + 4,28 178,3 + 3,6°
Barbarea auriculata Hausskn. ex Bornm Yellow 401,4 + 56,7 200,7 + 50° 233,55 + 9,3
Globularia trichosantha Fisch. & C.A.Mey Purple 319,3 + 10,20 181,4 + 5,70 203,5 + 6,6
Onobrychis cornuta (L.) Desv. Purple 1519 + 3,9 145,9 + 2,22 196,0 + 9,3
Crepis armena DC Yellow 2629 + 3,7° 381,9 + 10,7¢ 161,1 + 2,60
Anthemis cretica L. White 299,8 + 9)5°¢ 426,4 + 24,09 290,7 + 4,19
Campanula tridentata Schreber Purple 235,6 + 7,70 464,6 + 528 204,2 + 6,09
Euphorbia petrophila C.A. Meyer Green 3219 + 11,79 350,9 + 14,9 209,2 + 259 45,2 + 348
2500 m Papaver fugax Poiret Pink 358,7 + 12,6° 340,0 + 13,8 258,8 + 49
Aster alpinus L. Purple 296,0 + 11,2°¢ 369,3 + 115° 179,0 + 3,8°
Scutellaria orientalis L. Yellow 1979 + 4,02 195,4 + 105 164,8 + 1,9°
Coronilla orientalis Miller Yellow 176,1 + 08 159,9 + 3,5 170,0 + 580
Lallemantia canescens (L) Fisch. & Mey. Purple 179,4 + 3,00 189,6 + 53 133,8 + 2,18
Dianthus orientalis Adams. Purple 285,6 + 11,8 2117 * 17° 232,3 + 2,9
Anthemis cretica L. White 331,4 + 44 400,3 + 14,09 203,0 + 90b
Campanula tridentata Schreber Blue 354,8 + 53¢ 357,2 + 17)5°¢ 198,1 + 2,5
Papaver fugax Poiret Pink 276,7 + 13,0° 369,7 + 12,1 186,6 + 8,9°
3000 m Hedysarum erythroleucum Boiss. Purple 373,7 + 10,8¢ 385,4 + 7,9« 169,2 + 2,8
Pedicularis comosa L. White 180,5 +  4,4® 192,3 + 5,0° 165,2 + 428 41,0 + 2,62
Scorzonera sericea DC. Yellow 206,8 + 6,1° 157,8 + 1,3 156,3 + 248
Senecio hypoleucus Benth Yellow 196,1 + 93 169,5 + 2,0® 201,0 + 52b
Astragalus nezaketiae A.Duran & Aytac Purple 162,1 + 25 146,9 + 0,92 189,9 + 200
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Table 2. Mg concentrations (ng/g dw) of plants grown and soil in different altitude (¥p<0.05).

Altitude  Plant species Flower Color Flower Leaf Root Soil
Linum mucronatum Bertol Yellow 9751,4 + 563,1¢ 12507,3 + 3445d 3590,4 + 92,72
Genista aucheri Boiss. Yellow 24977 + 182,00 85916 + 221,1b 2705,9 + 81,42
Anchusa leptophylla Roem. & Schult Blue 3110,2 + 120,5¢ 108914 + 202,3¢ 6742,9 + 672,62
1500 m Euphorbia virgata Waldst. & Kit. Green 958,4 + 149,78 44014 + 129,128 1932,9 + 114,72 42618,3 + 4631,0°
Glaucium leiocarpum Boiss. Orange 3165,6 + 207,0c 3918,0 + 44,32 44123 + 426,62
Astragalus ornithopodioides Lam. Purple 5621,3 + 586,6¢ 10680,0 + 1290,0¢ 34764,1 + 4337,3°
Alcea calvertii (Boiss) Boiss. White 3795,3 + 258° 7761,9 + 96,8° 18649,1 + 1796,8°
Genista aucheri Boiss. Yellow 1670,7 + 53,8 6793,3 + 133,8° 1614,1 + 121,62
Euphorbia virgata Waldst. & Kit. Green 1550,4 + 114,0°® 6633,6 + 098,5° 2303,8 + 97,18
Tanacetum mucroniferum Hub. Mor. Et Grierson White 2296,4 + 72,2° 6118,6 + 96,94 5452,3 + 246,3°
2000 m Inula oculus-christi L. Yellow 1392,4 + 30,12 3378,6 + 138,62 5406,7 + 349,3° 9838,0 + 586,5"
Hypericum scabrum L. Yellow 29434 + 41,24 3517,2 + 16,4% 2208,5 + 219,62
Barbarea auriculata Hausskn. ex Bornm Yellow 1999,0 + 2475 4826,8 + 160,6° 6391,1 + 665,3"
Globularia trichosantha Fisch. & C.A.Mey Purple 13368,5 + 262,06 59459 + 229,84 5085,3 + 511,20
Onobrychis cornuta (L.) Desv. Purple 30974 + 94,0¢ 3898,3 + 19,3 6705,2 + 957,40
Crepis armena DC Yellow 3171,2 + 11659 13985,1 + 274,99 28825 + 86,4
Anthemis cretica L. White 2653,3 + 56,8° 6720,3 + 73,3¢ 1797,2 + 111,12
Campanula tridentata Schreber Purple 987,5 + 1058 6614,7 + 24,4° 3117,8 + 610,2°
Euphorbia petrophila C.A. Meyer Green 3492 4 + 194,09 10053,9 + 97.3f 4001,8 + 23,2d 4303,8 + 197,58
2500 m Papaver fugax Poiret Pink 5160,6 + 197,82 6916,7 + 346,6° 2929,5 + 37,7
Aster alpinus L. Purple 1640,2 + 151,00 62075 + 211,7¢ 22745 + 165,5%¢
Scutellaria orientalis L. Yellow 3726,1 + 141,29 51586 + 589,84 4148.8 + 193,74
Coronilla orientalis Miller Yellow 1021,6 + 6,6° 3506,8 + 18,9P 5971,7 + 457,0¢
Lallemantia canescens (L) Fisch. & Mey. Purple 3361,4 + 30,3¢ 4215,7 + 28,0° 4156,2 + 71,79
Dianthus orientalis Adams. Purple 12123 + 18,92 2375,1 + 26,12 2022,6 + 86,62
Anthemis cretica L. White 2866,0 + 33,6° 5697,6 + 355f 1886,6 + 112,40
Campanula tridentata Schreber Blue 1775,8 + 1195 96328 + 34459 19784 + 30,5°
Papaver fugax Poiret Pink 782,8 + 5542 5245,6 + 408,2¢f 1513,4 + 61,02
3000 m Hedysarum erythroleucum Boiss. Purple 1796,2 + 3855 5054,1 + 455¢ 1450,1 + 27,62
Pedicularis comosa L. White 2632,8 + 55,1°¢ 4702,9 + 378,8% 19109 + 102,8° 3066,2 + 123,28
Scorzonera sericea DC. Yellow 17615 + 655 3817,2 + 62,1bc 2876,4 + 27,64
Senecio hypoleucus Benth Yellow 1566,9 + 60,3 4210,9 + 14,9 24726 + 186,6°
Astragalus nezaketiae A.Duran & Aytac Purple 1768,6 * 64,5 3312,2 + 134° 2404,7 + 26,5
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Table 3. Al concentrations (ug/g dw) of plants grown and soil in different altitude (*p<0.05).

Flower
Altitude Plant species Color Flower Leaf Root Soil
Linum mucronatum Bertol Yellow 3703,0 + 216,94 740,3 + 53,82 1056,9 + 34,12
Genista aucheri Boiss. Yellow 790,4 + 75,60 1807,6 + 225,0° 19254 + 107,1%
Anchusa leptophylla Roem. & Schult Blue 573,3 + 59,20 737,8 + 20,92 3614,3 + 200,2¢d
Euphorbia virgata Waldst. & Kit. Green 79,3 + 10,92 448,5 + 50,62 2383,1 + 215,80 29307,6 =+ 1929,6°
Glaucium leiocarpum Boiss. Orange 1998,3 + 120,6° 545,0 + 62,28 2690,5 + 481,55
Astragalus ornithopodioides Lam. Purple 653,0 + 63,00 1352,8 + 193,6° 6321,6 + 654,7¢
1500 m Alcea calvertii (Boiss) Boiss. White 557,8 + 84° 680,9 + 3842 4128,1 + 44159
Genista aucheri Boiss. Yellow 394,3 + 42,12 940,6 + 169,62 1790,8 + 296,32
Euphorbia virgata Waldst. & Kit. Green 257,2 + 41,00 1252,5 + 105,92 5484,4 + 388,92
Tanacetum mucroniferum Hub. Mor. Et Grierson ~ White 767,4 + 4742 1001,3 + 165,52 10125,8 + 547,40
Inula oculus-christi L. Yellow 623,2 + 48,02 1842,9 + 41,3 10279,1 + 752,20 43136,3 + 2502,1°
Hypericum scabrum L. Yellow 802,9 + 3322 507,7 + 2572 2972,0 + 416,02
Barbarea auriculata Hausskn. ex Bornm Yellow 731,1 + 104,92 7375,8 + 708,1° 19970,7 + 2617,3°
Globularia trichosantha Fisch. & C.A.Mey Purple 36029,0 + 963,8°  12859,0 + 669,1° 12893,3 + 1439,0°
2000 m Onobrychis cornuta (L.) Desv. Purple 2374,2 + 229,20 794,8 + 36,92 11240,9 + 1820,6°
Crepis armena DC Yellow 10240,0 + 400,8% 17934,6 + 1203,2° 67928 + 277,0°
Anthemis cretica L. White 2818,4 + 59,92 1239,0 + 43,32 4078,1 + 269,1°
Campanula tridentata Schreber Purple 1755,9 + 24572 871,6 + 14,62 29915 + 318,7®
Euphorbia petrophila C.A. Meyer Green 4856,8 + 3288 7574 + 4542 6887,4 + 156,4°
Papaver fugax Poiret Pink 1864,6 + 9372 1513,3 + 37,12 3596,4 + 154,1® 19918,7 + 1105,32
Aster alpinus L. Purple 2174,1 + 470,00 16149 + 210,72 6429,5 + 621,1°
Scutellaria orientalis L. Yellow 8279,9 + 689,42 4045,6 + 868,3° 6538,3 + 639,2°
Coronilla orientalis Miller Yellow 308,7 + 8,78 1059,4 + 115,92 6713,8 + 1058,5¢
Lallemantia canescens (L) Fisch. & Mey. Purple 1000,6 + 7842 914,2 + 62,5° 2075,9 + 195,42
2500 m Dianthus orientalis Adams. Purple 399,7 +  234° 180,5 + 6,28 2886,6 + 171,0®
Anthemis cretica L. White 1660,7 + 357° 2390,6 + 553¢ 4320,9 + 384,69
Campanula tridentata Schreber Blue 818,4 +  124,3° 304,3 + 9,82 869,1 + 23,78
Papaver fugax Poiret Pink 771,7 +  64,5° 1504,5 + 68,3 1069,6 + 50,9%
Hedysarum erythroleucum Boiss. Purple 813,3 +  272,1° 267,8 + 4,62 1440,1 + 90,22
Pedicularis comosa L. White 1450,6 + 1154° 3420,9 + 719,6° 2307,3 + 294,30 138108 + 621,72
Scorzonera sericea DC. Yellow 271,3 + 14,8 1751,1 + 251,3¢¢  2005,2 + 366,0%¢
Senecio hypoleucus Benth Yellow 259,5 + 53 881,5 + 535% 2983,8 + 347,2°
3000 m Astragalus nezaketiae A.Duran & Aytac Purple 724,3 + 822b 175,6 + 55° 2966,3 + 748°

For a given metal, mean concentrations followed by the same letter are not significantly different (p<0.05).
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Table 4. K concentrations (pg/g dw) of plants grown and soil in different altitude (*p<0.05).

Flower
Altitude Plant species Color Flower Leaf Root Soil
Linum mucronatum Bertol Yellow 16942,5 + 549,3P 30472,5 + 5302,3%¢ 43833 + 66,3°
Genista aucheri Boiss. Yellow 19020,6 + 864,8° 20763,6 + 44954  2501,8 + 58,82
Anchusa leptophylla Roem. & Schult Blue 51864,8 + 1812,5° 61902,3 + 5432,9¢ 20945,7 + 1284,3¢ 2677,4 + 3413
Euphorbia virgata Waldst. & Kit. Green 11223,8 + 1679,0° 38060,6 + 803,04 49243 + 309,0°
Glaucium leiocarpum Boiss. Orange 42516,5 + 3160,3¢ 27466,7 + 352,604 172804 + 175,89
Astragalus ornithopodioides Lam. Purple 22065,1 + 760,8 15515,2 + 184,00 3633,7 + 92,9%
1500 m Alcea calvertii (Boiss) Boiss. White 32380,1 + 564,0° 17470,9 + 134,3% 11634,3 + 112,1°
Genista aucheri Boiss. Yellow 16871,9 + 1270,1°¢ 18252,2 + 194,8° 8484,0 + 2862,2%
Euphorbia virgata Waldst. & Kit. Green 10489,0 + 1352,8° 23630,9 + 426,6% 6540,4 + 123,62
Tanacetum mucroniferum Hub. Mor. Et Grierson White 31930,2 + 581,3? 24900,4 + 311,68 14489,3 + 197,3°
Inula oculus-christi L. Yellow 22675,6 + 126,82 20706,0 + 1812,9¢ 16001,1 + 277,5° 5506,6 + 314,0°
Hypericum scabrum L. Yellow 18602,6 + 234,42 9949,9 + 098,78 9665,6 + 293,32
Barbarea auriculata Hausskn. ex Bornm Yellow 32607,4 + 3899,12 30451,1 + 403,2f 16527,6 + 4437°
Globularia trichosantha Fisch. & C.A.Mey Purple 20718,0 + 315,02 118111 + 226,7° 9074,3 + 292,32
2000 m Onobrychis cornuta (L.) Desv. Purple 19982,0 + 113,22 9696,9 + 4712 6011,3 + 192,72
Crepis armena DC Yellow 26735,5 + 897,19 38421,8 + 4136 11186,4 + 154,00
Anthemis cretica L. White 32629,2 + 560,2¢ 24563,7 + 2491 7782,8 + 126,42
Campanula tridentata Schreber Purple 9590,8 + 813,62 56571,9 + 312,59 23634,0 + 3075,7°
Euphorbia petrophila C.A. Meyer Green 15260,5 + 789,1b 31151,6 + 321,0¢ 10048,4 + 3424,32
Papaver fugax Poiret Pink 18095,6 + 655,2¢ 22753,1 + 1077,0° 7498,2 + 99,72 1746,9 + 103,02
Aster alpinus L. Purple 13567,1 + 7406 25247,1 + 992,1¢ 7710,8 + 249,22
Scutellaria orientalis L. Yellow 22400,7 + 373,44 16648,4 + 419,20 111455 + 384,22
Coronilla orientalis Miller Yellow 24686,4 + 129,24 17886,0 + 1443,7° 213887 + 537,3°
Lallemantia canescens (L) Fisch. & Mey. Purple 38407,5 + 1439f 14688,3 + 103,52 22979,6 + 654,1°
2500 m Dianthus orientalis Adams. Purple 26387,2 + 546,9¢ 17488,8 + 119,5° 5692,1 + 51,9
Anthemis cretica L. White 32126,3 + 3287 36649,9 + 226,39 11785,1 + 188,64
Campanula tridentata Schreber Blue 24921,9 + 141849  53764,7 + 1861,8" 5096,4 + 41,30
Papaver fugax Poiret Pink 7056,7 + 476,52 28818,8 + 807,9f 33224,4 + 230,2f
Hedysarum erythroleucum Boiss. Purple 11740,2 + 1091,2° 17364,9 + 256,9¢ 3768,4 + 5742
Pedicularis comosa L. White 27763,8 + 72,78 14321,3 + 1227¢ 7543,3 + 388,00 1178,4 + 64,62
Scorzonera sericea DC. Yellow 27989,4 + 749,7¢ 11557,2 + 185,3° 10766,3 + 145164
Senecio hypoleucus Benth Yellow 28384,7 + 1032,8° 27825,4 + 884,0f 19775,3 + 1065,8°
3000 m Astragalus nezaketiae A.Duran & Aytac Purple 26782,7 + 4487% 19713,7 + 90,0® 9058,1 + 160,1%

For a given metal, mean concentrations followed by the same letter are not significantly different (p<0.05).
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Table 5. Ca concentrations (ug/g dw) of plants grown and soil in different altitude (*p<0.05).

Altitude Plant species Flower Color  Flower Leaf Root Soil
Linum mucronatum Bertol Yellow 613,4 + 16,22 41922 + 179,9° 463,5 + 12,22
Genista aucheri Boiss. Yellow 613,8 + 31,12 3540,6 + 304° 1078,7 + 22,6
Anchusa leptophylla Roem. & Schult Blue 867,8 + 31,2° 4663,3 + 137,8¢ 2335,0 + 122,9°
Euphorbia virgata Waldst. & Kit. Green 517,3 + 78,82 28154 + 84,22 899,9 + 39,1° 4294,5 + 496,6°
Glaucium leiocarpum Boiss. Orange 1407,0 + 109,2¢ 10397,9 + 3343f 5289,8 + 268,7°
Astragalus ornithopodioides Lam. Purple 1494,1 +  48,6° 3309,7 + 28,7° 2755,9 + 211,49
1500 m Alcea calvertii (Boiss) Boiss. White 1916,8 + 28,1¢ 8134,4 + 357 6981,0 + 232,0f
Genista aucheri Boiss. Yellow 534,5 + 23,12 3830,9 + 101,8° 867,9 + 66,32
Euphorbia virgata Waldst. & Kit. Green 599,5 + 4552 4135,3 + 80,2¢ 1193,8 + 2242
Tanacetum mucroniferum Hub. Mor. Et Grierson White 1908,3 + 78,9 5007,2 + 674° 11884,6 + 510,5¢
Inula oculus-christi L. Yellow 8739 + 11,2° 5665,6 + 184,42 1951,3 + 39,20 880,7 + 56,22
Hypericum scabrum L. Yellow 1351,9 + 10,9¢ 1877,3 + 7,8 2307,9 + 280,1°
Barbarea auriculata Hausskn. ex Bornm Yellow 1256,8 + 156,6° 4308,3 + 18,3 2330,7 + 90,9
Globularia trichosantha Fisch. & C.A.Mey Purple 1654,6 + 54,09 2666,1 + 15,8? 1032,5 + 63,92
2000 m Onobrychis cornuta (L.) Desv. Purple 24211 + 159° 7132,3 + 58,22 8468,5 + 508,6°
Crepis armena DC Yellow 587,3 + 22,12 4088,5 + 28,30 1236,3 + 37,77
Anthemis cretica L. White 779,6 + 15.2° 2323,6 + 2242 864,1 + 62,42
Campanula tridentata Schreber . Purple 313,0 + 43,42 4487,7 + 189° 1449,6 + 134,08
Euphorbia petrophila C.A. Meyer Green 2682,0 + 201,5° 3381,9 + 48,3° 1726,1 + 84,78
Papaver fugax Poiret Pink 1605,4 + 54,3¢ 2528,9 + 144,62 1499,3 + 2357 3333,6 + 349,6°
Aster alpinus L. Purple 389,0 + 4512 2313,7 + 79,12 1492,8 + 123,48
Scutellaria orientalis L. Yellow 1235,2 + 554¢ 5918,6 + 929,44 1273,1 + 60,42
Coronilla orientalis Miller Yellow 1520,7 + 11,49 10126,8 + 68,7° 8562,3 + 1089,5°
Lallemantia canescens (L) Fisch. & Mey. Purple 39434 + 1595 6170,0 + 3544 4136,4 + 301,4°
2500 m Dianthus orientalis Adams. Purple 638,0 + 2748 5745,7 + 31,9 4199,0 + 1305°
Anthemis cretica L. White 986,1 + 20,49 2762,9 + 30,8° 1611,9 + 286,1%
Campanula tridentata Schreber Blue 475,9 + 732° 49220 + 184,6° 3576,9 + 108,1°¢
Papaver fugax Poiret Pink 244.6 + 18,82 3418,5 + 106,92 11495 + 22,32
Hedysarum erythroleucum Boiss. Purple 532,5 + 119,8° 2690,6 + 2252 2257,6 + 42,1b
Pedicularis comosa L. White 1712,6 + 82,0° 7093,6 + 664,49 2133,3 + 79,6 4183,1 + 176,4°
Scorzonera sericea DC. Yellow 1039,6 + 32,84 34217 + 85,17 4253,2 + 255,7°
Senecio hypoleucus Benth Yellow 1126,1 + 459¢ 5922,6 + 28/4° 3615,7 + 269,9°
3000 m Astragalus nezaketiae A.Duran & Aytac Purple 11248 + 38,14 5160,7 + 36,8° 5564,6 + 17459

For a given metal, mean concentrations followed by the same letter are not significantly different (p<0.05).
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Table 6. Fe concentrations (ug/g dw) of plants grown and soil in different altitude (*p<0.05).

Altitude Plant species Flower Color  Flower Leaf Root Soil
Linum mucronatum Bertol Yellow 5769,5 + 352,4° 1267,8 + 85,1° 1759,6 + 51,12
Genista aucheri Boiss. Yellow 726,5 + 76,2° 1874,6 + 284,5¢ 1943,1 + 102,12
Anchusa leptophylla Roem. & Schult Blue 609,9 + 484% 8343 + 34,1 4405,6 + 250,4°
Euphorbia virgata Waldst. & Kit. Green 89,9 + 12,52 463,5 + 4572 2064,7 + 195,82 38363,5 + 1411,5°
Glaucium leiocarpum Boiss. Orange 1153,8 + 84,9° 4418 + 53,02 1953,4 + 34572
Astragalus ornithopodioides Lam. Purple 1090,2 + 1494 22191 + 418,8°  10870,6 + 132159
1500 m Alcea calvertii (Boiss) Boiss. White 606,4 + 155%  774,0 + 43,8® 5995,6 + 659,7°
Genista aucheri Boiss. Yellow 361,0 + 30,18 865,2 + 1534% 15639 + 284,22
Euphorbia virgata Waldst. & Kit. Green 2729 + 35,28 1159,5 + 87,2 4483,4 + 311,5%
Tanacetum mucroniferum Hub. Mor. Et Grierson ~ White 561,6 + 3142 7191 + 112,43 68753 + 392 4bc
Inula oculus-christi L. Yellow 505,6 + 37,82 1452,5 + 37,9 8024,4 + 612,9° 38604,0 + 2019,3¢
Hypericum scabrum L. Yellow 635,5 + 21,92 372,2 + 1852 2194,2 + 304,62
Barbarea auriculata Hausskn. ex Bornm Yellow 580,5 + 79,02 4845,5 + 429,6° 14775,7 + 1995,64
Globularia trichosantha Fisch. & C.A.Mey Purple 27497,6 + 572,9° 94237 + 529,59 10038,8 + 1167,7°
2000 m Onobrychis cornuta (L.) Desv. Purple 1862,9 + 1775° 6476 + 26,2% 8838,8 + 14345°
Crepis armena DC Yellow 8460,8 + 344,1* 153858 + 1082,2° 6064,5 + 293,6°
Anthemis cretica L. White 2225,9 + 5148 11555 + 255 3646,6 + 243,94
Campanula tridentata Schreber Purple 1438,7 + 202,58 839,0 + 14,32 2905,0 + 337,3bc
Euphorbia petrophila C.A. Meyer Green 4868,9 + 312,28 738,0 + 45,22 958,6 + 38,32
Papaver fugax Poiret Pink 1595,0 + 81,1* 13202 + 434 2822,6 + 1152%  20497,7 + 829,2°
Aster alpinus L. Purple 1866,0 + 402,9% 1387,6 + 185,8% 5870,8 + 588,5°
Scutellaria orientalis L. Yellow 5575,9 + 522,48 26213 + 529,6° 47394 + 463,6%
Coronilla orientalis Miller Yellow 268,2 + 6,52 787,6 + 87,12 4901,3 + 784,9%
Lallemantia canescens (L) Fisch. & Mey. Purple 851,5 + 70,52 713,4 + 41,32 1755,9 + 1724%
2500 m Dianthus orientalis Adams. Purple 3337 + 144> 1540 + 45 2151,0 + 138,3®
Anthemis cretica L. White 1378,4 + 19,49 20924 + 56,04 3846,2 + 294,14
Campanula tridentata Schreber Blue 951,8 + 1446 4139 + 13,9 6933,5 + 213,9¢
Papaver fugax Poiret Pink 623,1 + 49,1® 12499 + 51,7¢ 968,1 + 26,42
Hedysarum erythroleucum Boiss. Purple 721,6 + 233,0° 2895 + 3,7%® 1150,7 + 54,32
Pedicularis comosa L. White 11345 + 92,2¢d 23635 + 446,84 1787,8 + 222,6%c¢ 143305 + 461,5°
Scorzonera sericea DC. Yellow 234,5 + 11,62 1287,1 + 180,2¢ 1545,9 + 275,28
Senecio hypoleucus Benth Yellow 248,4 + 4,9 791,3 + 40,8 2667,6 + 306,9°
3000 m Astragalus nezaketiae A.Duran & Aytac Purple 599,3 + 616% 1928 + 4,12 2275,7 + 46,2

For a given metal, mean concentrations followed by the same letter are not significantly different (p<0.05).
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Table 7. Mn concentrations (ug/g dw) of plants grown and soil in different altitude (*p<0.05).

Altitude Plant species Flower Color Flower Leaf Root Soil
Linum mucronatum Bertol Yellow 123,9 + 6,5¢ 113,9 t 47 118,1 + 3,7%®
Genista aucheri Boiss. Yellow 70,5 + 3,7° 1415 + 4,99 84,2 + 2,7
Anchusa leptophylla Roem. & Schult Blue 34,0 + 1,6® 132,3 + 4,19 185,6 + 104°
Euphorbia virgata Waldst. & Kit. Green 35,0 + 3,9% 86,3 + 1,4P 140,0 + 133" 6274 + 285°
Glaucium leiocarpum Boiss. Orange 37,8 + 2,7 86,0 + 1,9° 83,2 + 8,0
Astragalus ornithopodioides Lam. Purple 46,3 + 2,6° 88,8 + 6,6° 226,6 + 21,9
1500 m Alcea calvertii (Boiss) Boiss. White 29,0 + 0,28 64,4 + 0,8 142,4 + 123°
Genista aucheri Boiss. Yellow 52,0 + 1,20 113,2 + 74° 81,3 + 12,98
Euphorbia virgata Waldst. & Kit. Green 49,7 + 4,35 102,6 + 1,7 143,0 + 6,0®
Tanacetum mucroniferum Hub. Mor. Et Grierson ~ White 51,3 + 3,1° 115,3 + 34° 165,3 + 8,9
Inula oculus-christi L. Yellow 28,3 + 0,9 87,2 + 1,20 213,6 + 14,7 6395 + 356°
Hypericum scabrum L. Yellow 35,8 + 0,62 42,2 + 052 61,9 + 6,92
Barbarea auriculata Hausskn. ex Bornm Yellow 36,2 + 4,8 163,8 + 11,8° 408,6 + 5344
Globularia trichosantha Fisch. & C.A.Mey Purple 538,8 + 11,5¢ 201,2 + 11,1F 212,0 + 23,7
2000 m Onobrychis cornuta (L.) Desv. Purple 92,3 + 4.2° 145,0 + 2,09 2424 + 359°
Crepis armena DC Yellow 188,6 + 8,22 362,9 + 22,19 209,0 + 9,20
Anthemis cretica L. White 79,6 + 168 77,4 + 0,9 160,9 + 94°
Campanula tridentata Schreber Purple 43,5 + 5,88 61,1 + 0,4 115,2 + 129
Euphorbia petrophila C.A. Meyer Green 136,1 + 9,62 87,7 + 3,50 94,5 + 6,5%
Papaver fugax Poiret Pink 83,8 + 37 77,0 + 7,7° 77,4 + 2,9% 4965 + 2340
Aster alpinus L. Purple 61,9 + 10,6 79,4 + 4,9° 194,8 + 18,6%
Scutellaria orientalis L. Yellow 166,0 + 1528 141,3 + 15,3° 391,0 + 24,1°
Coronilla orientalis Miller Yellow 23,5 + 0,28 76,3 + 1,00 121,7 + 186°
Lallemantia canescens (L) Fisch. & Mey. Purple 44,4 + 2,08 35,9 + 1,12 60,4 + 50
2500 m Dianthus orientalis Adams. Purple 24,2 + 05" 90,5 + 210 85,0 + 34%
Anthemis cretica L. White 101,4 + 16° 196,4 + 2,79 160,8 + 10,0%
Campanula tridentata Schreber Blue 36,7 + 3,9 34,9 + 1,28 185,1 + 5,0¢
Papaver fugax Poiret Pink 27,9 + 2,1 124,7 + 9,6° 51,4 + 1,3
Hedysarum erythroleucum Boiss. Purple 47,0 + 7,7° 100,4 + 1,09 94,7 + 2,6°
Pedicularis comosa L. White 60,8 + 33 157,0 + 10,6 92,0 + 8,0° 342,6 13,9
Scorzonera sericea DC. Yellow 22,1 + 0,8 74,2 + 5]1° 94,6 + 95°
Senecio hypoleucus Benth Yellow 16,4 + 0,42 54,2 + 16 1247 + 14,00
3000 m Astragalus nezaketiae A.Duran & Aytac Purple 42,6 + 2]1° 76,4 + 05° 120,2 + 1,7b

For a given metal, mean concentrations followed by the same letter are not significantly different (p<0.05).
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Table 8. Cu concentrations (ug/g dw) of plants grown and soil in different altitude (*p<0.05).

Altitude Plant species Flower Color Flower Leaf Root Soil
Linum mucronatum Bertol Yellow 65,2 + 9,3 15,4 + 114 10,6 + 0,2
Genista aucheri Boiss. Yellow 48,9 + 4,62 10,8 +  04° 12,2 + 0,3°
Anchusa leptophylla Roem. & Schult Blue 128,7 + 44,70 12,9 + 0.2° 18,0 + 09°
Euphorbia virgata Waldst. & Kit. Green 51,9 + 15,82 15,4 + 0,59 12,3 + 0,2° 27,9 + 1,0°
Glaucium leiocarpum Boiss. Orange 8,4 + 0,52 59 + 0,18 12,1 + 0,7°
Astragalus ornithopodioides Lam. Purple 54 + 048 6,5 + 05° 94 + 0,6°
1500 m Alcea calvertii (Boiss) Boiss. White 7,0 + 04 53 + 0,0 9,6 + 05°
Genista aucheri Boiss. Yellow 193,3 + 78,1° 15,5 + 0,3 12,6 + 1,28
Euphorbia virgata Waldst. & Kit. Green 51,0 + 42 35,3 + 7,9 11,7 + 0,22
Tanacetum mucroniferum Hub. Mor. Et Grierson White 9,6 + 1,08 8,7 + 0,12 11,8 + 0,22
Inula oculus-christi L. Yellow 8,4 + 0,22 10,7 + 0,58 12,4 + 04° 25,2 + 1,3
Hypericum scabrum L. Yellow 9,4 + 0,18 5,6 + 0,22 9,3 + 0,22
Barbarea auriculata Hausskn. ex Bornm Yellow 59 + 0,82 8,7 + 0428 18,0 + 16°
Globularia trichosantha Fisch. & C.A.Mey Purple 23,6 + 0,3 10,7 + 0,3 194 +  04°
2000 m Onobrychis cornuta (L.) Desv. Purple 8,0 + 0,12 5,0 + 01° 9,8 + 1,09
Crepis armena DC Yellow 449 + 4,8 17,2 + 05° 18,7 + 05°
Anthemis cretica L. White 65,4 + 8,62 22,0 + 0,8 15,8 + 0,79
Campanula tridentata Schreber Purple 43,2 + 84 15,4 + 01° 18,9 + 14
Euphorbia petrophila C.A. Meyer Green 244 + 088 10,6 + 05 11,9 + 01°
Papaver fugax Poiret Pink 28,5 + 562 8,5 + 0,1° 8,2 + 0,3° 14,9 + 0,5°
Aster alpinus L. Purple 47,3 + 10,18 15,5 + 0,6° 134 + 0,7°
Scutellaria orientalis L. Yellow 8,6 + 0,3 11,1 + 2,30 8,0 +  04°
Coronilla orientalis Miller Yellow 8,4 + 0,112 9,1 + 0,7° 9,6 + 05°
Lallemantia canescens (L) Fisch. & Mey. Purple 3,8 + 0,18 3,6 + 0,12 7.4 + 0,2°
2500 m Dianthus orientalis Adams. Purple 3,7 + 0,1° 3,5 + 0,08 4.2 + 0,18
Anthemis cretica L. White 34,7 + 2,18 12,0 + 04 13,3 + 0,20
Campanula tridentata Schreber Blue 76,0 + 205 11,1 + 04° 20,0 + 0,2¢
Papaver fugax Poiret Pink 22,6 + 2,78 7,8 + 02° 10,1 + 14
Hedysarum erythroleucum Boiss. Purple 33,2 + 352 10,0 + 0,24 10,1 + 01°
Pedicularis comosa L. White 6,7 + 0,28 51 + 0,6° 6,6 + 0,1° 10,9 0,52
Scorzonera sericea DC. Yellow 6,9 + 0,32 4,1 + 0,28 45 + 0,28
Senecio hypoleucus Benth Yellow 9,8 + 1,08 4,4 + 0,12 8,5 + 05°
3000 m Astragalus nezaketiae A.Duran & Aytag Purple 4.4 + 0,22 4.2 + 0,08 4,6 + 0,08

For a given metal, mean concentrations followed by the same letter are not significantly different (p<0.05).
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Table 9. Zn concentrations (pg/g dw) of plants grown and soil in different altitude (*p<0.05).

Altitude Plant species Flower Color Flower Leaf Root Soil
Linum mucronatum Bertol Yellow 58,8 + 6,82 40,7 + 0,8° 49,0 + 12°
Genista aucheri Boiss. Yellow 64,8 + 532 42,7 + 1,0° 19,1 + 1,2%
Anchusa leptophylla Roem. & Schult Blue 117,4 + 30,4° 42,7 + 14° 100,8 + 3,2°
Euphorbia virgata Waldst. & Kit. Green 73,2 + 13,18 101,1 + 544 61,6 + 55d 65,2 + 2,8
Glaucium leiocarpum Boiss. Orange 16,1 + 1,02 28,7 + 0,7° 13,6 + 0,9
Astragalus ornithopodioides Lam. Purple 22,1 + 0,72 18,9 + 0,72 24,4 + 14°
1500 m Alcea calvertii (Boiss) Boiss. White 14,5 + 048 12,2 + 018 26,4 + 1,3°
Genista aucheri Boiss. Yellow 201,7 + 62,3 59,1 + 1,0° 45,3 + 10,9¢
Euphorbia virgata Waldst. & Kit. Green 104,0 + 11,82 104,0 + 32¢ 84,0 + 1,3d
Tanacetum mucroniferum Hub. Mor. Et Grierson White 19,9 + 1,22 34,5 + 04° 30,5 + 0,9%c
Inula oculus-christi L. Yellow 27,2 + 0,42 34,9 + 11°b 427 + 1,50 84,3 + 3,8
Hypericum scabrum L. Yellow 26,7 + 0,55 13,6 + 0,18 15,3 + 1,08
Barbarea auriculata Hausskn. ex Bornm Yellow 40,7 + 4,92 65,8 + 224 83,1 + 6,44
Globularia trichosantha Fisch. & C.A.Mey Purple 69,4 + 1,28 33,2 + 11°b 41,3 + 2,7bc
2000 m Onobrychis cornuta (L.) Desv. Purple 27,3 + 0,82 15,4 + 0,52 23,7 + 3,0
Crepis armena DC Yellow 114,8 + 6,18 126,2 + 47 115,8 + 4,3
Anthemis cretica L. White 93,9 + 6,42 107,0 + 224 70,2 + 46°
Campanula tridentata Schreber Purple 68,7 + 8,48 129,6 + 0,6 88,8 + 9,99
Euphorbia petrophila C.A. Meyer Green 108,9 + 4,62 115,1 + 15°¢ 140,8 + 15
Papaver fugax Poiret Pink 55,3 + 558 36,4 + 24P 27,2 + 048 95,5 + 6,4°
Aster alpinus L. Purple 83,1 + 12,92 66,8 + 23 87,1 + 3.8
Scutellaria orientalis L. Yellow 479 + 3,1° 37,3 + 42b 40,2 + 26°
Coronilla orientalis Miller Yellow 22,0 + 0,12 40,8 + 33 39,8 + 23
Lallemantia canescens (L) Fisch. & Mey. Purple 21,3 + 0,72 38,0 + 04 305 + 1,3
2500 m Dianthus orientalis Adams. Purple 26,4 + 1,6° 16,6 + 042 13,4 + 042
Anthemis cretica L. White 77,6 + 2,00 64,5 + 1,2d 54,9 + 2,24
Campanula tridentata Schreber Blue 156,4 + 41,0° 149,8 + 53° 125,0 + 22°
Papaver fugax Poiret Pink 37,7 + 3,02 49,2 + 2,0° 63,8 + 8,0d
Hedysarum erythroleucum Boiss. Purple 57,6 + 4,28 62,4 + 0,8d 36,4 + 0,9
Pedicularis comosa L. White 63,9 + 0,92 70,5 + 56 48,0 + 1,6° 62,2 + 58
Scorzonera sericea DC. Yellow 27,3 + 0,52 38,4 + 09 53,7 + 1,44
Senecio hypoleucus Benth Yellow 30,2 + 1,02 335 + 0,6® 430 + 3,07
3000 m Astragalus nezaketiae A.Duran & Aytac Purple 22,9 + 0,8 25,3 + 0,3 29,5 + 04

For a given metal, mean concentrations followed by the same letter are not significantly different (p<0.05).
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Table 10. Ni concentrations (pg/g dw) of plants grown and soil in different altitude (*p<0.05).

Altitude Plant species Flower Color Flower Leaf Root Soil
Linum mucronatum Bertol Yellow 169,6 + 11,2¢ 38,2 + 4,0° 46,9 + 1,3
Genista aucheri Boiss. Yellow 25,3 + 2,28he 26,6 + 3,90 29,3 + 1,72
Anchusa leptophylla Roem. & Schult Blue 39,8 + 9,1 215 + 14% 89,0 + 10,1°
Euphorbia virgata Waldst. & Kit. Green 19,2 + 3,7 19,8 + 0,9 331 + 2,8 8353 = 79,0¢
Glaucium leiocarpum Boiss. Orange 12,5 + 0,92 4,8 + 0,3 19,7 + 3,00
Astragalus ornithopodioides Lam. Purple 45,2 + 4,6° 60,8 + 11,69 280,2 + 33,9¢
1500 m Alcea calvertii (Boiss) Boiss. White 12,9 + 0,32 17,6 + 0,9% 140,8 + 16,4°
Genista aucheri Boiss. Yellow 73,1 + 19,6° 19,9 + 1,6° 16,1 + 25°
Euphorbia virgata Waldst. & Kit. Green 25,5 + 2,22 26,4 + 1,3 49,1 + 2,7°
Tanacetum mucroniferum Hub. Mor. Et Grierson ~ White 7,3 + 0,3 9,7 + 0,7%® 50,9 + 26°
Inula oculus-christi L. Yellow 6,7 + 0,3 13,5 + 0,3° 68,0 + 5,00 361,4 + 17,3¢
Hypericum scabrum L. Yellow 7,5 + 042 4,7 + 0)5° 17,6 + 2,22
Barbarea auriculata Hausskn. ex Bornm Yellow 6,8 + 0,92 30,7 + 25¢ 90,7 + 115°
Globularia trichosantha Fisch. & C.A.Mey Purple 206,1 + 3,3 73,4 + 4,0 79,0 + 8,3
2000 m Onobrychis cornuta (L.) Desv. Purple 33,7 + 15 7,1 + 0,3 76,1 + 12,0°
Crepis armena DC Yellow 60,8 + 2,78 85,1 + 6,2¢ 38,4 + 1,8%
Anthemis cretica L. White 39,0 + 320 13,5 + 0,4 26,0 + 1,8%c
Campanula tridentata Schreber Purple 24,9 + 272 75 + 0,5%¢ 34,7 + 8,6
Euphorbia petrophila C.A. Meyer Green 40,2 + 2,32 8,1 + (,28bc 74,3 + 12,49
Papaver fugax Poiret Pink 34,8 + 272 29,6 + 2,79 35,8 + 1,20 152,6 + 6,4°
Aster alpinus L. Purple 32,0 + 6,8 12,9 + 1,6 42,3 + 3,7°
Scutellaria orientalis L. Yellow 32,8 + 2,98 16,2 + 2,7° 27,6 + 2,78
Coronilla orientalis Miller Yellow 6,4 + 0,12 7,0 + 0,62 384 + 5,7bc
Lallemantia canescens (L) Fisch. & Mey. Purple 6,3 + 0,42 4,7 + 0,2% 10,5 + 1,02
2500 m Dianthus orientalis Adams. Purple 34 + 0,3° 2,5 + 018 14,8 + 1,0®
Anthemis cretica L. White 17,8 + 08® 15,4 + 0,5° 29,9 + 1,89
Campanula tridentata Schreber Blue 45,0 + 13,7° 4.6 + 0,28 11,6 + 0,28
Papaver fugax Poiret Pink 15,0 + 14 14,5 + 21° 11,5 + 0,52
Hedysarum erythroleucum Boiss. Purple 26,6 + 2,7° 13,3 + 0,6° 35,8 + 0,6
Pedicularis comosa L. White 8,0 + 05%® 13,7 + 2,5° 11,9 + 0,9 91,0 + 2.4
Scorzonera sericea DC. Yellow 3,0 + 0,12 1,7 + 08° 7,3 + 112
Senecio hypoleucus Benth Yellow 4,0 + 0,12 6,5 + 0,22 17,7 + 16°
3000 m Astragalus nezaketiae A.Duran & Aytac Purple 8,7 + 04® 3,9 + 0,09 12,0 + 0,3

For a given metal, mean concentrations followed by the same letter are not significantly different (p<0.05).
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Table 11. Statistical evaluation of plants with blue and violet flowers and their soil properties at different altitudes (*p<0.05).

Altitude  Plant species B Na Mg Al K Ca Mn Fe Ni Cu Zn
Anchusa leptophylla Roem. & Schult a b d a d c a a a a a
1500 m Astragalus ornithopodioides Lam. a a a a a a a a a a a
Globularia trichosantha Fisch. & C.A.Mey a a a c a a a c b a a
2000 m Onobrychis cornuta (L.) Desv. a a a a a a a a a a a
Campanula tridentata Schreber . a d e a c d a a a a a
Aster alpinus L. a c c a c b a a a a a
Lallemantia canescens (L) Fisch. & Mey. a a a b a a a a a a a
2500 m Dianthus orientalis Adams. b a a a a a b b b b b
Campanula tridentata Schreber a c b a b ab a a a a a
Hedysarum erythroleucum Boiss. a a a a a a a a a a a
3000 m Astragalus nezaketiae A.Duran & Aytac a a a a a a a a a a a
For blue-violet flowered plants, mean concentrations followed by the same letter are not significantly different (p<0.05).
Table 12. Statistical evaluation of plants with yellow flowers and their soil properties at different altitudes (*p<0.05).
Altitude Plant species B Na Mg Al K Ca Mn Fe Ni Cu Zn
Linum mucronatum Bertol c b e b b c d b c a a
1500 m Genista aucheri Boiss. b c a b c c a a a a
Genista aucheri Boiss. c b a b b b a b b b
Inula oculus-christi L. c a a a a a a a a a a
Hypericum scabrum L. bc a a a a a ab a a a a
2000 m Barbarea auriculata Hausskn. ex Bornm b a a a a a ab a a a a
Crepis armena DC e b d d c c f c b a a
Scutellaria orientalis L. a a a c a a e b a a a
2500 m Coronilla orientalis Miller a a a a a a a a a a
Scorzonera sericea DC. a a a a a a a a a a
3000 m Senecio hypoleucus Benth bc a a a a a a a a a a
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CONCLUSION

As a result, in this study, it was observed that mineral
element concentrations changed in both plant parts and
soil at different elevations. In general, it was determined
that the amount of elements in the soil decreased
significantly as the elevation increased. We think that
the fact that the highest elevation of 3000 m in the study
area is poor in nutrients may be due to the coarse
particles of stony soils and low absorption level. It was
observed that the amount of element accumulation of
the plants studied at different elevations differed from
each other depending on the type, structure, formation
and elevation at which they grew. If the mineral element
concentration is very low, some plants alter their
metabolic processes to improve their accumulation
capacity. On the other hand, if the mineral element
concentration is too high, species develop metabolic
modifications where they store elements in vacuoles to
prevent cellular damage or develop a tendency to get rid
of these elements (Ozyigit et al. 2015). Furthermore,
although macro- and micronutrients differed between
elevation zones, this relationship was not always linear
and varied by nutrient.
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Insanlar, davramgsal ozelliklerini duygular aracihiiyla ifade ederler. Bir diger deyisle ifadeler, insan davranis
ozelliklerinin duygusal digavurumudur. Yiz ise bu ifadeleri insan-insan etkilesiminde en temel noktaya tasir. Bu
etkilesimler sayesinde insanlardan geri tepkiler alinir, fakat makinelerin bu etkilesimi algilayabilmesi i¢in {izerinde
calisitlmalidir. Karikatiirize insan goriiniimleriyle yalnizca duygulara odaklanilmasina olanak saglayan FERG veri
setinde daha yiiksek performans elde edilmesi, gergek goriintiilerdeki basarim oranini da arttiracaktir. Bu amagla, bu
caligmada, insan yliziindeki duygularin yapay zeka yardimiyla daha hizli ve isabetli tahmin edilmesi iizerine
yogunlasilmistir. Bu baglamda 7 duygu ifadesi olan Saskin, Uzgiin, Normal, Mutlu, Korku, igrenme, Kizgin isabetli
bir sekilde tahmin edilmeye calisilmigtir. FERG veri seti ile ¢aligtirilan ResNet 50, ResNet 50 32x4d, Vit b 16,
Vit _b32, EfficientNet B0, EfficientNet B1, EfficientNet B2 modellerinde %100 basarim elde edilmistir. Modellerin
performans metrikleri karsilagtirmali olarak sunulmustur. FERG veri seti ile yapilan literatiirdeki diger ¢aligmalarla
sonuclar kiyas edilmistir.

Anahtar Kelimeler: Derin Ogrenme Yontemleri, Yiiz Duygu Tanima, Evrisimsel Sinir Aglari, FERG, ResNet,
EfficientNet

Comprehensive Analysis of Emotion Recognition Algorithms in Convolutional Neural
Networks with Hyperparameters

ABSTRACT

People express their behavioral characteristics through emotions. In other words, expressions are emotional
expressions of human behavioral characteristics. The face carries these expressions to the most fundamental point in
human-human interaction. Thanks to these interactions, feedback is received from people, but it must be studied so
that machines can perceive this interaction. Achieving higher performance on the FERG dataset, which allows
focusing only on emotions with cartoonish human appearances, will also increase the performance rate in real images.
For this purpose, this study focused on faster and more accurate prediction of emotions on the human face with the
help of artificial intelligence. In this context, 7 emotion expressions, Confused, Sad, Normal, Happy, Fear, Disgust
and Angry, were tried to be predicted accurately. 100% performance was achieved in ResNet 50, ResNet 50 32x4d,
Vit_b_16, Vit b32, EfficientNet BO, EfficientNet B1, EfficientNet B2 models run with the FERG dataset.
Performance metrics of the models are presented comparatively. The results were compared with other studies in the
literature using the FERG dataset.

Keywords: Deep Learning Methods, Facial Emotion Recognition, Convolutional Neural Networks, FERG, ResNet,
EfficientNet

GIiRiS

Gerek hiz, depolama ve hesaplama olanaklar1 anlaminda
gelisen bilgisayar teknolojisi, gerek gelisen diger
imkanlar sayesinde insanlar yeni kesif alanlarina
yonelmistir. Duygu, davranig yoluyla ve birgok ifade
yontemiyle disa dogru belirli bir uyaran, olay veya
duruma verilen bir psikolojik ve fizyolojik tepkidir. Yz
duygu tanima alani da son birkag yildir aragtirmacilar

arasinda popiiler olsa da kesfedilmeye muhtag alt
alanlar1 barmdiran bir konsepttir. Yiiz duygu tanima
isleminin makinelerce hesaplanarak yapilmasi bir¢cok
giivenlik ve ticari faydalarnm1i da  beraberinde
getirmektedir. Insan yiizlerinden gelen yiiz duygularimi
yorumlayabilen algoritmik cozlimler tasarlamak ve
gelistirmek, robotik, oyun, dijital pazarlama, akilli
ogretmen sistemleri ve digerleri gibi insan-bilgisayar
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etkilesimi  baglaminda olasiliklar  penceresi
agmaktadir [1].

Yapay zeka ile de otomatik yiiz ifadesi tanima (Facial
Emotion Recognition — FER) siirekli gelisme gostererek

duygusal zekanin 6nemli bir arastirma alani olarak

yeni

aragtirmacilarin ~ artan  ilgisini goérdi [2]. Yiz
goriintiilerinden insan ifadesi tanima igin analitik
modeller saglamak amactyla miihendisler,
matematikciler ve bilgisayar bilimcileri, verimli
algoritmalar1  etkili  bir sekilde uygulayabilen
yaklagimlart  yeniden iiretmenin farkli yollarini
arastirmaktadirlar.  Bu  konu  {izerine  ¢alisan

aragtirmacilar goriintii isleme, bilgisayarla gérme, érunti
tanima ve yapay zeka alanlari arasinda giiclii
korelasyonlara ulagsmaktadir ve literatiir {izerinden daha
baska ilging yaklagimlara goz atilabilir [3]. Genel olarak,
Ozellikle hesaplamali islem giiciindeki son basarilar ve
yiiksek performanshi bilgi islem i¢in yeni mimariler
nedeniyle, daha oOnce yukarida belirtilen alanlarda
hesaplama  sinirlamalar1t  ile  kisitlanmis  olan
arastirmacilar, yeni imkanlarla uygulamalart
¢oztimlerine kavusturmuslardir [4].

Yiiz Tamima ve Duygusal Yiiz Tamma

Derin 6grenme tekniklerinden CNN, yiliz tanima
uygulamalarinda oldukg¢a popiilerdir. Bu teknik, birgok
farkli yiiz verisini 6grenerek, yeni ylizlerin benzersiz
Ozelliklerini tanimlayabilir. Bu sayede, yiiz tanima
dogrulugu artirilmis olur [3].

Yiiz tanima uygulamalar1 genellikle 2D goriintiiler
iizerinden gergeklestirilirken, 3D yiiz tanima ¢alismalar1

da yapilir. Bu yaklagim, yiiziin daha fazla detayinin
yakalanmasina olanak saglar ve yiiz tanima dogrulugunu
artirir [5].

COVID-19 pandemisi déneminde yliz maskesi takmak
yaygin hale geldi. Bu nedenle, yiiz maskesi takiliyken
bile yiliz tanima uygulamalarinin ¢aligsabilmesi icin 6zel
teknikler gelistirildi. Bu teknikler, yiiz maskesi
takiliyken bile yiiz 6zelliklerinin taninabilmesini saglar
[6].

Yiiz tanima uygulamalarinda, yiiz 6zellikleri ¢ikarimi
icin farkli teknikler kullanilir. Bu teknikler arasinda
Ozellikle PCA (Principal Component Analysis) ve LDA
(Linear Discriminant Analysis) sik kullanilir. Bu
teknikler, yiiz Ozelliklerini daha dogru bir sekilde
cikarmayi1 ve tanimlamayi saglar [7].

Yiiz ifadeleri, insanlarin duygularimi ifade etmek igin
onemli bir aragtir. Duygusal yiiz tanima, yiiz ifadelerini
analiz ederek, insanlarin duygusal durumlarini belirleme
amacityla kullanilir. Bu teknik, 6zellikle psikoloji ve tip
alanlarinda kullanilir [3].

Yukarida belirtilen 6rneklerin yani sira, yliz tanima
alaninda  birgok farkli ¢alisma ve  gelistirme
yapilmaktadir [3]. Ozellikle, derin &grenme tekniklerinin
kullanimi ile yiiz tanima dogrulugu artirilmig ve bu
teknolojinin ~ birgok  farkli  alanda  kullanim
yayginlagmustir.

Duygusal yiiz tanima alaninda kullanilmak iizere
tretilmis FERG veri seti Uzerinden en iyi isabeti
yapabilen modellerin egitim ve tahmin zamani olarak en
performanslisint segmek {izere yapilmis olan bu
caligmada, literatiirde bu alanda yapilmis calismalarla
kiyas yapilmis, sonuglar analiz edilmistir.

Tablo 1. Kullanim amaci bakimindan derin 6grenme ile yapilan duygusal yiiz tanima ¢alismalari.

Makale Veri Seti Ozellik Cikarimi Yontem Basarim
[8] KDEF, GENK, Agag Yapisi Parga Deen-CNN %82.63 (KDEF), %96.75 (GENKI),
CK+, SFEW Modeli, CNN P %96.81(CK+), %36.79 (SFEW)
[9] 10000 li‘f;')m (154 jfade Vektorii (EV) iki Parcali CNN %96
FER13, JAFFE, %87.05 (FER13), %99 (JAFFE),
[10] p HOG CNN %98.79% (CK+)
[11] JAFFE, CK+ CNN CNN %95.65 (JAFFE), %99.36 (CK+)
— e . 0 T
[12] JAFFE, CK+ Viola .Jones Gehstlrllm_ls Ozellik Haritas1 %92.66 (karisik veri setl_), %94.94
Algoritmasi ile CNN (capraz veri seti)
AffectNet 9%69.3 (Veri setindeki resimlerde
[13] (420.299 resim) HOG CNN insanlarin yiiziinde maske vardir)
[14] RAVDESS ssL Hadamard, IMA, Transofmer 086.4

temelli fizyon
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Tablo 2. FERG Veri Seti ile farkli parametrelerle daha 6nceden yapilan aragtirmalar.

Makale Yil Veri Seti Ozellik Cikarimi Ydntem Basarim
T %85.27 (Insan Yiizii),
Gelistirilmis CK+, DISFA, CNN ve Transfer 0 .
[15] 2017 KDEF. MMI. FERG Ogrenme CNN 0689.02 (Stilize
Karakter)
Logistic
CNN, VGG16, - .. %76.2 FER, %99.4
[16] 2022 FER2013, CK+, FERG ResNet50 Regression,Decision CK+. %99.6 FERG
Tree, Bayes
Ayrik Derin . %74.92 FER, %99.47
[17] 2023 CK+, FER2013, FERG Ogrenme — SDL CNN Temelli STN CK+, %98.5 FERG
CNN temelli OFELBW metodu %64.98, %98.35,
[18] 2022 SFEW,CK+ JAFFE,FERG e p\wmetodu  ikili Balina Alg, %96.6, %99.42
99.98%, 99.25%,
[19] 2023 DEEESI'Q_%'SI:);'_'TDF?_ESEC DCNN DCNN 88.17%, 84.09%,
’ ' 69.87% ve 69.16%
0 0 0,
[20] 2021  JAFFE, CK, FEIveFERG  LGC-HD operator SVM %84.2, %92.3, %98.2
ve 97.9%
. window-based %72.48, %92.47,
[21] 2023 Aﬁ'W'IId:fE‘RRf EEDR% JAFFE, cross-attention MLP %96.67,
' VIiT %93.09,%98.18
RCNN IFER-DTFL 92.6% FER2013,
[22] 2022 FER2013, FERG, JAFFE DenseNetiZl Derin Transfer 99.86% FERG,
Ogrenme, WKELM 99.18% JAFFE
Literatiir Taramasi Veri Seti

Tablo 1’de yer alan arastirmalar, farkli yiiz ifadeleri
tanima yoOntemlerini ele almaktadir ve sonuglari, derin
O6grenme algoritmalarinin kullaniminin artmasi ile daha
yliksek dogruluk oranlari elde edildigini gostermektedir.
Tablo 2’den ¢ikan bir sonu¢ da son yillarda o6zellikle
FERG veri seti ile bagarim oranlariin artmis olmasidir.
Fakat FERG veri setinin animasyon karakterleri ile
yapildigt unutulmamali, animasyon karakterlerinden
gercek insan yiizlerine mnasil gegilecegine dair
arastirmalar yapilmaldir.

MATERYAL ve METOT

Bu boliimde kullanilan veri seti, temel derin 6grenme
islemi ve kullanilan bir¢ok algoritmalarin basarimlar: yer
almaktadir.

Caligmada FERG Veri Seti [15] kullanilmigtir. FERG
veri setinde toplam 55768 resim dosyasi (Kizgin 9170,
Igrenme 8571, Korku 7419, Eglenme 7330, Nétr 6939,
Uzgiin 7627, Saskin 8712 dosya ile temsil edilmek tizere)
bulunmaktadir.

Sekil 2’de veri setinden bir kesit verilmistir. Veri seti
kurgu karakterler izerinden modelleri egitmeyi ve uygun
modeli bulmay1 amaglamaktadir.

Metodoloji

FERG Veri Seti kaynagindan edinildikten sonra Egitim
Verisi, Dogrulama Verisi, Test Verisi bagliklarina
boliinerek farkli yerlere alinmistir. Egitim Verisi
baslangi¢ i¢in secilen modelin egitiminde, Dogrulama
Verisi baglangic¢ i¢in se¢ilen modelin performansinin

BUTUN

VERI
EGITIiM SURECIH
v v HIPER
EGITIM DOGRULAMA PARAMETRE TEST
VERISI VERISI AYARLAMA VERISI
l l .. |
MODEL MODEL
MODEL MODEL
pptatau i >» PERFORMANSI L HE IS PERFORMANS
EGITIMI e SECIMI DEGERLENDIRME
A A
D e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o e Ll

Sekil 1. Veri setinin bdliimlenmesi ve modelle kullanim tercihleri
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izlenmesinde ve eger basarisiz ise hiper parametrelerin
ayarlanmasi ve gerekiyorsa modelin tekrar se¢ilmesinde,
Test Verisi ise model performansi degerlendirmesinde

kullanilmistir.  Asagida Sekil 1°de veri setinin
bolimlenmesi ve modelle kullanim tercihleri yer
almaktadir.

Test Verisi butun wveri setinden %20 olarak
ayrigtirildiktan  sonra kalan veri setinin %30’u

Dogrulama Verisi olarak, geriye kalan veriler de Egitim
Verisi olarak alinmugtir.

Sekil 2. FERG Veri Setinden Bir Kesit [15]

FERG Veri Seti, veri setini {ireten aragtirmacilardan talep
edildikten sonra verilen baglant1 tizerinden indirilmistir.
Veri setinde “Mutlu” yerine “Eglenme” smifi bulundugu
icin siniflandirma da bu durum dikkate alinarak
yapilmigtir. Bunlar her bir model i¢in aymi sekilde
kullanilacag1 i¢in parametrik bir fonksiyona verilmek
iizere degiskenlere alimmustir. Modellerin ve model
skorlarinin kaydedilmesi i¢in dosyalar olusturulmustur.

28x28x40
2Ex28xE0

*zzmma
. |

LY EN F
a
§| |2
i = 1
1AEEN
=l 1=l
i
-3
e

MBConvi

Modelerin parametreleri i¢in 6n tanimli degerler

asagidaki gibi belirlenmistir;

 Ogrenme Orant: le”

* Optimizer: ADAM

« Kriter: Cross Entropy Loss
* Erken Durdurma: 10

* Yigin Miktari: 5-50

Model tanimlari icerisinde belirtilen farkli degerler o
modele 6zgii olarak ¢alistirilmig, deneysel sonuglar not
edilmistir.

Biitin modeller i¢in egitim (train), dogrulama
(validation) ve deneme (test) wverileri icin isabet
(accuracy) grafigi ve kayip fonksiyonu (loss function)
¢iktilarinin grafigi ¢izdirilmistir.

EfficientNet Modeli

EfficientNet modeli [23] yedi egitim basamagi {izerinden
tanimlanan yedi duygu durumunu siniflandirmak tzere
kullanilmistir. EfficientNet BO, B1 ve B2 basamaklari
her basamak bir 6ncekinde iiretilen agirliklar: kullanacak
sekilde ayarlanmistir. Y1gin miktari, girdi boyutu ve veri
dizinleri her adimda yeniden tanimlanmaktadir. Modelin
yapist Sekil 3’te verilmistir. Buna gore {stteki yapi
taglarinin izahi alt kisimda verilmistir.

EfficientNet modelinin yap1 tast MBConv bloklaridir.
MBConv aslinda MobileNetv2’nin temel yap1 tas1 olan
Bottleneck Block un kendisidir. MBConv’larin bir diger
benzesim noktasi ise ResNet’lerin tam tersi olmasidir.
EfficientNet temelde 7 bloktan olusur. En bagtaki
3x3’lik Evrisimsel Blok yalnizca girdi resmini modele
hazirlamak i¢in kullanilir. MBConv’lar belirli bir
metodolojiye gore siralanmistir. Birinci blokta bir adet
3x3’lik MBConv, ikinci blokta iki adet 3x3’luk

MBConv, Ucinci blokta iki adet 5x5’lik MBConv,
dordiincii blokta ii¢ adet 3x3’liikk MBConv, besinci blokta
ii¢ adet 5x5°lik MBConv, altinci blokta dort adet 5x5°liik
MBConv ve yedinci blokta bir adet MBConv blogu
bulunmaktadir. MBConv yap1 tasit ile EfficientNet
modeli etkili bir evrigsimsel sinir ag1 mimari gergevesi
sunmaktadir.

clean

4x1dxi12

MBConvé

Sekil 3. Veri setinin boliimlenmesi ve EfficientNet modeli [23] ile kullanim tercihleri



Vision Transformer (ViT)

Hugging Face toplulugunun biinyesindeki ViT,
Google’n arastirma ve beyin takimi tarafindan 2021°de
[24], 2017’de Vaswani ve digerleri [26] tarafindan
gelistirilen Transformers mimarisi {izerine temellenmis,
yeni bir gorsel isleme modeli olarak ortaya konmustur.
Asagida Sekil 4’te ViT mimarisi yer almaktadir.

Vision Transformer (ViT)

MLP
Head
Transformer Encoder

B O QOO 00D he)g)

* Extra learnable
Lmear Projecuon of Flattcncd Patches

[class) embedding

SR LT T
mau—-.lﬂ#ﬁ@ﬂ
-

Sekil 4. Orijinal makaleden [24] alinan ViT mimarisi.

VIiT model parametreleri iizerinde ¢aligilan platformun
kapasiteleri ve veri setinin yapist dikkate alinarak

belirlenmistir.

[ MLP

L x

[ Norm

Multi-Head
Attention

1]

Norm

Embedded
Patches

Sekil 5. ViT mimarisinde bulunan Transformer Encoder yapisi
[24]

Sekil 5’te ViT mimarisinde bulunan Tranformer Encoder
yapist yer almaktadir. Resim boyutlar1 egitim, dogrulama
ve test verileri icin PyTorch modilinin transforms
metodu ile ayarlanmistir.

Modelin insasinda ViTForlmageClassification sinifi
(class) kullanilmais, biiyiik 6l¢iide ilk makale yazarlarinin
metoduna bagl kalinmistir.

ResNet 50 Modeli

ResNet 50 [27], 34 katmanli agdaki her 2 katmanli blogu
3 katmanli darbogaz bloguyla degistirilerek elde edilir.
Her artik fonksiyon F i¢in 2 yerine 3 katmandan olusan
bir y1gin kullanilir. Bu ii¢ katman, 1x1, 3x3 ve 1x1'lik
boyutlara sahiptirler; burada 1x1 katmani boyutlar
azaltmaktan ve ardindan artirmaktan (geri yiiklemekten)
sorumludur. 3x3 katmani ise daha kiigiik girdi/¢cikt1
boyutlarina sahip bir darbogaz birakir.

ResNet 50 igin belirlenen model parametrelerinin
([64,128,256,512],[3,4,6,3],4,True) agilim1 soyledir;

* Her ara blok icin kanal adedini [64,128,256,512]
kismi1 gostermektedir.

e Her blok igin darbogazlari
gostermektedir.

e Genisleme faktorii 4 olarak verilmistir. Yani 64,
256’ya, 128, 512’ye donmektedir. Butiin ResNet
katmanlar1 ayn1 faktorii kullanmaktadir.

* “True” ifadesi ise darbogaz katmaninin durumunu
deklare eder.

ResNet 50’deki dar bogaz yapi tasmi verebilmek
amaciyla Sekil 6 ve Sekil 7 eklenmistir.

[3,4,6,3] kism

64-d

3x3, 64

3x3, 64

Sekil 6. ResNet-34 i¢in bir yap1 tag1 [27]

256-d

Sekil 7. ResNet-50/101/152 i¢in bir "darbogaz" (bottleneck)
yapi tasi [27]

Tablo 3’te ResNet mimarileri yer almaktadir.
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Tablo 3. ResNet dokiimanindan [27] ResNet mimarileri

Katman Cikt1 18-katman 34-katman 50-katman 101-katman 152-katman
Adi Ebat1
Convl 112x112 7X7, 64, stride 2
3x3 max pool, stride 2
1x1,64 1x1,64 1x1,64
Conva.x 56x56 Big gij x2 Big gij x3 | 3x3,64 |x3 l3x3,64|x3 \3x3, 64|x3
’ ’ | 1x1, 256 1x1,256 1x1, 256
1x1,64 1x1,64 1x1,64
Convax  28x28 [0 12%x2 [T | 3x3,64 x4 l3x3,64|x4 \3953, 64|x8
’ ’ | 1x1, 256 1x1, 256 1x1,256
1x1,64 1x1,64 1x1,64
Conv4.x 14x14 Bxg’ gggJ x2 Bxg’ gggJ x6 3x3,64 | x6 \ 3x3, 64 | x23 l 3x3,64 | x36
x5 x5 [1x1, 256 1x1,256 1x1,256
1x1,64 1x1,64 1x1,64
Convs.x 7x7 Bigg}ﬂ x2 Bigggj x3 | 3x3,64 [x3 l3x3,64|x3 \3953, 64|x3
’ ’ | 1x1, 256 1x1, 256 1x1,256
1x1 Average pool, 1000-d fc, softmax
FLOPs 1,8x10° 3,6x10° 3,8x10° 7,6x10° 11,3x10°
Resnext 32x4d Modeli ResNext 32x4d ifadesi ResNet {izerine Sekil 9’daki yap1
gelmekte ve Onem Derecesi 32, darbogaz genisligi de 4
arbogaz blogu (Seki icindeki 3x3 gruplu olarak belirlenmektedir.
Darbogaz blogu (Sekil 9) icindeki 3x3 | larak belirl ktedi

evrisimlerin yerine 3x3 evrisimleri koyan normal
ResNet modelini temel alir [28].

256-d in

Sekil 8. ResNet-34 i¢in bir yap tas1 [28]

256-d in

256-d out

Sekil 9. Onem Derecesi (Cardinality) 32 olarak belirtilmis
ResNext blogu [28]
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MODELLERIN UYGULANMASI ve BULGULAR

EfficientNet BO — B2, Vision Transformer (ViT),
ResNet 50, ResNext50 32x4d modellerinin uygulamasi
anlatilmaktadir.

256, 1x1, 64 - . .
FERG i¢in kullanilan veri adetlerinin ayrmtilart Tablo
'1' 4’te verilmigtir.

64, 3x3, 64
7 EfficientNet BO — B2
64, 1x1, 256 BO i¢in veri dizini, girdi boyutu ayarlanmis, y1gin ebati

32 olarak belirlenmistir. Eger daha 6nceden BO modeli
calistirilmigsa agirliklart hazir alarak tekrar egitim
yaptirilmistir.

Model 50 ¢evrim igin uygulanmistir. Optimizer modeli
Stokastik Dagilim Azaltimi (Stochastic Gradient
Descent — SGD) olarak belirlenmis, 6grenme oran1 103
ve momentum degeri 9.107 olarak alinmigtir. Metrik
kriteri ise Cross Entropy Loss secilmistir.

Veri seti egitim, dogrulama ve test olarak alt gruplara
ayrilmis ve egitim ve dogrulama verileriyle modelin

N " egitilme islemleri yapilmistir. Modelde kullanilan

256, 1x1,4 256,1x1, 4 total 32 256,1x1,4 “device” parametresi ile var ise GPU kullanimi direktifi
¥ ¥ paths ¥ verilmistir.

4,3x3,4 4,3x3,4 sese 4,3x3,4 B0 — B2 arasi modeller birbirlerine egitilmis parametre

5 5 - vererek  calistirilmistir. Calistirlmadan ~ dnce

gc.collect() metodu calistirilarak sonraki modellerde

4,1x1, 256 4,1x1, 256 4,1x1, 236 kullanilmayacak olan parametreler temizlenmistir

(Garbage Collector — GC). PyTorch kitiiphanesindeki
GPU caligtirmak igin kullanilan CUDA
kiitiiphanesinden de empty cache metodu galistirilarak
kullanilmayacak CUDA parametreleri temizlenmistir.
En son test fazina gegilmistir.



Tablo 4. FERG Veri Seti Egitim, Dogrulama ve Test verileri adetleri.

Verilerin kullanim yerleri Kizgin igrenme Korku Eglenme NOtr Uzgiin Sasirmis
TEST 1867 1710 1462 1486 1350 1542 1737
EGITIM 5826 5553 4797 4608 4470 4849 5586
DOGRULAMA 1476 1308 1160 1236 1119 1236 1388

Test fazinda egitim asamasinda kaydedilen modeller
B0’dan baglanarak tekrar yiiklenerek islem yapilmistir.
32’1i yiginlar tahminler ve etiketler kullanilarak Isabet,
Hassasiyet, Ozgiillik ve F1-Skoru  metrikleri
hesaplanmustir.

Vision Transform (ViT)

VIiT Onceden 16-224 ebatlariyla ve onceden egitilmis
olarak dogrudan alinmistir. Ayrica siniflandirict olarak
Linear ve Dropout katmam 10-1 parametresiyle
secilmistir. Optimizasyon fonksiyonu ADAM’dir. Kayip
fonksiyonu ise Cross Entropy Loss olarak secilmistir.
Model uygulanirken varsa CUDA yoksa CPU kullanacak
sekilde sistem kontrol edilmistir.

Torch ile yapilan bu c¢aligma bir pargali Ggrenme
metodudur. Egitim, Dogrulama ve Test verileri 32 olarak
belirlenen yi1gin parcalarina boliniip bir dongiiye
sokularak Ogrenme islemi gergeklestirilmis, egitim
kaybi, dogrulama ve test isabet oranlari her yiginla
birlikte takip edilmistir.

Parametrelerin belirlenmesinde platform kisitlar1 ve veri

* Y1gin boyutu 21,
« Ogrenme orani1 (LR) 2.¢®,
* Metriklerin bozulmaya bagladiginda &grenmenin
durdurulabilecegi ilk ¢cevrim 10,
* Resim boyutu 48x48,
parametreleriyle caligtlmistir.

ResNet 50 ve ResNext50 32x4d Modelleri

Cevrim adedi 50, yigin boyutu 70 olarak seg¢ilmistir.
Platform performans kisitlar1 da g6z Onilinde
bulundurulmugtur. Metriklerin bozulmaya basladiginda
O0grenmenin durdurulabilecegi ilk ¢evrim 5 olarak
belirlenmisgtir.

Dongiisel 6grenme metoduyla her yigmin esit sayida
egitim, dogrulama, test verisi aymi anda modelde
denenmis, biitiin metrikler anlik olarak alinmis ve ¢gevrim
zamani not edilmistir.

Pretrain_utils kituphanesinden loaderdef, modeldef,
showimages, evaluate, megatrain, printaccm,
get_predictions,  plot confusion matrix  metodlar

kullanilmistir. Egitimler Megatrain metodu ile, metrik

seti gereklilikleri gozetildigi belirtilmisti. Buna gore; hesaplamalari evaluate, printaccm ve
plot_confusion_matrix ile yapilmistir.
 Cevrim adedi 50,
— loss_tr — loss_ti — loss_t
0 e oot | (1) — ey — sy
008 — loss _te —— loss_te 0.04 — loss_te
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Sekil 10. Loss fonksiyonu grafikleri: 1) Efficient Net B1, I1) Efficient Net B2, 111) ResNet 50, V) ResNext 50 32x4d, V)

Vit_b_16, V1) Vit_b_32

165



1000

0,995

0.985

—— efficientnel_bl ace_tr
—— efficientnet_bl acc_v
—— efficientnet_bl acc_te

1000

0.995 4

0.990 1

0985

0980

0.998 4

0.996 4

0.994 4

0.992

0.990

—— efficientnet_b2 acc_tr
— efficientnet_b2 acc_v
— efficientnet_bZ acc_te

1.000 4

0.998 1

0.996

0.994 4

0.992 4

0.990 4

0.988 4

—— resnext50_32x4d acc_tr
—— resnext50_32x4d acc_v |05
—— resnext50_32x4d acc_te

0.9

0.8

0.7 4

0.9 4

0.8

0.7

0.6 4

— vit_b_16 acc_tr

—— vit_b_16accv g5 4
—— vit_b_16 acc_te

1.000 4

0.988 1

0.986 1

—— resnets0 acc_tr
~—— resnets0 acc_v
—— resnets0 acc_te

— it_b_32 acc_tr
—— wit_b_32 acc_v
—— wil_b_32 acc_te

0 2 4 6 8 10 12

14

16 0

2 4 6 8 10 12 14 16

4 L] -

w 12 14 18

Sekil 11. [sabet oranlar1 egitim, dogrulama ve test grafikleri: Efficient Net B1, Efficient Net B2, ResNet 50, ResNext 50 32x4d,

Vit_b_16, Vit _b_32

Tablo 5. Calistirilan modellerin sonuglari

Model Cevrim Siresi (Saniye) Cevrim Adedi
Egitim ___ Dogrulama Test
ResNet50
318,27680 27 99,20% 100,00% 100,00%
ResNext50_32x4d
480,9140 31 99,71% 100,00% 100,00%
ViT b_16
1522,0624 49 98,75% 99,74% 99,67%
ViT b _32
500,11860 37 91,59% 96,57% 96,84%
EfficientNet BO
287,02220 27 99,85% 100,00% 100,00%
EfficientNet B1
369,86960 26 97,62% 100,00% 100,00%
EfficientNet B2 360,95280 27 99,85% 100,00% 100,00%
Tablo 6. Onerilen modellerin literatiir ile karsilastiriimasi
Calisma Yil Modeller Ferg Performansi
Soman vd. [16] 2022 CNN, VGGI6 + ResNet 50 %99.6
Khan vd. [17] 2023 DCNN, SVM %98.5
Muthamilselvan vd. [18] 2022 CNN Temelli OFELBW Metodu 0699.42
Kalsum ve Mehmood [19] 2023 DCNN %99.98
LGC-HD
Kola ve Samayantula [20] 2021 %97.9
Wasi vd. [21] 2023 MLP 9498.18
Albraikan vd. [22] 2022 RCNN, DenseNet121, IFER-DTFL 999 86
Onerilen Model - 1 2024 ViT_b_16 %99.67
Onerilen Model - 2 2024 ResNet ve EfficientNet %100
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TARTISMA ve SONUC

Genis kullanim alan1 olan goriintiiden, sesten veya
yazidan duygu tanima konsepti ¢ok canlidir ve siirekli
gelismektedir. Mevcut calismada bilinen bir veri seti
iizerinde bagka alanlarda basarisini ispatlamis pek ¢ok
sinir ag1 modeli hiperparametrelere dikkat edilerek
imkanlar Olciisinde uygulanmistir. Elde edilen
sonuglarin  ileride yapilacak olan ¢aligmalara
motivasyon olmasi ve desteklemesi beklenmektedir.
Yukarida Tablo 5’te ¢alistirilan modellerin sonuglari,
Tablo 6°da ise Onerilen modellerin literatur
karsilastirilmasi verilmistir.

Caligtirilan ResNet50 ve ResNext50_32x4d modelinde
%100 basarim, ViT_b_16 modelinde %99.67 ve ViT_b_32
modelinde ise %96,84 basarim elde edilmistir. Somon ve
ark. 2022 yilinda yaptiklari calismada %99,6 sonucuna
ulasmislardir [16]. Literatiirde duygu tanima ile ilgili
farkli modellerle yapilan diger ¢aligmalarda ise basarim
9%97,9 ile %99.98 arasinda degismektedir [17-22].
Sekil 10’da calistirilan modellerin her c¢evriminde
kayip fonksiyonundan elde edilen ¢iktilar1 verilmistir.
Lejantta verilen loss_tr ¢izgisi egitim verisinden gelen
kaybi, loss_v ¢izgisi dogrulama verisinden gelen kaybu,
loss_te ¢izgisi test verisinden gelen kaybi
gostermektedir.

Sekil 11’de caligtirilan modellerin her ¢evriminde elde
edilen isabet oranlar1 verilmistir. Lejantta model
isminden sonra verilen acc_tr ¢izgisi egitim verisinde
elde edilen isabeti, acc_v ¢izgisi dogrulama verisinde
elde edilen isabeti, acc_te cizgisi test verisinde elde
edilen isabeti gostermektedir.

Caligtirtlan  modellerin  basarim oranlart  ydniiyle
literatiirdeki diger c¢aligmalarla kiyas1 yapilmis,
modellerin ¢evrim adedi, hiper parametreleri ve gecen
stireler kiyas yapilabilmesi maksadiyla tablolastirilarak
verilmistir. Basarim oranindan kayip vermeden
modellerin nasil optimize edildigine dair ayrintilar
¢alismanin ortaya koydugu sonuglardan en dnemlisidir.
FERG Veri Seti, EfficientNet (BO - B2), ViT Hugging,
ResNet 50 ve ResNext 32x4d modelde derin 6grenme
algoritmalarina tabi tutulmus ve sonuglari not
edilmistir. Elde edilen bulgulara gdre veri setindeki
verilerin arttirilmasi veya gorsellerin sadelestirilmesi
gerektigi yorumu yapilmigtir. Calisma buradan itibaren
ayn1 modellerle fakat veri setinde veri zenginlestirmesi
veya veri setinin degistirilerek tekrar denenmesi yolu
ile devam ettirilmistir.

Makine 6grenimi ve yapay zekd alanin gelismesi ile
yeni yliz tanima teknolojileri ortaya ¢ikmistir [4,13,29].
Derin 6grenmenin ilerlemesi siiphesiz insanlarin
yasamlarini iyilestirecek ve isleri kolaylastiracaktir.
Insan-bilgisayar etkilesiminde, en 6nemli durumlardan
biri yliz duygu tanimadir. Giiniimiizde yliz duygu
tanima, Google ve Facebook gibi biiyiik sirketlerin de
dikkatini ¢ekiyor. Bu yiizden yiiz duygu tanima gibi
alanlar parlak bir gelecege sahiptir. Derin dgrenme
alanin daha da ¢ok ilerlemesi birgok alanda(akil hastasi
bir kiginin ruh halini belirleme vb. arastirma-inceleme
alanlar1) tretkenligi artirmaya ve uriin kalitesini

gelistirmeye de yardime1 olacagi goriilmektedir. Bu bol
ornekli karsilastirmali caligmanin gelecekte yapilacak
diger galismalar i¢in 151k tutacagi 6n goriilmektedir.
Ayni modellerin veri zenginlestirme ve veri Setinin
degistirilmesiyle basarim oranlarinin degismesi bu
problemin 6n islem fazinin iyilestirilmesi ve daha
dengeli bir veri setiyle daha yiiksek basarim oraniyla
¢oziilebilecegine isaret etmektedir.

Etik Hususlar
Etik kurallara uyum

Yazarlar, ¢aligmalarinin etik kurallara uygun oldugunu
beyan ederler.

Finansman
Yazarlar, fon kuruluslarindan 6zel bir hibe almamustir.
Cikar catismasi

Makalemiz ile ilgili herhangi bir kurum, kurulus, kisi
ile mali ¢ikar catigmasi yoktur ve yazarlar arasinda
¢ikar ¢atigmasi bulunmamaktadir.
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0z

Bu ¢alisma ile Kolankaya (Esme/Usak) andezitik bazaltlarinin konvansiyonel demiryolu hatlarinda demiryolu balasti
olarak kullanilabilirliginin arastirilmasi amaglanmigtir. Calisma kapsaminda; s6z konusu andezitik bazalt ocaginda
gozlem yapilarak deneylerde kullanilmak {izere kaya¢ numuneleri alinmistir. Alinan kaya¢ numuneleri tizerinde
kayacin fiziksel 6zelliklerin tespiti i¢in Balast Teknik Sartnamesinde istenilen Los Angeles, tane yogunlugu, su emme
orani, dona dayaniklilik, Mikro-Deval deneyleri yapilmistir. Kayacin isim ve kdken tespiti i¢in petrografik analiz
yapilmig ve polarizan mikroskop incelemesi sonucunda kayacin; magmatik kokenli yiizey kayaci oldugu ve
Kayaglarin Modal Minerolojik Siniflamasina gore kayag¢ andezitik bazalt olarak tanimlanmistir. Los Angeles asinma
direnci % 12, tane yogunlugu 2,59 Mg/m?, dona dayaniklilik degeri % 1, asinmaya kars1 direng (Mikro-Deval) % 8,
su emme orant ise % 1,2 oldugu belirlenmistir. Yapilan deneysel caligmalar Kolankaya (Esme/Usak) andezitik
bazaltlarinin konvansiyonel demiryolu hatlarinda demiryolu balast1 olarak kullanilabilecegini gdstermistir.

Anahtar Kelimeler: Andezitik Bazalt, Balast, Demiryolu Balasti, Dona Dayaniklilik, Kolankaya Egme

Usability Of Kolankaya (Esme/Usak) Andesitic Basalts As Railway Ballast On
Conventional Railway Lines

ABSTRACT

This study aimed to investigate the usability of Kolankaya (Esme/Usak) andesitic basalts as railway ballast on
conventional railway lines. Scope of work; Observations were made in the andesitic basalt quarry in question and rock
samples were taken to be used in the experiments. Los Angeles, grain density, water absorption rate, frost resistance
and Micro-Deval tests required in the Ballast Technical Specification were carried out on the rock samples taken to
determine the physical properties of the rock. Petrographic analysis was performed to determine the name and origin
of the rock, and as a result of polarizing microscope examination, the rock was; It is a surface rock of magmatic origin
and according to the Modal Minerological Classification of Rocks, the rock is defined as andesitic basalt. Los Angeles
abrasion resistance was determined as 12%, grain density as 2.59 Mg/m?, frost resistance value as 1%, abrasion
resistance (Micro-Deval) as 8% and water absorption rate as 1.2%. Experimental studies have shown that Kolankaya
(Esme/Usak) andesitic basalts can be used as railway ballast in conventional railway lines.

Keywords: Andesitic Basalt, Ballast, Railway Ballast, Frost Resistance, Kolankaya Esme

GIRIS

Hat olarak isimlendirilen &zel bir yol (izerinde, mekanik
olarak hareket eden araclarla ¢ekilen yolcu ve yiik tasima
sistemine demiryolu denir [1]. Demiryolu tstyapt ve
altyap1 olarak iki ana kisimdan olugmaktadir [2].
Demiryolu araglarinin istenilen hizlarda emniyetli ve
konforlu sekilde hareket edebilmesine olanak saglamak
icin belirli kriterler dikkate alinarak insa edilmis,
demiryolu araglarmin yol ile temasinin gerceklestigi yol
béliimiine iistyap: denilir. Ustyap1; ray, travers, baglant:
malzemeleri ile balasttan olugmaktadir [3].

Demiryolu balast;; platformun {izerine ddsenen,
traverslerin aralarint doldurarak ve traversler tarafindan

iizerine iletilen tiim etkileri kalic1 ¢okmeye ugramadan ve
taneleri arasindaki siirtiinme ile yayarak platforma ileten,
ayrica traverse elastik bir yatak olusturan demiryolu iist
yap1 elemanidir. 63 mm agiklikli kare gozlii elekten %
100 gegen, 22,4 mm agiklikli kare gozlii elek tizerinde en
az % 97’si kalan ve TCDD Balast Teknik Sartnamesinde
istenilmekte olan gradasyonu saglayacak sekilde kirilmig
olan keskin kenarli ve kdseli, saglam ve sert kayaglardan
Uretilmektedirler [4-7].

Bazalt, gabro, diyabaz, granit, granodiyorit, diyorit,
riyolit, siyenit, porfir, gnays, andezit, silttasi, kuvarsit,
kumtagi, kirectas1 (kalker) ve dolomit gibi kayaclar
demiryollarinda demiryolu balasti olarak
kullanilmaktadir [7-12].

169


mailto:mehmetkozak@tcdd.gov.tr

Demiryolu iistyapt elemani olan balastin gorevleri

maddeler halinde asagida belirtilmistir;

= Yolun zeminini ylksek gerilmelerden koruyabilmek
icin traverslerden gelen yiikleri daha genis bir alana
homojen bir sekilde yayarak, yolu kalict oturmalara
kars1 korumak ve kalict oturmalar simirlandirmak,

= Yolu istenen eksende tutabilmek igin traverslere
uygulanan yanal, diisey ve boyuna kuvvetlere karsi
koymak,

= Yolun hat islemi ve yiizey bakimina olanak saglamak,

= Demiryolu araglarindan gelen boyuna, yatay ve diisey

kuvvetlere kars1 traverslerin hareketlerini
sinirlandirarak traversleri yerinde tutarak traverslere
yataklik etmek,

= Yola gelen yagmur ve kar sularimi siirerek disari
atmak ve yolu ottan korumak,

= Dinamik yuklerin tesirini azaltmak icin gerekli olan
esnekligi yola vererek platforma elastik bir yatak
olusturmak,

= Demir ve ahsap traverslerin toprakla olan iliskisini
keserek ciirimelerini engellemek,

= Kar ve yagmur sularmin drenajini saglayarak
platformu donma ¢6ziilme etkisinden kurtarmak,

= Demiryolunda meydana gelecek guriltiyi azaltmak,

= Platformu buzlanmaya kars1 korumak,

= Meydana gelecek gerilmeleri, altindaki malzemeler
icin kabul edilebilir seviyelere diigiirmek [3, 11, 13-
16].

Balast i¢in uygun olan malzeme ocaklarinin se¢imi ve

demiryolu balast olarak kullanilacak kayaglarin istenilen

fiziksel oOzelliklerde olup olmadiginin arastirilmasi

demiryolu projeleri icin biyik énem arz etmektedir. Bu

calisma ile Kolankaya (Esme/Usak) andezitik
bazaltlarinin  konvansiyonel demiryolu hatlarinda
demiryolu  balastt olarak  kullanilabilirliginin

arastirilmas1 amaglanmagstir.

MATERYAL ve YONTEM

Calisma alam1 Usak ili, Egme ilcesi, Kolankaya Koyt
sinirlari i¢erisinde bulunmaktadir. Usak iline 50 km ve
Esme ilgesine 8 km, Ahmetler koyiine ise 2,7 km
uzaklikta yer almakta olup ulasim Usak-Esme karayolu
ile saglanmaktadir. Sekil 1’de Kolankaya (Esme/Usak)
andezitik bazalt ocaginin yer buldur haritasi verilmistir.

Bazalt ocaginda yapilan saha ¢aligmalarinda (Sekil 2);
ocagin homojen bir yap1 sergiledigi ve malzeme
iiretimine uygun oldugu goézlenmistir. Ocaktaki bazalt
olusumlari, orta agik gri renklidir. Malzemenin ¢ok fazla
stireksizlik igermesinden dolay1 sahadan blok halinde
bazalt alim1 miimkiin degildir. Bu sebeple sahada var
olant bazalti kirmatas iiretimi i¢in kullanmak daha
avantajlidir

Balast olarak kullanilacak kayacin petrografik 6zellikleri
acisindan ismi ve kokenin belirlenmesi igin petrografik
analiz yapilmigtir. Balastin TCDD Balast Teknik
Sartnamesinde istenilen geometrik &zellikleri ise,
balastin iiretiminde kullanilacak olan iiretim prosediirleri
sayesinde saglanabilecektir.

Malzeme ocagindan alinan kayag ornekleri ¢eneli kirci
yardimi ile balast boyutuna getirilmistir. Balast Teknik

Sartnamesine gore balastin fiziksel 6zelliklerinin
belirlenmesi igin; su emme orani, Los Angeles
parcalanma direnci, Mikro-Deval asinma dayanimi, tane
yogunlugu, dona dayaniklilik deneylerinin yapilmasi
zorunludur. Kayacin fiziksel 6zelliklerinin belirlenmesi
i¢in yapilan deneylerde kullanilan standartlar Tablo 1°de,
verilmistir.

KARADENIZ

=

GORCISTAN

Sekil 1. Kolankaya (Esme/Usak) andezitik bazalt ocaginin yer
buldur haritast

L9

Sekil 2. Kolankaya (Esme/Usak) andezitik bazalt ocagi (bakis
yonu kuzeydogu)
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Tablo 1: Kayacin fiziksel ozelliklerinin belirlenmesi igin
yapilan deneylerde kullanilan standartlar [7, 13].

Numune
Deney Standart Tane Boyutu
Parcalanmadirenci g N 1097.2[17]  31,5-50 mm
tayini
Su emme orant TS EN 1097-6 [18]  40-63 mm
Tane yogunlugu TS EN 1097-6 [18]  40-63 mm
Termal ve bozunma
ozelligi igin MgSO4 TS EN 1367-2 [19] 31,5-50 mm
deneyi
Asmmayakarst 15N 1097.1 [20]  31,5-50 mm

direncin tayini

BULGULAR ve TARTISMA

Polarizan mikroskop ile mineralojik ve petrografik
ozelliklerin incelenmesinde; yari kristalli porfirik dokuya
sahip kayacimn, piroksen (% 15), plajiyoklaz (% 25),
amfibol (% 10), olivin (% 5), mikrolit ve volkan
camindan (% 45), opak ve tali mineraller (% 1’den az)
olusan magmatik kokenli yiizey kayaci oldugu tespit
edilmistir. Kayaglarin Modal Minerolojik Siniflamasina
gore kayag andezitik bazalt olarak tanimlanmigtir.

Sekil 3. Kolankaya (Esme/Usak) andezitik bazaltina ait
orneklerin ince kesit polarizan mikroskop goruntileri (PI:
Plajiyoklaz, Px: Piroksen, Amf: Amfibol, Ol: Olivin)

Los Angeles (pargalanma direnci tayini) asinma deneyi,
demiryolu balastlarinin pargalanmaya karst direncini
tespit etmek icin etkili olan deneylerden birisidir.
Demiryolu balastinin servis émrii boyunca demiryolu
araglarinin yiiklerinden nasil etkilendigini belirlemek
i¢in yapilan pratik ve etkili bir deneydir [21]. Calismada
kullanilan Kolankaya (Esme/Usak) andezitik bazaltin
parcalanma direnci (Los Angeles) % 12 olarak tespit
edilmistir. Bu sonuca gore; andezitik bazalt numunesinin
konvansiyonel (< %20) demiryolu hatlar1 i¢in uygun
oldugu goriilmiistiir.

Demiryolu balast1 olarak kullanilacak kayag igerisindeki
gozeneklerin varlhigi, balastin mekanik ve fiziksel
Ozelliklerini olumsuz yonde etkiler. Bu bosluk ve
gozeneklerin ¢ok kiigiik miktarda varligi bile demiryolu
balastin deformasyonu iizerinde &nemli bir etkiye
sahiptir [22]. Demiryolu balastinda bulunan bosluk ya da
gozeneklerde biriken suyun donmasi-¢ozilmesi ile
kayacin mekanik oOzellikleri azalir ve bu olay ayni
zamanda malzemede yeni catlaklara ve ayrigmalara
neden olur [23]. Bu sebeple balast olarak kullanilacak
kayacin segiminde, kayacin su emme orani ¢ok etkilidir.
Calismada kullanilan Kolankaya (Esme/Usak) andezitik
bazaltin su emme orani % 1,2 olarak tespit edilmistir. Bu
sonuca  gore;  andezitik bazalt  numunesinin
konvansiyonel (< %2) demiryolu hatlar1 ig¢in uygun
oldugu goriilmiistiir.

Demiryolu balastinin tane yogunlugu, balastin fiziksel
ozellikleri ve dayanimi hakkinda fikir vermektedir. Tane
yogunlugu yiiksek olan balastlar, genellikle diisiik
poroziteli ve diisiik su emme oranina sahip kayaglardan
elde edilmektedir [24]. Bu sebeple balast olarak
kullanilacak kayacin se¢iminde, kayacin tane yogunlugu
¢ok etkilidir. Caligmada kullanilan Kolankaya
(Esme/Usak) andezitik bazaltin tane yogunlugu 2,59
Mg/m?® olarak tespit edilmistir. Bu sonuca gore; andezitik
bazalt numunesinin konvansiyonel (> 2,50 Mg/md)
demiryolu hatlar1 i¢in uygun oldugu goriilmistiir. Tane
yogunlugu bazalta gore diigiikk ¢ikmis olup ocakta genis
capl bir alanda ve bazi bolgelerde karot yardimi ile
ornekler alinarak tane  yogunlugunun  sonraki
caligmalarda arastirilmasi onerilebilir.

Is1 farklari, demiryolu balastin stabilitesini olumsuz
yonde etkilemekte ayrica, fiziksel ayrigmalar neden
olmaktadir. Atmosferik sartlara direk maruz kalan
demiryolu  balastlar1  donma-¢Oziinme  etkisiyle
mekaniksel olarak deformasyon meydana gelmektedir
[25]. Bu nedenle demiryolu balastinda don kaybinin
tespiti onemli bir parametredir. Calismada kullanilan
Kolankaya (Esme/Usak) andezitik bazaltin termal ve
bozunma 6zelligi icin MgSO, deneyi (dona dayaniklilik)
sonucu % 1’dir. Bu sonuca gore; andezitik bazalt
numunesinin konvansiyonel (< %5) demiryolu hatlari
icin uygun oldugu goriilmiistiir.

Mikro-Deval deneyi demiryolu balastinin aginmaya karsi
direncini tespitinde yaygin olarak kullanilir [26]. Mikro-
Deval deneyi, demiryolu balastinin servis 6mrii boyunca
demiryolu araglarinin yiiklerinden nasil etkilendigini
belirlemek i¢in yapilan pratik ve etkili bir deneydir.
Calismada kullanilan Kolankaya (Esme/Usak) andezitik
bazaltin aginmaya karst direnci (Mikro - Deval) % 8
olarak tespit edilmistir. Bu sonuca gore; andezitik bazalt
numunesinin konvansiyonel (< %14) demiryolu hatlari
icin uygun oldugu gorilmiistiir.

Kolankaya (Esme/Usak) andezitik bazaltlarmin
konvansiyonel demiryolu hatlarinda demiryolu balasti
olarak kullanilabilirliginin tespiti igin yapilan fiziksel
deneylerden elde edilen sonuclar ve konvansiyonel
demiryolu hattt sinir degerleri Tablo 2°de verilmistir.
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Tablo 2. Kolankaya (Esme/Usak) andezitik bazaltinin deney
sonuglar1 ve konvansiyonel demiryolu hatt1 sinir degerleri

Kolankaya Konvansiyonel
Dene (Esme/Usak) Demiryolu
y Andezitik Bazalti  Hatti Simr

Deney Sonuglar1  Degerleri [13]

Parcalanma direnci

0, [

tayini %12 < %20

Su emme orant %1,2 <%2

Tane yogunlugu 2,59 Mg/m? >2,50 Mg/m?®

Termal ve bozunma

ozelligi icin MgSOs %1 < %S5

deneyi

Asimmaya karst o o

direncin tayini /08 s%l4
SONUC
Calisma  kapsaminda; TCDD  Balast  Teknik
Sartnamesinde istenilen sinir degerlere uygunlugu
agisindan Kolankaya (Esme/Usak) andezitik
bazaltlarinin; konvansiyonel demiryolu hatlarinda

demiryolu balasti olarak kullanilabilirligi arastirilmistir.
Calisma  kapsaminda TCDD  Balast  Teknik
Sartnamesinde istenilen; kayacin petrografik 6zellikleri
acisindan ismi ve kokenin belirlenmesi igin petrografik
analiz yapilmistir. Ayni sartnameye gore balastin fiziksel
Ozelliklerinin belirlenmesi icin ise; su emme orani,
parcalanma direnci (Los Angeles asinma dayanimi),
aginmaya karg1 direncin tayini (Mikro -Deval), tane
yogunlugu, termal ve bozunma ozelligi i¢in MgSOas
deneyleri (Dona Dayaniklilik) yapilmustir.

Yapilan deneysel ¢aligmalar; konvansiyonel demiryolu
hatlarinda, Kolankaya  (Esme/Usak) andezitik
bazaltlarinin demiryolu balasti olarak kullanilabilecegini
gostermigtir. Demiryolu balastt olarak kullanilacak
kayaglarin tiirlerinin belirlenmesi i¢in farkli kayaclar
lizerinde ve ayni kaya¢ tiiri olsa da farkli agrega
ocaklardan aliman kayaglar ile yeni ¢alismalarin
yapilmasinin demiryolu balasti olarak kullanilabilecek

kayaglarin ¢esitlenmesinde faydal olacagi
diistintilmektedir. Aynt zamanda balast olarak
kullanilacak  kayaglarin  ¢esitlenmesinin, nakliye

mesafelerinin azalmasi ile balast fiyatlarina olumlu
yonde yansiyacagi diisliniilmektedir.

TESEKKUR

Bu ¢alismaya katkilarindan dolayr TCDD 7. Boélge
Midiirliigii ile Oztaslar Insaat Taah. ve Petrol Uriinleri
San. Tic. A. S. yetkililerine tesekkiirlerimi sunarim.

KAYNAKCA

[1] Kozak M. Beton traversin gelisimi ve iiretim agamasinin
aragtirilmasi. Yapi Teknolojileri Elektronik Dergisi, 6(2),
73-81, 2010.

172

[2] Kozak M. 2011. Demiryolunda raylarin birlegim noktalari
ve Ozelliklerinin arastirilmasi.  Yapi1 Teknolojileri
Elektronik Dergisi, 7(2), 40-49, 2011.

[3] Anonim. Yol miihendisleri kursu yol iistyap: ders notlari.
TCDD Egitim ve Ogretim Dairesi Bagkanlig1 Yaynlari,
Ankara, 2016.

[4] Kozak M. Hemzemin gegitlerdeki kaplama gesitleri ve
glivenlige etkisinin aragtirilmasi. Miihendislik Bilimleri ve
Tasarim Dergisi, 2(1), 1-11, 2012.

[5] Ogul K., Topal i., Posluk E. Ankara - {stanbul yiiksek hizli
tren demiryolunda balast hammaddesi olarak granit ve
bazaltin birlikte kullanilabilirliginin arastirilmas: ve
aginma dayanimlarma etkisi. MT Bilimsel, 1, 81-89, 2012.

[6] Nalsund R. Railway ballast characteristics, selection
criteria and performance. Doctoral Thesis, Norwegian
University of Science and Technology, 2014.

[7] Kozak M. Demiryolu balastinin ve 6zelliklerinin
arastirilmasi. Demiryolu Miihendisligi, 13, 86-96, 2021.

[8] Raymond G.P. Research on railroad ballast specification
and evaluation. Transportation Research Record, 1006, 1-
8, 1985.

[9] Okonta F.N., Magagula S.G. Railway foundation
properties of some south african quarry stones. Electronic
Journal of Geotechnical Engineering EJGE, 179-197,
2011.

[10] Yilmaz A. Demiryolu istyapisinda balast kirliligi.
Mehmet Akif Ersoy Universitesi Fen Bilimleri Enstitiisi
Dergisi, 6(1), 11-17, 2015.

[11] Bayrak M.C. Altyap1 6zelliklerinin demiryolu iistyapisinin
performansina etkisi. Stileyman Demirel Universitesi, Fen
Bilimleri Enstitust, Doktora Tezi, 176s, Isparta, 2018.

[12] Bassey D., Ngene B., Akinwumi I., Akpan V., Bamigboye
G. Ballast contamination mechanisms: a criterial review of
characterisation and performance mdicators.
Infrastructures, 5(11), 94, 2020.

[13] Anonim. TCDD Balast teknik sartnamesi. TCDD
Arastirma ve Gelistirme Dairesi Baskanligi, Ankara, 2020.

[14] Yiizbast 1.B. Goksun ofiyoliti kabuksal kayaglarmin
demiryolu balast malzemesi olarak kullanilabilirliginin
incelenmesi. T. C. Kahramanmaras Siitcii Imam
Universitesi, Fen Bilimleri Enstitusi,, Yiksek Lisans
Tezi, 83s, Kahramanmaras, 2019.

[15] Kumru F.M. Demiryolunda balastsiz (slab track) ve
balastl tistyap1 uygulamalarinin maliyet analizi. Karabiik
Universitesi, Fen Bilimleri Enstitiisu, Yuksek Lisans Tezi,
78s, Karabiik, 2019.

[16] Agbaba B. Balastli demiryolu ve balastsiz demiryolunun
ansys programi yardimiyla analizinin yapilmas1 ve
karsilastirilmasi.  Gazi  Universitesi, Fen Bilimleri
Enstitust, Yiksek Lisans Tezi, 118s, Ankara, 2019.

[17] TSEN 1097-2. Agregalarin mekanik ve fiziksel 6zellikleri
icin deneyler bolim 2: pargalanma direncinin tayini icin
metotlar. Tiirk Standartlar1 Enstitiisii, Ankara, 2020.

[18] TSEN 1097-6. Agregalarin mekanik ve fiziksel 6zellikleri
icin deneyler-bolim 6: tane yogunlugunun ve su emme
oraninin tayini. Tiirk Standartlar1 Enstitiisii, Ankara, 2013.

[19] TS EN 1367-2. Agregalarin termal ve bozunma 6zellikleri
icin deneyler-bdlim 2: magnezyum silfat deneyi. Turk
Standartlar1 Enstitiisii, Ankara, 2011.

[20] TSEN 1097-1. Agregalarin mekanik ve fiziksel 6zellikleri
icin deneyler-bolim 1: aginmaya karst direncin tayini
(Mikro- Deval). Tirk Standartlar1 Enstitiisii, Ankara,
2011.

[21] Apaydin O.F., Yilmaz M. Bazaltik kayaclarin balast
kirlenmesi yoniinden karsilastirilmasi. Omer Halisdemir
Universitesi Muhendislik Bilimleri Dergisi, 8(1), 296-311,
2019.

[22] Teymen A. Bazi kayaglarin petrografik, fiziksel ve
mekanik Ozellikleri arasindaki iliskilerin incelenmesi.
Cukurova Universitesi, Fen Bilimleri Enstitiist, Yuksek
Lisans Tezi, 134s, Adana, 2005.



[23] Giileg K. Kayaglarin fiziksel ve mekanik 6zelliklerinin su
muhtevasi ile degisimi. Bilimsel Madencilik Dergisi,
13(3), 13-16, 1974.

[24] Kozak M. Iscehisar (Afyonkarahisar) mermerlerinin
jeolojik ve jeomekanik zelliklerinin arastirilmasi. Afyon
Kocatepe Universitesi, Mihendislik Fakdltesi, Lisans
Tezi, 121s, Afyonkarahisar, 2016.

[25] Islak H. Evciler (G6lbasi/Ankara) bazaltinin petrografik
ve petrokimyasal ©zelliklerinin demiryolu balast ve
balastalt1 malzemesi olarak kullamlabilirligi {izerine etkisi.
Konya Teknik Universitesi, Lisansiistii Egitim Enstitiisii,
Yuksek Lisans Tezi, 97s, Konya, 2019.

[26] Arsoy Z., Cift¢i H., Ersoy B., Uygunoglu T., Arslan B.
Afyonkarahisar bolgesi mermer parga atiklarinin beton
agregast olarak degerlendirilebilirliginin arastirilmasi. El-
Cezeri Fen ve Muhendislik Dergisi, 6(3), 503-516, 2019.

173



Celik Yiizeylerdeki Kusurlarin Tespiti icin Topluluk Ogrenme Tabanh Gelismis
Segmentasyon Yontemi
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Bu calismada, ¢elik yiizeylerdeki kusurlarin tespiti igin topluluk 6grenme tabanlh bir gelismis segmentasyon ydntemi
sunulmustur. Giiniimiizde, ¢elik tiretim siireglerinde kalite kontroliin 6nemi artmakta ve kusur tespiti teknolojilerine
olan ihtiya¢ hizla biiylimektedir. Bu baglamda, cesitli ¢elik yiizey kusurlarini dogru bir sekilde tespit edebilen ve
boélutleyebilen giiglii bir modele ihtiyag vardir. Onerilen sistem, derin 6grenme tabanli ¢oklu model yaklagimlarini
topluluk 6grenme ile birlestirerek, segmentasyon dogrulugunu 6énemli 6l¢lide artirmaktadir. Kullanilan topluluk
Ogrenme stratejisi, farkli mimarilere sahip birden fazla derin 6grenme modelinin gii¢lii yonlerini bir araya getirerek,
sistemimizin genel performansini iyilestirmekte ve g¢esitli kusur tiirlerine karsi daha duyarli hale getirmektedir. Bu
yaklagim, genis bir veri seti lizerinde test edilmis ve %77,98 mloU orani elde ederek mevcut tekil model tabanlt
yontemlere kiyasla onemli bir performans artist gostermistir. Sonuglar, Onerilen topluluk 6grenme tabanli
segmentasyon yonteminin, ¢elik yilizeylerdeki kusurlarin tespiti konusunda etkili bir ¢oziim sundugunu ve endustriyel
kalite kontrol siireglerinde potansiyel uygulamalara sahip oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Celik Yiizey Kusur Tespiti, Topluluk Ogrenme, Gelismis Segmentasyon Y&ntemleri.

Ensemble Learning Based Advanced Segmentation Method for Detecting Defects on Steel
Surfaces

ABSTRACT

In this study, an ensemble learning-based advanced segmentation method is presented for the detection of defects on
steel surfaces. Nowadays, the importance of quality control in steel production processes is increasing and the need
for defect detection technologies is growing rapidly. In this context, a powerful model that can accurately detect and
segment various steel surface defects is needed. The proposed system significantly increases segmentation accuracy
by combining deep learning-based multi-model approaches with ensemble learning. The ensemble learning strategy
used combines the strengths of multiple deep learning models with different architectures, improving the overall
performance of our system and making it more susceptible to various types of defects. This approach has been tested
on a large dataset and achieved a mloU rate of 77.98%, demonstrating a significant performance improvement over
existing single model-based methods. The results reveal that the proposed ensemble learning-based segmentation
method offers an effective solution for detecting defects on steel surfaces and has potential applications in industrial
quality control processes.

Keywords: Steel Surface Defect Detection, Ensemble Learning, Advanced Segmentation Methods.

GIRiS

Celik sektoriiniin kritik bilesenlerinden biri olan
celik filmasinler, genelde ince ve esnek, serit ya da bant
formunda bir gelik tiiriidiir. Bu filmasinlerin kalinligt,
kullanim alanina ve amaca gore degisiklik gosterebilir.
Esnek ve dayanikli yapilariyla c¢elik filmasinler,
otomotivden ingaat ve yapi malzemelerine, endiistriyel
uygulamalara kadar genis bir yelpazede tercih edilir.
Ozellikle yiiksek dayaniklilik gerektiren uygulamalarda
popiiler olan ¢elik filmasin, saglam ve uzun omiirli bir

irin olmasmi zorunlu kilar. Bununla birlikte, tretim
asamasinda meydana gelebilecek ¢esitli kusurlar, bu
malzemelerin performansini ve giivenilirligini olumsuz
etkileyebilir.

Sicak haddelenmis ¢elik seritlerin {iretiminde,
mekanik gerilimler, yiiksek sicakliklar ve hizli {iretim
kosullar1 nedeniyle filmasin yiizeylerinde kusurlar
olusabilir. Bu durum, iirliniin dayanikliligini ve kalitesini
tehlikeye sokabilir. Bu sebeple, endistride gelik filmasin
ylizey kusurlarmin tespiti biiyiik 6nem tasir. Yaygin
olarak karsilasilan kusurlar arasinda ylizey cizikleri,
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catlaklar, delinmeler ve parizler bulunur. Bu tir
kusurlart dnlemek igin {iretim siirecinde etkin bir kalite
kontrol sisteminin uygulanmasi sarttir. Bu kapsamda,
iiretim sirasinda malzemenin ylizey kalitesinin siirekli
izlenmesi ve herhangi bir sorun tespit edildiginde hizlica
miidahale edilmesi 6nem tasir. Ayrica, isleme ve 1sil
islem siireglerinin dogru sekilde gerceklestirilmesi,
iiretim ekipmanlarinin diizenli bakmmi ve kaliteli
malzeme  se¢iminin  yapilmasi, c¢elik filmasin
tiretimindeki kusurlart minimize etmek igin Kritik dneme
sahiptir. Bu yaklagimlar, c¢elik filmasinlerin daha
giivenilir ve dayanikli olmasimi saglayarak, endiistriyel
uygulamalarda verimliligi ve giivenligi artirir.

Teknolojik ilerlemelerle, celik Gretiminde hata
tespiti ve denetiminin otomasyonunu giderek daha
onemli hale getirmistir. Gegmiste manuel yontemlerle
gergeklestirilen  gorsel  kalite  kontrol  siiregleri,
giinimiizde gelisen makine goriisii teknolojileri
sayesinde otomatize edilmektedir. Bu modern
yaklagimlarda, endiistriyel kameralar araciligiyla
incelenen yiizeyler detayli bir sekilde taranir ve elde
edilen goriintiiler, kusurlar1 tespit etmek i¢in gelistirilen
algoritmalara aktarilir. Bu otomatik kusur tespit
sistemleri, endiistriyel {iiriinlerin ¢esitli yiizeylerindeki
deforme bolgelerin dogru bir sekilde tespit edilmesini
hedefler ve {iriin kalitesi ile glivenliginin saglanmasinda
onemli bir rol oynar. Ancak, endustriyel kusur tespiti
siirecinde karsilasilan bazi zorluklar vardir. Bunlar
arasinda, yetersiz numunelerden dolay1 veri toplamanin
zorlugu Onemli yer tutar. Ayrica, kusurlar genellikle
diisiik kontrasta, benzer dokulara ve yiiksek gorsel
karmagikliga sahip kiigiik alanlarda bulunur, bu da
tespitlerini zorlastirir. Bu zorluklar, endustriyel driinlerin
dogasindan  kaynaklanmaktadir. ~ Ozetle,  gercek
endiistriyel veri setlerinin bulunmamasi da bu zorluklari
daha da artirir.

Geleneksel yapay gorme sistemleri, gorinti
analizinde kenarlar, koseler, dokular gibi &zelliklere
dayali teknikler kullanir. Bu teknikler arasinda yerel ikili
desenler (Local Binary Patterns - LBP), Gabor filtreleri
ve Olgekten Bagimsiz Ozellik Déniisiimii  (Scale-
Invariant Feature Transform - SIFT) bulunur. Ancak, bu
yontemler gorintudeki ozellikleri manuel olarak
belirlemek i¢in bir dizi parametreyi ayarlamayi
gerektirir, bu da uzmanlik ve zaman gerektirir ve bazen
hesaplama agisindan verimsiz sonuglar dogurabilir. Buna
ek olarak, Geleneksel yontemlerin bir diger smirhiligi,
degisken kosullara ve karmasik senaryolara adaptasyon
yeteneklerinin simirli olmasidir. Ornegin, farkli 151k
kosullari, golgeleme veya girilti seviyeleri, bu
yontemlerin dogrulugunu ve giivenilirligini 6nemli
Olclide etkileyebilir. Bu tur durumlarda, ydntemlerin

ekstra ince ayar gerektirmesi ve ek parametre
ayarlamalar1 yapilmasi gerekir.
Geleneksel  yontemler, smirli  genellestirme

yetenekleri ve diisiik dogruluk oranlari nedeniyle
yerlerini daha etkili olan derin Ogrenme tabanl
sistemlere birakmigtir. Derin 6grenme tabanli sistemlerin
otomatik kusur tespit sireclerinde tercih edilmesinin
baslica nedenleri arasinda yiiksek dogruluk oranlari ve

giivenilirlik bulunmaktadir. Bu modeller, karmasik veri
setlerinden ¢ikarilan ozellikleri kullanarak,
goriintiilerdeki hassas detaylar1 ve desenleri etkin bir
sekilde taniyabilir ve bu sayede kusur tespitinde ylksek
basart oranlarmma ulasir. Evrisimli  Sinir  Aglart
(Convolutional Neural Networks - CNN) gibi derin
o6grenme modelleri, ¢esitli 1siklandirma, golgeleme ve
giiriiltii kosullarinda bile etkili bir sekilde ¢alisabilir ve
daha genis uygulama senaryolarina uyum saglayabilir.
Ayrica, derin 6grenme modellerinin esnekligi de dnemli
bir avantajdir. Farkli tiirdeki ve karmasikliktaki veri
setlerine uyum saglayabilen bu modeller, c¢esitli
endiistriyel liretim ortamlarinda ve farkli kusur tiirlerinin
tespitinde etkili olarak kullanilabilir. Geleneksel
yontemlere kiyasla daha hizli, maliyet etkin ve giivenilir
sonuglar sunan derin Ogrenme modelleri, otomatik
denetim, goriintii bazinda siniflandirma, kusur tespiti ve
goriintii segmentasyonu gibi farkli alanlarda basariyla
kullanilabilir.

Sonug olarak, derin 6grenme tabanli sistemlerin
otomasyon sireclerindeki bu roli, ¢elik tretiminde kalite
kontrol ve giivenligin artirilmasina biiyiik katki
saglamaktadir. Bu teknolojiler, geleneksel manuel
yontemlerin ~ yerini  alarak, Oretim  sureglerinin
verimliligini ve driin kalitesini Onemli Olgiide
iyilestirmektedir.

Gunlmuzde, dretim sureclerindeki hata tespitinin
otomatiklestirilmesi, giderek daha fazla 6nem kazanan
bir unsur olmustur [1-3]. Endustriyel ¢elik sektoriinde,
ylizey hatalarin1 belirlemek i¢in kullanilan teknikler
arasinda manyetik aki kacagi, kizilotesi algilama ve
goriintli isleme yontemleri yer almaktadir. Manyetik aki
sizintist tespiti, gelik serit yiizeyi lizerine manyetik alan
uygulayarak c¢aligir. Herhangi bir yiizey kusuru, sizinti
yoluyla algilanabilecek manyetik alanin bozulmasina
neden olur. Bu yontem kullanilarak bityiik kusurlar tespit
edilebilir. Ancak bu yontem, asir1 ince catlaklar gibi
kiigiik kusurlarin tespiti konusunda sinirh bir kapasiteye
sahiptir [4]. Yiizey kusurlarimin tespitinde kullanilan bir
diger yontem ise kizilotesi tabanli tespit yontemleridir
[5]. Bu yontem, ¢elik yiizeylerindeki kusurlart sicaklik
dalgalanmalari iizerinden algilar. Kusurlar, ¢elik seridin
yiizeyinde 1s1 dagilimini etkileyerek, kizilotesi kameralar
tarafindan algilanabilir sicaklik farkliliklar1 olusturur.
Ancak bu ybntemin bir dezavantaji, celik seridin
kizil6tesi 151k emilimi degiskenliginin tespit dogrulugunu
etkileyebilmesidir. Son yillarda kullanim1 6nemli 6l¢iide
artan bir diger yontem ise makine gérmesine dayali
yontemdir. Makine gormesi algoritmalari, 1s18a duyarlt
sensorler ve geligmis bilgisayar algoritmalari kullanarak
celik yiizeylerindeki kusurlari tespit eder. Bu yontem,
ylizey kusurlarmin yiiksek ¢oziiniirlikli goriintiileri
kullanilarak, ince catlaklar ve diger kiigiik kusurlar dahil
olmak tizere genis bir kusur yelpazesinin tespit
edilmesini miimkiin kilar. Bu sistemler, basit yapilari,
genisletilebilirlikleri ve yiliksek dogruluk oranlari
nedeniyle son yillarda birgok arastirmanin konusu
olmustur. Ozellikle, derin grenme yontemlerinin gorsel
tanima alaninda gosterdigi basarmnin artisiyla birlikte
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kusur tespit sistemlerinde derin dgrenme tabanli tespit
yontemleri genis bir kullanim alan1 bulmustur [6-7].

Derin 6grenme tabanli kusur tespit sistemleri, temel
olarak  smiflandirma, nesne tespiti ve nesne
segmentasyonu olmak iizere li¢ temel kategoriye ayrilir
[8]. Bu sistemler, malzemelerin yiizeyindeki hatalar1
dogru bir sekilde belirlemek igin goriintiiler iizerinden
karmagik analizler gerceklestirir. Siniflandirma, hatalarin
tiirlerine gore siralanmasini saglarken [9]; nesne tespiti,
hatalarin yerlerini belirler [10]. Nesne segmentasyonu
ise, hatalarin sinirlarini daha detayli bir sekilde ¢ikararak,
boyut ve sekil gibi 6zelliklerinin incelenmesine olanak
tanir [11]. Bu t¢li yaklagim, kusur tespit siire¢lerinin
etkinligini ve dogrulugunu artirarak endiistriyel kalite
kontrol ¢aligmalarini 6nemli 6l¢iide iyilestirir.

Segmentasyon tabanli yontemler, diger kusur tespit
tekniklerine  gdre, goruntulerdeki nesneleri  veya
kusurlar1 ¢ok daha detayli bir sekilde analiz etme
avantajina sahiptir. Bu yontemler, bir goriintiideki ilgili
nesnelerin veya kusurlarin sinirlarini belirleyerek, onlart
arka plandan ayirt eder. Bu ayristirma sayesinde,
nesnelerin veya kusurlarin boyutu, sekli ve diger
ozellikleri lizerinde daha kesin 6l¢iimler yapilabilir. Bu
durum, o6zellikle karmasik yiizeylerdeki ince kusurlarmn
belirlenmesinde ve analiz edilmesinde buyuk bir fark
yaratir, bdylece daha dogru ve giivenilir tespitler
yapilmasina olanak tanir. Segmentasyon tabanli yontem
i¢in bircok model Onerilmistir. Yang vd. [12], piksel
diizeyinde hassas derin boliimleme saglamak amaciyla,
bir kodlayici-kod ¢oziicl mimarisi kullanarak otomatik
bir kusur segmentasyon agi Onermistir. Bu model,
kusurlar1 tespit etmek ve ugtan uca bir segmentasyon
modeli olusturmak {izere tasarlanmistir. Zhou vd. [13],
U-Net mimarisinden ilham alarak yeni bir ag tasarimi
geligtirmigtir. PSD U-Net modeli, resim detaylarmni
maksimum diizeyde korumak i¢in orijinal evrigim yerine
delikli evrisim ve HDC tasarimini benimsemektedir.
Calismada, U-Net, Mask R-CNN ve yeniden tasarlanmis
PSD U-Net olmak iizere ii¢ farkli model iizerinden
deneysel bir karsilastirma sunulmustur. Aydin vd. [14],
egitim siirecinde sadece saglikli goriintii 6rneklerinden
yararlanarak, hatali bolgeleri belirlemigstir. Omurga
olarak Resnet18 ve EfficientNet modelleri tercih edilip
piksel diizeyinde hata tespitinde %98,7 gibi yuksek bir
basari oranina ulagilmistir. Xu vd. [15], kendi kendini
denetleyen Ogrenme stratejisi  kullanarak  yiiksek
verimlilik sunan Kendi Kendini Denetleyen Verimli Hata
Dedektorii (SEDD) adinda bir kusur tespit yontemi
sunmustur. Onerilen bu ydntem, iiretim hattinda kusurlu
ornekler icin ek agiklamalara gerek kalmadan kusur
tespiti gergeklestirebilmektedir.

Bu g¢aligmanin  amaci, topluluk  6grenme
yaklagiminin tek basma kullanilan modellere kiyasla
daha yiiksek dogruluk orani saglayip saglamadigini
arastirmaktir. Ayrica, farkli derin 6grenme modellerinin
bir araya getirilmesiyle elde edilen tahminlerin agirlikli
ortalamasinin kusur tespitinde daha gilivenilir sonuglar
sunup sunmadigini incelemektir.

Bu calisma, gelik ylizey kusurlarinimn tespiti igin
topluluk &grenme stratejisini benimseyen bir yaklagimi

sunmaktadir. Topluluk 6grenme, segmentasyon tabanli
kusur tespit yontemlerinde Intersection over Union (loU)
metrigini artirmada etkili bir yaklasimdir. Bu yontem,
birden fazla modelin bir araya gelerek ortak bir karar
verdigi bir siiregtir. Her model, farkli 6zellikleri ve
hatalar1 algilayarak toplam dogrulugu artirir. Bu sayede,
kusurlarin daha dogru bir sekilde tespit edilmesi saglanir.
loU, tahmin edilen segmentasyon alani ile gergek
segmentasyon alaninin kesigiminin, bu iki alanmn
birlesimine boliinmesiyle elde edilir. Topluluk 6grenme,
bu metrigi artirarak daha giivenilir ve hassas kusur tespiti
saglar, boylece iiretim siireglerinin kalitesini yiikseltir.
Calismada Onerilen yontem, endiistriyel goriintiiler
lizerinde segmentasyon dogrulugunu artirmak ic¢in bu
topluluk 6grenme prensibini uygular. Her bir model,
farkl1 birer derin 6grenme mimarisi kullanilarak egitilir
ve ardindan elde edilen tahminlerin agirlikli ortalamasi
alinarak nihai tahminleme yapilir. Bu yaklagim, gelik
kusur tespiti icin etkili bir ¢c6zum sunar ve endustriyel
kalite  kontrol  slreclerinde  6nemli  uygulama
potansiyeline sahiptir. Piksel Diizeyinde ikili Rehberlik
(PBGQG), sirastyla 6n plan ve arka plan 6zellik haritalarinin
birbirine ve kendine bagimliligini modellemek i¢in iki
tamamlayict dal (6n plan ve arka plan) igeren etkilesimli
bir 6zellik yeniden agirliklandirma semasini benimser.
Calismamizin katkilar1 su sekilde 6zetlenmektedir:
. Topluluk 6grenme, celik yiizey kusurlarinin
segmentasyon gorevinde basariyla kullanilmistir. Bu
yontem, farkli derin 6grenme modellerinin bir araya
getirilerek celik tel ylizeylerindeki kusurlarin dogru bir
sekilde tespit edilmesini saglamistir.
. Literatiirde yaygin olarak kullanilan SD-
Saliency 900 veri kiimesi {izerinde, cesitli kusur
segmentasyon algoritmalart  denenerek  kapsaml
deneysel caligmalar gerceklestirilmistir. Bu deneyler,
Onerilen yontemin diger segmentasyon algoritmalarina
kiyasla istiin performans sergiledigini gostermistir.

MATERYAL ve YONTEM

Topluluk 6grenme, birden fazla modelin bir araya

getirilerek bir problem (zerinde ¢alismasini iceren bir
yaklagimdir. Bu yontem, bireysel modellerin hatalarini
dengeler ve genel performansi artirir. Bu g¢aligmada,
segmentasyon i¢in topluluk 6grenme temelli bir yontem
geligtirilmigtir. Bu yontem, farkli CNN modellerinin
gucli yonlerinden yararlanarak, veri temsili 6greniminde
daha etkili bir yol sunar.
Onerilen  segmentasyon  yontemi, cesitlilik  ve
kapsamlilik agisindan zengin bir veri seti iizerinde
egitilen bir dizi CNN modelinden olusur. Bu modeller,
her biri veri setinin farkli 6zelliklerini yakalayabilecek
sekilde tasarlanmistir. Ardindan, topluluk O6grenme
mekanizmasi, bu modellerin ¢iktilarini birlestirerek, her
bir modelin zayifliklarini birbirinin gii¢li yonleriyle
dengeleyerek nihai segmentasyon sonucunu elde eder.
Bu yaklagim hem veri temsilinin kalitesini artirir hem de
egitim siirecinde gereken hesaplama kaynaklarinin
miktarini azaltir.
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Sekil 1. Onerilen derin 6grenme mimarisinin genel yapisi

Bu, 6zellikle karmasik ve heterojen veri setlerinde,
segmentasyon performansinin onemli olciide
iyilestirilmesini saglar.

Sonug olarak, onerilen topluluk 6grenme tabanl
segmentasyon yontemi, kaynak kisith ortamlarda bile
yiiksek kaliteli segmentasyon sonuglari elde etmeyi
miimkiin kilar. Bu yontem, 6zellikle tibbi goriintiileme,
uzaktan algilama ve sanayi otomasyonu gibi alanlarda,
etkili ve verimli bir ¢dziim sunar. Bu ¢alisma,
segmentasyon problemlerine yonelik yeni ve kaynak
dostu bir yaklagimm kapilarin1 aralar ve derin
O0grenmenin potansiyelini daha genis bir kullanici
kitlesine agar.

Bu arastirmada, celik yiizeylerindeki kusurlar1 ayirt
etmek ve bunlart detayl bir sekilde segmentasyonu igin,
UNet [16] mimarisi temel alinarak {i¢ ayr1 6zellestirilmis
bir derin sinir ag1 modeli olusturulmustur. Bu modellerde
kodlayict olarak ResNet34, Inceptionvd ve VGG16
kullanilirken kod ¢6ziici olarak U-net yapisi
kullanilmistir. Veri 6n-isleme adimlari kapsaminda, tiim
goriintiiler ve maskeler 256x256 boyutlarina yeniden
boyutlandirilmis, maskelerdeki kusur etiketleri sayisal
degerlere donistiiriilmiis ve veri seti %80 egitim, %20
test olacak sekilde bolinmiistiir. Modeller, 256x256%3
olgiilerindeki bir gelik yiizey goriintiisiinden baglayarak,
256%256%2 boyutlarinda, kusurlu ve kusursuz bolgeleri
tanimlayan bir segmentasyon haritas1 liretir. Bu harita,
her smif igin piksel bazinda olasiliklar sunan, kusur
varligint ve yoklugunu belirten iki matristen olusur.
Softmax aktivasyon fonksiyonunun kullanimi ile,
kusurlu bélgelerin olasiliklari, 256%256 boyutunda tek
bir matris formunda sunulur. Bu metodoloji, celik
yuzeylerdeki kusurlarin dogru ve etkili bir sekilde tespiti
ve smiflandirilmast  ig¢in  tasarlanmistir, bdylece
endiistriyel kalite kontrol siire¢lerinde 6nemli bir gelisme
saglamay1 hedefler.

Sekil 1'de, sunulan modelin genel mimarisi
verilmistir. Ik adimda, gesitli endiistriyel celik yiizey
veri kiimelerinden kusur iceren gorintuleri topluyoruz.
Ardindan, bu orijinal ¢elik ylizey goriintiilerine, goriintii

kirpma ve renk kanali ayiklama gibi 6n isleme adimlarim
uyguluyoruz. Gorintli cevirme ve dlgeklendirme gibi
yaygin artirma tekniklerini de entegre ederek veri
setimizin ¢esitliligini artirtyoruz.

Daha sonraki asamada, bagimsiz temel modelin
celik yilizey kusurlarini tahmin etmesi i¢in ii¢ adet
evrisimli goriintii transformatdrii tabanli ag kullantyoruz.
Bu bagimsiz temel aglarin, kusur segmentasyonu i¢in bir
piramit goriis transformatdrii  ile  Dbirlestirildigini
belirtmek 6nemlidir. Bu iglemden sonra, ii¢ farkli temel
modelden elde edilen 6zellik haritalarimi, kusur
segmentasyon sonuglarini elde etmek i¢in kullanilan son
siiflandirici olarak birlestiren birkag evrigim katmanini
kullaniyoruz.

Bu metodoloji, ¢esitli model mimarilerini bir araya
getirerek ve topluluk 6grenme stratejisini kullanarak
temel modelin segmentasyon kabiliyetini gelistirmeyi
amaglamaktadir. Bireysel segmentasyon modellerinin
kisitlamalari, diger temel modeller tarafindan telafi edilir,
bu da tek bir temel modele kiyasla daha ileri diizeyde bir
segmentasyon basarisi saglar. Gelistirdigimiz model
yapisi, topluluk smiflandiricisinin detaylari, kullanilan
veri kiimeleri, degerlendirme o6lgiitleri ve uygulama
yéntemi sonraki bolimlerde detayli bir sekilde
aciklanacaktir. Bu yaklasim, celik yiizey kusur tespiti ve
segmentasyonu alaninda, yiiksek dogruluk ve
giivenilirlik sunan, yenilik¢i bir metodolojinin kapilarimi
aralamaktadir.

Kodlayic1 (Encoder)

ResNet34, derin residual aglarin bir 6rnegidir ve
derin 6grenme modellerindeki egitim zorlugunu asmak
icin tasarlanmistir. Residual bloklar, modelin daha derin
katmanlarda bile 6grenme yetenegini korumasini saglar.
Kodlayici olarak ResNet34'i kullanmak, modelimize,
segmentasyon icin gerekli olan zengin 0Ozelliklerin
derinlemesine ¢ikarilmasinda biiyiik bir avantaj saglar.

InceptionV3, ¢ok cesitli Olceklerdeki ozellikleri
etkili bir sekilde yakalayabilen bir yapiya sahiptir. Bu
model, farkli boyutlardaki filtrelerin paralel olarak
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kullanilmastyla  karakterize edilir.  InceptionV3'i
kodlayict olarak kullanmak, modelimizin farklh
cozlnirliiklerdeki ozellikleri algilama kapasitesini

artirir, bu da gesitli boyutlardaki kusurlarin daha dogru
bir sekilde tespit edilmesine olanak tanir.

VGG16, basit ve derin bir mimariye sahiptir. Model,
tekrar eden evrisim katmanlari ve max pooling
katmanlarindan olusur. Kodlayict olarak VGG16'in
kullanilmasi, modelimize gii¢lii bir 6zellik ¢ikarma ve
gorsel temsil yetenegi kazandirir. Bu, o6zellikle yiizey
kusurlarmin tespiti gibi gorevlerde 6nemli bir avantajdir.

Kod Co6ziict (Decoder)

Kodlayict kismi, kodlanmis 6zellikleri kullanarak
bir son segmentasyon haritasi tiretmeyi hedefleyen bir
yapidadir. Kodlayici ile esit sayida bloga sahip bu yapi,
her bir kod ¢oziicii blogu ile 6zellik kanallarinin sayisin
azaltirken mekansal ¢oziiniirliigii artirir. Bu siireg, ¢ift
dogrusal yukar1 6rnekleme yontemiyle gergeklestirilir ve
elde edilen ¢ikt1, kodlayicinin karsilik gelen blogundan
gelen c¢ikti ile  Dbirlestirilerek  zengin  detaylarin
korunmasini saglar. kodlayict bloklart arasindaki atlama
baglantilari, kodlayicidan alinan 6zelliklerin dogrudan
kod ¢o6ziicii katmanlarina iletilmesini saglar. Bu
yaklagim, ozellikle detaylarin korunmas: ve yiiksek
coziintirliklii segmentasyon haritalarinin  {retilmesi
acisindan kritik 6neme sahiptir.

Olgiim Mertikleri

Bu calismada kullanilan degerlendirme metrikleri,
dogruluk, duyarlilik, 6zgiinlik ve ortalama Birlikte
Boliisiimiin  Kesisimi (mloU) olarak belirlenmistir.
Dogruluk, modelin dogru tahmin ettigi pozitif ve negatif
orneklerin toplam tahmin sayisina oranidir ve modelin
genel performansini Olger. Duyarlilik, dogru pozitif
tahminlerin toplam gergek pozitif drneklere oranidir ve
modelin pozitif siniflar1 ne kadar iyi tespit ettigini
gosterir. Ozgiinliik, dogru negatif tahminlerin toplam
gercek negatif orneklere oranidir ve modelin negatif
siniflar1 ne kadar iyi tespit ettigini gosterir. mloU, her bir
sinif i¢in Birlikte Boliisiimiin Kesisimi (Intersection over
Union, IoU) degerlerinin ortalamasidir ve modelin
segmentasyon performansini degerlendirir
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TARTISMA

Bu arastirmada, segmentasyon amacli ii¢ farkli
modelin karsilagtirilmasina yonelik deneysel sonuglar
sunulmaktadir. Caligmada, semantik segmentasyon igin
bir U-Net modelini kullanarak ¢esitli model ve parametre
ayarlariyla bir topluluk dgrenme yontemi uygular. Bu
yontemde ResNet34, InceptionV3 ve VGGI16
omurgalarma sahip U-Net modelleri kullanilir.
Modellerin performansi agirlikli ortalama ydntemiyle
birlestirilir ve en iyi performansi saglayan agirliklar
belirlenir. Tablo 1’de, bu calismada kullanilan bazi
O6nemli parametre ayarlart sunulmustur. Giris goriintii
boyutlari, segmentasyon iglemi igin gerekli detayi
sunarken hesaplama maliyetlerini dengede tutacak
sekilde 256x256 piksel olarak belirlenmistir. Mini-y1gin
boyutu (batch size) olarak 8 degeri tercih edilmis, bu
se¢im, egitim siirecinin verimliligini ve modelin
genelleme kabiliyetini optimize etme amaci tasir. Model
optimizasyonu i¢in, adaptif 6grenme oranlar1 sayesinde
hizli ve etkili yakinsama sunan Adam optimizasyon
algoritmasi kullanilmistir. Bu algoritma, derin 6grenme
alaninda yaygin olarak tercih edilir ve egitim siirecini
iyilestirir. Toplamda 50 egitim dongiisii (epoch)
gergeklestirilmis, bu sayede modellerin egitim veri seti
iizerinde yeterli O0grenmeyi gergeklestirmesi
saglanmistir. Ogrenme orani olarak segilen 0.001 degeri,
modelin agirlik giincellemelerinde dengeli bir yaklagim
sunar. Topluluk 6grenme yonteminde agirliklar su
sekilde belirlenmistir: ResNet34 icin 0.3, InceptionV3
icin 0.5 ve VGG16 igin 0.2.

Tablo 1. Model igin parametreler

Parametre Deger
Resim Boyutu (X, Y) 256, 256
Sinif Sayist 2
Ogrenme Orani (LR) 0.0001
Optimizator Adam
Kay1p Fonksiyonu DiceLoss

+CategoricalFocalLoss
Egitim Seti Boyutu 80%
Test Seti Boyutu 20%
Egitim Epoch Sayisi 100
Batch Boyutu 8

Model gelistirme siirecleri, Keras kiitiiphanesinin
sundugu araclar kullanilarak, PyCharm geligtirme
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Tablo 2. Sd-Saliency-900 veri kiimesinde gorsellestirme sonuglari

~, ~

|

Gorinti Ground Truth

ortaminda ylriitilmiistiir. Egitim islemleri, giliglii bir
ekran kartt olan NVIDIA RTX3060 ile donatilmis ve
Windows isletim sistemi altinda g¢alisan bir bilgisayar
iizerinde gergeklestirilmistir.

Modellerin segmentasyon performansinin
degerlendirilmesinde, model kalitesi ve etkinligi
hakkinda kapsamli bilgi saglayan bir dizi performans
metrigi kullanilmistir. Bu metrikler arasinda ortalama
kesisim T{izeri birlesme oran1 (mloU), dogruluk
(accuracy), hatirlama orani (recall), kesinlik (precision)
ve F1 skoru bulunmaktadir. Bu metrikler, modellerin
segmentasyon kabiliyetlerinin detayli bir sekilde analiz
edilmesine ve karsilastirilmasina olanak tanir.

Modelin gelistirilmesi siirecinde, performansinin
dogru bir sekilde 6lgiilmesi i¢in kullanilan veri setinin
kalitesi ve uygunlugu biiylik 6nem tasir. Bu agidan
bakildiginda, SD Saliency-900 veri seti, celik
ylizeylerdeki kusurlarin tespit edilmesinde model
performansini degerlendirmek igin iyi bir kaynaktir. Bu
veri seti, kalintilar, yamalar ve ¢izikler olmak iizere ii¢
ana kusur smifin1 igermekte ve bu kusurlarin farkl sekil,
boyut ve gérinimlerini sergilemektedir.

SD Saliency-900, celik yiizeylerdeki kusurlarin
derinlemesine analizi i¢in 6zel olarak hazirlanmigtir. Veri
setindeki her bir kusur sinifi, endiistriyel {iiretim
siireclerinde karsilagilan gergek diinya senaryolarini
yansitmakta ve bu kusurlarin otomatik tespiti i¢in
zorluklar sunmaktadir. Ornegin, kalintilar genellikle
ylizeyde diizensiz birikintiler seklinde goriiliirken,
yamalar yiizeydeki lokalize renk degisikliklerini, ¢izikler
ise ince ve uzun yiizey bozulmalarini temsil eder.

DeepLabv3+  Onerilen Model

(b) ©

Sekil 2. SD-Saliency-900 veri kiimesinin 6rnek goruntileri
strastyla (a) inclusion (b) patches ve (c) scratches

Veri setindeki kusurlarin  gesitliligi, Sekil 2'de
gorsellestirilmistir. Bu gorsellestirme, kusur tespitinde
karsilagilan zorluklari ve ¢esitli kusur tiirlerinin dogru bir
sekilde siniflandirilmasi ve segmentasyonu i¢in gereken
detay diizeyini vurgular. SD Saliency-900, bu kusurlarin
derin 6grenme modelleriyle nasil etkili bir sekilde tespit
edilebilecegine dair degerli i¢gdriiler sunar.

Tablo 2'de gosterilen performans metriklerine gore,
Onerilen topluluk 6grenmesi tabanli model, Basnet ve
Deeplabv3+ modellerinden daha yuksek sonuglar elde
etmistir.

Tablo 2. Karsilastirma sonuglart

Model  Dogruluk Ozginlik Duyarhh  mloU
(%) (%) K (%) (%)
BasNet 84,66 96,99 97,09 68,39
[17]
DeepLab 85,86 96,51 98,38 64,77
v3+(Xcep
tion) [18]
Onerilen 97,47 98,01 97,65 77,98
Model
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Calismanin Avantajlar: ve Dezavantajlari

Bu c¢alismanin avantajlari arasinda topluluk
O0grenme yaklagimmnin kullanilmas1 sayesinde daha
yiiksek dogruluk oranlari elde edilmesi ve modelin genel
performansinin artmas: yer almaktadir. Farkli derin
6grenme modellerinin bir araya getirilmesi, her modelin
giiclii yonlerinin birlesmesini saglayarak kusur tespitinde
daha giivenilir sonuglar sunar. Ayrica, agirlikli ortalama
yontemi ile model kombinasyonlarmin optimize
edilmesi, segmentasyon performansini en {iist diizeye
cikarir. Ancak, calismanin dezavantajlar1 arasinda,
topluluk 6grenme yaklasiminin hesaplama maliyetinin
yiiksek olmast ve model egitim siirecinin uzun siirmesi
bulunmaktadir. Ayrica, farkli modellerin entegrasyonu
ve agirlik optimizasyonu karmasik bir siire¢ olup,
uzmanlk gerektirir. Bu faktorler, 6zellikle kaynaklari
sinirlt olan ortamlarda uygulamayi zorlastirabilir.

SONUGC

Bu g¢alismada, ¢elik yiizey  kusurlarinin
segmentasyon islemi igin Ozel olarak egitilmis, son
teknoloji goriintli boliimleme aglarinin karsilagtirmali bir
analizi sunulmaktadir. Derin 6grenme tabanli cesitli
goriinti  boliimleme yontemlerinin  mevcut oldugu
bilinmesine ragmen, bu yontemlerin ¢elik yiizey
kusurlarini boliimleme gorevi izerindeki performanslart,
segmentasyon dogrulugu, islem hizt ve hesaplama
karmagsikligi acisindan detayl bir sekilde
degerlendirilmemistir. Bu boslugu doldurmak amaciyla,
cesitli segmentasyon aglarinin ve ¢oklu 6zellik ¢ikarim
omurgalarinin performansin1  kapsamli  bir sekilde
inceledik ve segmentasyon performansini artirmak igin
topluluk 6grenme tabanli bir yontem dnerilmistir.

Tablo 1’de gosterilen deneysel sonuglar, analiz
edilen cesitli segmentasyon yontemlerinin segmentasyon
dogrulugu agisindan (ortalama Kesisim {iizeri Birlesim -
mloU) karsilagtirilabilir  performans  sergiledigini
gostermistir. Ancak, topluluk 6grenme tabanli yGntem,
BasNet ve DeepLabv3+ modelleri dahil olmak Uzere
diger tim yontemlerden daha dstiin sonuglar elde
etmistir. Bu yontem, degisken Olgeklerde, farkli
sekillerde ve diisiik kontrasth kusurlar1 boliimlemekte
Ozellikle etkili bulunmustur. Sinif bazinda boliimleme
performansinin detayli analizi, belirli kusur tiirlerini
bolimlemenin, oOzellikle diisilk kontrast ve karmagik
sekiller s6z konusu oldugunda, zor olabilecegini
goOstermektedir.

Sonug olarak, bu c¢alisma, celik ylizey kusurlarini
tespit etmek ve boliimlemek icin derin 6grenmeye dayali
yontemlerin kapsamli bir karsilastirmasimi sunmaktadir.
Topluluk 6grenme tabanli yontemin, &zellikle zorlu
boliimleme  gorevlerinde, mevcut en  gelismis
modellerden daha iyi performans sergiledigi
gozlemlenmistir. Bu bulgular, endiistrideki uygulamalar
icin Onemli 1iyilestirmeler sunmakta ve gelecekteki
aragtirmalar i¢in yeni yollar agmaktadir.
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Bu ¢alismada B4C ve Gr dolgulari kullanilarak iiretilen cam elyafli takviyeli kompozitlerin (CETK) ¢ekme, egme ve
delik delme &zellikleri incelenmistir. %7,5 B4C ve %7,5 Gr dolgulu hibrit kompozitlerde dolgu pargaciklar1 hem
¢ekme hem egme dayanimlarmi diistirmiistiir. Cekme numunelerinin kopmus kesitlerinin SEM goriintiileri analiz
edildiginde dolgulu kompozitlerde matris bosluklarinin daha fazla oldugu belirlenmistir. Hibrit kompozitlerden elde
edilen delaminasyon degerleri dolgusuz kompozitlerden daha diisiik, ilerleme kuvvetleri ise dolgusuz kompozitlerden
daha yiiksek ¢cikmistir. Kesme hizi arttik¢ca delaminasyon degerlerinin arttig1, ilerleme oranin artmasiyla delaminasyon
degerlerinin diistigii tespit edilmistir. Elde edilen ilerleme kuvvetleri ilerleme oranin artmasiyla artmakta, kesme
hizinin arttirilmasiyla ise azalmaktadir. Hibrit ve dolgusuz kompozitlerin titresim ve moment degerlerinin yakin
oldugu gozlemlenmistir.

Anahtar Kelimeler: Delik delme, Dolgu, Elyaf takviyeli kompozit, Mekanik dzellikler

Investigation of Mechanical Properties and Machinability of Unfilled and Gr/B4C Filled
Hybrid Composites

ABSTRACT

In this study, the tensile, flexural and drilling properties of unfilled and filled glass fiber reinforced composites (CETK)
produced using B4C and Gr fillers were investigated. In hybrid composites with 7.5% B4C and 7.5% Gr fillers, filler
particles reduced both tensile and flexural strengths. The SEM images of the fractured sections of the tensile specimens
revealed that there are more matrix voids in the filled composites. The delamination values obtained from hybrid
composites were lower than unfilled composites, and the thrust forces were higher. The delamination values obtained
from hybrid composites were lower than unfilled composites, and the feed forces were higher than unfilled composites.
It was determined that delamination values increased as the cutting speed increased, and delamination values
decreased as the feed rate increased. It was revealed that the obtained thrust forces increased depending on the increase
in the feed rate, and decreased depending on the increase in the cutting speed. It was observed that the vibration and
moment values of hybrid and unfilled composites were close.

Keywords: Drilling, Fiber reinforced composite, Filler, Mechanical properties

GIRIS Bir¢ok arastirmaci polimer kompozitlere farkli elyaf

tarleri ve dolgular ilave ederek bu kompozitlerin istenen
Son yillarda epoksi regineler diisik maliyet, kimyasal  6zelliklerini gelistirmeyi hedeflenmislerdir [4-9]. Grafit,
tepkimeye ilgisizlik, yiksek korozyon direnci, kolay —B4C, SiC, TiN, Al:O; gibi farkli sert dolgu
islenebilirlik ve hidrofobik o6zellikleri sayesinde parcaciklarinin  epoksi regineye ilave edilmesinin
geleneksel pargalarin  yerine kullanilmaktadir [1-3].  kompozitin mekanik ve aginma ozelliklerini iyilestirdigi
Ancak epoksi reginelerin dayanimlarinin diigiik olmasive  yapilan ¢aligmalarda ortaya konmustur [8,10-11].
termal Ozelliklerinin  kotii  olmast bu malzemeleri  Béylece epoksi matrisli kompozitlerin, silindirler,
dezavantajli kilmaktadir. Epoksi reginelerin uygun dolgu  disliler, tekerlekler ve aktarma kayisi gibi endiistriyel
ve elyaflarla takviyelendirilmesi reginenin, mekanik, malzemelerin iiretiminde kullanilmasi kolaylasmaktadir
asinma ve islenebilirligini etkilemektedir. Kullanilan [12,13].  Farkli dolgular  kullanilarak fiiretilen
dolgularin boyutu, sekli ve miktarlar1 da elde edilecek  kompozitlerin mekanik, tribolojik ve islenebilirlik
olan kompozitin 6zelliklerini degistirmektedir [2].
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ozelliklerinin arastirildig birgok calisma mevcuttur [14-
16]. Suresha ve ark. [6] SiO; dolgusunun CETK’lerin
cekme, egme dayanmimmi ve sertligini arttirdigim
belirtmislerdir. Ayrica SiC dolgusunun aginma direncini
arttirdig1 ve COF degerini digiirdiigiini belirlemislerdir.
Abenojar ve ark. [11] B4C dolgusunun kompozitin
sertligini 75 Shore D degerinden 79 Shore D degerine
cikardigl, egilme dayanimmini ise 102 MPa’dan 113
MPa’ya yiikselttigini belirlemislerdir. Manjunath ve ark.
[17] %7 SiOy, %3 nano Al,Os, ve %5 mikro-alimina
trihidrat pargacik dolgulu cam elyafli kompozitlerin
mekanik 6zelliklerini arastirmislardir. Dolgularin egme,
cekme ve darbe dayanimini arttirdigini
gozlemlemiglerdir. Hariprasad ve ark. [18] B4C ve SiO;
dolgularinin elyaf takviyeli hibrit kompozitin ¢ekme,
egme ve darbe oOzelliklerine etkisini arastirmislardir.
%20 SiO; dolgulu kompozitin ¢ekme, egme ve darbe
direncinin %15 SiO; ve %5 B4C dolgulu kompozitten
daha diisiikk oldugunu belirlemislerdir. Suresha ve ark.
[19] Gr dolgusunun kompozitin aginma direncini
gelistirdigini belirlemislerdir. Artan dolgu oraninin kiitle
kaybini diigiirdiigiinii gozlemlemislerdir. Hulugappa ve
ark. [20] CETK ’lere %5 Gr ilavesinin ¢ekme dayanimini
305 MPa’dan 342 MPa’a yiikselttigini belirtmislerdir.
CETK’lere SiC dolgusunun Gr dolgusundan daha fazla
mukavemet kazandirdigini belirlemislerdir. CETK’lerin
sahip olduklart o6zelliklerinden dolayr havacilik,
otomotiv ve uzay gibi birgok alanda kullanilmaktadir
[21,22]. Kompozit is pargalarmin birlestirilmesi ve
montajinda delik delme biiyiik bir 6nem arz etmektedir.
Bu duruma en iyi drnek bir u¢agin yapilmasidir. Ciinkii
ucagmn birgok aksaminda kompozit malzemeler
kullanilmakta ve yaklasik olarak 55,000 delige ihtiyac
duyulmaktadir [23,24]. Bu yizden kompozitlere
uygulanan delik delme isleminde kullanilan kesme
parametreleri ve isleme kosullart biiyiikk bir 6nem arz
etmektedir. Literatiirde CETK ile ilgili yapilan ¢aligmalar
agagida Ozetle verilmistir [25-32]. Mohan ve ark. [25]
kesme parametrelerin CETK’lerin delinmesinde olusan
ilerleme  kuvveti ve tork (zerindeki etkisini
aragtirmislardir. Optimum isleme parametrelerini, tork ve
ilerleme kuvveti i¢in is pargast kalinligi 3 mm, ilerleme
50 mm/dk, kesme hiz1 1500 dev/dk ve matkap ¢ap1 3 mm
olarak bulmuslardir. Liu ve ark. [26] CETK’lerin
delinmesinde delaminasyonu ve ilerleme Kkuvveti
degerlerini arastirmiglardir. Bulduklart sonuglara bagh
olarak uygun geometrik agilar olustugunda delaminasyon
ve ilerleme kuvveti degerlerinin diistiigiinii tespit
etmislerdir. Natarajan ve ark. [27] CETK’lerin
delinmesinde farkli matkap u¢ agilarmin delaminasyon
ve ilerleme  kuvvetleri  Uzerindeki etkilerini
incelemislerdir. Elde ettikleri sonuglar 1s181nda matkap
uc agisinin  artmast ilerleme kuvvetlerini azaldigini
bulmuglardir. Azalan ilerleme kuvvetleri delaminasyon
degerlerinin diismesine ve takim aginmasinin azalmasina
katki bulundugunu ve bu da yiizey kalitesinin arttirdigini
tespit etmiglerdir. Tian ve ark. [28] CETK’lerin
delinmesi sonucu olusan ilerleme kuvvetlerini ve
delaminasyon degerlerini incelemiglerdir. Kesme hizi
arttikca delaminasyon miktarinin arttigmi ve ilerleme

kuvvetinin azaldigin1 bulmuslardir. Ayrica yazarlar,
ilerleme miktar1 arttiginda ilerleme kuvvetinin arttigini
ve delaminasyon miktarinin azaldigini tespit etmislerdir.
Khashaba ve ark. [29] farkli kalinliklarda iirettikleri
CETK’lerin delinmesinde esnasinda elde ettikleri
ilerleme kuvvetlerini, delaminasyon ve 1sidan etkilenmis
bolgeyi incelemisler. Elde ettikleri sonuglardan
delaminasyon degerleri ilizerinde kesme sicakligi ve
ilerleme kuvvetlerinin 6nemli bir etkiye sahip oldugunu
bulmuslardir. Kompozitlerin kalinliklar1 arttik¢a 1sidan
etkilenmis bolgenin arttigini ve delme zamani arttikca
ilerleme kuvvetlerinin arttigini tespit etmislerdir. Erturk
ve ark. [30] CETK lerin delinmesinde kesme sicakligi
iizerinde igsleme parametrelerini etkisini aragtirmiglardir.
Kesme sicaklig1 tizerinde kesme hiz1 ve ilerlemeden gok
HSS-R matkabin dnemli bir etkiye sahip oldugunu tespit
etmislerdir. Jessy ve ark. [31] CETK’lerin delinmesinde
farkli sogutma metotlarin matkap sicakligi iizerinde
etkisini arastirmislardir. Icten sogutma metodunun diger
metotlara gore takim asinmast ve matkap sicakligi
iizerinde ciddi katkilar1 oldugunu ortaya koymuslardir.
Khashaba ve ark. [32] CETK’lerin delme analizini
yapmiglardir. Yazarlar, ilerleme oranlarinin artmasiyla
matkapta olusan agmmanin arttigini ve delaminasyon
miktar1 lizerinde yiiksek ilerleme ve kesme hizinin etkili
oldugunu bulmuslardir.

Bu ¢alismanin temel amaci farkli iki dolgu kullanarak
uretilen hibrit ve dolgusuz CETK’lerin mekanik ve delik
delme performansinin incelenmesidir. Hibrit dolgulu
kompozitlerin islenebilirligi ve mekanik 6zellikleri
hakkinda kisith bilimsel ¢alisma olmasi bu konunun
irdelenmesinin temel motivasyonudur. Delik delme
islemi, CFRP kompozitlerde dnemli bir rol oynar. Ciink
yanlis delinmis bir delik, delik kalitesini, boyutsal
hassasiyetini, boyut dogrulugunu ve kompozit parganin
montajin1  olumsuz etkileyecektir. Bundan  6tiirii
eklenecek dolgularin elyaf takviyeli kompozitlerdeki
delik delme performansim nasil etkileyeceginin
belirlenmesi bu ¢aligmayi literatiirden farkli kilmaktadir.

MATERYAL ve YONTEM
Kompozit is par¢alarinin iiretilmesi

Epoksi malzeme olarak disiik viskoziteye sahip,
otomotiv ve gemi endiistrisinde yaygin bir sekilde
faydalanilan ARC 152 regine ve sertlestirici
kullanilmistir. B4C ve Gr tozlar1 Ege nanotek, Plain
dokuma tip cam elyaf ise karbomid firmasindan temin
edilmistir. Cam elyaf 220 gr/m? agirhginda, 1300 MPa
¢ekme dayanima, 65 GPa elastisite modultine ve % 2,50
kopma uzamasma sahiptir. Kompozitler el yatirma
yontemi ile dretilmistir. Kompozit malzemelerin
Uretiminde epoksi/sertlestirici orani (rlin katalogunda
belirtildigi tizere 4:1 olarak kullanilmistir. Kullanilan
B4C dolgusu, 2,52 g/lcm? yogunluga ve 30 mikron
parcacik boyutuna ve %96 safliga sahiptir. Gr dolgusu
ise 2,09 g/cm? yogunluk ve 30 mikron boyutunda ve %99
safliktadir. Kompozitlerdeki cam elyaf ve matris/dolgu
orant %50/%50 olarak belirlenmistir. Agirlik¢a %7,5
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B4sC ve %7,5 Gr dolgu pargaciklari hassas terazide
tartilarak ayn1 anda regineye ilave edilmistir. Dolgu
parcaciklart matris igine ilave edildikten sonra homojen
dagilmas1 i¢in 15 dakika karnstirilmigtir.  Dokuma
kumaslar 300 mm x 300 mm boyutlarinda kesilerek, her
kumas katmanina hazirlanan dolgu, matris ve sertlestirici
karigimi rulo yardimiyla siiriilerek 13 katmanli plakalar
iiretilmistir. Kompozitler oda sicaklifinda 24 saat
boyunca kirlesmeye birakilmigtir. Elde edilen plakalar
4+ 0,05 mm kalinliga sahiptir. Cekme, egme ve delik
delme islemleri icin plakalardan ASTM standartlarina
uygun numuneler kesilmistir.

Cekme ve egilme testi

Kompozitlerin mukavemetlerinin &lgiilmesi amaciyla
cekme testleri 250 kN kapasiteli universal Shimadzu AG-
IC marka cihazda 1 mm/dak hizda ASTM D638
standartlarina gore yapilmistir. Cekme numuneleri
Ol¢iileri 250 mmx 25 mm ve egme numunesi Olgiileri ise
150 mm x 12,7 mm’dir. Egme deneyleri, malzemelerin
egme ve kirilma mekanizmalarinin belirlenmesinde
kullanilan bir test yontemidir [33]. Iki destek iistiine
konulan daire ya da dikdortgen kesitli malzemelerin orta
noktasina malzeme kirilana dek kuvvet uygulanarak
gerceklestirilmigtir.  Egme  testleri ASTM D790
standartlarina gére Shimadzu AG-IC marka cihazda 80
mm destek araligt birakilarak gergeklestirilmistir.
Dolgusuz ve hibrit dolgulu kompozitlerin gekme ve egme
dayanimlarmi test etmek igin 3 kez deney tekrari
yapildiktan sonra elde edilen degerlerin ortalamasi
almmustir.

Kesici takimlar ve tezgah

Delik delme deneyleri kuru isleme sartlarinda CNC dik
isleme tezgahinda dort devir sayis1 (500 -1000 - 2000 -
4000 dev/dak), dort ilerleme (0,025 - 0,05 - 0,1 - 0,2
mm/dev) ve dort kesme hizinda (6,25 - 12,5- 25- 50
m/dak) gerceklestirilmistir. 4 mm kalmliginda 25 mm x
130 mm boyutlarinda kompozit numunelerin boydan
boya delik delme islemleri i¢in kaplamali karbiir
matkaplar kullanilmigtir. Matkaplar KARCAN kesici
takim firmasidan temin edilmistir. Delme deneylerinde
kullanilan matkaplar PVD kaplamali, kaplama kalinlig1
1,78um, kaplama bilesimi (AITiN), kaplama katman
sayist 4, helis agis1 30°, ug acis1 118° ve bosluk agis1 11°
dir.

Delaminasyon faktoru ve SEM oélgumleri

Delaminasyon, kompozit malzemelerin delik delme
operasyonlari sonrasi dlgiilen en 6nemli Slgiimlerinden
bir tanesidir. Delaminasyon degerleri, delik ¢ikisindan
Ol¢iilmiis olup Esitlik 1°deki denklemden yararlanilarak
hesaplanmustir.

Fyg = Dr;_:x (1)

Burada Do; delik ¢api, Fd; delaminasyon faktori ile
Dmax; deligin gevresindeki en biiyiik hasar ¢apini ifade
edilmektedir. Quanta 650 Field Emission markali
Taramali Elektron Mikroskop (SEM) cihazi, ¢ekme
sonrast kopma yiizeylerin goriintiileri i¢in kullanilmigtir.

ilerleme kuvveti, titresim ve moment

Delik delme islemleri esnasinda olusan ilerleme
kuvvetleri ve moment degerleri Kistler marka 9257B
model  dinamometre  vasitasiyla,  kompozitlerin
delinmesinde olusan titresimler ise NI-9230 aparati
yardimiyla hesaplanmaistir.

TARTISMA
Cekme ve egme deney sonuclari

Epoksi recineli kompozitlerde dolgu parcaciklarin
matris i¢inde homojen dagilmasi ve matris tarafindan
iyice 1slatilmasi mekanik 6zellikler {izerinde olumlu bir
etkiye sahiptir. Dolgusuz CETK ve %7,5 B4C+%7,5 Gr
dolgulu hibrit kompozitin ¢cekme dayanim grafigi Sekil
I’de verilmistir. B4C ve Gr dolgularmin CETK’nin
¢ekme dayanimini diigiirdiigi gorilmiistir. Dolgusuz
CETK’nin ¢ekme dayanimi 363 MPa iken, hibrit
kompozitin ¢gekme dayanimi 197 MPa’a diiserek ¢ekme
dayaniminda %54°lik bir kayba neden olmustur.
Uygulanan ¢ekme yiikii 6nce matris ¢atlamasina neden
olur, daha sonra olusan gerilim elyaf ve dolgu
pargaciklarina transfer edilir. Dolgu parcaciklarmin
recine i¢inde homojen bir dagilima sahip olmamasi ve
recine ile dolgu arasindaki zayif araylizey baglanmasi
dolgularin yiik tasima kapasitesini diisiiriir ve mekanik
ozellikleri kotiilestirir [34, 35]. Ayrica dolgularin sahip
oldugu keskin koseli geometrik sekilden dolay1 matris
icinde catlak olusumu destekleyerek gerilme yigilma
noktalar1  olusturmakta ve ¢ekme  dayanimini
disiirebilmektedir [11]. Dolgu ilavesinin mekanik
Ozelliklerde artis saglayabilmesi parcaciklarin homojen
dagilimina ve elyaflardaki  hidrojen  baglarim
guclendirmesine atfedilebilir [36]. Optimum bir orana
kadar dolgular, elyaf takviyeli kompozitlerin ¢ekme
dayanimlarma katki sunarken, bu oranin asilmasi
topaklanmaya, yetersiz matris 1slatilmasina ve mekanik
6zelliklerin diismesine neden olmaktadir [13]. Deneysel
sonuglar yapilan benzer ¢alismalarla paralellik arz
etmektedir [37-39]. Anjum ve ark. [37] SiO; dolgulu
CETK’lerde dolgu orani artiginin ve dolgu ilavesinin,
kompozitin ¢ekme dayanimini diistirdiigiini
belirtmislerdir. Fathy ve ark. [39] SiO, dolgulu elyaf
takviyeli kompozitlerde ¢ekme dayaniminin %0,5 dolgu
oranina kadar arttigin1, bu oranin iizerine ¢ikildiginda ise
dayanimin diisme trendine girdigini belirlemislerdir.
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Sekil 1. Hibrit dolgulu ve dolgusuz kompozitlerin ¢ekme
dayanimlari

Sekil 2’de dolgusuz ve B4C/Gr CETK’lerin egme
dayanimi grafigi verilmistir. B4C ve Gr dolgusunun
CETK’lerin egme dayanimini diigiirdiigii goriilmektedir.
Dolgusuz kompozit ve B4C/Gr dolgulu hibrit CETK’lerin
egilme dayanimlari sirastyla 350 MPa ve 287 MPa olarak
elde edilmistir. Dolgularin kompozit yapida belirli
bolgelere yigilarak yeterli homojen bir yap1
saglayamamasi, yik tasima kapasitesini diislirmiistiir.
Hossain ve ark. [40] CETK’lerde vyiksek dolgu
oranlarimin matris i¢inde farkli bdlgelerde mikro topak
alanlar1 olusturarak, kompozitin egme dayanimini
diigiirdiigtinii ifade etmiglerdir. Dolgu kullanarak egilme
dayaniminda artis saglanan c¢aligmalarda egilme
dayanimindaki iyilesmeyi, yeterli homojen dagilima ve
dolgularin matrisle giiglii bag kurmasina atfedilmistir
[41, 42].
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Sekil 2. B4C/Gr hibrit dolgulu ve dolgusuz kompozitlerin egme
dayanimi grafigi

SEM morfolojisi

Cekme testi sonrasi dolgusuz ve hibrit kompozitlerin
kirilma ytizeyleri Sekil 3’te gosterilmistir. Sekil 3a’da
elyaf matriste daha az bosluk oldugu, matris ile elyaflar
arasinda  arayiizey bagmin daha iyi oldugu
g6zlenmektedir.

Hibrit CETK
Sekil 3. Cekme testi sonrast numune kopma yiizeyleri

Matris siireksizliginin daha az olmasi, kompozitin yiik
tagima kapasitenin daha yiiksek olmasini saglamaktadir
[43-44]. Sekil 3b’de matris/elyaf yapismasinin zayif
oldugu, gevrek elyaf kopmalarinin ve bosluklarin fazla
oldugu goriilmiistiir. Matris igindeki siireksizliklerin
kopma dayanimini diisiirdiigii anlagiimastir.

Delaminasyon dl¢iimlerinin degerlendirilmesi

Farkli kesme parametrelerinde dolgusuz ve B4C/Gr
dolgulu CETK’lerin delik delme islemi sonrasi delik
cikisindan delaminasyon Olciimleri gerceklestirilmistir.
Dolgusuz ve B4C/Gr dolgulu CETK’lerin delik delme
sonrast Olgiilen delaminasyon degisimleri Sekil 4 ve
Sekil 5°te verilmigtir. Sekil 4 ve Sekil 5 incelendiginde,
ilerleme oranimnin artmasiyla delaminasyon degerlerinin
azaldig goriilmiistiir. Ghasemi ve ark. [45] ile Sunny ve
ark. [46] yaptiklar1 ¢aligmalarda ilerlemenin artmasina
bagl olarak delaminasyon degerlerinin diistiigiinii tespit
etmislerdir [45, 46]. Bu durum elde edilen sonuclarla
paralellik arz etmektedir. Kompozitin diisiik ilerleme
hizinda delinmesi, delme siiresini artirarak kompozit ile
matkap arasindaki siirtinmenin artmasma ve delik
cevresinde yiiksek 1s1 olusumuna yol agmaktadir. Delik
cikigindaki termal hasarlarin artig1, delaminasyon miktari
Uzerinde negatif bir etki olusturmustur. Kesme hizinin
etkisi incelendiginde, kesme hizi artisinin delaminasyon
degerlerini arttirdig1 belirlenmistir. Elde edilen bu sonug
literatiirdeki galigmalarla paralellik arz etmektedir [47,
48]. Kesme hizin1 artmasina bagli olarak artan
siirtiinmeden dolay1 sicakligin artmast kompozitin matris
toklugunun diisiirmesine neden olmaktadir. Ayrica delik
capmin biliylimesine ve bundan dolayir delaminasyon
degerlerinin yiikselmesine yol agacaktir. Sekil 4 - Sekil
5’teki grafikler incelendiginde, en diisiik delaminasyon
degeri hibrit CETK te 1,09 mm, en yliksek delaminasyon
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degeri ise dolgusuz CETK’te 1,23 mm olarak elde
edilmistir. Dolgusuz ve hibrit dolgulu CETK’lerin delik
delme sonrasi delaminasyon goriintiileri Sekil 6.’da
verilmistir. Sekil 6.”daki delaminasyonlar incelendiginde
dolgusuz kompozitte delik gevresinde belirgin sekilde
deformasyonlarin dolgulu kompozite kiyasla daha fazla
oldugu gozlenmistir.

Hibrit dolgulu ve dolgusuz CETK’lerin delaminasyon
degerleri karsilastirildiginda, dolgusuz kompozitlerin
delaminasyon degerlerinin hibrit dolgulu kompozitlerden
daha yiiksek ¢iktigr Sekil 4 - Sekil 5°teki grafiklerden
anlagilmaktadir. Hibrit kompozit iginde yer alan Gr dolgu
par¢aciklarimin  yaglayici  ozellige ve B4C dolgu
pargaciklarinin ise yiliksek sertlige sahip olmalar
delaminasyon degerlerinin daha diisik olmasimni
saglamaktadir. Delik delme sirasinda kesici takim ile
kompozit arasinda olusan siirtinmelerin, hibrit
kompozitte bulunan dolgular sayesinde azalmasi, delik
cikiglarindaki  deformasyonlarn  daha az olmasim
saglamistir. Sekil 6.’da verilen delik c¢ikislarma ait
goriintiiler Sekil 4 ve Sekil 5’te verilen grafiklerin
dogrulugunu teyit etmektedir. Sekil 4a’da 0,025 ilerleme
hizinda dolgusuz kompozitin delaminasyon faktorii
1,145 mm iken hibrit kompozitin delaminasyon degeri
ise 1,09 mm olarak Sl¢iilmiistiir. Dolgu pargaciklarinin
CETK’in delaminasyon faktoriinii yaklastk %5
iyilestirdigi goriilmistiir. En diisiik delaminasyon degeri
0,2 mm/dev ilerleme oraninda hibrit kompozitte 1,075
mm iken en yiiksek deger ise 1,145 mm’dir.
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Sekil 4. B4C/Gr dolgulu ve dolgusuz kompozitlerin farkli ilerleme oranlarinda 6lgiilen delaminasyon degerleri
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Sekil 5. Dolgusuz ve B4C/Gr dolgulu kompozitlerin kesme hizina bagli delaminasyon miktarlari

Titresim ve momentlerin degerlendirilmesi

Dolgulu ve dolgusuz CETK ’lerine ait hem titresim hem
de moment degerleri Tablo 1°de verilmistir. Farkli kesme
parametrelerinde  dolgusuz ve B4C/Gr dolgulu
CETK’lerin delik deleme esnasinda olusan moment
degerleri birbirine yakin oldugu tespit edilmistir. En
yiiksek ve en disiik igleme sartlarinda bile moment
degerleri arasinda belirgin bir fark olusmamistir. Benzer
durum titresim degerlerinin 6l¢limlerinde de meydana
gelmistir. Tablo 1’de en diisiik ve en yiilksek moment ve
titresim degerlerinin elde edildigi isleme parametreleri
sonuglart incelendiginde, B4C/Gr CETK’lerin moment
ve titresim degerleri, dolgusuz CETK’lerin moment ve
titresim Sl¢timlerinden daha fazla ¢iktigi tespit edilmistir.
[lerleme hizinin 0,025 mm/dev’den 0,2 mm/dev’e
cikarilmasi moment degerinin % 428 artisla 0,22’den
1,163’e cikartmistir. Ayni sartlarda titresim degerleri ise
0,085210°dan 0,085459’a ¢ikarak % 0,29 bir artis
meydana gelmistir. Ortaya ¢ikan bu durum, dolgulu
kompozit igerisinde yer alan B4C dolgu pargaciklarin sert
olmast delme esnasinda kesici takimi daha fazla

zorlayarak moment degerlerinin yiiksek ¢ikmasina yol
acmigtir. Metal malzemelere kiyasla, epoksi matrisli
elyaf takviyeli kompozitlerin diisiik sertlige sahip olmasi
ve soniimleme giiciliniin yiliksek olmasindan &tiirti, diistik
miktarlarda titresimler meydana gelmektedir.

Tablo 1. CETK ’lerin titresim ve moment degerleri

Kesme parametreleri

(f: mm/dev; V: Ma;lize_me Moment Titresim
m/dak) P!

f4: 0,2 ve V1. 6,25 Dolgusuz 1,163 0,085459

f1: 0,025 ve V4: 50 CETK 0,22 0,085210

V1: 6,25 ve f4:0,2 B4C/Gr 2,93 0,087153

V4: 50 ve f1: 0,025 (Hibrit) 0,48 0,086950

Ilerleme kuvvetlerinin degerlendirilmesi

Hibrit dolgulu ve dolgusuz CETK’lere 4 farkli ilerleme
oraninda ve 4 farkli kesme hizinda 4 mm ¢apinda delikler
acilmistir. Dolgusuz ve hibrit dolgulu CETK ’lerin farkli
isleme kosullarinda delik delinirken kesici takimda
meydana gelen ilerleme kuvvetleri Sekil 7 ve Sekil 8’de
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sunulmustur. Sekil 7 ve Sekil 8 incelendiginde, ilerleme
oranmin artmastyla ilerleme kuvvetlerinin arttig1 tespit
edilmistir. Ortaya ¢ikan bu sonu¢ literatiirdeki
caligmalarla paralellik gostermistir [12,49]. Ilerleme
orani artigtyla birim zamandaki talas kaldirma hacminin
artmas1 matkaba gelen yiik artmaktadir. Bununla birlikte
delme esnasinda ilerlemeye bagli olarak artan siirtiinme
ve talag sikismalart ilerleme kuvvetlerinin yiiksek
cikmasina katki saglamigtir. Hibrit ve dolgusuz
CETK’lerin delinmesinde, kesme hizi artigina bagh
olarak ilerleme kuvvetlerinde diigiis tespit edilmistir.
Literatiirde yapilan ¢aligmalar ile elde edilen sonuclar
ortigmektedir [50]. Kompozit malzemenin delinmesi
esnasinda kesme hizinin artigina bagl olarak kesme
bolgesindeki  sicakligmin  artmast  kompozitin
yumusamasina yardimci olacaktir. Bu da delme islemini
kolaylastirarak ilerleme kuvvetlerinin azalmasma katki
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saglayacaktir. Dolgusuz ve hibrit dolgulu CETK’lerin
ilerleme kuvvetleri karsilastirildiginda, hibrit
kompozitlerin dolgusuz CETK’lerden daha yuksek
ilerleme kuvvetlerine sahip oldugu gériilmiistiir. Ortaya
¢ikan bu sonug hibrit kompozitlerin yapisinda bulunan
B:C dolgu parcaciklarindan kaynaklanmaktadir. B4C
pargacaciklarinin sertliginin yiiksek olmasindan otiirii
delme sirasinda matkabin daha fazla yiike maruz kalarak
ilerleme kuvvetlerinin yiikselmesine yol agmistir. Sekil 7
ve Sekil 8 incelendiginde en yiiksek ilerleme kuvveti
degeri hibrit CETK’den (105,2 N) f4=0,2 mm/dev ve
V1=6,25 m/dk’da elde edilirken en disiik ilerleme
kuvveti degeri ise dolgusuz CETK’den (14,7 N)
f1=0,025 mm/dev ve V,=50 m/dk’da kesme
parametrelerinde elde edilmistir.
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Sekil 7. B4C/Gr dolgulu ve dolgusuz kompozitlerin farkli ilerleme oranlarinda 6lgiilen delaminasyon degerleri
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Sekil 8. Dolgusuz ve B4C/Gr dolgulu kompozitlerin kesme hizina baglt delaminasyon miktarlart

SONUC

El yatirma yoOntemiyle iretilen dolgusuz ve B4C/Gr
dolgulu CETK hibrit kompozitlerin mekanik ve
islenebilirlik 6zelliklerinin incelenmesi sonucunda elde
edilen 6nemli bulgulardan bazilar1 sunlardir.

e B4C ve Gr dolgularinin CETK’in ¢gekme dayanimini
363 MPa’dan 197 MPa’a diigiirmiistir. Egme
dayanimi ise 350 MPa’dan 287 MPa’a diigiirmiistiir.
Dolgu pargaciklarinin kompozit yapida homojen
dagilmadigi ve yiiksek dolgu oranlarinin regine iginde
topaklanmaya neden oldugu anlagilmigtr.

e Kopma yiizeylerinin SEM goérintilerinde dolgusuz
kompozitlerdeki matris bosluklari, dolgulu hibrit
kompozite gére daha azdir.

¢ En diisiik delaminasyon degeri en diisiik kesme hiz1
ve en yiiksek ilerleme oraninda hibrit CETK te 1,09
mm olarak elde edilirken en yiiksek delaminasyon
degeri ise en yiiksek kesme hizi ve en diisiik ilerleme
oraninda dolgusuz CETK’te 1,23 mm olarak elde
edilmistir. Delaminasyon degerlerinin kesme hizi ile
dogru orantili, ilerleme hiz1 ile ters orantili oldugu
tespit edilmistir.

e Hibrit kompozitlerin dolgusuz kompozitlere kiyasla
daha diisiik delaminasyon degerlerine ve daha yiiksek
ilerleme kuvvetlerine sahip oldugu tespit edilmistir.
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Her iki kompozit tiiriinde de titresim ve moment
degerleri birbirine yakin elde edilmistir.

e Dolgusuz ve hibrit kompozitlerde ylksek ilerleme
hizlart ilerleme kuvvetlerinin yiikselmesine neden
olur iken, yiiksek kesme hizlart ise ilerleme
kuvvetlerinin diismesini saglamistir.

e En yiiksek ilerleme kuvveti degeri en yiiksek ilerleme
ve en diisiik kesme hizinda hibrit CETK’den 105,2 N
elde edilirken en diisiik ilerleme kuvveti degeri ise en
diisiik ilerleme ve en yiiksek kesme hizinda dolgusuz
CETK’den 14,7 N elde edilmistir.
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Bu calisma, Giresun ili Sebinkarahisar ilgesinde dogal olarak yetisen Sebinkarahisar Karadut’unun (Morus nigra L.)
ilcedeki yetistiricilik kiiltiirii ve potansiyelini belirlemek tizere yapilmistir. Eksi karadut agaclarinda yas tahmini
iizerine bilimsel bir dendrokronolojik ¢calisma mevcut olmadigindan belirlenen 69 adet karadut agacindan 47 adedinin
Cumhuriyet 6ncesinden kalma anitsal nitelikte antik eksi karadut agaci oldugu belirlenmistir. Anit agag niteligi tasidigi
saptanan asirlik agaclar Sebinkarahisar ilcesinin mahalle ve koylerine yayilmig durumda olmasina ragmen yogun
olarak baglar bolgesi olarak adlandirilan Avutmus, Kirkgdz, Birogul ve ikiogul mahallelerinde yer almaktadir. ilcede
eksi karadut yetistirilen arazilerin yiikseltileri GPS cihaziyla, egim ve baki degerleri de ArcGIS-ArcMap 10.3
programi kullanilarak hazirlanan haritalar ile belirlenmistir. Elde edilen arazi topografyasima iliskin bu verilerin
ilerleyen zamanda Sebinkarahisar kosullarinda eksi karadut (Morus nigra L.) yetistiricilifine uygun arazilerin
haritalanmasinda kullanilabilecegi diisiiniilmektedir. 950-1500 m araligindaki yiikselti degerlerine sahip, % 6-20
(orta) egim sinifinda yer alan ve giineydogu, giiney, giineybati, dogu, kuzeydogu, bat1 ve kuzey (0°-22.5°) bakih
arazilerin eksi karadut yetistiriciligi i¢in uygun olacagi degerlendirilmektedir.

Anahtar Kelimeler: Urmu Dutu, Tibbi ve Aromatik Bitki, Anitsal Agag, Harita

Evaluation of the Topographic Features of Lands Cultivating Sour Black Mulberry (Morus
nigra L.) in Sebinkarahisar (Giresun) Region

ABSTRACT

This study was conducted to determine the cultivation culture and potential of black mulberry tree (Morus nigra L.);
growing naturally in Sebinkarahisar district of Giresun province. Since there is no scientific dendrochronological
study to determine the age of sour black mulberry trees, it was determined that 47 of the 69 identified sour black
mulberry trees are monumental old trees from the pre-republican period. Although the centuries-old trees identified
as monumental are spread across the neighborhoods and villages of Sebinkarahisar district, they are mostly
concentrated Avutmus, Kirkgdz, Birogul, and Ikiogul neighborhoods, which are, known as a vine-growing area. The
elevations of the areas where sour black mulberries are grown in the district were determined using a GPS device, and
the slope and aspect values were determined using maps created with the ArcGIS-ArcMap 10.3 program. It is assumed
that these data on the land topography obtained can be used in the future for mapping areas suitable for the cultivation
of sour black mulberry (Morus nigra L.) under the conditions of Sebinkarahisar. It is considered that areas with
elevation values between 950-1500 meters, slope class of 6-20% (moderate), and aspects of southeast, south,
southwest, east, northeast, west, and north (0°-22.5°) are suitable for sour black mulberry cultivation.

Keywords: Urmu Mulberry, Medicinal and Aromatic Plant, Monumental Tree, Map

GIRIS o6nemli bir potansiyele sahip olan bu tibbi aromatik tiir,

modern bahgecilik uygulamalariyla entegre
Eksi karadut (Morus nigra L.), kapali tohumlu bitkiler  edilememistir [1]. Karadut (M. nigra) ¢ogaltilmast zor
arasinda en yiiksek kromozom sayisina sahip olan ve olan turlerdendir [2]. Son yillarda koyu renge sahip
uzun yillar yasayabilen bir tiirdiir. Ekonomik agidan  meyvelerin saglik agisindan daha faydali igeriklere sahip

192


mailto:bahadir.atmaca@giresun.edu.tr

oldugu bilgisiyle, bu tiirlere olan ilgi artmistir. Bu meyve
tiirlerinden biri de karaduttur. Insan beslenmesindeki
Odnemi nedeniyle karadut meyvelerine ézellikle de meyve
suyuna talebi artmaktadir. Bu da karadut tretimini tesvik
etmektedir. Dut tiretimini arttirmak i¢in Urmu dut (eksi
karadut) genotipleri ile kapama bahceler kurulabilir [3].
Tiirkiye’nin dogal genetik kaynaklar arasinda yer alan
karadut, cazip koyu kirmizi rengi, sulu yapisi ve essiz
aromastyla sevilen bir meyvedir. Karadut diinyada genis
bir yayilima sahiptir. Anadolu’nun yanisira Kuzey iran,
Azerbaycan, Suriye, Cin ve Ermenistan gibi bolgelerde
de yetistirilmektedir. Yaygin olmamakla beraber Avrupa,
ABD, Avustralya ve Hindistan’da da karadut
yetistiriciligi yapilmaktadir [4]. Sebinkarahisar’da 2012
senesinde Giresun 1 Ozel Idaresi ile Giresun Il Tarim ve
Orman Miidiirliigii tarafindan ortaklasa kurulan seralarda
eksi karadut, Sebin cevizi, ¢am agaci ve kizileik
yetistirilmesi hedeflenmistir. Bu kapsamda toplamda 5
adet plastik ortili ve yay catili meyve fidani serasi
bulunmaktadir. Bu seralarda Sebin cevizi basta olmak
Uzere bu turlerin  bolgede  yayginlagtirilmasi
hedeflenmekte ve bdlge ciftcilerinin bu konu ile ilgili
tesvik edilmesi saglanmaktadir [5].

Cografik bilgi sistemleri, olduk¢a gelismis bir
teknolojidir. Bir CBS veri tabani sisteminde, konumsal
bilgi veya koordinat sistemi ile tarla sinirlari, verim, pH,
bitki besin elementi dlzeyleri vb. gibi tarlaya ve bitkiye
ait oOzellikler (veri bilesenleri) yer alir [6]. CBS
teknolojilerinin son senelerde etkin bi¢cimde kullanimi
arastirma sonuclarinin hizli ve giivenilir bir bigimde
ortaya konulmasina katki sunmaktadir. Alternatif iiretim
sahalarinin belirlenmesi ve tarimsal siirdiiriilebilirligin
saglanmasi agisindan {irlin ¢esitliliginin  arttirilmasi
yoniinde yapilacak arazi arastirmalarinda CBS
teknolojilerinden yararlanmak biiyiik 6nem tagimaktadir
[7].

Tiirkiye’de ylizey sekilleri, bolgesel ve yoresel olarak
iklim kosullarinin degismesinde son derece etkilidir.
iklimde meydana gelen bu degisiklikler, 6zellikle dag
kusaklarimizda bitki ortiisii lizerinde etkili olmakta ve
farkli fizyonomik g&riniime sahip degisik ekolojik
kosullarda yetisen bitki topluluklarmin gelisimini
etkilemektedir. Yiiksekligin artmasiyla birlikte sicaklik
ve bagil nem azalirken, genellikle yagis, buharlagma ve
giinesten gelen radyasyonun siddeti artar. Ayrica
rliizgarin hiz1 da artar ve giinliik sicaklik farklar yiikselir.
Bunun yaninda yiksekligin artmasiyla  birlikte
vejetasyon ve toprak olusumu (pedojenez) siiresi kisalir.
Topografyada yiikseklik kosullariyla beraber baki ve
egim derecesi, llkemizde kisa mesafelerde farkli
ortamlarin olugmasina olanak saglamistir. Glineye bakan
yamaglarda, bircok enlem derecesine sahip gineydeki
bitkilerin yetismesine olanak tanirken, kuzeye bakan
yamaglarda nem ihtiyaci yiiksek bitkiler gelismektedir.
Ozellikle dag kusaklarimizda yer yer dar ve derin vadiler
olusturan akarsular, c¢ok engebeli ve egimli bir
topografyanin olugsmasina katki saglamistir [8].

Edizer ve ark. [2], denizden 998 m yikseklikteki
arastirma alaninda yapmis olduklari ¢aligmada, 2014
yilinin Mart ayinda Malatya Meyvecilik Arastirma

Istasyonu’ndan temin ettikleri karadut (M. nigra) odun
celiklerini koklendirme serasina dikmigler ve odun
celiklerinin ~ koklenmesi  {izerine farkli  biiyliime
diizenleyicisi doz ve kombinasyonlarinin etkilerini
aragtirmislardir. Arastirma sonunda karadutlarin ¢elikle
ticari olarak ¢ogaltilabilecegi sonucuna varilmistir.
Bununla birlikte literatiirde bu konuda elde edilen farkl:
sonuclarin genetik farkliliklar, kdklendirme ortamindaki
ekolojik kosullar, ¢elik alma zamani gibi faktorlerin bir
sonucu olabilecegi belirtilmistir. ~ Sutyemez  [3],
Kahramanmaras ili Merkez ilgede dogal yetisen karadut
(Urmu dut) genotipi ve bu genotipten doku kultliri
yoluyla ¢ogaltilan 5 bitkinin bazi1 pomolojik, fenolojik ve
morfolojik ozelliklerini belirlemek amaciyla yaptig
aragtirma sonucunda urmu dut genotipinin bitkisel ve
meyve Kalitesi agisindan O6nemli 6zelliklere sahip
oldugunu tespit etmistir. Arastirmanin en Onemli
bulgularindan biri, klonal olarak gogaltilan bitkilerde
genglik kisirlik devresinin kisaligi ve bu bitkilerin ¢ yil
icinde meyve vermeye baglamasidir. Calismada, klonal
olarak c¢ogaltilan bitkiler ile ana ebeveyn bitkilerin
Ozelliklerinin beklendigi gibi birbirine ¢ok yakin oldugu
tespit edilmistir. Clice [9], Sebinkarahisar ilgesindeki
arazi incelemelerinde tam meyveye yatmis saglikli bir M.
nigra agacindan ortalama olarak yillik 200 kg civarinda
Uriin alindigmi belirtmistir. Ancak mevsim degisiklikleri,
aga¢c bakimindaki yetersizlik ve ilcede yetistirilen
karadut agaglarinin tam verime yatma siiresinin oldukg¢a
uzun olmasi gibi nedenlerden dolayr verim oranimnin
diisiis gosterdigi belirtilmistir.

Bu ¢alismada, Giresun ilinin Sebinkarahisar ilgesinde
eksi karadut (M. nigra L.) yetistirilen mevcut arazilerin
topografik oOzelliklerinin belirlenmesi ve
degerlendirilmesi amaglanmistir. Bununla birlikte, bu
calismadan elde edilecek veriler kullanilarak, Cografi
Bilgi Sistemleri yazilimlarinin yardimiyla ilerleyen
donemlerde Sebinkarahisar ilgesinde eksi karadut icin
uygun dikim alanlarinin belirlenip haritalandirilmasi
planlanmaktadir.

MATERYAL ve YONTEM

Karadeniz Bolgesinin Dogu Karadeniz Boliimii’nde
bulunan Sebinkarahisar ilgesi, Dogu Karadeniz
Daglarinin giiney yamaglarinda ve Yesilirmak’in kolu
olan Kelkit Cay1 vadisinin engebeli bir kesiminde yer
almaktadir [10]. Sebinkarahisar’da meyve yetistiriciligi
cok dnemli bir yere sahiptir [11]. Sebinkarahisar’in 1965-
2012 yillar1 arasindaki 48 yillik uzun yillar iklim verileri
ortalamalarina gore yillik ortalama toplam yagis miktar
583.5 mm, yillik ortalama sicaklik degeri 9.0 °C ve yillik
ortalama nispi nemi % 61.05 olarak belirlenmistir [12].

Turkiye’deki dut 0retimi yillik 60.000 tondur. Bu
miktarin % 95’ini beyaz dut, kalan % 5’ini kirmiz1 ve
karadut olusturmaktadir. Dut bitkisi, 1liman iklimden
subtropik iklime kadar degisen farkli ekolojik kosullarda
iyi bir gelisim gosterir. Optimum sicaklik araligi 24-28
°C’dir ve yillik yagis miktar1 600-2500 mm civarindadir.
Verimli topraklarda 10 giin araliklarla, killi topraklarda
ise 15 giin araliklarla sulama ister. % 65-80 civarindaki
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atmosferik nem orani, dut yetistiriciligi i¢in idealdir.
Giines 15181, gelisme ve yaprak kalitesi igin dnemli bir
unsurdur. Deniz seviyesinden 1400 metre yikseltiye
kadar yetistirilebilen dut, tuzlu topraklar haric, toprak ve
iklim sartlar1 agisindan segici degildir. Sig topraklar
onerilmez. Derin topraklarda iyi gelismekle birlikte
kirecli, kuru, kurak ve kumlu topraklarda yetistirmeye
elveriglidir. Optimum toprak pH’s1 6.5-7 olmalidir. Cok
iyi drene olan, tercihen derin, verimli ve kumlu topraklar
dut yetistiriciligi i¢in idealdir [4].

TUIK [13] verilerine gore 2004-2022 yillar1 arasinda
Giresun-Sebinkarahisar’daki dut Uretimi Tablo 1 de
verilmistir. Tlgede aga¢ sayis1 artmis ancak verim ve
iretim dalgali bir seyir izlemistir. Bunun nedenlerinin
basinda ilgede yasanan iklimsel dalgalanmalar
gelmektedir. En yiiksek tiretim miktar1 2214 ton ile 2019
yilinda elde edilmistir (Tablo 1). Cice [9], M. nigra icin
tim Tirkiye’de oldugu gibi Sebinkarahisar ilgesinde
kapama bahgelerin  bulunmamasi ve iireticilerin
Urdnlerini bireysel olarak pazara sunmalari nedeniyle
iretim  miktarlarinin  tam  olarak  bilinmedigini
belirtmistir.

Tablo 1. 2004-2022 yillar1 arasinda Sebinkarahisar ilgesinin
dut iretimine iligkin veriler

Meyveler, icecek ve Baharat Bitkileri

Dut
Meyve Meyve Toplu Verim Uretim
Yillar  Veren Vermeyen Meyvelik (Kg/ Miktar:

Yasta Yasta -lerin Meyve (Ton)

Agac Agac Alam Veren

Sayisi Sayisi (Dekar) Agac)
2004 20000 4300 1350 8 160
2005 20000 4300 1280 4 80
2006 2000 4300 1280 40 80
2007 20000 4000 1280 20 400
2008 20000 4000 1280 20 400
2009 20000 4000 1280 20 400
2010 2000 4000 1280 20 40
2011 2500 3500 1500 20 50
2012 2500 3500 1522 20 50
2013 2500 3500 1534 20 50
2014 2500 3500 120 8 20
2015 36000 9000 120 20 720
2016 36000 9000 120 2 72
2017 36880 7320 120 18 664
2018 37000 7525 122 19 700
2019 37000 7525 122 60 2218
2020 37000 7525 122 59 2189
2021 37000 7525 122 2 74
2022 37000 7525 122 30 1110

Kaynak: TUIK [13]

Giresun ilinin Sebinkarahisar il¢esinde bazi asirlik eksi
karadut (M. nigra) agaclarinin gorselleri Sekil 1°de
verilmistir. Tlgede eksi karadut yetistirilen arazilerin
koordinat bilgileri ve denizden yiikseklik degerleri, 1-3
metre hassasiyetli Magellan eXplorist 610 marka GPS
cihazi ile tespit edilmis ve arazilerin yer aldig1 mevkiler
(koy/mabhalle) ile birlikte Tablo 2’de gosterilmistir. Arazi
calismalar1 27.07.2023 ile 10.08.2023 tarihleri arasinda
yapilmistir. Arastirma kapsaminda Ikiogul, Avutmus,
Biilbiil, Kirkgdz, Kavaklar, Tamzara, Birogul, Kiitkiit,
Akbudak, Yavuz Selim ve Kizilca Mahalleleri ile

Caglayan ve Saraycik Koylerinden toplamda 69 adet eksi
karadut agac1 degerlendirilmistir. Eksi  karadut
agaclarinin yaslarmin tahmini iizerine bilimsel bir
dendrokronolojik arastirma mevcut olmadigi igin
degerlendirilen 69 adet eksi karadut agacindan 47
adedinin Cumhuriyet 6ncesinden kalma anitsal nitelikte
antik eksi karadut agaci oldugu belirlenmistir. Giircan
[1], Turkiye’de 2018-2021 yillar1 arasinda eksi karaduta
iliskin bir sdrvey gerceklestirmistir. Anitsal nitelikte
olan, Cumhuriyet 6ncesinden kalma, 200’ln {zerinde
antik eksi karadut agaci belirlemistir.

Sebinkarahisar ilcesinde eksi karadut yetistirilen
arazilerin egim ve baki haritalarinin yapiminda USGS
[14]°den ulasilan sayisal yiikseklik modeli (DEM) verisi
(SRTM 1 Arc-Second Global/~30 meters) ve Anonim
[157°den  yararlanilmistir.  Hazirlanan  haritalarin
datum/projeksiyon doniisiimleri WGS 1984 UTM Zone
37 N olacak sekilde yapilmistir. DEM verisi igin hiicre
boyutu (X, Y) 30 m, 30 m olarak ayarlanmigtir. Haritalar
ArcGIS-ArcMap 10.3 programi kullanilarak
hazirlanmistir. GPS ile tespit edilen drnek noktalart,
KML dosyasi bi¢ciminde hazirlanarak ArcGIS-ArcMap
10.3 programimdaki ArcToolbox-Conversion Tools
yardimiyla egim ve baki haritalarinin igerisine
yerlestirilmistir.

Sebinkarahisar Karadutu; Sebinkarahisar Ziraat Odasi
tarafindan, islenmis ve islenmemis meyve ve sebzeler ile
mantarlar {irin grubunda, 885 tescil numarasiyla

13.09.2021 tarihinde tescil edilmistir. Cografi isaret
olarak tescil edilen Sebinkarahisar Karadutu igin tescil
belgesinde yer alan bilgiler Tablo 3°te verilmistir [16].
Sebinkarahisar’daki bazi asirlik eksi karadut agag
govdelerinin gorselleri Sekil 2°de; asirlik eksi karadut
agaclarindan karadut pekmezi liretimi agamalarina iliskin
gorseller de Sekil 3’te sunulmustur.

Sekil 1. Sebinkarahisar’da yetistirilen asirlik eksi karadut
agaclari, a) Kadioglu Mahallesi, b) Kavaklar Mahallesi, c)
Avutmus Mabhallesi, d) Birogul Mahallesi
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Tablo 2. Sebinkarahisar ilgesinde eksi karadut (M. nigra) agaglarinin bulundugu konumlara ait bilgiler

Or. Koordinatlar Mevki Den. Or. Koordinatlar Mevki Den.
No. Yik. No. Yik.
_ (m) (m)
7 40°17'26"K 38°27'40"D  Ikiogul M. 1031 4 40°17'26"K 38°27'36"D Kirkgdz M. 1049
8  40°17'28"K 38°27'40'D  Ikiogul M. 1037 11  40°17'34"K 38°27'29"D Kirkgdz M. 1061
37 40°17'35"K 38°27'39"D  Ikiogul M. 1048 12 40°17'32"K 38°27'30"D Kirkgdz M. 1053
38 40°17'37"K 38°27'40"D  lkiogul M. 1058 13 40°17'31"K 38°27'28"D Kirkgdz M. 1074
39 40°17'38"K 38°27'41"D  lkiogul M. 1047 14  40°17'31"K 38°27'29"D Kirkgdz M. 1063
40  40°17'37"K 38°27'42"D  ikiogul M. 1039 24 40°17'32"K 38°26'28"D Kavaklar M. 1211
41  40°17'40"K 38°27'34"D  ikiogul M. 1059 25 40°17'33"K 38°26'26"D Kavaklar M. 1207
42  40°17'43"K 38°27'34"D  ikiogul M. 1054 26  40°17'27"K 38°26'25"D Kavaklar M. 1213
57 40°18'15"K 38°27'34"D  ikiogul M. 1032 27  40°17'32"K 38°26'16"D Kavaklar M. 1244
58 40°18'09"K 38°27'55"D  Ikiogul M. 995 28 40°17'32"K 38°26'13"D Kavaklar M. 1244
59  40°18'02"K 38°27'56"D  lkiogul M. 1004 30 40°17'38"K 38°26'41"D Kavaklar M. 1170
60 40°17'42"K 38°27'50"D  lkiogul M. 1003 31 40°19'39"K 38°26'12"D Tamzara M. 1225
43  40°18'39"K 38°28'16"D  Avutmus M. 1022 32  40°19'42"K 38°26'16"D Tamzara M. 1236
44 40°18'40"K 38°28'18"D  Avutmus M. 1018 33 40°19'41"K 38°26'18"D Tamzara M. 1229
45  40°18'48"K 38°2822"D  Avutmus M. 1040 34 40°19'40"K 38°26'08"D Tamzara M. 1249
46  40°18'49"K 38°2822"D  Avutmus M. 1041 35 40°19'33"K 38°26'01"D Tamzara M. 1275
47  40°18'48"K 38°28'25"D  Avutmus M. 1048 36 40°19'31"K 38°26'12"D Tamzara M. 1220
48  40°18'49"K 38°28'04"D  Avutmus M. 1103 5 40°17'25"K 38°27'41"D Birogul M. 1043
49  40°18'48"K 38°28'01"D  Avutmus M. 1089 6 40°17'25"K 38°27'40"D Birogul M. 1032
50 40°18'45"K 38°28'02"D  Avutmus M. 1072 9 40°17'29"K 38°27'46"D Birogul M. 1027
51 40°18'28"K 38°27'35"D  Avutmus M. 1056 10 40°17'16"K 38°27'41"D Birogul M. 1037
52  40°18'29"K 38°27'35"D  Avutmus M. 1063 61 40°17'18"K 38°27'47"D Birogul M. 1022
53 40°18'25"K 38°27'39"D  Avutmus M. 1028 62 40°17'46"K 38°18'15"D Caglayan K. 1087
15 40°17'27"K 38°2520"D Bilbal M. 1385 63 40°17'48"K 38°18'21"D Caglayan K. 1108
16  40°17'13"K 38°25'22"D Bulbil M. 1370 64 40°17'52"K 38°18'17"D Caglayan K. 1116
17 40°17'16"K 38°25'17"D Bulbil M. 1369 65 40°17'49"K 38°18'19"D Caglayan K. 1097
18 40°17'25"K 38°25'12"D Bulbil M. 1388 54  40°18'19"K 38°27'12"D Kutkit M. 1072
19 40°17'22"K 38°25'04"D Bulbil M. 1427 55 40°18'23"K 38°27'10"D Kutkit M. 1079
20 40°17'24"K 38°25'15"D Bilbal M. 1395 56  40°18'14"K 38°27'09"D Kitkit M. 1077
21  40°17'23"K 38°25'17"D Bilbal M. 1398 67 40°16'46"K 38°26'09"D Akbudak M. 1167
23  40°17'42"K 38°25'26"D Bilbal M. 1382 68 40°16'47"K 38°26'10"D Akbudak M. 1172
29  40°17'17"K 38°25'23"D Bulbil M. 1373 1 40°17'20"K 38°24'37"D  Yavuz Selim M. 1411
69 40°17'17"K 38°25'23"D Bulbil M. 1373 22 40°17'08"K 38°2522"D Kizilca M. 1361
2 40°17'26"K 38°27'33"D  Kirkgdz M. 1067 66 40°16'29"K 38°19'21"D Saraycik K. 1064
3 40°17'26"K 38°27'34"D  Kurkgoz M. 1054

Or. No.: Ornek Numarasi; Den. Yik.: Denizden Yiikseklik; m: Metre; K: Kuzey; D: Dogu; M: Mahalle; K: Koy
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Tablo 3. Cografi igaret olarak tescillenen Sebinkarahisar Karadutu igin tescil belgesinde belirtilen bilgiler

Tescil No 885

Tescil Tarihi 13.09.2021

Basvuru No C2020/044

Basvuru Tarihi 06.02.2020

Cografi isaretin Ad1 Sebinkarahisar Karadutu

Uriin / Uriin Grubu Karadut / Islenmis ve islenmemis meyve ve sebzeler ile mantarlar
Cografi isaretin Tiirii  Mense adi

Tescil Ettiren Sebinkarahisar Ziraat Odasi

Tescil Ettirenin Adresi  Biilbiil Mah. Inonii Cad. No:9 Sebinkarahisar GIRESUN

Cografi Simir Giresun ili Sebinkarahisar ilgesi

Sebinkarahisar Karadutu ibaresi ve mense adi amblemi {iriiniin veya ambalajinin
iizerinde yer alir. Uriiniin veya ambalajinin iizerinde kullanilamadiginda,
Sebinkarahisar Karadutu ibaresi ve mense ad1 amblemi igletmede kolayca goriilecek
sekilde bulundurulur.

Kullammm Bi¢imi

Kaynak: TURKPATENT [16]

Sekil 2. Sebinkarahisar’da yetistirilen asirlik eksi karadut aga¢ govdeleri, a) Tamzara Mahallesi, b) Kadioglu Mahallesi, c)
Avutmus Mahallesi, d) Birogul Mahallesi

Sekil 3. Sebinkarahisar’da yetistirilen asirlik eksi karadut agaglarindan karadut pekmezi iiretimi, a) Asirlik eksi karadut agact
(Avutmus Mabhallesi), b) Eksi karadut meyvesi (olgunlagma safhasi), c¢) Eksi karadut meyvesi (olgun meyve toplama), d) Eksi
karadut sira kaynatma, e) Eksi karadut pekmezi (serme)
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TARTISMA

Aragtirmada incelenen eksi karadut (M. nigra L.)
bitkisinin yetistirildigi arazilerin deniz seviyesinden
yiikseklikleri GPS cihazi ile arazide Ol¢iilmiis ve
yiksekliklerin 995 metre (Ornek 58 - ikiogul mah.) ile
1427 metre (Ornek 19 - Bulbul mah.) arasinda degistigi
tespit edilmistir. Bu degerler; 995-1139 m, 1139-1283 m
ve 1283-1427 m yiikselti araliklarinda olacak sekilde 3
sinifa ayrilmistir. Toplamda degerlendirilen 69 adet eksi
karadut agacmim 43°0nln 995- 1139 metre yikselti
araliginda oldugu belirlenmistir. Geri kalan karadut
agaglarmdan 14’Unlin 1139-1283 m yilkselti araliginda;
12’sinin de 1283-1427 m vyikselti araliginda oldugu
saptanmugtir (Tablo 4).

Tablo 4. Sebinkarahisar’da eksi karadut (M. nigra) agaglarinin
bulunduklar arazilere iliskin ytikselti siniflandirmasi

YUkselti N

Sinifi (m) Ornek Numarasi
2.34.56.7.89 10 11, 12 13,14,
37,38, 39, 40, 41, 42, 43, 44. 45, 46,

995-1139 47" 48 49,50, 51 52, 53 54, 55, 56,
57.58. 59, 60, 61, 62, 63, 64, 65, 66
24. 25, 26, 27, 28, 30, 31, 32, 33, 34,

1139-1283 35, 36, 67, 68

2531477 L 15.16,17,18, 1&)20, 2122, 23,29,

Eksi karadut yetistirilen arazilerin eg§im ve baki
ozelliklerini  belirlemek amactyla  Sebinkarahisar
ilgesinin egim ve baki haritalar1 olusturulmustur (Sekil 4
ve Sekil 5). GPS ile kaydedilen 6rnek noktalar: haritalara
eklendikten sonra, her bir 6rnek alanin egim ve baki
degerleri tespit edilmistir.

Sebinkarahisar’daki eksi karadut agaclarmin yer aldigi
arazilerin egim smniflari, Anonim [17]’in bildirdigi
sekilde % 0-6 (hafif), % 6-20 (orta) ve % 20+ (dik) olarak
degerlendirilmistir. ~ Karadut  agaglarinin ~ 517nin
bulunduklar arazilerin egim sinifi % 6-20 (orta) olarak
belirlenmistir. % 20+ (dik) egimde smiflandirilmig
arazilerdeki karadut agaglarinin sayisi 12 ve % 0-6 (hafif)
egimde siniflandirilmig arazilerdeki karadut agaglarinin
sayis1 da 6 adet olarak tespit edilmistir (Tablo 5).

Egim Simfi (%)
0-6

radut (Morus nigra L.) Ornekleri _*

Sekil 4. Sebinkarahisar ilgesindeki egim siniflarini ve karadut
(Morus nigra L.) érnek yerlerini gdsteren harita

Tablo 5. Sebinkarahisar’da eksi karadut (M. nigra) agaglarmin
bulunduklart arazilere iligkin egim siniflandirmasi

Egim Sinifi Ornek Numarasi

(%)
0-6 9, 20, 28, 29, 61, 69
1,2,3,4,56,7,8, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 21, 23, 24,
6-20 25, 26, 27, 30, 31, 32, 34, 35, 37,
38, 39, 41, 42, 45, 46, 47, 49, 54,
55, 56, 57, 58, 59, 60, 63, 64, 65,
66, 67, 68
22, 33, 36, 40, 43, 44, 48, 50, 51,
20+
52, 53, 62
Sebinkarahisar ilgesinde incelenen eksi karadut

agaclarinin bulunduklar1 araziler baki (yon ve derece)
siniflarina gore degerlendirildiklerinde; 28 adet karadut
agacmin giineydogu (112.5°-157.5°) bakilt alanlarda yer
aldigi  belirlenmistir. Dogu (67.5°-112.5°)  bakil
alanlarda 15; gliney (157.5°-202.5°) bakili alanlarda 9;
kuzeydogu (22.5°-67.5°) bakili alanlarda 8; bat1 (247.5°-
292.5°) bakili alanlarda 5 ve giineybat1 (202.5°-247.5°)
bakili alanlarda 3 adet karadut agaci saptanmistir.
Aragtirma alaninda kuzey (0°-22.5°) bakil1 1 adet karadut
agact oldugu tespit edilmistir. Diiz (-1°), kuzeybati
(292.5°-337.5°) ve kuzey (337.5°-360°) bakili alanlarda
karadut agaci bulunmamuistir (Tablo 6).

Bkt (¥ v Dervee)
[Jeaen
[ by sy
L
[ Jraersies;
[ Goestonivz 1575)
I ETTEE
o [ g e 50475
ot o sonn
Atk [ rumton s
[ ooy sy

s
AO 24 8 12 18
O — (lomeire

Sekil 5. Sebinkarahisar ilgesindeki baki siniflarin1 ve karadut
(Morus nigra L.) 6rnek yerlerini gosteren harita

Karadut (Moras nigra L) Ornekleri *
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Tablo 6. Sebinkarahisar’da eksi karadut
bulunduklari arazilere iligkin baki siiflandirmasi

agaclarmin

Baki (Yon ve Derece) Ornek Numarasi
Diz (-1°) -
Kuzey (0°-22.5°) 10

11, 39, 41, 54, 57, 58,

Kuzeydogu (22.5°-67.5°) 60. 61

8,9, 15, 24, 25, 26, 27,
28, 34, 35, 37, 38, 40,
55, 56

Dogu (67.5°-112.5°)

2,3,4,5,6,7,12, 13,
14, 18, 19, 20, 21, 23,

Giineydogu (112.5°- 31, 32, 33, 42, 43, 44
157.5%) 45, 46, 47, 48, 49, 50,
59, 67
Gliney (157.5°-202.5°) 117, 30'6%6’6%1' 22,33,
Giineybat1 (202.5°-
A 22, 63, 65

Bat1 (247.5°-292.5°) 16, 29, 62, 64, 69

Kuzeybati (292.5°-337.5°) -

Kuzey (337.5°-360°) -

Sebinkarahisar ilgesinde yapilan bu arastirmada, eksi
karadut (M. nigra L.) agaglarmin (69 adet) yer aldiklar
arazilerin topografik 6zellikleri belirlenmistir. Incelenen
eksi karadut agaclarinin % 62.32’sinin 995-1139 metre
yiikselti araliginda yer almasi, bu yiikselti araligindaki ve
benzer yiikselti degerlerine sahip arazilerin eksi karadut
yetistiriciligi i¢in uygun olarak degerlendirilebilecegini
gostermektedir. Ilcede 1139-1283 metre ve 1283-1427
metre yikselti sinifinda toplam 26 adet karadut agaci
bulundugu i¢in eksi karadut yetistiriciligi bakimindan bu
yikselti smiflarinin ve bu degerlere yakin olan
yiikseltilerin ~ de  degerlendirmeye  alinabilecegi
diistiniilmektedir. Atmaca ve Ciice [18] yaptiklar
aragtirmada, Sebinkarahisar’in yiikseltisinin kuzeyden
guneye dogru azaldigim1 belirtmislerdir. Yiikselti
degerlerini {i¢ gruba ayirarak yaptiklari incelemeye gore,
en genis alan1 kaplayan yiikselti grubu 788,737 km? ile
750-1.700 metre araliginda yer almistir. Edizer ve ark.
[2], Malatya Meyvecilik Arastirma Istasyonu’ndan elde
ettikleri karadut odun celiklerini koklendirme serasina
dikerek, denizden 998 metre yiikseklikteki arastirma
alaninda ¢alismalarint gergeklestirmiglerdir. Lim [19]’e
gore karadut deniz seviyesinden 2000 m yiikseklige
kadar yetismektedir. Erkaleli ve Dalkili¢ [20], Usak ilinin
Ulubey ilgesinin degisik mevkilerinde, rakim1 650-890 m
arasinda degisen alanlardan 15 adet karadut genotipi
belirlemigtir. Skrovankova ve ark. [21], Turkiye’de
Artvin ilinden 20 karadut (M. nigra) genotipini incelemis
ve 540 m-1218 m arasindaki yiikseltilerde bulundugunu
saptamiglardir.

Inceleme alaninda yapilan degerlendirmeye
gore, eksi karadut agaglarinin %73.91'lik biylik bir
¢ogunlugunun %06-20 (orta) egim sinifindaki arazilerde
bulundugu saptanmistir. Bu durum, orta egim siifinin
ilcedeki eksi karadut yetistiriciligi i¢cin uygun olarak
degerlendirilebilecegini godstermektedir. Eksi karadut

agaclarinin % 17.39’unun dik egimli alanlarda bulunmasi
6nemli bir durumdur. Bu dik egimli arazilerdeki egim
Ozelliklerinin  iyi  sekilde degerlendirilmesi  ve
agaclandirma, teraslama gibi islemlerle karadut
yetistiriciliginin yapilmasini mimkiin kilacaktir. Geri
kalan karadut agaglarinin hafif egim siifindaki alanlarda
yer almasi, karadutun hafif egimli alanlarda yogun
koruyucu 6nlemlere gerek kalmadan yetistirilebilecegini
gostermektedir. Atmaca ve Ciice [18], Sebinkarahisar
ilgesinin % 66.207’sinde dik (% 20+) egimli arazilerin
bulundugunu saptamislardir. Bununla birlikte orta (% 6-
20) egim sinifindaki arazilerin oranint % 29.763 olarak;
hafif (% 0-6) egimli arazilerin de oranin1 % 4.03 olarak
belirlemiglerdir. Uzun ve Zaman [22], Giresun ili
topraklarinin olduk¢a egimli ve engebeli bir arazi
yapisina sahip oldugunu ve ilin i¢c kesiminde
(Sebinkarahisar, Camoluk ve Alucra ilgeleri) ise nispeten
daha sade bir topografik goriiniimiin dnem kazandigimi
bildirmiglerdir. Aymi arastirmacilar Sebinkarahisar
Karadutu’nun, yerel cografi kosullarin yoreye has
ozellikler  kazandirdigt  bir meyve  oldugunu
belirtmislerdir. Lim [19]’e gore karadut agaci iyi drene
edilmis toprakta gelisir. Ahlawat ve ark. [23]’na gore
karadut agaglarinin dikiminden once toprak derin bir
sekilde stiriilmeli, tirmiklanmali ve diizlestirilmelidir.
Sebinkarahisar ilcesinde eksi karadut yetistiriciligi
yapilacak olan arazilerde drenaj ve tesviye g¢alismalari
gerceklestirilecegi zaman egim Ozelliklerinin de g6z
oniinde bulundurulmasi uygun olacaktir.

Sebinkarahisar’da arastirilan eksi karadut agaclarinin yer
aldiklar1 arazilerin % 57.97’sinin giineydogu, giiney ve
giineybati bakilara sahip olduklar1 belirlenmistir. Geri
kalan orneklerin dogu, kuzeydogu, bat1 ve kuzey (0°-
22.5°) bakili arazilerde olduklari saptanmistir. Basta
giineydogu baki olmak {izere giliney ve giineybati
bakilara  sahip alanlarin  giinesten faydalanma
durumlarmin  daha iyi olabilecegi goz Oniinde
bulunduruldugunda eksi karadut yetistiriciligi ig¢in one
¢iktiklari sOylenilebilir. Bununla birlikte Sebinkarahisar
ilgesi kosullarinda dogu, kuzeydogu, bat1 ve kuzey (0°-
22.5°) bakiya sahip arazilerin de karadut yetistiriciligi
i¢in degerlendirilebilecegi diisiiniilmektedir. Ozgen [4],
karadut agaclarinin yavas biiyiidigiinli ve uzun yillar
verimde kaldigin1 dikkate alarak bahge kurulacak yerin
Ozenle secilmesi gerektigini vurgulamigtir. Lim [19],
karadut agacinin giinesli bir konumda gelisecegini
bildirmigtir. Atmaca ve Ciice [18], Sebinkarahisar’da
giineydogu, giiney ve giineybat1 bakili alanlarin sirasiyla;
% 14.153, % 16.253 ve % 13.218 oranlarinda
yliz6lgiimiine sahip oldugunu bildirmislerdir. Dogu,
kuzeydogu ve bati bakili alanlarin yiizélglimlerini ise
sirastyla; % 12.577, % 8.957 ve % 13.819 olarak
saptamuslardir. Tlgede kuzey [(0°-22.5°) + (337.5°-360°)]
bakili toplam alanlarm yiiz6l¢limiini % 9.256 olarak
belirlemislerdir. Ozgen [4]’e goére karadut icin bahge
yerinin kigin son gilinlerinde ya da erken ilkbaharda ¢ok
soguk olmamasi gerekmektedir. Zira, ¢icek veya geng
meyveler don zararina ugrayabilirler. Kis aylarinda,
bahce yerinin normal meyve tutumu ve bulyimesi igin
gereken soguk ihtiyacini karsilayacak sekilde yeterince
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soguga maruz kalmas: oOnemlidir. Riizgar, karadut
bahgelerinde ¢ok nadir olarak bir risk olusturur; ancak
bazi bolgelerde riizgar kaynakli dal kirilmalar1 nadiren de
olsa meydana gelebilir.

SONUC
Sebinkarahisar ilcesinde yapilmig olan bu g¢aligmadan

elde edilen veriler, karadutla ilgili gerceklestirilmis
onceki bilimsel ¢aligmalar, eksi karadut agaclarmin yer

aldig1 arazilerde yapilan gozlemler, yetistiricilerin
verdikleri bilgiler, ilcenin iklimsel 6zellikleri ve
topografyast gibi  faktorler dikkate alindiginda,

Sebinkarahisar kosullarinda eksi karadut (M. nigra L.)
yetigtiriciligine uygun arazilerin haritalanmast igin
degerlendirilebilecek arazi Ozellikleri Tablo 7’de
gosterilmistir.

Tablo 7. Sebinkarahisar’da eksi karadut (M. nigra L.)
yetistiriciligine uygunluk haritasinda kullanilabilecek 6zellikler

Arazi Sebinkarahisar’da Eksi Karadut

Ozelligi Yetistiriciligi icin Onerilen
Degerlendirme Kriterleri

Yikselti 950-1500 m

Egim % 6-20

Gilineydogu, Giiney, Giineybati,
Baki Dogu, Kuzeydogu,
Bat1 ve Kuzey (0°-22.5°)
Tesekkiir

Bu arastirma kapsaminda, gerek arazi caligmalarindaki
yardimlariyla ve gerekse karadut yetistiriciligi hakkinda
vermis olduklar1 bilgilerle bizlere sunmus olduklart
degerli katkilardan dolay1; Sebinkarahisar ilge Tarim ve
Orman Miidiirii Sayim Kamil CAKIR’a, Sayin Ramazan
SUCU’ya ve bizlere yakin ilgi gosteren karadut
bahgelerinin sahiplerine tesekkiir ederiz.
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Riizgar hiz1 tahmini lojistik, enerji liretimi ve yenilenebilir enerji kaynaklari, havacilik ve denizcilik, tarim, afet
yonetimi, ¢evresel izleme, ingaat, yasam planlama ile ekonomik faaliyetler i¢in olduk¢a 6nemlidir. Bu ¢aligmada,
Hindistan’in en yiiksek riizgar hizina sahip sehirlerinden olan Jaisalmer, Kochi, Mangalore, Puri ve Rameswaram
sehirlerinin riizgar hizlarinin tahmin edilmesi amaglanmistir. Riizgar hizi tahminine yoénelik CNN ve LSTM
modellerinin etkin &zelliklerinden faydalanarak ConvLSTM hibrit modeli gelistirilmistir. ConvLSTM ile mekansal
ve zamansal verileri ayn1 anda isleyerek riizgar hizinin dinamiklerini daha iyi belirlemek amaglanmigtir. ConvLSTM,
RF, SVM, ANFIS, CNN ve LSTM ile riizgar hizinin 10 metre ve 100 metre yiiksekliklerdeki dl¢climlerinden olusan
yaklagik 15 yillik saatlik bir veri seti kullanilarak kapsamli bir sekilde test edilmistir. Deneysel sonugclar,
ConvLSTM'in her bir sehir ve riizgar hiz1 parametresinin neredeyse tamaminda 0,9'un iizerinde R? degerine sahip
oldugunu, RMSE ve MAE hata metrikleri acisindan ise en diisiik hata degerlerine sahip olarak karsilastirilan
modellerden daha basarili oldugunu gdstermistir.

Anahtar Kelimeler: CNN, Derin 6grenme, Makine 6grenmesi, LSTM, Riizgar hiz1

Hybrid ConvLSTM Model for Wind Speed Prediction: A Case Study for India's Highest
Wind Speed Cities

ABSTRACT

Wind speed prediction is very important for logistics, energy production and renewable energy sources, aviation and
maritime, agriculture, disaster management, environmental monitoring, construction, life planning and economic
activities. In this study, it was aimed to predict the wind speeds of Jaisalmer, Kochi, Mangalore, Puri and
Rameswaram, which are among the cities with the highest wind speeds in India. ConvLSTM hybrid model was
developed by taking advantage of the effective features of CNN and LSTM models for wind speed prediction. With
ConvLSTM, it is aimed to better determine the dynamics of wind speed by processing spatial and temporal data
simultaneously. ConvLSTM has been extensively tested using an approximately 15-year hourly dataset consisting of
RF, SVM, ANFIS, CNN and LSTM and wind speed measurements at 10 meters and 100 meters’ altitudes.
Experimental results show that ConvLSTM has R? values above 0.9 for almost all of the city and wind speed
parameters, and outperforms the compared models with the lowest error values in terms of RMSE and MAE error
metrics.

Keywords: CNN, Deep learning, Machine learning, LSTM, Wind speed

GIRIS

Meteoroloji, atmosferik olaylar1 ve meydana gelme
bicimlerini inceleyen bir bilim dalidir. Meteoroloji hava
durumunu  ve iklim degiskenlerinin  gelecekteki
degerlerini 6ngdrmeyi amaglamaktadir [1]. Meteoroloji
uzmanlari, meteorolojik olgulart belirleyebilmek igin
fiziksel, istatistiksel ve bilgisayar destekli modeller
kullanmaktadir. Riizgar, yiiksek basing bdlgelerinden
disik basing bolgelerine dogru hava kiitlerinin
hareketidir [2]. Riizgarin hizt ve yonii, atmosferdeki

basing farklari, sicaklik degisiklikleri ve diinyanin
doniisti gibi faktorlerden etkilenir. Riizgar, hava
tahminlerinde 6nemli bir rol oynar. Riizgar hizlar1 ve
yonleri, hava sistemlerinin nasil hareket edecegini ve
hangi bolgelerde etkili olacagini belirlemede kullanilir
[3]. Meteorologlar, rizgar verilerini analiz ederek yagis,
sicaklik ve diger iklim degiskenlerinin durumunu
Ongoriirler. Riizgar, atmosferdeki basing farklar
nedeniyle meydana gelmektedir. Riizgarin yonii ve hizi,
dinyanin doénmesi ile dag, vadi ve binalar gibi
etkenlerden dolay1 degismektedir [4]. Ruzgérlar, nemli
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havay1 siiriikkleyerek yagislarin meydana gelmesine
neden olur. RUzgér hareketlerini gdzlemleyebilmek
amaciyla radarlar ve uydular kullanilmaktadir. Riizgar
hizint  6lgmek igin  ise anemometre cihazlari
kullanilmaktadir [5].

Kuvvetli riizgérlar, firtina ve kasirgalara sebep olarak
ciddi can ve mal kayiplaria neden olabilir [6]. Ozellikle
hava ve deniz ulagimi olmak {izere ulagim giivenligini
tehlikeye diistirebilir. Kuvvetli riizgarlar neticesinde
elektrik sebekelerinde arizalar yaganabilir, binalar zarar
gorebilir [7]. Bitki ortiisiiniin seyrek oldugu bolgelerde
toprag1i asindirarak erozyona ve ¢ollesmeye neden
olabilir. Tarimsal {irlinlere zarar vererek iiretim
verimliliginin diismesine ve kullanilan kimyasallarin
farkli bolgelere tasinmasina neden olabilir [8]. Ayrica,
hava kirliligine neden olan toz ve partikiill maddelerin
tasinmasina neden olarak hava kalitesine olumsuz etki
edebilir.

Firtinalardan kaynaklanan siddetli riizgarlar, biiytik
Olcekli orman hasarlari, elektrik kesintileri ve bina hasari
gibi 6nemli hasarlara neden olur [9, 10]. Firtina, kasirga,
dolu ve kuvvetli riizgarlar, tarimsal {iretim alanlarinin
yan1 sira glnlik yasami da olumsuz etkileme
potansiyeline sahip dogal tehlikelerdir. Bu nedenle
riizgar hiz1 tahmini, gelismis hava uyarilar1 almak i¢in
onemli bir gorevdir. Cesitli sektorler i¢in oldukca 6nemli
olan riizgar hiz1 tahmininde yapay zeka teknolojilerinin
kullanimi, tahmin dogrulugunun ve verimliliginin
arttirilmasi agisindan Onemlidir. Riizgdr hizi tahmini
yenilenebilir enerji optimizasyonu, givenlik ve risk
yonetimi, afetlere yonelik stratejiler gelistirilmesi,
tarimsal {iretim, agik hava etkinlikleri ve hava kirliligi
agisindan onemlidir [11].

Dogru riizgar hizi tahminleri, riizgar santrallerinin
operasyonlarin optimize edilmesine yardimci olur.
Enerji iiretiminin daha iyi planlanmasina olanak tanir.
Riizgér tiirbinlerinin verimli caligmasimni saglayarak
aginmayl ve yipranmayl azaltir. Ayrica elektrik
sebekelerinde arz ve talebin dengelenmesine, riizgar
enerjisinin daha giivenilir bir sekilde entegre edilmesine
ve fosil yakitlara olan bagmmliligin azaltilmasina
yardimct olur [12]. Havacilik sektoriinde ucaklarin
kalkislar1 ve inisleri ile ugus planlamasi ve gilivenligi
acisindan kritik 6neme sahiptir [13, 14]. Benzer sekilde
denizcilik faaliyetlerinde, navigasyon ve rota planlamasi
ile gemilerin ve miirettebatin giivenliginin saglanmasi
icin hayati dneme sahiptir [13].

Firtina ve kasirga tahminleri, kasirgalar ve firtinalar i¢in
ertken ve dogru uyarilar saglayarak siddetli hava
olaylarina hazirlikli olunmasini, potansiyel can ve mal
kaybinin onlenmesini saglar [15]. Tarimsal iiretim
streclerinde ciftcilerin kimyasal uygulamalarinin ve
sulama siireglerinin planlanmasi ve mahsullerin riizgarin
zararindan korunmasi gibi faaliyetler agisindan 6nemlidir
[16]. Benzer sekilde riizgar hizi tahminleri yelken, sorf
ve yamag parasiitli gibi a¢ik hava sporlarinin planlanmasi
acisindan 6nemlidir. Ayrica riizgar diizenlerini anlamak,
hava kirleticilerin dagilimmi modellemek ve hava
kalitesi yonetimini iyilestirmek i¢in dnemlidir [17].

Riizgdr hizi tahmininde yapay zekd yontemlerinin
kullanimi daha yiiksek tahmin dogrulugu, uyarlanabilir
6grenme, ¢oklu veri kaynaklariin entegrasyonu, gergek
zamanl isleme ve 6lgeklenebilirlik saglar [18]. Yapay
zeka yontemleri, biliyiik miktarlarda ge¢mis ve gergek
zamanlt verileri igleyerek geleneksel yontemlere gore
daha yiiksek tahmin dogrulugu saglamaktadir. Yapay
zeka yontemleri siirekli olarak yeni verileri 6grenerek ve
uyum saglayarak zaman i¢inde tahmin yeteneklerini
gelistirir [19]. Bu sayede, degisen hava kosullar1 ve
anomalilerin tespit edilmesi kolaylagsmaktadir. Yapay
zekd yontemleri, uydu gorintaleri, hava durumu
istasyonlart ve IoT cihazlar1 dahil olmak tizere ¢esitli
kaynaklardan gelen verileri entegre ederek riizgar
diizenlerinin  kapsamli  bir sekilde anlagilmasini
saglayabilir [20]. Ayrica yapay zeka yontemleri, genis
cografi alanlart kapsayacak sekilde Ol¢eklenebilir ve
kiiresel hava durumu modellerinin karmasikligini ele
alarak yerel, bolgesel ve kiresel dizeylerde tahminler
saglayabilir [21].

Bu ¢aligmada, Hindistan’1n en yiiksek riizgar hizina sahip
sehirlerinden olan Jaisalmer, Kochi, Mangalore, Puri ve
Rameswaram sehirlerinin riizgar hizlarinin tahminine
yonelik Convolutional Neural Network (CNN) ve Long
Short-Term Memory (LSTM) modelleri kullanilarak
hibrit ConvLSTM modeli gelistirilmistir. Calismada,
sehirlerin 01-01-2010 ile 21-02-2024 tarihleri arasindaki
riizgdr hizinin 10 metre ve 100 metre yiiksekliklerdeki
Olglimlerinden olusan saatlik, giincel bir veri seti
kullanilmistir. ConvLSTM modeli, Adaptive Neuro
Fuzzy Inference Systems (ANFIS), Random Forest (RF),
Support Vector Machine (SVM), CNN ve LSTM ile
uygulamali olarak karsilagtirilmigtir. Bu ¢aligmanin
literatiire sundugu yenilikler asagidaki gibi 6zetlenebilir:
* Tahmin dogrulugunu ve etkinligini arttirmak amaciyla
hibrit ConvLSTM modeli gelistirilmistir.

«Bu veri seti ve sehirler kullanilarak yapilmis
literatiirdeki ilk ¢alismadir.

e ConvLSTM modeli ile RF ve SVM gibi geleneksel
makine 6grenmesi yontemleri, CNN ve LSTM gibi derin
O6grenme modelleri ile yapay sinir aglart ile bulanik
mantik sistemlerini birlestiren hibrit bir model olan
ANFIS kapsamli olarak karsilagtirilmistir.

ILISKiLi CALISMALAR

Derin 6grenme modelleri, 6zellikle uzun kisa siireli
hafiza aglar1 riizgdr hizi tahmininde Onemli bagar1
gostermistir. Bu modeller, zaman serisi verilerindeki
karmagik kaliplarin yakalanmasinda ¢ok iyi sonuclar
verdigi i¢in riizgar hiz1 tahmininde ideal bir arag olarak
kullanilmaktadir. Bu bdliimde derin 6grenme yontemleri
kullanilarak riizgar hizi tahmini yapilmasina yonelik
yapilan ¢alismalar ele alinmaktadir.

Subbiah ve dig., riizgar hiz1 tahmini i¢in non-lineerlik,
boyutsallik, belirsizlik ve asir1 uyum sorunlarini
giderdikleri BFS-Bi-LSTM modelini énermislerdir [22].
Onerdikleri modeli LSTM, BFS-LSTM, MLP ve BFS-
MLP modelleri ile karsilastirmiglardir. Gelistirilen
model, 0.530 Mean Absolute Error (MAE), 0.784 Root
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Mean Squared Error (RMSE) ve 0.8766 R-Squared (R?)
degerleri ile karsilastirilan modellerden daha basarili bir
performans sergilenmistir.

Chen ve Han, kanat yaricapindaki degisimi dikkate alan
ve aerodinamigin haritasini yeniden olusturan bir yontem
onermiglerdir [23]. Riizgér tiirbininin mevcut verileri
kullanilarak, baslangi¢ olarak radyal bazli fonksiyonlari
temel alan iki sinir agi modeli egitilmistir. Modeller
sirastyla etkili yaricapt tahmin ederek, aerodinamik
haritalama yiizeyini yeniden olusturmuslardir. Ardindan,
mevcut riizgar hizin1 anlik olarak etkili bir sekilde tahmin
edebilen ve gelecek zaman adimindaki riizgar hizini
Ongorebilen LSTM tabanli bir model egitilmistir.
Deneysel sonuglar, dnerilen yontemin riizgar hizi tahmin
dogrulugunu ortalama %70'in tizerinde gelistirdigini
gOstermektedir.

Chen ve dig., yeni bir ¢ekirdek MSE kayip fonksiyonu
onermiglerdir [24]. Cekirdek MSE kayip fonksiyonunun,
derin 6grenme hatalarmin dogrusal olmama durumunu
diger kayip fonksiyonlarma kiyasla daha dogru bir
sekilde dogrudan 6lcebildiginden bahsetmislerdir. Yeni
kayip fonksiyonunu dogrulamak icin, temel modeller
olarak Recurrent Neural Network (RNN), LSTM ve
Gated Recurrent Unit (GRU) kullanilmistir. Ug farkli
veri seti lizerinde gerceklestirilen deneysel caligmalar,
yeni kayip fonksiyonunun genellikle daha verimli ve
iistiin oldugunu ortaya koymustur. Bu da, ¢cok adimh
tahminlerde elde edilen hata oraninin %95 MSE'den daha
diisiik olabilecegi sonucunu dogurmustur.

Han ve dig., pearson korelasyon Kkatsayisina,
uyarlanabilir gurdltuyle tam topluluk ampirik mod
ayristirmasina ve dikkat mekanizmasi ve grid arama
yoéntemine sahip algoritmalara dayanan yeni bir hibrit
derin 6grenme modelini riizgar hizini tahmin etmek igin
Onermiglerdir [25]. Elde ettikleri sonuglara gére, MAE,
Mean Absolute Percentage Error (MAPE) ve RMSE
degerleri diizeltmeden sonra 0,1042 m/s, %4,63 ve
0,1309 m/s olup, 94,13 oraninda azalmistir.

Khodayar ve dig., kisa vadeli riizgar hiz1 tahmini i¢in bir
yontem Onermislerdir [26]. Onerilen yontem, yeni bir
ozellik ¢ikarma katmaniyla birlikte bulanik tip II ¢ikarim
sistemine sahip yeni bir gergek degerli derin inang
agmdan olusmaktadir. Western Wind veri seti test
edilerek RMSE ve MAPE metrikleri i¢in alinan deneysel
sonuglar, Onerilen algoritmanin basarili sonuglar
verdigini gostermistir.

Hao ve dig., karma frekans verilerinin degerini dikkate
alarak, tahmin etkinligini artirmak amaciyla karma
frekans modellemeye dayali bir derin 6grenme modeli
gelistirmislerdir [27]. Tlk olarak, orijinal diisiik ve yiiksek
frekansli riizgdr hizlarim aynigtirmak ve yeniden
olusturmak i¢in bir veri n isleme modiilii tasarlanmistir.
Yapilan simiilasyon sonuglari, tasarlanan birlesik
modelin Saha 1 ve Saha 2'de karsilastirilan diger tiim
modellere gore daha iyi performans sergiledigini
gostermektedir.

Ozellikle, gelistirilen modelin Saha 1'de MAE, RMSE,
MAPE, TA ve Ul degerleri sirasiyla 0,2897, 0,4010,
3,8261 %, 0,9771 ve 0,0249 iken, Saha 2'de bu degerler

sirastyla 0,2352, 0,2912, 3,8972 %, 0,9944 ve 0,0209
olarak hesaplanmistir.

ConvLSTM, zaman serisi verilerindeki uzun vadeli
bagimliliklar1 6grenme kapasitesini CNN'in mekansal
ozellik ¢ikarma yetenegi ile birlestirerek, karmasik ve
dinamik verilerin tahmininde 6nemli avantajlar sunar.
Literatirde ConvLSTM’e benzer yoéntemler
kullanilmakla birlikte, bu ¢alismanin ayirt edici 6zelligi,
Hindistan’1n en yiiksek riizgar hizina sahip bes sehrinden
alinan 15 yillik veri setinin analiz edilmesi ve bu kadar
uzun siireli bir saatlik verinin daha 6nce ¢alisiimamis
olmasidir. Bu baglamda, ConvLSTM modeli, yalnizca
dogruluk performans: agisindan degil, ayn1 zamanda
mekansal ve zamansal veri isleme kapasitesiyle de
literatiire 6nemli bir katki sunmaktadir. ConvLSTM, RF
ve SVM gibi geleneksel yontemlerden yalnizca dogruluk
degerleri agisindan degil, karmagik veri Oriintiilerini
isleyebilme kapasitesi sayesinde de ayrigmaktadir.
Ornegin, ANFIS modeli bulanik mantik sistemlerine
dayansa da yiuksek boyutlu mekénsal ve zamansal
verilerde sinirli kalmistir. Bu durum ConvLSTM’in
hibrit yapisinin énemini gostermektedir.

Bu calismanin 6zgiinliigi, gelistirilen modelin riizgar
hiz1 tahmininde kullanilarak, daha dnce benzer bir veri
setinde ve bu baglamda test edilmemis olmasidir.
Literatiirdeki mevcut caligmalarda, genellikle tek bir
cografi bolge veya daha kisa siireli veriler
kullamilmisken, bu c¢alismada Hindistan’daki farkli
sehirlerden alinan 15 yillik veri setiyle, mekansal ve
zamansal bagimliliklarin daha kapsamli bir sekilde
islenmesi saglanmistir. Caligmada kullanilan 15 yillik
rlizgdr hizi  verisi, Hindistan’in  farkli  cografi
bolgelerinden alinmis olup, daha dnce literatiirde bu tiir
bir veri seti kullanilmamistir. Kullanilan veri seti,
modelin genelleme kapasitesinin test edilmesi agisindan
literatlire 6nemli bir katkidir. Bu veri seti, riizgr enerjisi
sektdriinde daha dogru tahminler yapilabilmesine olanak
taniyacak ve yenilikgi bir yaklasim olarak One
¢ikmaktadir.

Literatiirdeki calismalarin ¢ogunda, genellikle tek bir
sehir veya iilkeye ait veriler kullanilmistir. Bu durum,
modelin genelleme kapasitesini sinirlayabilir. Ancak bu
calismada, Hindistan’1n farkli iklim kosullarina sahip bes
sehrinden  alman  verilerle  yapilan tahminler,
ConvLSTM’in genis bir cografyada nasil performans
gosterdigini ortaya koymaktadir ve modelin gercek
diinya uygulamalar1 agisindan 6nemlidir.

MATERYAL ve YONTEM

Bu ¢alismada Hindistan'm en yiiksek riizgar hizina sahip
sehirlerinden olan Jaisalmer, Kochi, Mangalore, Puri ve
Rameswaram'n 10 metre ve 100 metre yiikseklikte
Ol¢iilen riizgar hizlarinin tahmin edilmesi amaglanmuistir.
Veri seti olarak sehirlerin Ocak 2010 ile Subat 2024
tarihleri arasindaki hava durumu verileri kullanilmigtir.
Gelistirilen ConvLSTM modeli, RMSE, MAE ve R?
metrikleri kullanilarak RF, SVM, ANFIS, CNN ve
LSTM ile wuygulamali olarak karsilastirilmistir.
ConvLSTM modelini degerlendirmek i¢in karsilagtirilan
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tekniklerin segiminde farkli model yaklagimlarimi temsil
etme, derin 6grenme modelleriyle karsilasgtirma ve farkli
yaklagimlarin etkinligini degerlendirmek amaglanmstir.
Bu bolimde kullanilan veri seti, uygulanan tahmin
modelleri ve gelistirilen ConvLSTM hakkinda ayrintili
bilgiler sunulmustur.

Veri Seti

Kullanilan veri seti, Hindistan Meteoroloji Departmant
ve Hindistan Yenilenebilir Enerji Ajanst (IREDA)
tarafindan saglanan riizgar hizina iliskin kamuya agik
veri tabanlarindan elde edilmistir. Bu veri seti, Jaisalmer,
Kochi, Mangalore, Puri ve Rameswaram sehirlerine ait
01.01.2010 - 21.02.2024 tarihleri arasindaki saatlik
rlizgar hizlarmi icermektedir. Veriler, her bir sehir i¢in 10
metre ve 100 metre ylikseklikte Olgiilen degerleri
kapsamakta olup, bu yikseklikler enerji, meteoroloji ve
cevresel analizlerde referans yikseklikler olarak
kullanilmaktadir. Veri setinin giincelligi, 2024 y1il1 Subat
ayma kadar uzanan olglimleri igermesiyle saglanmistir.
Veriler, ilgili kurumlarin kalibrasyonlu meteorolojik
istasyonlar1 tarafindan diizenli olarak 6l¢iilmiis ve kalite
kontrol siireglerinden gegirilmistir. Ozellikle eksik veya
hatali veri noktalari, interpolasyon ve veri temizleme
yontemleriyle diizenlenmistir. Ayrica, veri setinin
dogrulugunu artirmak amaciyla ek istatistiksel kontroller
yapilmistir. Veriler, Hindistan Meteoroloji Departmani
tarafindan kullanilan otomatik &lglim cihazlar1 ve
anemometreler yardimiyla toplanmustir.  Olgiimler
diizenli olarak her saat alinmis ve ¢evresel kosullara gore
standart bir protokolle islenmistir. Ayrica, veri isleme
siirecinde Python ile veri gorsellestirme ve analitik

islemler yapilmig ve caligmada kullanilan metodoloji
detayli sekilde aciklanmustir.

Veri seti tarih, sicaklik, nem, ¢iy noktasi, yagmur ve kar
yagis durumu, bulutluluk, riizgar hiz1 ve yiizey basinct
gibi iklim degigkenlerini icermektedir [28]. Kullanilan
veri setindeki 6zellikler (sicaklik, nem, ¢iy noktasi, yagis
durumu, bulutluluk, yiizey basmci vb.), riizgar hizim
etkileyen = meteorolojik ~ parametreler  arasindan
sec¢ilmistir. Bu se¢im, literatiirdeki benzer ¢alismalar ve
riizgar hiz1 ile bu degigskenler arasindaki dogrusal
olmayan iligkilerin kanitlanmis olmasi temel alinarak
yapilmistir. Ornegin, yiizey basimci farklar1 ve sicaklik
degisimleri, riizgdr hizin1 belirlemede kritik faktorlerdir.
Bu o6zellikler modelimize zengin bir giris saglamis ve
tahmin dogrulugunu artirmistir.

Veri setinden, riizgdr hizinin 10 metre ve 100 metre
yiiksekliklerdeki Ol¢iimlerinin degerleri secilmistir. 10
metre yiiksekligi, meteorolojide yiizey riizgar hizlarini
raporlamak i¢in yaygin olarak kullanilan bir referans
yiksekligidir. Bu yiikseklik, ¢ogu yiizey engelinin
(binalar, agaglar vb.) {izerinde oldugundan, yer
seviyesindeki kosullar1 daha dogru bir sekilde yansitir. 10
metre yilksekligi hava tahminleri, tarim ve kentsel
planlamada kullanilmaktadir. 100 metre yiiksekligi,
ozellikle riizgar enerjisi baglaminda bilylik dnem tagir.
Riizgar hizlarnt genellikle daha yiiksek ve daha tutarh
oldugu igin riizgar tiirbinleri genellikle bu yiikseklikte
veya yakininda yerlestirilir. 100 metre yiiksekligi riizgar
ciftligi planlamasi ve havacilikta kullanilmaktadir [3].
Sekil 1’de, python programlama dili ve spyder yazilimi
kullanilarak gorsellestirilen Ocak 2010 ile Subat 2024
arasinda Jaisalmer, Kochi, Mangalore, Puri ve
Rameswaram sehirlerindeki 10 metre yiiksekligindeki
riizgar hizlarinin zamana gore degisimi goriilmektedir.
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Sekil 1. 10 metre yiiksekligindeki riizgar hizlarinin zamana goére degisimi
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Sekil 1’de, sehirlerin 10 metre yiiksekliginde olgiilen
rizgar  hizlarinin  zaman  i¢indeki  degisimleri
goriilmektedir.  Jaisalmer, yil boyunca belirgin
mevsimsel dalgalanmalara sahiptir. Bolgedeki sicak ve
kuru hava kosullar1 nedeniyle &zellikle yaz aylarinda
rizgar hizlarinda artis gozlemlenebilir. Genel olarak,
yillik ortalama riizgar hizlarinm yiiksek oldugu
goriilmektedir. 10 metre yiiksekligindeki riizgar
hizlarmin 15 yillik ortalamasi Jaisalmer igin 14,87, Kochi
icin 7,02, Mangalore i¢in 9,73, Puri icin 13,70 ve
Rameswaram igin 24.46'dir.  Kochi'de mevsimsel
dalgalanmalar belirgin olup, ézellikle muson sezonunda
rlizgar hizlarinda artiglar goriilmektedir. Yillik ortalama
riizgar hizlari, Jaisalmer'e kiyasla daha diistiktiir.
Mangalore'de de mevsimsel dalgalanmalar
gorilmektedir. Ozellikle muson dénemlerinde riizgar
hizlar artar. Mangalore'nin yillik ortalama riizgér hizlari,
Kochi'ye benzer sekilde orta diizeydedir ve kiy1 iklimi ile
uyumludur. Puri'de, 6zellikle Bengal Korfezi'ne yakin
olmas1 nedeniyle, muson sezonunda riizgdr hizlarinda
belirgin artislar gdzlemlenebilir.

Rameswaram, yil boyunca mevsimsel dalgalanmalar
gostermektedir. Ozellikle muson sezonunda riizgar
hizlarinda artislar gdzlenmektedir. Rameswaram'daki
yillik ortalama riizgér hizlar1 genellikle orta diizeydedir
ancak muson etkisiyle zaman zaman artis gosterebilir.
Sekil 2’de, python programlama dili ve spyder yazilimi
kullanilarak gorsellestirilen Ocak 2010 ile Subat 2024

Rameswaram sehirlerindeki 100 metre yiiksekligindeki
riizgar hizlarinin zamana gére degisimi goriilmektedir.
Sekil 2’de, sehirlerin 100 metre yiiksekliginde olgiilen
rizgar hizlarmin  zaman  i¢indeki  degisimleri
gortlmektedir. Jaisalmer'de 100 metre yukseklikteki
rizgar hizlarinda belirgin mevsimsel dalgalanmalar
gozlemlenebilir. Yillik ortalama riizgdr hizlar1 oldukca
yiiksektir. 100 metre yiiksekligindeki riizgar hizlarinin 15
yillik ortalamasi Jaisalmer i¢in 20,90, Kochi i¢in 10,68,
Mangalore igin 13,79, Puri i¢in 18,94 ve Rameswaram
icin 27.52'dir.  Jaisalmer’in ¢61 iklimi ve genis agik
alanlari, bu yiiksek hizlarin nedeni olarak gorulebilir.
Kochi'de mevsimsel riizgar hizlar1 o6zellikle muson
sezonunda artis gostermektedir. Kochi'nin yillik ortalama
riizgar hizlar1 100 metre yiikseklikte daha diistiktiir. Kiy1
bolgesinde bulunan sehir, denizden gelen nemli hava
akimlar1 nedeniyle nispeten sabit ve orta hizda riizgarlara
sahiptir. Mangalore'de muson sezonunda riizgar
hizlarinda belirgin artiglar gozlemlenir. Puri'deki yillik
ortalama riizgdr hizlari muson ve siklon etkisiyle
dalgalanabilir ve genellikle orta seviyelerde olabilir.
Rameswaram'daki yillik ortalama riizgar hizlart 100
metre yukseklikte orta diizeydedir. Muson etkisiyle
zaman zaman artislar gozlenebilir.

Sekil 3’te sehirlerin 10 metre yiiksekligindeki riizgar
hizlarinin 15 yillik periyot ig¢in aylik ortalamalar:
gorilmektedir.

arasinda Jaisalmer, Kochi, Mangalore, Puri ve
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Sekil 2. 100 metre yiiksekligindeki riizgar hizlariin zamana gore degisimi
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Jaisalmer icin rizgér hizinin aylara gore dagilimi (10 m) Kochi igin rizgar hizinin aylara gdre dagihmi (10 m)
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Sekil 3. Sehirlerin 10 metre yiiksekligindeki riizgar hizlarinin aylara gore dagilimi

Sekil 4’te sehirlerin 100 metre yiiksekligindeki riizgar ~ Mangalore’da kisin riizgar hizlari nispeten digiiktir.
hizlarinin 15 yillik periyot i¢in aylik ortalamalar1  Tropikal iklimin etkisiyle riizgar hizlari sabit
gorilmektedir. kalmaktadir. Sicakliklarin artmasiyla birlikte riizgar
Sekil 3 ve Sekil 4’te goriildiigii gibi Jaisalmer’de kis  hizlari da yiikselmektedir. Yaz aylarinda riizgar hizlar
aylarinda, riizgar hizlar1 genellikle diisiiktiir. Soguk ve  artmaktadir. Sonbaharda riizgar hizlar1 azalmaya
kuru hava hakimdir. Bu doénemde riizgar hizlart  baslamaktadir.

minimum seviyelerdedir. Sicakliklarin artmasiyla riizgdr ~ Puri’de kisin riizgar hizlar1 nispeten diisiiktiir. Bengal
hizlar1 da yiikselmektedir. Yaz aylarinda riizgar hizlarien =~ Korfezi'nin etkisiyle riizgar hizlar sabit kalmaktadir.
yiiksek seviyelere ulasir. Bu donem sicak ve kuru hava  ilkbaharda riizgar hizlarinda artis gozlemlenmektedir.
kosullarinin etkisindedir. Sonbaharda riizgar hizlarinda  Sicakliklarin artmasiyla riizgar hizlar da
diigiis goriilmektedir. Eyliil ayinda yiiksek olan riizgdr  yiikselmektedir. Bengal Kdérfezi'nden gelen riizgarlarin
hizlari, Kasim ayma dogru azalmaktadir. etkisiyle riizgar hizlann en yiiksek seviyelere
Kochi’de kis aylarinda riizgar hizlari genellikle diigiiktiir.  ulagsmaktadir. Sonbaharda riizgar hizlar1i azalmaya
Tropikal iklim etkisi ile riizgar hizlart sabit ve hafiftir.  baslamaktadir.

Sicakliklarin artmasiyla birlikte riizgar hizlar1 da yavas  Rameswaram’da kisin riizgar hizlar1 genellikle diistiktiir.
yavas yiikselmektedir. Yaz aylarinda ve muson Tropikal iklim etkisi ile riizgdr hizlar1 sabit ve hafiftir.
sezonunda riizgir hizlarinda belirgin  bir artis  Ilkbaharda riizgar hizlarinda artis gozlemlenmektedir.
goriilmektedir. Giineybati musonlarinin etkisiyle riizgdr ~ Yazin ve muson sezonunda riizgar hizlarinda belirgin bir
hizlart en yiiksek seviyelere ulagmaktadir. Sonbaharda  artis goriilmektedir. Musonlarin etkisiyle riizgar hizlari
riizgar hizlar1 digmeye baslamaktadir. en yiiksek seviyelere ulagmaktadir. Sonbaharda riizgar

hizlar1 diismeye baslamaktadir.
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Sekil 4. Sehirlerin 100 metre yiiksekligindeki riizgar hizlarinin aylara gore dagilimi

Tahmin Modelleri

RF bir topluluk 6grenme yaklagimidir. Rastgele 6znitelik
secimine dayali olarak olusturulan ayri bir sonlu grup
karar agaci tasarlamay1r amaclamaktadir. RF’ler,
egitimdeki farkliliklar nedeniyle giicli genelleme
kapasitelerine sahiptir ve ormandaki farkli karar
agaclarint olusturmak icin kullanilan cift alt kiimelere
sahiptir. Ancak saglam ve etkili bir RF olusturmak i¢in
karar agaglarinin  dogrulugunun ve ¢esitliliginin
arttirilmasi ile karar agaglarinin sayisinin azaltilmasi
konularma dikkat edilmesi gerekmektedir [29].
Denetimli 6grenme algoritmalarindan biri olan SVM,
regresyon ve smiflandirma sorunlari i¢in tasarlanmistir.
SVM'nin temel amaci, verileri en iyi sekilde ayiran hiper
diizlemi bulmaktir. Bu hiper diizlem, farkli siniflardaki
veriler arasindaki en bilylik marjini saglar. Marjin, hiper
diizlem ile en yakin veri noktalar1 arasindaki mesafeyi
ifade eder. SVM algoritmasinin, zaman serileri analizi,
ylizlerin tespiti, bazi goriintilerin smiflandirilmasi,
metinlerin smiflandirilmast gibi uygulama alanlarinda
kullanilmaktadir [30].

CNN cok boyutlu girdilerin islenmesinde kullanilan bir
sinir agidir. Gorlintii tanima ve bilgisayarli gérmede
kullanilan 6nemli araglardan biri haline gelmistir [31].
Gelistirilmelerinin nedeni 2 boyutlu goriintii verilerini
tespit etmek olsa da tek degiskenli zaman serilerinin
analizinde de etkin bir sekilde kullanilmaktadirlar.

Konvoliisyon, havuzlama ve tam baglantili katmanlar
kullanilarak CNN olusturulur [32].

LSTM bir tiir tekrarli sinir ag1 modelidir. LSTM
mimarisi, uzun vadeli bagimliliklar1 sirali bir sekilde
Ogrenebilen bellek hiicreleri igerir [33]. LSTM ayrica
uzun vadeli bagimliliklara sahip verileri analiz etmek ve
anlamak i¢in de kullanmilir. Genellikle hava durumu
tahminleri ve borsa fiyatlar1 gibi zaman serisi verilerini
analiz etmek i¢in kullanilir [34].

ANFIS, bulanik sistemlerden dgrenebilmekte ve yapay
sinir aglarinin  geri yayilimi yoluyla sonuglar
cikarabilmektedir. Ogrenme kurallar1 olarak da bilinen
egitim kurallart bu amacla kullamlir. Ozellikle basit
siniflandirma sorunlarmin ¢éziimiinde faydalidir. Bu
sayede girdi vektorleri ile etkili bir sekilde
gelistirilebilirler. Girdi ve ¢ikti arasindaki dogrusal
olmayan iligkiyi kavrayabilir, sorunlar1 hizli ve giivenilir
bir sekilde ¢ozebilirler. ANFIS’in temel 6zelligi, bilgiyi
noronlar  arasindaki  etkilesimlere dayali olarak
islemeleridir [35].

Gelistirilen ConvLSTM Hibrit Modeli

Bu ¢aligmada kullanilan veri seti, saatlik olarak riizgar
hizlarindan olusan bir zaman serisi Veri setidir. Zaman
serisi verilerinin, denetimli 6grenme modelleri tarafindan
islenebilmesi igin verilerin regresyon problemi yapisina
donistiriilmesi  gereklidir. Bu amagla Sekil 5’te
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goriildiigii gibi kayan pencere kullanilarak zaman serisi
verileri regresyon problemi yapisina donistiirilmiistir.

¥
4

Tahmin degeri
Pencere boyutu

X X
X X

—

-4 -3 -2 t-1 t H1

Sekil 5. Kayan pencere yontemi

Sekil 5’te 6rnek olarak boyutu 3 olan bir kayan pencerede
gorulmektedir. t-3, t-2 ve t-1 zamanindaki veriler kayan
pencereye girdi olarak sunulmakta, t zamanindaki veri ise
cikti olarak almmaktadir. Kayan pencere boyutunu
belirlemek i¢in yapilan deneyler, 9 boyutunda bir pencere
icin en diisiik hata degerlerine ulasildigint gostermistir.
Tablo 1’de &rnek olarak Jaisalmer icin 10 metre
yiikseklikte Slgiilen riizgdr hizinin tahmini i¢in kayan
pencere boyutunun belirlenmesine yonelik deneysel
¢alismanin sonuglar1 sunulmustur.

Tablo 2. Kayan pencere ydntemi

Pencere RMSE MAE R?
5 2.71 1.82 0.91
7 2.54 1.74 0.93
9 2.49 1.66 0.95
11 2.52 1.68 0.94

Tablo 2. Kayan pencere ydntemi

Belirlenen 9 boyutundaki kayan pencere ilk 9 gdzlem
verisi girdi olarak sunulmus ve 10. adimdaki gdzlem
verisi ¢ikt1 olacak sekilde denetimli 6grenme problemi
yapisina donistiriilmiistiir. Her bir adimda kayan
pencere bir gézlem adimi saga kaydirilarak tim gozlem
verilerinin iglenmesi saglanmistir. Bu yontem, ge¢mis
dokuz saati giris olarak alip onuncu saat i¢in tahmin
yapmay1 saglamaktadir. Kayan pencere boyutunun
dokuz olarak belirlenmesi, yapilan deneylerde en diisiik
hata oranlarinin elde edilmesini saglamistir. Ayrica,
veriler Olgeklendirme islemi i¢in Min-Max Scaler
kullanilarak O ile 1 arasina normalize edilmistir. Egitim
verilerinin ~ %10’u, Grid Search yontemi ile
hiperparametre optimizasyonu i¢in ayrilmistir. Bu
stiregler, modelin dogrulugunu artirmada kritik bir rol
oynamistir. Yapilan 6n isleme adimlari, ConvLSTM
modelinin hem mekansal hem de zamansal bagimliliklar
etkili bir sekilde Ogrenmesini saglamgstir. Ozellikle,
normalize edilen girislerin ve kayan pencere yonteminin
uygulanmasi, zaman serisi dinamiklerini daha hassas bir
sekilde modellemeye olanak tanimustir.

Tablo 2’de Jaisalmer sehrinin 10m riizgdr hiz1
parametresi icin kayan pencere yontemine girdi olarak
sunulan ve ¢ikti olarak elde edilecek olan gercek degerler
goriilmektedir. Kullanilan veri seti 2010-01-01 00:00:00
tarih ve saatinden baglayarak 1 saat araliklarla elde edilen
Olctim degerlerini gostermektedir. 1. Gozlem verisi 2010-
01-01 00:00:00 tarih ve saatindeki riizgar hizini, 2.
g6zlem verisi ise 2010-01-01 01:00:00 tarih ve saatindeki
rizgar hizin1 géstermektedir. 9. gézlem verisi 2010-01-
01 08:00:00 tarih ve saatindeki riizgar hizin1 ve ¢ikti ise
2010-01-01 09:00:00 tarih ve saatindeki riizgar hizim
goOstermektedir.

1.g6zlem 2.g6zlem 3.gdzlem 4.gozlem 5.gézlem 6.gozlem 7.g6zlem 8.gézlem 9.gozlem Cikti

Verisi Verisi Vverisi Vverisi Verisi Verisi Vverisi Vverisi Verisi

7,20 6,98 6,69 6,69 5,35 6,13 6,98 6,92 6,48 5,44
6,98 6,69 6,69 5,35 6,13 6,98 6,92 6,48 5,44 5,09
6,69 6,69 5,35 6,13 6,98 6,92 6,48 5,44 5,09 6,83
6,69 5,35 6,13 6,98 6,92 6,48 5,44 5,09 6,83 7,62
5,35 6,13 6,98 6,92 6,48 5,44 5,09 6,83 7,62 8,89

Regresyon problemi formatina doniistiiriilen veri seti,
min-max scaler kullanilarak oOlgeklendirilmistir. Veri
setinin %330 test ve %67’si ise egitim igin
kullanilmistir. Bu oranlar yapilan deneysel c¢alismalar
neticesinde en diisiik hata oranlar1 elde edildigi igin
belirlenmistir. Egitim verilerinin %10°u ise model hiper-

parametrelerinin grid arama ile optimize edilmesi
amacityla kullanilmistir.

ConvLSTM modeli, mekénsal ve zamansal verileri
islemek icin CNN ve LSTM’in 6ne ¢ikan &zelliklerini
birlestiren hibrit bir modeldir. Gelistirilen ConvLSTM
modelinin yapist Sekil 6’da goriilmektedir.
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Sekil 6. Gelistirilen ConvLSTM modelinin mimarisi

Sekil 6’da goriildiigii gibi ConvLSTM giris katmani,
konvoliisyon katmanlari, pooling katmanlari, LSTM
katmanlari, dense katmani ve ¢ikti katmanindan
olusmaktadir. Konvoliisyon katmanlari, giris verisinden
mekansal oOzelliklerin  ¢ikarilmasin1  saglamaktadir.
Cikarilan  ozellik haritalarina  ReLU  aktivasyon
fonksiyonu uygulanmaktadir. Max pooling katmanlari,
Ozellik  haritalarinin  boyutlarmi  azaltmak  igin
kullanilmaktadir. LSTM katmanlari, verideki zamana
bagimli uzun ve kisa vadeli bagimliliklarin
belirlenmesini saglamaktadir. LSTM katmanlarindan
elde edilen ¢iktilar dense katmanina génderilmektedir ve
nihai ¢ikti elde edilmektedir. ConvLSTM’de CNN
katmanlari, riizgir hizt  verilerinin  mekansal
ozelliklerinin ¢ikarilmasindan sorumludur. Cikarilan
Ozellikler, verinin zamansal dinamiklerini belirlemek
icin LSTM’e iletilmektedir. Bu sayede, ConvLSTM hem
mekansal hem de zamansal bagimliliklar1 6grenmektedir.
ConvLSTM, CNN ve LSTM’nin etkili yonlerini
birlestirerek daha yiiksek bir tahmin dogrulugu
saglamaktadir. ConvLSTM’in hiper-parametreleri grid
arama  kullanilarak  belirlenmistir. ~ Konvoliisyon
katmanlar, ¢ekirdek boyutu 1 ve 64 filtreden olusan 1D
katmanlardir. Havuzlama katmanlarinin ¢ekirdek boyutu
1 ve havuzlama boyutu 2’dir. Ayrica, her biri 64 néron
iceren 3 LSTM katmani bulunmaktadir. LSTM'in epoch
sayist 100, batch size’1 8, aktivasyon fonksiyonu ReL U,
optimizer’i Adam ve kayip fonksiyonu RMSE'dir.

ConvLSTM modelinde CNN katmanlari, verinin
mekansal ozelliklerini 6grenmek i¢in kullanilir. Riizgar
hizi1 gibi cografi verilerde mekansal bagimliliklar,
ozellikle farkli sehirlerin ve ¢evresel kosullarin etkilerini
anlamada kritik 6neme sahiptir. Ornegin, bir sehirdeki
riizgar hizi, o bolgedeki cografi faktorlere (daglik alanlar,
denize yakinlik, vb.) bagl olarak degisir. CNN
katmanlari, bu tiir mekansal iliskileri tespit edip
Ogrenerek, riizgar hizi tahminlerinde daha dogru sonuglar
elde edilmesini saglar. LSTM katmanlari, zaman serisi
verilerindeki uzun vadeli bagimliliklar1 &grenir. Riizgar
hiz1 gibi degiskenler, zaman iginde belli Oriintiiler
gosterir  ve geemis degerler, gelecekteki degerler
iizerinde 6nemli bir etkiye sahiptir. LSTM, bu ge¢mis
bilgilere dayanarak, gelecekteki riizgar hizi tahminlerini
yaparken, uzun vadeli bagimliliklar: etkili bir sekilde
modelleyebilir. Bu, ConvLSTM modelinin zaman

Max pooling katmam

LSTM LST™M LSTM
katmam katmam  katmani
Dense
™ katmant

Tahmin edilen
riizgr hizi deferi

icindeki degisimlerin dogru sekilde yakalanmasina ve
rliizgar hizi tahminlerinin daha hassas olmasimna olanak
tanir.

Mekansal ve zamansal bagimliliklarin birlestirilmesi,
modelin dogrulugunu artirir ¢linkii geleneksel modeller
sadece bir tiir bagimlilig1 (ya mekansal ya da zamansal)
ogrenebilirken, ConvLSTM her ikisini de ayni1 anda
isleyerek daha derin ve kapsamli bir 6grenme saglar. Bu,
riizgar hizi gibi dinamik ve karmasik verilerin daha
giivenilir ve dogru bir sekilde tahmin edilmesini miimkiin
kilar.

DENEYSEL SONUCLAR

Bu calismada, Jaisalmer, Kochi, Mangalore, Puri ve
Rameswaram'in 10 metre ve 100 metre yiikseklikte
6lciilen riizgar hizlariin tahmin edilmesi amaglanmustir.
Gelistirilen ConvLSTM modeli RF, SVM, ANFIS, CNN
ve LSTM ile uygulamali bir sekilde karsilastiriimistir.
Tablo 3 ve Sekil 7’de Jaisalmer i¢in deneysel sonuglar
gorilmektedir. Tablo 3 ve Sekil 7°de gorildiigii gibi
ConvLSTM 10 metre yiikseklikte dl¢iilen riizgar hizinin
tahmininde 0,95 R?, 100 metre yiikseklikte olgilen
riizgdr hizinin tahmininde ise 0,95 R? ile karsilastirilan
modellerden daha basarili olmustur. ConvLSTM’in
ardindan sirastyla LSTM, ANFIS, CNN, SVM ve RF
basarili olmustur.

Tablo 3. Jaisalmer icin deneysel sonuclar

Riizgar hiz1 10 m Riizgir hiz1 100 m
Model RMS MA R? RMS MA R?
E E E E

RF 288 186 08 399 248 08
5 5

SVM 28 187 08 387 251 08
5 6

ANFIS 258 169 09 350 223 09
4 4

CNN 270 180 08 367 236 08
7 7

LSTM 256 169 09 348 223 09
4 4

ConvLST 249 166 09 336 221 09
5 5
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Sekil 7. Jaisalmer icin deneysel sonuglar

Tablo 4 ve Sekil 8’de goriildiigii gibi ConvLSTM 10
metre yiikseklikte 6l¢iilen riizgar hizinin tahmininde 0,90
R?, 100 metre yiikseklikte oOlgiilen riizgar hizinm

tahmininde ise 0,87 R? ile karsilastirilan modellerden
daha basarili olmustur. ConvLSTM’in ardindan sirasiyla
LSTM, ANFIS, CNN, SVM ve RF basarili olmustur.

Tablo 4. Kochi sehri igin deneysel sonuglar

Riizgir hiz1 10 m Riizgir hiz1 100 m
Model RMSE MAE R? RMSE MAE R?
RF 2,59 1,94 0,75 3,66 2,74 0,72
SVM 2,50 1,88 0,78 3,57 2,69 0,74
ANFIS 2,46 1,85 0,85 3,40 2,55 0,85
CNN 2,48 1,86 0,81 3,49 2,65 0,78
LSTM 1,46 1,84 0,85 3,48 2,64 0,85
ConvLSTM 1,25 1,71 0,90 3,38 2,58 0,87
Riizgar hizi 10 m Ritzgar luzi 10 m Ritzgar huzi 10 m
% | I I I I I g IH | :j
Ruzgar hizi 100 m Riizgar luzi 100 m Rilzgar uzy 100 m
i I I I I i ‘o

Sekil 8. Kochi sehri i¢in deneysel sonuglar
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Tablo 5 ve Sekil 9°da Mangalore i¢in deneysel sonuglar
gorilmektedir.Tablo 5 ve Sekil 9°da goriildiigii gibi
ConvLSTM 10 metre yukseklikte dlgllen riizgar hizinin
tahmininde 0,88 R?, 100 metre yikseklikte olgilen

Tablo 5. Mangalore icin deneysel sonuglar

riizgar hizinin tahmininde ise 0,88 R? ile karsilastirilan
modellerden daha basarili olmustur. ConvLSTM’in
ardindan sirastyla LSTM, ANFIS, CNN, SVM ve RF
basarili olmustur

Riizgar hiz1 10 m Riizgar hiz1 100 m
Model RMSE MAE R? RMSE MAE R?
RF 2,85 1,97 0,80 3,92 2,80 0,77
SVM 2,75 1,93 0,82 3,83 2,77 0,79
ANFIS 2,56 1,86 0,86 3,67 2,69 0,86
CNN 2,63 1,89 0,84 3,73 2,74 0,80
LSTM 2,54 1,85 0,86 2,66 2,65 0,86
ConvLSTM 2,41 1,80 0,88 2,44 2,31 0,88
Riizgar huzi 10 m Riizgar hunt 10 m Ritzgar hum 10 m
1y 1 w
A 158 "
5 y g ” i [

f‘ u i

a b b

8 ST ComtSTM e s o O 1S CamlsM M s om on S ComlST
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Sekil 9. Mangalore sehri i¢in deneysel sonuclar
Tablo 6 ve Sekil 10°da goriildiigii gibi ConvLSTM 10
metre yiikseklikte 6l¢iilen riizgar hizinin tahmininde 0,96

R?, 100 metre yiikseklikte 6lgiilen riizgar hizinin

Tablo 6. Puri sehri i¢in deneysel sonuglar

tahmininde ise 0,97 R? ile karsilastirilan modellerden
daha basarili olmustur. ConvLSTM’in ardindan sirasiyla
LSTM, ANFIS, CNN, SVM ve RF basarili olmustur.

Riizgir hiz1 10 m Riizgér hiz1 100 m

Model RMSE MAE R? RMSE MAE R?
RF 2,75 1,88 0,83 3,51 2,42 0,85
SVM 2,70 1,89 0,84 3,46 2,45 0,85
ANFIS 2,40 1,67 0,95 3,02 2,08 0,95
CNN 2,58 1,81 0,85 3,35 2,36 0,86
LSTM 2,39 1,66 0,95 3,33 2,07 0,96
ConvLSTM 2,28 1,58 0,96 3,15 1,99 0,97
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Sekil 10. Puri sehri i¢in deneysel sonuglar

Tablo 7 ve Sekil 11°de goriildiigi gibi

ConvLSTM 10 metre yiikseklikte dlciilen riizgar hizinin
tahmininde 0,97 R? 100 metre yikseklikte oOlciilen
riizgar hizinin tahmininde ise 0,98 R? ile karsilastirilan

modellerden daha basarili olmustur. ConvLSTM’in
ardindan sirastyla LSTM, ANFIS, CNN, SVM ve RF
bagarili olmustur.

Tablo 7. Rameswaram i¢in deneysel sonuclar

Sekil 11. Rameswaram i¢in deneysel sonuclar

Riizgar hiz1 10 m Riizgar hiz1 100 m
Model RMSE MAE R? RMSE MAE R?
RF 2,66 1,79 0,91 3,00 2,22 0,92
SVM 2,62 1,74 0,92 2,94 2,17 0,93
ANFIS 2,59 1,81 0,96 2,96 2,06 0,96
CNN 2,56 1,71 0,92 2,87 2,13 0,93
LSTM 2,55 1,76 0,96 2,83 2,03 0,96
ConvLSTM 2,34 1,53 0,97 2,57 1,81 0,98
Rilzgar luz 10 m Riizgar hiz1 10 m Rilzgar uz1 10 m
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ConvLSTM modeli RF, SVM, ANFIS, CNN ve LSTM
ile kapsamli bir sekilde karsilastirilmistir. Deneysel
sonuglar, ConvLSTM'in hem mekénsal hem de zamansal
bagimliliklar1 ayni anda isleyebilme yetenegi sayesinde
diger yontemlerden {istiin oldugunu gdstermistir.
Ozellikle, Jaisalmer ve Rameswaram sehirlerinde elde
edilen 0,97 ve 0,98 gibi yiksek R? degerleri, diger
modellerin {izerinde bir basari sunmaktadir. Ayrica
ConvLSTM, RMSE ve MAE degerlerinde en diisiik hata
oranlarina ulasarak riizgar hiz1 tahmininde daha dogru ve
giivenilir sonuclar tiretmistir.

Deneysel sonuglar, ConvLSTM’in ANFIS, LSTM, CNN,
RF, SVM’den daha basarili oldugunu gdstermistir.
ConvLSTM, karsilastirilan modellerin yetersiz kaldig:
mekansal ve zamansal bagimliliklar birlikte isleyerek
tahmin dogrulugunu arttirir. Mekénsal ve zamansal
verilerin dinamiklerini ayni anda isleyebilme kapasitesi,
riizgar hizt gibi karmasik degiskenlerin tahmininde
etkinlik saglar. ConvLSTM’in ANFIS’ten daha basarili
olmasi, ANFIS’in mekansal ve zamansal verileri isleme
yeteneginin sinirli olmasiyla agiklanabilir. ANFIS’in
etkinligi yiiksek boyuttaki karmasik veri setlerinde
sinirlidir.  ConvLSTM’in  LSTM’den daha basarili
olmasi, ConvLSTM’in LSTM bileseni yaninda sahip
oldugu CNN bilesenin etkisiyle yorumlanabilir.
ConvLSTM bu sayede mekéansal ve zamansal verilerin
dinamiklerini ayn1 anda yakalayarak daha dogru ve
kapsamli tahminler yapar. ConvLSTM’in CNN’den daha
basarili olmasi, ConvLSTM’in CNN’e ek olarak
LSTM’nin zamansal bagimliliklar1 6grenme kapasitesini
kullanmast ile agiklanabilir. ConvLSTM’in RF ve
SVM’den daha basarili olmasi, ConvLSTM’in karmagik
oriintiileri daha 1iyi Ogrenmesi ve modellemesiyle
aciklanabilir. RF ve SVM zaman serisi analizinde
yeterince etkin degildir. ConvLSTM ve LSTM igin t-
istatistigi, p-degeri ve giiven araliklar1 her bir metrik i¢in
hesaplanarak Tablo 8’de sunulmustur.

Tablo 8. ConvLSTM ve LSTM igin t-istatistigi, p-degeri
ve giiven araliklar1

Test RMSE | MAE | R?
t-istatistigi -5.24 -291 | -2.58
p-degeri 0.0063 | 0.0436 | 0.0412
LSTM giiven araligi 1.71, (1.65, | (1.85,
2.89) 1.87) 1.98)
ConvLSTM Giiven Araligi | (1.52, (.52, | (1.88,
2.79) 1.79) 1.98)

Tablo 8’de goriildiigii gibi RMSE, MAE ve R? metrikleri
acisindan elde edilen sonuglar, ConvLSTM ve LSTM
modelleri arasindaki farkin istatistiksel olarak anlamli
oldugunu gostermektedir (p < 0.05).

TARTISMA

RF ve SVM modelleri, sinirli mekansal ve zamansal
baglamda statik Ozellikler arasinda dogrudan iliskiler
kurar. Bu, zaman serisi verilerindeki dinamik degisimleri
anlamada yetersiz kalmalarma neden olur. ConvLSTM
ise mekansal ve zamansal bagimliliklar1i ayni anda

Ogrenerek bu sinirlamayr asar. ANFIS, bulanik mantik
tabanli ¢ikarimlar yapabilir ancak yiiksek boyutlu,
karmagik zaman serisi verilerinde mekansal veya
zamansal  ozellikleri  yeterince  modelleyemez.
ConvLSTM’in  CNN ve LSTM bilesenleri, bu
eksiklikleri  tamamlamaktadir. CNN, mekansal
bagimliliklar1 6grenmede basarilidir; LSTM ise zaman
serisi  verilerindeki uzun vadeli  bagimliliklan
yakalamakta etkilidir. Ancak bu modeller, tek basina her
iki bagimlilig1 ayn1 anda isleyemez. ConvLSTM, bu iki
yaklagimi birlestirerek karmagik ve dinamik verilerde
daha yiiksek dogruluk ve daha diisiik hata oranlar1 sunar.
ConvLSTM’in CNN katmanlari, riizgar hizina etki eden
mekansal 6zellikleri (6rnegin cografi farkliliklar, yerel
hava olaylar1) basariyla ogrenir. LSTM katmanlari,
zaman serisi verilerindeki uzun vadeli degisimleri etkili
bir sekilde modeller. ConvLSTM, bu iki yaklagimi
hibritlestirerek karmagik verilerde daha kapsamli bir
modelleme sunar. Bu hibrit yap1 sayesinde, diisiik RMSE
ve MAE degerleri ile yiiksek R? performansina
ulagilmastir.

ConvLSTM’in sinirhiliklart veriye olan bagimlilik,
verilerdeki karmagiklik, donanim kapsasitesi ve modelin
genelleme  kapasitesi  agiklarindan  incelenebilir.
ConvLSTM, biyuk ve temiz veri setleriyle iyi
performans gosterse de, veri kalitesi ve eksiklikleri
modelin dogrulugunu etkileyebilir. Eksik veriler veya
hatali 6l¢iimler, modelin tahminlerini olumsuz yonde
etkileyebilir. Model, yiiksek diizeyde giriltl iceren
verilerde asir1 uyum yapabilir, bu da genel performansin
diismesine yol agabilir. Egitim siiresi ve kaynak tliketimi,
biiyliik veri kiimeleriyle ¢alisirken 6nemli bir zorluk
olusturabilir. Derin 6grenme modelleri, bazen genelleme
yapma konusunda zorluk yagayabilir ve belirli kosullarda
asir1 uyum (overfitting) riski tasir. ConvLSTM, 6zellikle
belirli sehirlerde veya spesifik iklim kosullarinda
egitildiginde, farkli cografi bolgelerdeki veriler tizerinde
diisik performans gosterebilir. ConvLSTM modelinin
hiperparametrelerinin ~ yanlis  se¢ilmesi, modelin
basarisini olumsuz etkileyebilir.

SONUC

Riizgar hizi tahmini, giivenligi ve verimliligi saglama
acisindan birgok uygulama alaninda kritik Sneme
sahiptir. Riizgdr hiz1 tahmini lojistik, tarim, nakliye,
enerji Uretimi, afet yoOnetimi ve c¢evresel izleme
uygulamalarinda faydalar1 maksimize ederek toplumsal
ve ekonomik hayatin birgok yoniinii olumlu ydnde
etkiler. Dogru tahminler, enerji verimliligini artirmak,
giivenligi saglamak, ekonomik faydalar sunmak ve
cevresel yonetimi iyilestirmek agisindan kritik rol oynar.
Ornegin, enerji sektdriinde riizgar tiirbinlerinin en uygun
performansini saglamak, havacilikta giivenli uguslar
diizenlemek veya tarimda lirlinleri korumak i¢in riizgar
hizinin dogru bir sekilde tahmin edilmesi gereklidir.
Yapay zekd yontemleri, riizgar hizinin dinamiklerini
etkili bir sekilde belirleyerek, tahminlerin dogrulugunu
artirir. Yapay zeka yontemleri, verilerdeki karmagsik
ortintiileri 6grenir ve geleneksel yontemlere gore daha
bagarili tahminler {iretir. Bu sayede enerji iiretiminden
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afet yonetimine kadar genis bir yelpazede toplumsal ve
ekonomik hayatin bir¢ok yoniinii olumlu yonde
etkileyerek verimliligi artirir ve riskleri azaltir.

Bu ¢alismada, Hindistan’1n en yiiksek riizgar hizina sahip
sehirlerinden olan Jaisalmer, Kochi, Mangalore, Puri ve
Rameswaram sehirlerinin riizgar hizlarmin tahmin etmek
amactyla hibrit ConvLSTM modeli gelistirilmistir.
ConvLSTM, CNN ve LSTM’in etkin ozelliklerini bir
araya getirerek mekansal ve zamansal verileri
isleyebilme yetenegine sahiptir. CNN girdi verilerinden
Ozellik c¢ikarmak i¢in LSTM ise zaman serisi
verilerindeki uzun vadeli bagimliliklarin modellenmesi
icin kullanilmustir. Sehirlerin saatlik olarak tutulan, 10
metre ve 100 metre yiiksekliklerdeki riizgar hizi
Olgtimlerinden olugan yaklagik 15 yillik bir veri seti
kullanilmistir. ConvLSTM, RF, SVM, ANFIS, CNN ve
LSTM ile uygulamali olarak karsilagtirilmistir. Deneysel
sonuglar, ConvLSTM'in her bir sehir ve riizgar hizi
parametresinin neredeyse tamaminda 0,9'un iizerinde R?
degerine sahip oldugunu ve karsilastirilan modellerden
daha basarili oldugunu gostermistir.

ConvLSTM, zaman serisi verilerindeki uzun vadeli
bagimliliklar1 6grenme kapasitesini CNN'in mekansal
ozellik ¢ikarma yetenegi ile birlestirerek, karmasik ve
dinamik verilerin tahmininde 6nemli avantajlar sunar.
ConvLSTM’in bu basarisi, riizgar hiz1 gibi karmagsik ve
¢ok boyutlu verilerin tahmininde de potansiyelini ortaya

koymaktadir.
ConvLSTM'in mekansal ve zamansal bagimliliklar
birlikte isleyebilme kapasitesi, literatiirde benzer

calismalarda da kullanilmigtir. Ancak literatiirde ayni
veri setini ve tarih araliklarin1 kullanarak yapilmis bir
calisma yoktur. ConvLSTM, CNN ve LSTM bilesenleri
sayesinde, literatiirdeki ¢alismalarda da gorildigii gibi
mekansal ve zamansal Ozelliklerin etkili bir sekilde
islenmesini saglamistir. Elde edilen sonuglar, bu
calismadaki bulgularla tutarlidir. Elde edilen yiiksek R?
degerleri, ConvLSTM'in karmasik ve dinamik riizgar hizi
verilerini etkili bir sekilde tahmin etme kapasitesini
desteklemektedir. Bu sonuglar, ConvLSTM'in zaman
serisi ve mekansal veri tahminlerinde literatiirdeki diger
derin 6grenme yontemleriyle karsilastirildiginda nasil bir
avantaja sahip oldugunu ortaya koymaktadir. Gelistirilen
model yenilenebilir enerji, tarim, afet yonetimi, ulagim ve
kentlesme gibi potansiyel uygulama alanlarina sahiptir.
Calismada gelistirilen ConvLSTM modelinin riizgar hizi
tahmini, ozellikle ruzgar tdrbinlerinin  verimliligini
artirmak i¢in 6nemli bir arag olabilir. Dogru riizgar hizi
tahminleri, riizgar santrallerinin daha etkin bir sekilde
igletilmesini  saglar, enerji iretiminin  optimize
edilmesine yardimci olur ve bdylece enerji maliyetlerini
digiirir.  Ayrica, rilizgar  enerjisinin  sebekeye
entegrasyonu i¢in giivenilir tahminler saglanabilir.
Riizgar hizi tahminlerinin tarim sektoriinde, 6zellikle
acik hava tarim1 ve sulama sistemlerinin yonetilmesinde
kritik bir rolii vardir. Bu tiir tahminler, mahsullerin
rizgarin etkisiyle zarar gormemesi ig¢in tarimsal
planlamay1 1iyilestirebilir ve ayni zamanda sulama
sistemlerinin daha verimli ¢alismasint saglayabilir.
Riizgér hiz1 tahminleri, dogal afetler (6rnegin, firtina ve
kasirga tahminleri) konusunda erken uyar: sistemlerinin

gelistirilmesinde de  kullanilabilir. Rizgdr hiz1
degisimlerini tahmin etmek, ucus rotalarinin ve deniz
yollarinin daha gilivenli bir sekilde planlanmasina
yardimcr  olabilir.  Yapilarin  riizgar  yiklerini
kargilayabilmesi igin bu tir tahminler insaat
mithendisligi alaninda karar verme sireclerine dahil
edilebilir.

Gelecek calismalarda, veri kaynaklarmin artirilmasit ve
daha genis bir cografi kapsama alanina sahip verilerin
eklenmesi, modelin genelleme kapasitesini artirabilir.
Ozellikle farkli iklim bolgelerinden ve  farkli
yiiksekliklerden alinan 6l¢iimlerle modelin performansi
daha  kapsamli bir sekilde degerlendirilebilir.
ConvLSTM’in CNN ve LSTM bilesenlerinden olugan
hibrit yapis1 oldukga etkili olsa da, dikkat mekanizmalar1
(attention mechanisms) veya Transformer tabanlh
modeller gibi modern yaklagimlar ile zenginlestirilmesi,
tahmin dogrulugunu artirabilir.
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bulunmalidir. Oz iginde, yararlanilan kaynaklara, sekil ve cizelge numaralarina deginilmemelidir. Adres/ler den 2 satir
bosluk birakildiktan sonra, Times New Roman 10 punto, tek satir araligiyla yazilmahdir. Oziin altinda bir satir bosluk
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e Aydin I, Karakose E., Karakdse M., Gengoglu M.T., Akin E., A New Computer Vision Approach for Active Pantograph
Control, IEEE International Symposium on Innovations in Intelligent Systems and Applications (IEEE INISTA
2013), Albena, Bulgaria, 2013.

e Lim S. H. Video-processing applications of high speed cmos image sensors, The Degree of Doctor of Philosophy,
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The article needs to include an “Abstract” at the beginning not less than 75 words nor longer than 150 words
summarizing the content in the most precise and concise way. The abstract must not include references, figures, and
table numbers. Leaving a space under the abstract, the author has to add keywords including at least 3 and utmost 6
words. The keywords have to be consistent with the content and need to be comprehensive. Similarly, the articles have
to include an English title, keywords, and abstract.
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The works that are presented in any symposium or congress can be published after specifying the name, place and the
date of the congress. The works that are supported by a research organization or fund have to indicate the name of the
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The articles have to be organized as introduction, body, experimental, result and discussion and conclusion. Sub-titles
and lower-level titles have to have a font size of 10 and be right-aligned.

Formulas and equations need to be written via Math Type or Word Equation Editor.

The study has to comply with grammatical rules. The latest Turkish Language Association Spell Check has to be
employed regarding the use of punctuation, spelling of the words, and abbreviations. The text is expected to be clear
and simple. No expressions out of purpose and scope must be included in the work. The valid scientific methods have
to be employed to prepare the article. The content, purpose, scope, justification, etc. of the study have to be provided as
much as needed in a certain order.

An article is expected to include abstract, sections of the main text, references, and appendices (if there is any)
respectively. An article has to have an “Introduction” and “Conclusion” sections. The “Introduction” is definitely
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for the subject to be dealt with, literature review can be given in this section as well. The “conclusion” needs to be in
compliance with the study’s purpose and scope. It needs to be given generally and concisely. The points that are not
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the text.

Tables/Figures need to be numbered and given with their titles. No vertical lines must be used to draw the tables.
Horizontal lines can only be used to separate the sub-titles within the table from each other. Table/Figure number has
to be at the top left-aligned and non-Italic with Times New Romans 10 font. The name of tables/figures has to be written
with each word having its first letter uppercase. In addition, tables/figures have to comply with black and white print.
If there is anything in the table that requires reference, the references must be given at the bottom of the table with in-
text reference format.

Headings, titles, and sub-titles can be used to ensure an ordered information transfer. All the other titles except for the
title of the article have to have a font size of 10. First-level titles need to be uppercase and boldface; the first letters of
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Degerlendirme Siireci

MAUNFBD'ye gonderilen yazilar, 6nce Yayin Kurulunca dergi ilkelerine uygunluk a¢isindan bir 6n degerlendirmeye
tabi tutulur. Dergi kapsamina girmeyen veya bilimsel bir yazi formatina igerik ve sekil sartlari acisindan uymayan
yazilar, hakemlik siireci baslatilmadan geri ¢evrilir ya da baz1 degisiklikler istenebilir. Yayin icin teslim edilen
makalelerin degerlendirilmesinde akademik tarafsizlik ve bilimsel kalite en 6nemli dl¢iitlerdir.

MAUNFBD'’ye yayin kurallarina uygun olarak gonderilen makaleler, daha sonraki asamada intihal denetiminden
gecirilir. Mus Alparslan Universitesi Fen Bilimleri Dergisi'nde intihal denetimi, Ithenticate paket programi araciligiyla
gerceklestirilmekte ve intihal denetiminde, benzerlik oraninin %20’nin iistiine ¢ikmamasi gerekmektedir. ilgili
calismada herhangi bir intihale rastlanmadig1 takdirde degerlendirilmek iizere o alandaki ¢alismalariyla taninmis iki
hakeme génderilir. MAUNFBD Dergisi, stirecin her asamasinda, hakem ve yazarlarin isimlerinin sakl tutuldugu ¢ift-kor
hakemlik sistemini kullanmaktadir. Hakem raporlar bes yil siireyle saklanir. Makaleyi degerlendiren iki hakemden
birisinin olumlu digerinin olumsuz rapor vermesi durumunda makale {i¢iincii hakeme goénderilmekte veya Yayin
Kurulu, hakem raporlarini inceleyerek nihai karar1 vermektedir.

MAUNFBD’e gonderilen c¢alismalarda yazarlar, hakem ve Yayin Kurulunun elestiri ve onerilerini dikkate alirlar.
Katilmadiklar1 hususlar varsa gerekgeleriyle birlikte itiraz etme hakkina sahiptirler. Dergideki hakemlik siirecinde,
akademik unvana sahip kisilerin yayinlari i¢in ancak esit ya da iist derecede akademik unvana sahip kisiler hakem
olabilir.

MAUNFBD’e hakem degerlendirme siireci, istenilmeyen nedenlerden dolay1 bazen uzun siirebilmektedir. Normal
kosullarda editor tarafindan 6n degerlendirme asamasi bir hafta; hakem degerlendirme stireci de 8 hafta olarak
planlanmaktadir. Ancak hakemlerden zamaninda doéniis olmamasi nedeniyle yeniden hakem atama vb. nedenlerden
dolay1 hakem degerlendirme siireci uzayabilmektedir.

MAUNFBD’e makale gonderen yazar/yazarlar, Derginin s6z konusu hakem degerlendirme kosullarini ve siirecini kabul
etmis sayilirlar.

MAUNFBD’de yayimlanmasina karar verilen (kabul edilen) calismalarin telif hakki, Mus Alparslan Universitesi'ne
devredilmis sayilir.



MAUNFBD
Mus Alparslan Universitesi Fen Bilimleri Dergisi
Mus Alparslan University Journal of Science

Peer Review Process

The papers that are sent to MAUNFBD are subjected to preliminary assessment by the Editorial Board to see whether
the work complies with the principles of the journal. The papers that are out of the scope of the journal or do not comply
with the format of a scientific text either in terms of content or style are either rejected or demanded to be corrected
prior to peer-review process. Academic objectivity and scientific quality are the most important criteria for the
assessment of the articles that are submitted to be published.

The articles that comply with the publication principles of MAUNFBD are passed through plagiarism checking. Journal
of Social Sciences of Mus Alparslan University uses the iThenticate software to detect instances of overlapping and
similar text in submitted manuscripts. The journal allows an overall similarity of 20% for a manuscript to be considered
for publication. After determining an acceptable similarity rate, the article is sent to two reviewers who are known for
their studies in the relevant field. MAUNFBD employs double-blind review system in which the names of neither the
reviewers nor the authors are disclosed in any of the phases of the process. Reviewer reports are saved for five years.
If one of the reviewers gives positive feedback while the other gives negative feedback, the article is either sent to a
third reviewer or Editorial Board examines the reviewer reports to make the final decision.

The authors submitting papers to MAUNFBD take into account the criticisms and suggestions of the reviewers and the
Editorial Board. The authors also have the right to object to the points with which they disagree. In the reviewing
process, the publications of people with academic titles are only reviewed by academics of either an equal or a higher
degree.

Assessment process of MAUNFBD may sometimes take long periods of time due to undesired reasons. Normally,
preliminary assessment by the editor takes a week while reviewer’s assessment period takes 8 weeks. However,
reviewer assessment process may get longer when reviewers do not respond on time or in cases of appointing a new
reviewer and so on.

The author/authors submitting papers to MAUNFBD is/are considered to have accepted the aforementioned reviewing
conditions and process of the journal.

The copyrights of the works that are decided to be published (accepted) in MAUNFBD is transferred to Mus Alparslan
University.
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Yayin Ilkeleri

MAUNFBD, ulusal ve uluslararasi diizeyde yapilan, fen, temel alanlar ve miihendislik bilimleri alaninda 6zgiin ve
nitelikli calismalari, bilimsel bir yaklasimla ele alarak fen bilimler alanlarindaki ¢alismalarin niteliginin yilikselmesine,
yontem ve uygulamalarin gelismesine, kuram ve uygulama alanlarindaki ¢alismalar arasinda iletisimin giliclenmesine
ve fen bilimleri alanindaki literatiiriin zenginlesmesine katki saglamak amaciyla yayimlanmaktadir.

MAUNFBD’e, matematik, fizik, kimya, biyoloji, cevre bilimi, saglik, eczacilik, miihendislik bilimleri vb. tim fen
bilimlerine ait 6zgilin ve nitelikli bilimsel ¢alismalar1 destekleyerek bilim camiasinda tiretilen bilgileri akademisyenlerin
ve kamuoyunun istifadesine sunmak amaciyla yeni ve 6zgiin ¢calismalara yer verilmektedir.

MAUNFBD’e gonderilecek ¢alisma, alaninda bir boslugu dolduracak 6zgiin bir yazi olmali ya da daha 6nce yayimlanmis
calismalari degerlendiren, konuya dair yeni ve dikkate deger goriisler ortaya koyan inceleme olmalidir.

MAUNFBD’e génderilecek yazilar makale, ¢eviri ve kitap tanitimi tiiriinde olmalidir. Dergimize génderilen geviri yazilar
icin, makale sahibinin yayin izni ve orijinal metin gereklidir.

MAUNFBD’e yayin dili Tiirkce ve ingilizce'dir.

MAUNFBD’e gonderilen calismalar daha 6nce hicbir yerde yayimlanmamis ve halihazirda yayimlanmak {izere
sunulmamis olmalidir. Bilimsel bir toplantida sunulmus bildiriler, durum agik¢a belirtilmek sartiyla dergiye
gonderilebilir.

MAUNFBD’e Kis/Aralik ve Yaz/Haziran sayisi olmak tizere yilda iki defa diizenli olarak yayimlanmaktadir.

MAUNFBD’e gonderilen yazilara telif hakki 6denmez. Yayimlanan makalelerin telif hakki Mus Alparslan Universitesi
Fen Bilimler Dergisi'ne aittir.

MAUNFBD'’de yayimlanan yazilarin bilimsel ve hukuki sorumlulugu yazarlarina aittir.

MAUNFBD'’de yer alan yazilardaki goriis ve diislinceler yazarlarinin Kisisel goriisleri olup derginin ve bagh oldugu
kurumlarin goériislerini yansitmaz.

MAUNFBD’e gonderilen galismalar, TUBITAK ULAKBIM’in DergiPark Sistemi (UDS) iizerinden elektronik ortamda
gonderilmektedir. Bu sisteme http://dergipark.gov.tr/MAUNfbd da yer alan "Kullanici Sayfasi/Yeni Gonderi" linkinden
ulasilabilir. S6z konusu sisteme kayit yapilip makale gonderildikten sonra hakem siireciyle ilgili gelismeler ve hakem
degerlendirme raporlari yazarlar tarafindan kolaylikla takip edilebilir.
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Editorial Principles

MAUNFBD is a national and international peer-reviewed journal that publishes authentic and qualified works with a
scientific approach in the fields of science, basic and engineering sciences. It is published to contribute to raising the
quality of the social sciences studies, development of methods and practices, to strengthen the communication between
theoretical and practical studies, and to enrich the science literature.

MAUNFBD supports all the authentic and qualified scientific studies in the science fields including maths, physic,
chemistry, biology, health, pharmacy, engineering sciences etc. It publishes new and authentic works to offer the
knowledge produced by scientific circles for the benefit of academics and public.

The works that are sent to MAUNFBD must be both an authentic work to eliminate a lack in the literature or a review
assessing the previously-published works and suggesting relevant, new, and noteworthy opinions.

The texts that are sent to MAUNFBD include articles, translations, and book promotions. For the translated texts,
publication permission of the owner of the article and the source text are required.

Publication languages of MAUNFBD are Turkish and English.

The works that are sent to MAUNFBD must not be published previously anywhere. They have to be ready for
publication. The papers that have previously been presented in a scientific meeting can be sent to the journal if it is
clearly indicated.

MAUNFBD is regularly published in Winter/December and Summer/June per year.

No copyright payment is made for the papers that are sent to MAUNFBD. The copyrights of the works that are published
in MAUNFBD are transferred to Mus Alparslan University Journal of Science.

Scientific and legal liabilities of the articles published in MAUNFBD belong to the authors.

All the opinions and ideas indicated in the articles that are published in MAUNFBD are authors’ personal opinions and
do not reflect the opinions of the Journal or the affiliated institutions by any means.

The works that are sent to MAUNFBD are sent to TUBITAK ULAKBIM’s DergiPark System (UDS) in electronical
environment. This system can be accessed via http://dergipark.gov.tr/MAUNfbd under the link “User Page/New
Submission”. After registering in the system and submitting the paper, the developments regarding the reviewing
process and reviewer reports can be followed by the authors.
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