Black Sea Journal of
Engineering and Science

Volume 7 | Issue 3

B,

ISSN: 2619 - 899] BS Journals



BLACK SEA JOURNAL OF ENGINEERING AND SCIENCE “

(BSJ ENGIN SCI) BS ]ournals

Black Sea Journal of Engineering and Science (BSJ Eng Sci) is a double-blind peer-reviewed,
open-access international journal published electronically 6 times (January, March, May,
July, September, and November) in a year by since January 2018. It publishes, in English and
Turkish, full-length original research articles, innovative papers, conference papers, reviews,
mini-reviews, rapid communications or technical note on advances in a wide range of

scientific disciplines from all fields of engineering and science and from any source.

ISSN 2619 - 8991

Phone: +90 362 408 25 15

Fax: +90 362 408 25 15

Email: bsjsci@blackseapublishers.com

Web site: http://dergipark.gov.tr/bsengineering

Sort of publication: Periodically 6 times (January, March, May, July, September, and
November) in a year

Publication date and place: May 15, 2024 - Samsun, TURKIYE

Publishing kind: Electronically

OWNER
Assoc. Prof. Dr. Ugur SEN

DIRECTOR IN CHARGE

Prof. Dr. Hasan ONDER




EDITOR BOARDS

EDITOR IN CHIEF

Prof. Dr. Hasan ONDER, Ondokuz Mayis University, TURKIYE

Assoc. Prof. Dr. Ugur SEN, Ondokuz, Mayis University, TURKIYE

SECTION EDITORS*

Prof. Dr. Ahmet UYANIK, Section Editor of Chemistry, Ondokuz Mayis University, TURKIYE
Prof. Dr. Amila Sandaruwan RATNAYAKE, Section Editor of Geological Engineering, Uva
Wellassa University, SRI LANKA

Prof. Dr. Berna KILIC, Section Editor of Fisheries Engineering, Ege University, TURKIYE

Prof. Dr. Cigdem TAKMA, Section Editor of Statistics, Ege University, TURKIYE

Prof. Dr. Ertan BUYRUK, Section Editor of Mechanical Engineering, Sivas Cumhuriyet
University, TURKIYE

Prof. Dr. Fahrul Zaman HUYOP, Section Editor of Biology, Universiti Teknologi Malaysia,
MALAYSIA

Prof. Dr. Fauziatul FAJAROH, Section Editor of Chemical Engineering, Universitas Negeri
Malang, INDONESIA

Prof. Dr. Fuad ALHAJOMAR, Section Editor of Electrical and Electronics Engineering,
University of South Wales, UNITED KINGDOM

Prof. Dr. Gokhan CIVELEKOGLU, Section Editor of Environmental Engineering, Akdeniz
University, TURKIYE

Prof. Dr. Hasan TANAK, Section Editor of Physics, Amasya University, TURKIYE

Prof. Dr. Hasan TEMIZ, Section Editor of Food Engineering, Ondokuz Mayis University,
TURKIYE

Prof. Dr. Hojjat SADEGHI-ALIABADI, Section Editor of Chemistry, Isfahan University, IRAN
Prof. Dr. ibrahim Ozgiir DENEME, Section Editor of Civil Engineering, Aksaray University,
TURKIYE

Prof. Dr. ibrahim UGUR, Section Editor of Mining Engineering, Siileyman Demirel University,
TURKIYE

Prof. Dr. Jamrun EBBAH, Section Editor of Fisheries Engineering, Mindanao State University,
PHILIPPINES

Prof. Dr. Messaoud SAIDANI, Section Editor of Civil Engineering, Coventry University, UNITED
KINGDOM

Prof. Dr. Perarasu THANGAVELU, Section Editor of Aerospace Engineering, Anna University,
INDIA

Prof. Dr. Sema PALAMUTCU, Section Editor of Textile Engineering, Pamukkale University,
TURKIYE

Prof. Dr. Umit Cafer YILDIZ, Section Editor of Forest Engineering, Karadeniz Technical
University, TURKIYE

Assoc. Prof. Dr. Belgin KARABACAKOGLU, Section Editor of Chemical Engineering, Eskisehir
Osmangazi University, TURKIYE

Assoc. Prof. Dr. Biilent BOSTANCI, Section Editor of Geomatics Engineering, Erciyes
University, TURKIYE

Assoc. Prof. Dr. Edit MiKO, Section Editor of Agricultural Engineering, University of Szeged,
HUNGARY




Assoc. Prof. Dr. Ergiin EKICI, Section Editor of Industrial Engineering, Canakkale Onsekiz Mart
University, TURKIYE

Assoc. Prof. Dr. Helal Uddin MOLLA, Section Editor of Physics, Rajshahi University of
Engineering and Technology, BANGLADESH

Assoc. Prof. Dr. Kadyrbay CHEKIROV, Section Editor of Biology, Kyrgyz Turkish Manas
University, KYRGYZSTAN

Assoc. Prof. Dr. Mehmet EBEOGLUGIL, Section Editor of Metallurgical and Materials
Engineering, Dokuz Eyliil University, TURKIYE

Assoc. Prof. Dr. Niliifer YURTAY, Section Editor of Computer Engineering, Sakarya University,
TURKIYE

Assoc. Prof. Dr. Ozgiir Hakan AYDOGMUS, Section Editor of Mathematics, Social Sciences
University of Ankara, TURKIYE

Assoc. Prof. Dr. Rita ISMAILOVA, Section Editor of Computer Engineering, Kyrgyz - Turkish
Manas University, KYRGYZSTAN

Assoc. Prof. Dr. Samia Chehbi GAMOURA, Section Editor of Statistics, Strasbourg University,
FRANCE

Assoc. Prof. Dr. Silvio DE OLIVEIRA JUNIOR, Section Editor of Mechanical Engineering,
University of Sdo Paulo, BRAZIL

Assoc. Prof. Dr. Sinan AKISKA, Section Editor of Geological Engineering, Ankara University,
TURKIYE

Asst. Prof. Dr. Abdul JABBAR, Section Editor of Textile Engineering, National Textile
University, PAKISTAN

Asst. Prof. Dr. Arsheed Ahmad RATHER, Section Editor of Forest Engineering, Annamalai
University, INDIA

Asst. Prof. Dr. Ezenwanyi OCHULOR, Section Editor of Metallurgical and Materials
Engineering, University Of Lagos, NIGERIA

Asst. Prof. Dr. Francis INEGBEDION, Section Editor of Industrial Engineering, University of
Benin, NIGERIA

Asst. Prof. Dr. Haniyeh RASOULI PIROUZIAN, Section Editor of Food Engineering, Tabriz
University, IRAN

Asst. Prof. Dr. Jun-wei LiM, Section Editor of Environmental Engineering, Universiti Teknologi
Petronas, MALAYSIA

Asst. Prof. Dr. Mehmet GUCYETMEZ, Section Editor of Electrical and Electronics Engineering,
Kirsehir Ahi Evran University, TURKIYE

Asst. Prof. Dr. Melahat CIHAN, Section Editor of Aerospace Engineering, Samsun University,
TURKIYE

Asst. Prof. Dr. Muhammad GULISTAN, Section Editor of Mathematics, Hazara University,
PAKISTAN

Asst. Prof. Dr. Sedat KARADAVUT, Section Editor of Agricultural Engineering, Trakya
University, TURKIYE

Asst. Prof. Dr. Seyedeh Narges SADATI, Section Editor of Mining Engineering, University of
Mohaghegh Ardabili, IRAN




Asst. Prof. Dr. Xinyi WANG, Section Editor of Geomatics Engineering, Henan Polytechnic
University, CHINA

* The ranking is arranged alphabetically within the academic title

EDITORIAL - ADVISORY BOARD*

Prof. Dr. Aglaia (Litsa) LIOPA-TSAKALIDI, Institute of Western Greece, GREECE
Prof. Dr. Ercan EFE, Kahramanmaras Sutcu Imam University, TURKIYE

Prof. Dr. Mohammad Masood TARIQ, University of Balochistan, PAKISTAN
Prof. Dr. Mustafa Cagatay TUFAN, Ondokuz Mayis University, TURKIYE

Prof. Dr. Ozkan GORGULU, Ahi Evran University, TURKIYE

Assoc. Prof. Dr. Taner TUNC, Ondokuz Mayis University, TURKIYE

Asst. Prof. Dr. Emil OMURZAK, Kyrgyz-Turkish Manas University, KYRGYZSTAN
Asst. Prof. Dr. Yilmaz KAYA, Ondokuz Mayis University, TURKIYE

* The ranking is arranged alphabetically within the academic title

STATISTIC EDITOR
Prof. Dr. Mehmet TOPAL, Kastamonu University, TURKIYE

ENGLISH EDITOR
Asst. Prof. Dr. Betiil OZCAN DOST, Ondokuz Mayis University, TURKIYE

TURKISH EDITOR
Prof. Dr. Serkan SEN, Ondokuz Mayis University, TURKIYE




REVIEWERS OF THE ISSUE*

Prof. Dr. Adem ASAN, Ondokuz Mayis University, Department of Chemistry, Analytical
Chemistry, TURKIYE

Prof. Dr. Arda OZTURKCAN, istanbul Gelisim University, Department of Nutrition and Dietetics,
Organic Chemistry, TURKIYE

Prof. Dr. Cahit GURER, Afyon Kocatepe University, Department of Civil Engineering,
Transportation and Traffic, TURKIYE

Prof. Dr. Cemil GURUNLU, Karadeniz Technical University, Department of Electrical and
Electronics Engineering, Energy, TURKIYE

Prof. Dr. Cemil Oz, Sakarya University, Department of Computer Engineering, Neural
Networks, TURKIYE

Prof. Dr. Derya BIRANT, Dokuz Eylll University, Department of Computer Science, Machine
Learning, TURKIYE

Prof. Dr. Erkan YASLIOGLU, Bursa Uludag University, Department of Biosystem Engineering,
Agricultural Structures, TURKIYE

Prof. Dr. Muhammet KARATON, Firat University, Department of Civil Engineering, Earthquake
Engineering, TURKIYE

Prof. Dr. Recep OZEN, Mersin University, Department of Chemistry, Organic Chemistry,
TURKIYE

Assoc. Prof. Dr. Ahmet ATALAY, Atatlirk University, Department of Civil Engineering,
Transportation and Traffic, TURKIYE

Assoc. Prof. Dr. Aysel VEYiSOGLU, Sinop University, Department of Medical Services and
Techniques, Bacteriology, TURKIYE

Assoc. Prof. Dr. Demet TATAR, Hitit University, Department of Medical Services and
Techniques, Bacteriology, TURKIYE

Assoc. Prof. Dr. Emre SIRIN, Kirsehir Ahi Evran University, Department of Agricultural
Biotechnology, Animal Reproduction and Breeding, TURKIYE

Assoc. Prof. Dr. Fadime OZDEMIR, Bilecik Seyh Edebali University, Department of Molecular
Biology and Genetics, Bacteriology, TURKIYE

Assoc. Prof. Dr. Haci Mehmet ALAKAS, Kirikkale University, Department of Industrial
Engineering, Optimization in Manufacturing, TURKIYE

Assoc. Prof. Dr. Hare KILICASLAN, Karadeniz Technical University, Department of Architecture,
Built Environment and Design, TURKIYE




Assoc. Prof. Dr. Hilal AYCI, Gazi University, Department of Architecture, Built Environment and
Design, TURKIYE

Assoc. Prof. Dr. Hiseyin SANLI, Tekirdag Namik Kemal University, Department of Automotive
Technology, Automotive Combustion and Fuel Engineering, TURKIYE

Assoc. Prof. Dr. Kadir GUCLUER, Adiyaman University, Department of Civil Engineering,
Construction Materials, TURKIYE

Assoc. Prof. Dr. Kenan ALTUN, Sivas Cumhuriyet University, Department of Electronics and
Automation, Electronics, TURKIYE

Assoc. Prof. Dr. Miirsel Ozan INCETAS, Alanya Alaaddin Keykubat University, Department of
Computer Technologies, Artificial Intelligence, TURKIYE

Assoc. Prof. Dr. Rukiye UZUN ARSLAN, Zonguldak Biilent Ecevit University, Department of
Electrical and Electronics Engineering, Data Mining and Knowledge Discovery, TURKIYE

Assoc. Prof. Dr. Saban OZTURK, Ankara Haci Bayram Veli University, Department of
Management Information Systems, Artificial Intelligence, TURKIYE

Assoc. Prof. Dr. Sahika OZDEMIR, istanbul Sabahattin Zaim University, Department of Interior
Architecture and Environmental Design, Architectural Design, TURKIYE

Assoc. Prof. Dr. Sedat BEHREM, Aksaray University, Department of Animal Science ans Animal
Nutrition, Sheep and Goat Breeding and Treatment, TURKIYE

Assoc. Prof. Dr. Seyit Ahmet SIS, Balikesir University, Department of Electrical and Electronics
Engineering, Electrical Engineering, TURKIYE

Assoc. Prof. Dr. Sinan KUL, Bayburt University, Department of Emergency Aid and Disaster
Management, Environmental Sciences and Engineering, TURKIYE

Assoc. Prof. Dr. Tunahan ERDEM, Cukurova University, Department of Agricultural Machinery,
Agricultural Tools and Machines, TURKIYE

Assoc. Prof. Dr. Tuncay ERCAN, Yasar University, Department of Management Information
Systems, Information and Computing Sciences, TURKIYE

Assoc. Prof. Dr. Yavuz OZDEMIR, Istanbul Health and Technology University, Department of
Industrial Engineering, Industrial Engineering, TURKIYE

Assoc. Prof. Dr. Yunus DEMIR, Bursa Technical University, Department of Industrial
Engineering, Artificial Intelligence, TURKIYE

Assist. Prof. Dr. Behcet DUNDAR, Osmaniye Korkut Ata University, Department of Civil

Engineering, Construction Materials, TURKIYE




Assist. Prof. Dr. Bilgehan ERKAL, Karabiik University, Department of Electrical and Electronics
Engineering, Electrical Engineering, TURKIYE

Assist. Prof. Dr. Dilan ALP, Sirnak University, Department of Energy Systems Engineering,
Energy Systems Engineering, TURKIYE

Assist. Prof. Dr. Elif ACAR, Yozgat Bozok University, Department of Business Administration,
Multiple Criteria Decision Making, TURKIYE

Assist. Prof. Dr. Emre ALARSLAN, Bandirma Onyedi Eylul University, Department of Animal
Science, Sheep and Goat Breeding and Treatment, TURKIYE

Assist. Prof. Dr. Evrim GULER, Bartin University, Department of Computer Engineering,
Artificial Intelligence, TURKIYE

Assist. Prof. Dr. Gokhan GOKSU, Yildiz Technical University, Department of Mathematics
Engineering, Control Engineering, TURKIYE

Assist. Prof. Dr. Gorkem SERBES, Yildiz Technical University, Department of Biomedical
Engineering, Biosignal Processing, TURKIYE

Assist. Prof. Dr. Hasan Ali iRiK, Erciyes University, Department of Biosystem Engineering,
Agricultural Structures, TURKIYE

Assist. Prof. Dr. ilker KARADAG, Sivas Cumhuriyet University, Department of Industrial
Engineering, Multiple Criteria Decision Making, TURKIYE

Assist. Prof. Dr. Mahmut DURMAZ, Siirt University, Department of Civil Engineering,
Construction Materials, TURKIYE

Assist. Prof. Dr. Mustafa NiL, Manisa Celal Bayar University, Department of Electrical and
Electronics Engineering, Power Electronics, TURKIYE

Assist. Prof. Dr. Onur SOZUDOGRU, Atatiirk University, Department of Emergency Aid and
Disaster Management, Environmental Sciences and Engineering, TURKIYE

Assist. Prof. Dr. Osman GOKALP, izmir Yiiksek Teknoloji Institute, Department of Computer
Engineering, Evolutionary Computation, TURKIYE

Assist. Prof. Dr. Ozlem KARABIBER CURA, izmir Katip Celebi University, Department of Clinical
Engineering, Machine Learning, TURKIYE

Assist. Prof. Dr. Serdar KARGIN, istanbul Arel University, Department of Biomedical
Engineering, Communications Engineering, TURKIYE

Assist. Prof. Dr. Sevtap TIRINK, Igdir University, Environmental Health Program, Environmental

Sciences and Engineering, TURKIYE




Assist. Prof. Dr. Talha Enes GUMUS, Sakarya University, Department of Electrical and
Electronics Engineering, Power Plants, TURKIYE

Assist. Prof. Dr. Tugce GOVER, Selcuk University, Department of Pharmacy, Analytical
Chemistry, TURKIYE

Assist. Prof. Dr. Veli BAYSAL, Bartin University, Department of Computer Engineering,
Computational Physiology, TURKIYE

Assist. Prof. Dr. Yasar Baris DOLUKAN, OSTIM Technical University, Biomedical Device
Technology Program, Biomedical Sciences and Technology, TURKIYE

Assist. Prof. Dr. Yeliz KARACA, University of Massachusetts Chan Medical School, Machine
Learning, USA

Dr. Abdulhamit SEVGIi, OSTIM Technical University, Department of Mechatronics, Control
Theory and Applications, TURKIYE

Dr. Ebru ERGUNES BERKIN, Hassa District Directorate of Agriculture, Biometry, TURKIYE

Dr. Ehsan SHEYDAEE, University of Tehran, Department of Biosystem Engineering, Agricultural
Structures, IRAN

Dr. Kenan ERIN, Tarsus University, Department of Machine Engineering, Industrial
Automation, TURKIYE

Dr. Mehmet Emin VURAL, GAP International Agricultural Research and Training Center
Directorate, Sheep and Goat Breeding and Treatment, TURKIYE

Dr. Muhammet KAPTAN, Zonguldak Biilent Ecevit University, Department of Food Precessing,
Sheep and Goat Breeding and Treatment, TURKIYE

Dr. Mutlu BULUT, Incirlik Air Base Meteorology Directorate, Agricultural Land Management,
TURKIYE

Dr. Nurdogan CEYLAN, Adiyaman University, Department of Machine Engineering, Industrial
Automation, TURKIYE

Dr. Okan GUNGOR, Bayburt University, Department of Electronics and Automation, Electrical-

Electronics and Communication Engineering, TURKIYE

* The ranking is arranged alphabetically within the academic title




Volume 7, Issue 3 (2024)

Table of Contents

Research Articles

1. RESPIRATORY ANALYSIS WITH ELECTROCARDIOGRAM DATA: EVALUATION OF PAN-
TOMPKINS ALGORITHM AND CUBIC CURVE INTERPOLATION METHOD

Mert Siileyman DEMIRSOY, Ayse NUF AY GUL.........ccoeoveeeeeeeeeeeeeseeeeereseseseeeesesiriss s 374-383
2. EFFECT OF SOLAR COLLECTOR GEOMETRY ON DRYING TIME AND NUTRITIONAL
PROPERTIES OF LEVANT QUALITY HAZELNUTS

Mithat AKGUN, Cemalettin AYGUN, Mehmet AKGUN, Emre TURAN .......coeeevvevveeeean.. 384-391
3. TURKIYE OLCEGINDE KARAYOLU YOL- BAKIM MALIYETLERI VE GELECEK TAHMINi
FAEMA PINAE GOKSAL...oeeoveeeeeeeeeeeveevees s esssevsesssss s avssansessssasssssnsssassssassassssnsssssssssssansanas 392-400

4. UTILIZATION OF SLIP CASTING PROCESS FOR RECYCLING CAD/CAM DENTAL
ZIRCONIA WASTES

Cemile Betiil EMRULLAHOGLU ABI, Hatice Sule COBAN TETIK, Erding ABi....................... 401-408
5. INVESTIGATION OF LINEAR AND NONLINEAR BEHAVIOUR OF REINFORCED
CONCRETE COLUMN EXPOSED TO CORROSION EFFECT FOR DIFFERENT DAMAGE LIMIT
LEVELS

Halit Erdem COLAKOGLU, MURGMMEA OZTEMEL..........ooeveeeeeeereereerreeerierissssisssssesssnsones 409-422
6. IC LOJISTIK FAALIYETLERINDE YALIN TEKNIKLERIN KULLANILMASI VE BIR
UYGULAMA

Ayse UCAR, Betiil TURANOGLU SIRIN........cccoweeeeeeereereeeeeeeereereeeeerveseeveesiensevissssvssssassssssssssne 423-435
7. ROBOTIC ARM TRAJECTORY TRACKING USING IMAGE PROCESSING AND KINEMATIC
EQUATIONS

Yusuf Hamida EL NASER, Durmus KARAYEL, Mert Siileyman DEMIRSOY, Muhammed Salih
SARIKAYA, NUE YOSIN PEKER. .......coeveietieeietetestcsistesseste st ettt stsstsssassssssasessessssessssssessenssns 436-444

8. USAGE OF WEKA SOFTWARE BASED ON MACHINE LEARNING ALGORITHMS FOR
PREDICTION OF LIVER FIBROSIS/CIRRHOSIS

Rukiye UZUN ARSLAN, Ziynet PAMUK, CEIren KAYA.........ooweeveemromeerereeoeeeeessssesossssesenasss o 445-456
9. A GAME-THEORETICAL INTEGRATED APPROACH FOR SUSTAINABLE PORTFOLIO
SELECTION: AN APPLICATION ON BIST PARTICIPATION SUSTAINABILITY INDEX STOCKS
FUPKON GOKTAS. ... veveeveeeeeeeeevvessesess s s ssssssassns s s sassssssssssssssssssssssssssssansssssnsssssssosansassons 457-464
10. MODELING CLIMATE CHANGE SCENARIOS FOR SPRING BARLEY IN SOUTHEAST OF
ALMATY IN KAZAKHSTAN USING THE LINTUL APPROACH

Aidana SABITOVA, Gulnur SULEIMANOVA, Tefide KIZILDENIZ, Ali Kaan YETIK................465-472
11.  iVESI KUZULARINDA BUYUME OZELLIKLERi iCIN PRATIK BIiR DAMIZLIK SECME
YONTEMI: KOLAY iNDEKS UYARLAMASI

Yusuf KAPLAN, irfan GUNGOR, Kiirsat ALKOYAK, Mustafa TEKERLI...........oovveeveeereeeeee. 473-477
12.  SUSTAINABLE AIRPORT MANAGEMENT AND AIRLINE MARKETING
SOUGH AYDIN.eeeeveeee e eeeeeesesees e sessessesssssesses e seseessesesessessessssssssessesssssessesarsns s sensssoeenes 478-487

13. THE IMPACT OF DEVICE TYPE NUMBER ON IOT DEVICE CLASSIFICATION
Ahmet EMre ERGUN, OZGUi CAN.......oeeeeeeeeeeeeereseesceteeeeivesesesssssssssssssssssnssvssssasssnssvnsas 488-494




14.  BIODIVERSITY OF Actinobacteria FROM KULA GEOPARK IN TURKIYE

Betiil BAYRAKTAR, KO ISIK......coovveveeeeereeveerereeeeeeveseeeeeceeeeesssessssss e sssssssssss s s sesssseees 495-508
15. GEBELIKTE ANNE SAGLIGI RiSK GRUPLARININ TAHMININE YONELIK MAKINE
OGRENMESi TABANLI BiR KARAR DESTEK SiSTEM TASARIMI

frem SENYER YAPICI, RUKiye UZUN ARSLAN..........coveeeereeereeresesseseseensoseasevessssssseassssenseenas 509-520
16. ADSORPTION OF THE ANTIBIOTIC ROXITHROMYCIN ON LOW-COST FOOD WASTE
MATERIALS: BATCH AND COLUMN STUDIES

[Iknur TOSUN SATIR, BEAING AKIMESE...........ocoveeoseseereesiseseesies evesveenesssssssssssssississsssssssssens 521-528
17. HANONU (KASTAMONU) GUNES ENERJiISi SANTRALININ FARKLI SiMULASYON
PROGRAMLARI iLE TASARIMI VE ELEKTRIK ENERJiSi URETIM SONUGCLARININ
DEGERLENDIRILMESI

SEfa KIRNAPCI, NiNQE PAMUK........ooeeeeeeeereeesiesceseeessessessssessssssesssssssssssssassssssssasssssnsasssssnsens 529-538
18.  ELECTROCHEMICAL HYDROGEN PEROXIDE GENERATION AND REMOVAL OF
MOXIFLOXACIN BY ELECTRO-FENTON PROCESS

Gokee Didar DEGERMENCI, Nejdet DEGERMENCI.............ooeeeeeeeeeereereeesiesessissiseensasevsnees 539-546
19.  NATURE INSPIRED PRACTICES IN SUPER TALL BUILDING DESIGNS: SIMILARITIES OF
FORM

ASl1 YILDIZ, GUNES MULIU AVING.....oooeveeeereeveeeeerteveereeseeveeseevessesessvasssssasessessessssassssensasan e 547-559
20. FLUOKSETIN VE NORFLUOKSETININ SENTEZi UZERINE CALISMALAR VE
ANTIOKSIDANT OZELLIGINiN ARASTIRILMASI

INESIM ULUDAG. ...ttt es s st sttt sas s s st sssseassase s ass s sons 560-565
21.  EVALUATION OF AGING EFFECTS OF ZINC OXIDE ON THE OPTICAL PROPERTIES OF
POROUS SILICON-ZINC OXIDE HETEROJUNCTION PHOTODETECTOR DEVICE

Safiye KARACAM, Meltem GOR BOLEN..............occeeeeeereeeseeseeeeeeeseeeseseseseeseseeseaseassisess e 566-574
22. PROTEIN KAYNAKLARININ iN VITRO OLGUNLASTIRILMIS SIGIR OOSITLERININ
GLUTATYON PEROKSIDAZ ENZiM AKTIVITESI UZERINE ETKISi

e W TR L1 VA 575-579
23. FORECASTING ROAD FREIGHT AND PASSENGER TRANSPORT DEMANDS IN TURKEY
USING THE EXPONENTIAL SMOOTHING

HUMEYra BOLAKAR TOSUN.......c.ooeeeeeeeeeteetereeisiseseestest st cesnssvissessasesasssssnsseassssassassas s 580-586
24. A COMPACT GAN POWER AMPLIFIER MODULE FOR NEW GENERATION CELLULAR
BASESTATIONS

Burak Berk TURK, Furkan HURCAN, Hiiseyin Serif SAVCI, Hakan DOGAN........................ 587-593
25. MEETING THE ENERGY NEEDS OF POULTRY HOUSES WITH WIND TURBINE SYSTEM
UNDER TEKIRDAG CONDITIONS AND ITS ENVIRONMENTAL EFFECTS

Elif TURKBOYLARI, ANMEt NEimM YUKSEL.......o.oooveeeeeeeeeeeeeeeeeeeseeeeeeeeeeseeeeeseeseeveseeeseseseesinns 594-600
26.  ELEKTRIKLI ARAC DEVRESINDE KULLANILAN BOOST DONUSTURUCUNUN ANALIZINE
FARKLI YAKLASIMLAR

Ayse Tugba YAPICI, Nurettin ABUT, Ali BEKIlr YILDIZ...........coooeeeeevveveeeeeveeeeeierierveieieesnns 601-609




Black Sea Journal of Engineering and Science
doi: 10.34248/bsengineering.1418802

Open Access Journal Research Article
e-ISSN: 2619 - 8991 Volume 7 - Issue 3: 374-383 / May 2024

RESPIRATORY ANALYSIS WITH ELECTROCARDIOGRAM DATA:
EVALUATION OF PAN-TOMPKINS ALGORITHM AND CUBIC
CURVE INTERPOLATION METHOD

Mert Siilleyman DEMIRSOY'*, Ayse Nur AY GUL?

1Sakarya University of Applied Sciences, Faculty of Technology, Department of Mechatronics Engineering, 54050, Sakarya, Tiirkiye
2Sakarya University of Applied Sciences, Biomedical Technologies Application and Research Center, 54050, Sakarya, Tiirkiye

Abstract: Advancements in bioinstrumentation have facilitated the easier monitoring of biometric signals such as electrocardiogram
(ECG) and respiration. This development is particularly crucial for the diagnosis and management of various conditions like stress and
sleep disorders. Two commonly used features in heart rate variability (HRV) analysis derived from ECG data are standard deviation
and serial correlation coefficients of R-R intervals (the time durations between heartbeats). The former utilizes the fundamental
components of QRS complexes, while the latter is designed to extract relationships between respiration and heart rate. In the proposed
methodology, R-R wave detection is performed on processed ECG data using the Pan-Tompkins algorithm, and the respiration duration
for each R-R interval from respiration data is selected. Additionally, missing respiration data for selected R-R intervals is interpolated
based on the interpolation method. The results of this study are compared with the standard interpolation and cubic spline
interpolation models to assess the effectiveness of the proposed method and its ability to capture temporal fluctuations. Since standard
interpolation fails to accurately detect respiration data from R-R intervals and cannot precisely handle missing R-R intervals in short
samples, cubic spline interpolation is recommended as a replacement and its results are presented. The obtained results provide
insights into the effectiveness and application of the Pan-Tompkins algorithm, FFT (Fast fourier transform) implementation, and cubic
spline interpolation in the selection of respiration and R-wave features. According to the findings of the study, in the analysis
conducted on 2-second samples with a 1000 Hz sampling frequency created from each participant's respiratory data set, missing
respiratory data were successfully reconstructed from the R-R intervals of the ECG data using standard and cubic curve interpolation
methods. Upon examination of RMSE (Root mean square error) values, it was observed that for 30% of the participants, as RMSE
values increased, completion counts for standard interpolation increased, while completion counts for cubic curve interpolation
decreased. Conversely, when RMSE values decreased, 60% of the participants showed a decrease in completion counts for standard
interpolation and an increase in completion counts for cubic curve interpolation. A 10% participant group was identified where there
was no apparent relationship between RMSE values and interpolation method. This indicates that in 90% of the participants, there is a
linear relationship between the study's interpolation method, RMSE values, and completion counts for missing R-R intervals.

Keywords: Electrocardiogram, Respiration, Pan-Tompkins algorithm, Curve interpolation
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1. Introduction measurement of biological information such as
Electrocardiogram (ECG) is a graphical representation of electrocardiogram (ECG) and respiration has become
electrical waves generated during a process, providing possible in recent times using devices like wearable
crucial information about the cardiac cycle (Kohler et al., sensors and cameras (Rahman et al, 2016; Dias and
2002; Luz et al, 2016). Cardiologists utilize ECG to Paulo Silva Cunha, 2018). Advanced technologies in
diagnose and monitor heart diseases, including bioinstrumentation enable the monitoring of physical
conditions such as arrhythmia detection (Ye et al., 2010; and psychological conditions in daily life. For instance, it
Apandi et al, 2018; Marinho et al, 2019). A normal is employed to monitor the elderly based on heart rate
rhythmic ECG signal includes P-waves, QRS complexes, (Shin et al,, 2012), assess parasympathetic activity using
and T-waves. QRS complexes and R-peaks play a high-frequency components of R-R intervals (the
significant role in automated ECG analyses, forming the durations between heartbeats) (Hayano and Yuda, 2019),
basis for many algorithms (Harikumar and Shivappriya, =~ and measure sleep stages using heart rate and
2011; Benosman et al, 2017). By identifying QRS respiration (Suzuki et al, 2009). The reliability of vital
complexes and R-peaks, other waves and features in the data obtained from devices is crucial for accurate

ECG can be detected (Kohler et al, 2002). The monitoring. When a portion of vital data is lost due to
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external factors such as noise, the reliability of indices
calculated from vital data will be low.

For example, R-R intervals are commonly used in the
calculation of various indices like heart rate. However,
movements of the body causing electrode displacement
or potential fluctuations caused by artifacts can lead to
incorrect measurements of the R-wave. Since missing
vital data results in missing R-R intervals, the reliability
of indices based on R-R intervals will be low. To fill in
missing data or predict values in a specific range of the
dataset, linear interpolation and curve interpolation
(Choi and Shin, 2018) methods are used. Standard and
cubic spline interpolation are two commonly used
methods for this purpose. These two methods are
employed to predict missing or specific interval data.
Cubic spline interpolation generally provides smoother
and more accurate results due to the use of a higher-
degree polynomial. However, depending on the nature of
the data and the characteristics of the dataset, standard
interpolation can be sufficient in some cases. However,
the longer the missing segment, the greater the deviation
between the calculated R-R intervals and the actual R-R
intervals. For example, frequencies calculated from
interpolated R-R intervals will also be incorrect.
Therefore, to interpolate missing R-R intervals
accurately, it is necessary to consider heart rate
variability (HRV) during the missing period to complete
missing R-R intervals. In this study, a dataset was used
where 20 healthy and drug-free participants (age ranging
from 18 to 28; 9 males and 11 females) were subjected to
tasks requiring arithmetic or attention.

This article proposes a method for completing missing
RR intervals based on the respiratory duration using the
Pan-Tompkins algorithm applied to ECG data in states of
mental activity and calmness. Along with this method,
cubic spline interpolation also helps complete missing R-
R intervals and prevents temporal fluctuations occurring
in R-R intervals. As R-R intervals are biometric data, they
are influenced by the individual and measurement
conditions. Therefore, the proposed method selects
respiratory features according to the measured data.

1.1. Studies Related to the Data Set

The dataset known as 'PsPM-CogSF,' created by Bach and
Staib (2015), comprises measurements of respiration
and electrocardiogram (ECG) during mental arithmetic
attention tasks and resting periods. These measurements
are used to physiological responses
associated with cognitive processes and relaxation states.
The matching pursuit algorithm has provided a fast and
effective method for extracting tonic sympathetic arousal
from spontaneous skin conductance fluctuations. This
algorithm has offered a significant alternative for
assessing autonomous responses during cognitive tasks

investigate

and resting periods. Similarly, dynamic causal modeling
(DCM) has been employed to predict tonic sympathetic
arousal arising from spontaneous skin conductance
fluctuations. This methodology, utilizing data obtained
from skin conductance fluctuations, has shed light on the

physiological relationships between sympathetic arousal
and emotional states, contributing to the understanding
of cognitive-emotional processes (Bach and Staib, 2015).
The 'PsPM-CogSF' dataset has played a crucial role in
developing psychophysiological models for evaluating
fear learning and sympathetic activity. These models
have provided valuable insights into the relationship
between autonomic arousal and cognitive-emotional
phenomena, deepening the understanding of fear
memory and sympathetic responses. This dataset,
utilized by Jelsma and others as well as Cheadle and
others to investigate the

arousal and

relationship between

sympathetic experiences of racial
discrimination and psychological characteristics, has
explored the dynamics of the sympathetic nervous
system arousal by examining responses to real-life
experiences and psychological
physiological measurements in the dataset (Cheadle et
al, 2020; Jelsma et al, 2021). Finally, a study titled

"Marked Point Process Filtering Approach for Tracking

features based on

Sympathetic Arousal from Skin Conductance” by
Wickramasuriya and Faghih (2020) has been presented.

In summary, the 'PsPM-CogSF' dataset has contributed
significantly to research on sympathetic arousal, fear
learning, and psychophysiological models. The use of
matching pursuit algorithms, dynamic causal modeling,
and psychophysiological models has enhanced the
understanding of autonomic responses during cognitive
tasks, emotional experiences, and real-life stress factors.

2. Materials and Methods

2.1. Completing Missing RRs

The goal was to fill in the missing R-R intervals in the
dataset using standard and cubic spline interpolation
methods, aiming to complete the missing data and
address the gaps. Figure 1 illustrates how R-R intervals
can be obtained from the ECG. Initially, a high-amplitude
R-wave is extracted from the ECG.

Subsequently, each RR is calculated from the interval
between one R wave and the next R wave. However,
when there are artifacts in the ECG and R waves are not
accurately detected, the R-R intervals will be abnormal.
Consequently, data in that region will be lost. The
literature suggests various approaches to overcome this
problem: improving the accuracy of R-wave detection,
identifying abnormal values in R-R intervals, and
completing missing R-R intervals. Several methods have
been proposed to enhance the accuracy of R-wave
detection, such as noise reduction techniques that
decrease the impact of noise and enhance the accuracy of
R-wave detection (Akshay et al, 2010; Sahoo et al,
2015). Additionally, there is a method using neural
networks for R-wave detection (Vijaya et al.,, 1998). The
main method for removing outliers is to decide whether
R-R intervals are within the normal range. For example,
reliability is determined based on whether R-R intervals
are between 250 ms and 1500 ms (Izumi et al,, 2015).
Linear or second-degree/cubic function-based curve
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interpolation has been utilized to predict missing R-R
intervals (Choi and Shin, 2018). As curve interpolation
requires minimal computation, it can be easily applied
even in wearable devices. However, as mentioned above,
the deviation between real and calculated R-R intervals
grows as the duration of data loss increases. To address
this issue, methods to complete heart rate using blood
pressure and blood flow have been suggested (Li and
Clifford, 2008; Borges and Brusamarello, 2016).

Respiration has been identified as one of the key factors
in increasing heart rate variability (HRV) (Berntson et al,,
1993). Moreover, respiration is known to cause changes
in heart rate through respiratory sinus arrhythmia
(Berntson et al., 1993). Similarly, heart rate can fluctuate
with changes in both deep breathing and respiratory rate
(Sroufe, 1971; Chang et al,, 2013). For instance, when
both respiration and R-R intervals are measured
simultaneously, both can be recorded as missing.
However, while R-R intervals fluctuate between 250 ms
and 1500 ms per beat (Izumi et al, 2015), respiratory

changes can range from 3000 ms to 5000 ms per breath
(Berntson et al,, 1993). Thus, respiration is expected to
be useful in completing missing R-R intervals, and
changes can be more easily observed than in ECG signals.
It is known that heart rate variability (HRV) varies
depending on the depth of respiration (Sroufe, 1971).
HRV deepens during deep breathing (Sroufe, 1971).
Therefore, in this study, respiration depth is utilized.
Additionally, changes in respiratory rate will also create
variability in heart rate (Chang et al, 2013). Moreover,
HRV is high during slow breathing and low during fast
breathing. Therefore, in our approach, respiration
duration is used. Figure 2 illustrates the representation
of respiration durations in the data set at a sampling
frequency of 1000 Hz, showing the data numbers in the
periods of mental activity and resting states (data
between 0-1400 representing the resting state, and data
between 1400-2800 representing the mental activity
state).

ECG Signal

mV

5 . R .
0 0.5 1 1.5

2 25 3 35 4

Time (sec)

Figure 1. R-R intervals.

Respiratory Cycle Times

Data Numbers

Q]

Q)

3.8 39 “ 4.1
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Figure 2. Respiratory time graph during mental activity and rest (x-axis represents time, y-axis represents the number

of data).
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As shown in Figure 2, signal processing on the FFT model
reveals that the average respiration duration during rest
is 3.87 seconds at 50 Hz, whereas during mental activity,
the average respiration duration is 3.69 seconds. From
this, it can be inferred that the heart rate variability
(HRV) during rest, indicating the change in heart rate,
will be more profound. This implies that RR waves can be
more easily detected during rest.

2.2. Preprocessing

Vital signs such as heart rate are known to be
significantly influenced by individual characteristics such
as gender (Ryan et al,, 1994; Chester and Rudolph, 2011).
If missing R-R intervals are completed using the same
method for everyone, the accuracy of the completed R-R
intervals will be debated. This difference also affects the
nerves. R-R intervals sympathetic and
parasympathetic nerves. When the sympathetic nerves
are active, the heart rate variability (HRV) is low. On the
other hand, when the parasympathetic nerves are active,
the HRV is high. Therefore, reflecting the tendency of the
autonomic nervous system during periods of missing R-R
intervals is important. The proposed method processes
time series data using fast fourier transformation (FFT).
Figure 3 illustrates the workflow of the proposed
method.

vary on

Selection of
respiratory
characteristics

-

\mplementation of the|
Pan-Tompkins
algorithm

-

FFT and interpolation
model implementation

-

Completion of
missing RRs

Figure 3. Method flow chart.

Initially, the raw ECG data were processed using a low-
pass filter with a cutoff frequency of 100 Hz and a filter
order of 3. Subsequently, a high-pass filter with a cutoff
frequency of 10 Hz and a filter order of 3 was applied to
remove low-frequency  components.
Additionally, 50 Hz power line noise was eliminated
using a notch filter (Ay et al, 2017). Following these
steps, the Pan-Tompkins algorithm was implemented to
detect R waves. This algorithm was utilized by testing

unwanted

threshold values separately for each subject's data.
Subsequently, the interval wave between Rs and the next
R wave was calculated, and RR tachograms were
generated. Finally, the graph illustrating the variation of
R-R intervals over time was resampled at 30 Hz To

address potential high-frequency electrical noise in the
raw respiratory data, a median filter (window size of
0.15 seconds) was applied for smoothing (Ay et al,
2017). Furthermore, the
respiratory features and HRVs was observed by applying
FFT after the median filter to calculate respiratory

relationship  between

durations. Figure 4 illustrates the preprocessing steps for
the ECG data.

Nolse reduction

) 4

R wave detection |

A 4

Calculation of RR |

A 4

Re ationship between
sspiratory time and HRY

Figure 4. Signal preprocessing steps.

Heart Rate Variability (HRV) analysis is a non-invasive
measurement that reflects the autonomic nervous
system's regulation of heart rate, extensively utilized in
the medical field for evaluating stress, sleep quality, and
various cardiovascular conditions. This analysis involves
a sequence of signal processing steps for the accurate
detection and analysis of R-R intervals, which are the
time intervals between consecutive R-waves in an
electrocardiogram (ECG) signal. These steps encompass
noise reduction, R-wave detection, calculation of R-R
intervals, and elucidation of the relationship between
respiratory time and HRV. Noise Reduction is the initial
step in processing ECG signals for HRV analysis,
addressing the contamination of signals with various
types of noise (Ay and Yildiz, 2021; Ay and

Yildiz, 2023). This phase is crucial for accurate R-wave
detection. Techniques such as band-pass filtering and
more advanced methods like wavelet transform are
employed for effective noise suppression without
distorting the ECG signal. R-Wave Detection follows noise
reduction and is pivotal for calculating R-R intervals. The
Pan-Tompkins algorithm is a popular method in this
context, involving filtering, differentiation, squaring, and
integration of the ECG signal to emphasize the R-wave
feature. Calculation of R-R Intervals is conducted upon
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accurate R-wave detection. This process measures the
time between successive R-wave peaks, typically in
milliseconds, and analyzes the variability within these
intervals to assess HRV. The relationship between
respiratory time and HRV is the final step in the signal
processing for HRV analysis. Respiration affects heart
rate through respiratory arrhythmia (RSA),
significantly impacting HRV measurements. To analyze
this relationship, the respiratory signal can be extracted
from the ECG signal itself or through other sensors
measuring thoracic expansion, with techniques like
spectral analysis or time-frequency analysis used to
quantify the influence of respiration on HRV. In
summary, the signal processing steps involved in HRV
analysis, from noise reduction and R-wave detection to
the calculation of R-R intervals and understanding the
respiratory influence on HRV, are complex but crucial for
an accurate and reliable assessment of heart rate
variability. These processes enable clinicians and
researchers to better comprehend the autonomic

sinus

regulation of heart rate and its implications for health
and disease.

2.3. Development Methods

The accuracy of completing incomplete R-Rs was
evaluated using the following methods.

2.3.1. Correlation coefficients

HRV (Heart Rate Variability), is a measure of the
variability in heart rate and is typically calculated based
on the R-R intervals (time intervals between heartbeats).
The changes in the time series of R-R intervals are used
to assess HRV. The relationship between HRV and
respiration is often examined through the correlation
coefficient between respiration and HRV. The correlation
coefficient is a statistical measure used to quantify the
relationship between two variables. The Pearson
commonly employed to
calculate the correlation coefficient on R-R intervals and

Correlation Coefficient is

respiratory data in ECG recordings, and its formula is
presented in Equation 1.

Diz1 (g — )i — ¥)

= 1
T G RS- 7)° (1)

Equation 1 represents the number of samples, n. Here, x;
and y; denote each sample in the R-R intervals and
respiratory data, respectively. Additionally, x, ¥y
represent the means of R-R intervals and respiratory
data. The correlation coefficient takes values between -1

and +1. A positive (+1) correlation indicates a direct
linear relationship between the two variables, while a
negative (-1) correlation signifies an inverse relationship.
A value of 0 indicates no apparent relationship.

The obtained correlation coefficient in this manner
represents the connection between R-R intervals and
respiratory data. A positive correlation suggests a linear
relationship between respiration and HRV, while a
negative correlation indicates an inverse relationship. A
value close to 0 indicates a lack of a significant
relationship between the two datasets. In the utilized

dataset (comprising a total of 20 subjects), positive
correlations were observed for all but 3 subjects.
Subjects 1 and 2 exhibited a negative correlation, while
subject 3 showed a correlation coefficient of 0, indicating
no discernible relationship between the two variables.
2.3.2. Root Mean Square Error (RMSE)

Root Mean Square Error (RMSE) is a measure of the
between and predicted values,
commonly employed to assess the performance of a
predictive model. It allows evaluating prediction errors
on HRV and R-R intervals in ECG and respiratory data.
Denoting the predicted values for HRV and R-R intervals
as ¥ and the actual values as y;, the RMSE formula is
expressed in Equation 2.

RMSE = ,Z?ﬂ()z—f’i)z (2)

For instance, using this formula for the actual and
predicted values of R-R intervals, we can assess the
predictive capability of your model. The lower the RMSE

difference actual

value, the higher the predictive power of your model.
This evaluation is commonly preferred as a method to
measure the prediction performance on R-R intervals or
HRV. A lower RMSE value indicates that the model makes
predictions closer to the actual data. In our dataset, the
RMSE values were measured at a level considered low for
14 subjects and at a level considered high for 6 subjects.
This suggests that obtaining more accurate results in
completing missing R-R intervals can be achieved by
using the data of the 14 subjects, resulting in a lower
RMSE.

2.3.3 Pan-Tompkins Algorithm

The Pan-Tompkins algorithm is an algorithm used for
QRS detection and is commonly employed to identify R-
peaks in ECG signals. This algorithm is designed to define
R-peaks in QRS complexes by utilizing the width, slope,
and amplitude of an integrated window. The algorithm
typically consists of two stages: preprocessing and
decision stages. In the preprocessing stage, the raw ECG
signal is prepared before entering the QRS detection
process. This stage involves reducing noise, organizing
the signal, and enhancing the visibility of QRS complexes.
It is performed to diminish unwanted noise in the signal
and make QRS complexes more easily detectable. In the
decision stage, only significant peak points in the signal
are considered using a specific threshold, while noise
peak points are ignored. This step is taken to identify
crucial points in the signal to clearly determine R-peaks.
The Pan-Tompkins algorithm, employing these stages,
identifies R-peaks in QRS complexes and is widely used
for real-time ECG analysis. Thus, it enables the rapid and
reliable detection of prominent points of heartbeats in
the ECG signal. In this article, the missing data in
respiratory signals will be completed using the curve
interpolation method based on the R-peaks detected with
the Pan-Tompkins algorithm. As the R-R intervals are
identified in the ECG data with the Pan-Tompkins
algorithm, the respiratory signals containing missing R-R
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intervals will be identified through cubic interpolation.
Figure 5 illustrates the block diagram of the Pan-
Tompkins algorithm.

The detection graph of the R peaks of the filtered ECG
signal, where the Pan-Tompkins algorithm was applied
and whose threshold value was selected as 60% of the
maximum signal amplitude (Hamida El Naser and Naser,
2023), is shown in Figure 6.

2.3.4. Interpolation method

Curve interpolation is a method used to fit a smooth
curve or polynomial to a dataset. In the analysis of HRV
and R-R intervals in ECG and respiratory data, curve
interpolation is employed to complete missing data or

_ ECG Signal

represent the dataset more smoothly. Curve
interpolation utilizes polynomials to create a smooth
curve between data points. This process allows the data
to be combined with a smooth curve and aids in the
completion of missing or corrupted data. Cubic curves
(third-degree polynomials) are commonly used for curve
interpolation (Hao et al, 2021). For both data signals
(ECG and respiration), cubic curves using these
polynomials are applied at each data point to create a
smooth curve. The output of the original and cubic curve
interpolation applied signals for ECG and respiration data

is illustrated in Figure 7.
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Figure 5. Pan-Tompkins algorithm block diagram.
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Figure 7. Cubic curve interpolation application in ECG and respiratory data.
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In Figure 7, it can be observed that there is no loss in the
original ECG data, and when cubic curve interpolation is
applied, the values are identical to the original signal.
However, in the respiratory data, deviations are present
in the original signal, and these discrepancies are
detected and mitigated by applying cubic
interpolation using R-R intervals from the ECG data.
Standard interpolation (first-degree polynomials)
applied to both data signals (ECG and Respiration) is
illustrated in Figure 8, showing the output of the applied
signals.

As depicted in Figure 8, it accurately predicts the ECG
data similar to cubic curve interpolation, identifying the

curve

real data as it is. However, it is observed that it falls short
in detecting the lost respiratory data for the test from the
respiratory dataset by relying on R-R intervals in the ECG
data. It failed to identify and apply 10 missing respiratory
data points between 0.4 and 0.8 seconds in the original
data.

3. Results and Discussion

After applying the proposed methods to the ECG and
respiratory data in the dataset, the R-peak counts and
associated average respiratory durations of the subjects
were calculated, and they are presented in Table 1.

ECG Data Standard Interpolated
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Figure 8. Application of standard interpolation in ECG and respiratory data.

Table 1. R peak numbers and corresponding average breathing times in mental activity and calm states of the subjects

in the data set

Subject Number of R peaks between 0-2 Number of R peaks between 2-4 . .
) ) Average Respiratory Time (sec)

Order min min

1 135 130 3.32
2 161 165 3.11
3 141 140 3.20
4 231 178 2.05
5 246 201 1.84
6 168 125 2.83
7 251 177 1.92
8 250 145 2.01
9 176 140 2.66
10 235 171 2.03
11 191 165 2.41
12 221 184 1.98
13 165 141 2.71
14 201 179 2.34
15 198 181 2.22
16 155 139 3.04
17 199 146 2.69
18 235 203 1.89
19 181 168 245
20 228 184 2.11
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In Table 1, it can be observed that the counts of R-peaks
during the mental activity state (0-2 minutes) vary
compared to the counts during the rest state (2-4
minutes). Generally, R-peak counts tend to be higher
during mental activity, while decreasing during the rest
state. Most subjects exhibit higher R-peak counts during
mental activity, suggesting an increased occurrence of
heartbeats. Notably, subjects 4, 5, and 7 demonstrate
significantly higher R-peak counts. Overall, a trend of
decreased respiratory durations during mental activity
compared to the rest state is observed. The increased
heart rate is often associated with faster respiratory
durations. Additionally, a positive correlation is observed
except for subject 3 (subjects 1, 2, and 3). Negative
correlation is observed for subjects 1 and 2, while the
correlation coefficient for subject 3 is 0, indicating no
relationship between respiration and heartbeats for this
subject.

In summary, Table 1 highlights the relationship between
R-peak counts and respiratory durations during mental
activity and rest states. Higher heart rates and shorter
respiratory durations are observed during mental
activity, longer
respiratory durations are observed during the rest state.

whereas lower heart rates and
In Table 2, 2-second samples were created from the
respiratory data sets for each subject with a sampling
frequency of 1000 Hz. An equal number of data points
(200 data points for each subject's data set) were
randomly removed from the respiratory data sets. Using
standard and cubic curve interpolation methods, missing

respiratory data were reconstructed from the R-R

intervals of the ECG data. The detected data points and
RMSE values for the subjects’ ECG data, based on the
applied methods, are presented in Table 2.

In Table 2, the data completion counts for standard
interpolation are lower compared to cubic curve
interpolation. This indicates that standard interpolation
completes fewer missing data points and fills in fewer
data values. Upon examining the RMSE values, it is
observed that standard interpolation sometimes has
lower and sometimes higher values compared to cubic
curve interpolation. This suggests that both methods can
exhibit different performances based on the structure of
the data set and the distribution of missing data,
emphasizing the need to consider these factors to
which method yields better
Additionally, when RMSE values approach the mean
value of the ECG signal, it is observed that standard
interpolation completes more data. However, in this
scenario, cubic curve interpolation has completed fewer
data points compared to other RMSE values that can be

determine results.

considered low.

If we look at subjects 15, 1, 6, 9, 11, and 10 in order, as
RMSE values increase, the completion counts for
standard interpolation also while the
completion counts for cubic curve interpolation decrease.

increase,

Conversely, as RMSE values decrease, the completion
counts for standard interpolation decrease, and the
completion counts for cubic curve interpolation increase.
It can be inferred from Table 2 that there is a linear
relationship with RMSE values.

Table 2. Relationship between data completion numbers of standard and cubic spline interpolation methods and RMSE

values

Subject Standard lnterpolatlo-n number of  Cubic spline 1nterpolat1.on number of RMSE values (mV)
Order data completions data completions

1 18 161 1.67
2 37 152 2.11
3 25 112 1.94
4 39 95 2.21
5 30 135 1.63
6 26 154 1.74
7 20 196 1.51
8 32 185 1.96
9 27 126 1.84
10 63 76 2.47
11 41 85 2.39
12 18 169 1.71
13 19 152 1.79
14 55 89 2.51
15 15 133 1.46
16 37 185 2.02
17 29 146 191
18 18 105 1.79
19 28 151 2.09
20 16 118 1.61
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Figure 9. Cubic curve interpolation method (a) Standard
interpolation method (b) (Blue line interpolated signal,

red circles original respiratory signal points).

For both methods used to complete missing respiration
data from R-R intervals, the respiration data has been
reduced to the same number and order for both methods.
In Figure 9(a), the cubic curve interpolation method
shows that between 1.2 and 1.4 seconds, the original
signal is actually in a downward triangular shape.
However, in Figure 9(b), standard interpolation draws
the period between 1.2 and 1.4 seconds as a straight line.
Upon closer examination, cubic curve interpolation
appears to provide more accurate and precise results in
completing missing data.

The method
interpolation, which leverages respiration features, has
yielded significantly more accurate results compared to
standard (1st-degree) interpolation when compared with
the proposed method. These results indicate an increase
in the variability of R-R intervals even in the presence of

utilizing  3rd-degree cubic curve

missing R-R intervals during resting conditions.
However, in other situations (e.g, mental activity or
arithmetic operations), the autonomic nervous system
can fluctuate, potentially leading to decreased accuracy.

On the other hand, short-term repeated results have
shown very little difference between the proposed
method and 1st-degree standard interpolation for
missing R-R intervals (e.g, Figure 8). One possible
explanation for this is the short duration of the periods in
Figure 8 and Figure 7. However, it is evident that 1st-
degree standard interpolation is not suitable for
completing  missing data. 1st-degree
interpolation linearly replaces changing R-R intervals

over time, ultimately producing R-R intervals with

standard

temporal fluctuations. These results suggest that using
3rd-degree cubic curve interpolation without temporal
fluctuations will provide more accurate and precise
results in completing missing R-R intervals. In the future,
it is planned to assess what kind of temporal fluctuations
may occur in missing R-R intervals when the proposed
methods are used under different conditions.

4. Conclusion

This study aimed to investigate the relationship between
heart rate variability (HRV) and respiration and explore
appropriate methods for accurately completing missing

R-R intervals. The results obtained using Pearson
correlation coefficient revealed both positive and
negative correlations between respiration and HRV
under specific conditions. Consequently, the cubic curve
interpolation method facilitated the accurate integration
of missing R-R intervals in respiration signals. Analyses
conducted indicated that 3rd-degree
interpolation provided more accurate results compared
to standard (1st-degree) interpolation and was more
effective in completing missing R-R intervals. This
allowed for the more precise completion of changing R-R
intervals over time. According to the findings of the
study, 85% of the participants exhibited higher R-peak
counts during mental activity, particularly noticeable in
subjects 4, 5, 7, 8, and 10. This indicates an increase in
heartbeats. The tendency of decreased respiratory
durations during mental activity compared to the rest
state was observed, reflecting the common association of
increased heart rate with shorter respiratory durations.
These findings suggest that respiration features can be

cubic curve

utilized to enhance the accuracy of completing R-R
intervals and warrant further evaluation under different
conditions in future research.
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Abstract: This study examines the impact of drying Levant quality hazelnut samples, including husk and shell, using hot air heated by
solar panels at a constant speed of 6 m/s. The study also investigates the impact of collector irradiation absorption surface geometries
on hazelnut drying time. A solar collector with four types of air duct geometry was used to dry hazelnuts. The radiation-absorbing
surface of the air duct was manufactured flat, and three different trapezoidal geometries (30, 45 and 60 angles) were used. The mass
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scavenging activity, the FRAP, the free fatty acid content, the peroxide value and the moisture content were measured. For the purpose
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1. Introduction

Hazelnut (Corylus avellana L.) is classified as hard-shelled
fruits and is cultivated in countries with temperate
climates. Tirkiye is considered as the homeland of
hazelnut because it has been cultivated for many years
and is home to the highest quality varieties (Ozgagiran et
al,, 2014). Approximately 68% of the world’s hazelnut
production is carried out on the Black Sea coast of
Tiirkiye, which is the most suitable area in terms of
ecological conditions (TUIK, 2021). In the Black Sea
region, hazelnuts are grown up to 60 km inland from the
coast and up to 750 m altitude (Koksal, 2002). Of these
areas, those between 0-250 m altitudes are called the
coastal part, those between 251-500 m altitudes are
called the middle part, those at altitudes higher than 500
m are called the high part, and the hazelnut variety
grown according to altitude varies (Turan and Islam,
2018). Generally, Tombul, Palaz, Kara, Sivri, Uzunmusa,
Cakildak, and Fosa hazelnut varieties are grown in the
region and many varieties are produced together in the
same garden, especially in the gardens located in the

coastal area. These varieties differ in terms of physical
and chemical fruit characteristics and are named
according to their quality. Considering the quality
parameters, hazelnuts in Tirkiye are classified as
Giresun and Levant quality hazelnuts. While Giresun
quality refers to Tombul hazelnut, Levant quality refers
to the dominant varieties and the mixture of these
varieties in the city where cultivation is carried out. In
Ordu, where hazelnut production is the highest,
Kalinkara, Sivri, Palaz, Uzunmusa, and Cakildak hazelnuts
are called Levant quality (Uzundumlu et al., 2019).

Threshing is the process of drying harvested hazelnuts
using various methods. Threshing machines are used to
sort hazelnuts with high moisture content after withering
for 3-5 days. The sorted nuts are typically laid on soil,
concrete, or grass and sun-dried for 5-15 days. Harvest in
central and upland areas tends to coincide with late
summer and mid-autumn, exposing these areas to high
rainfall and mist. Rain can make the hazelnuts difficult to
harvest and thresh and can also affect the quality of the
nuts. During the drying process, hazelnuts can be
damaged in terms of quality parameters, depending on
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the duration of the process and climatic factors. If
hazelnuts are dried in the sun, there is a risk of
contamination with pathogens, spoilage,
formation of aflatoxins, deterioration of antioxidants and
fatty acids, as well as loss of quality and yield (Kontas,
2022). Hazelnuts contain secondary metabolites with
antioxidant properties, such as phenolic acids, flavonoids,

microbial

water and fat-soluble vitamins and tannins, in addition to
the main components of fat, carbohydrates and protein.
The harvesting and drying conditions determine the
presence of these properties.

A number of techniques have been developed to prevent
the hazelnuts from being damaged by the threshing
conditions and to dry them quickly and efficiently with a
minimum of energy input. Traditional dryers are
commonly used for this, with the flow rate, temperature,
and humidity of the mass transfer fluid being adjusted to
achieve optimum results. Recent advancements in drying
systems have led to the increasing popularity of new
technologies such as infrared, microwave, heat pump,
LED dryers, and hybrid dryers, which combine two or
more drying systems (Akgiin et al, 2018; Aksiit et al,
2023; Kian-Pour, 2020; Huang et al,, 2021; Fenandes et
al, 2024).

Drying and storage are required for nuts such as
hazelnuts, walnuts, almonds, and peanuts. Sun drying is
more challenging for hazelnuts than for other fruits as
they are typically grown in rainy and humid regions. As a
result, there has been a need for eco-friendly drying
systems that preserve fruit quality, minimize energy
costs, and are affordable for growers (Danso-Boateng,
2013; Topdemir, 2019). Recently, there has been an
increasing focus on drying methods that use energy from
solar panels and the design of such systems (Mohana et
al,, 2020; Memur, 2022).

The aim of using solar energy as a renewable energy
source in the drying sector is to increase energy
efficiency and minimize damage to the environment.
These systems use the sun as the dryer source, resulting
in low operating costs (Yildiz and Goékayaz, 2019).
Numerous studies have employed solar collectors for
drying purposes to enhance energy efficiency and speed.
These studies have explored various food types and
emphasized the importance of improving collector
efficiency (Reddy, 1987; Shariah et al,, 2002; Aktas, 2003;
Ceylan et al,, 2006; Saleh and Gatea, 2010; Behera et al,,
2022; EL-Mesery et al,, 2022; Harini et al,, 2022).

The drying of Levant hazelnuts harvested in their shells
before and after patching is the subject of this
experimental study. The effects of air heated by solar
collectors at different drying temperatures on the drying
times and the characteristics of the nuts are being
studied.

2. Materials and Methods

This study focuses on Levant of Corylus avellana L, which
is extensively cultivated in the Persembe district of Ordu
province, located in the coastal region of the Black Sea in

Tiirkiye. The initial moisture content of the hazelnuts is
between 27.3% and 32.2%, while the initial moisture
content of the hazelnut shells is between 72.2% and
77.6%.

The shelled hazelnuts of the Levant have a size of 14-22
mm. The hazelnuts used in this study have not been
sized. Hazelnuts were harvested by hand from the
branches of plants of Levant quality cultivars. The
hazelnut harvest in the coastal area takes place between
5-20 August, during which time the Black Sea coast
experiences humidity and rainfall. Hazelnuts have unique
characteristics that require them to be sun-dried by
laying them on the ground to separate them from their
husks. Depending on the climate, the drying time for
hazelnuts varies from 3 to 7 days. Hazelnuts are dried in
the sun until they reach 6% humidity. This process can
take 3-12 days, and unfavorable drying conditions can
lead to the formation of aflatoxins.

2.1. Drying Equipment

In the drying process, 5 air type solar collectors designed
and manufactured by us were used as heat source
(Figure 1). The radiation absorption surface of solar
collector 1 given in Figure 1 is flat, the radiation
absorption surface of the collector 2 is closed for drying
at ambient temperature, the radiation absorption surface
of the collector 3 is 30 degrees trapezoidal, the radiation
absorption surface of the collector 4 is 45 degrees
trapezoidal and the radiation absorption surface of the
collector 5 is 60 degrees trapezoidal. The channel heights
are taken equal in order to ensure equal air flow rates
through the collectors.

The radiating surface of the collectors measures 1 m2.
Adjustable fans for air flow rate were placed at each
collector inlet. The air velocity was measured at the inlet
of the hazelnut drying box using a thermo-anemometer.
The air temperature was measured in a time-dependent
manner at the inlet and the outlet of the collector. The
heated and accelerated air passes through the collector
and is discharged into the environment through the
spiral pipe, which is located above the nuts that are laid
on the net in the box.

2.2. Method

Hazelnuts harvested from the orchard were weighed
without separation and placed in Polyfoam boxes, with 4
kg per treatment. To prevent the collector outlet
temperatures from getting too high and affecting the
quality of the hazelnuts, the air speed through the
collectors has been increased. The air velocity passing
over the hazelnuts was 6 m/s costant.

Moisture losses were measured by weighing the samples
at regular intervals during the drying process. Once the
moisture losses of the samples with husks reached a
constant level, they were manually sorted and separated
from the husks. The moisture content of each sample was
then measured. The fresh hazelnut samples were sorted,
weighed, and placed in polyfoam boxes with a weight of
1.5 kg per treatment.
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Figure 1. Five solar collectors used in the drying system.

Table 1. Measurement tools

Measureme Measurement Tool Range Precision
Temperature K-type thermocouple Vert -220-1370°C 0.1°C
Temperature Infrared thermometer Fluke-62 Max -30-500°C 0.1°C
Air speed Hot wire anemometer Cem Dt-8880 0.1-25m/s 0.01 m/s
Weight loss Digital scale Necklife Agt S2 0-6 kg 01lg
Moisture Moisture analyzer Precisa-XM60 0.02-124 ¢ 0.001g

During the drying process, the mass loss of hazelnuts was
measured at regular intervals (every hour) with an
electronic balance. The purpose of this weighing is to
determine whether the hazelnut has reached 6%
equilibrium moisture. When the hazelnut reached the
equilibrium moisture, the drying experiment was
terminated. Air temperature was measured at the inlet
and outlet of each panel. In sun drying, the surface
temperature of the hazelnut was measured with an
infraret thermometer. Air velocity was measured by
telescopic hot wire anamometer in both panel drying and
sun drying. Hazelnut wet and dry moisture values were
determined by infraret moisture measuring device. The
instruments used and the sensitivity values for the
measurements performed in the experiments are shown
in Table 1.

2.2.1. Hazelnut oil extraction

Hexane was used as a solvent for cold-extracting oil from
homogenised hazelnut samples. The extraction process
was carried out by stirring the samples on a MR-12
Rocker-Shaker (Biosan, Latvia) at 50 rpm for 2 hours at
room temperature. The resulting supernatant was
obtained by centrifugation (Ntiive 800R, Tiirkiye) at 4500
rpm for 10 minutes and then decanted. The hexane-oil
mixture was then subjected to rotary evaporation
(Heidolph Laborota 4000, Germany) at 45°C to remove
the hexane. The free fatty acidity and peroxide value of
the obtained oil were analyzed (Akgiin and Akgiin, 2023).
2.2.2. Free fatty acids (FFA)

Hazelnut oils (2 g) were weighed to an accuracy of 0.01 g
and treated with 12 mL of a neutral mixture of diethyl
ether:ethanol (1:1, v:v). The titration was then carried
out using a 0,01 N solution of potassium hydroxide in

ethanol with 1 % of phenolphthalein as an indicator. The
results for free fatty acids (FFA) are presented as a
percentage of oleic acid (AOAC, 1990).

2.2.3. Peroxide value (PV)

The oil sample was weighed in a glass jar using a
precision balance. Then, 10 mL of chloroform and 15 mL
of acetic acid were added and mixed. Next, 1 mL of
saturated potassium iodide solution was added to the
mixture and kept in the dark for 5 minutes. Titration was
carried out with 0.002 N sodium thiosulphate solution
followed by the addition of 75 mL distilled water and 1
mL 1% starch solution. The PV was calculated as meq
02/kg (according to AOAC, 1990).

2.2.4. Extraction procedure of bioactive components
To extract the hazelnut samples, a mixture of 80%
methanol and 20% distilled water was added to one
gram of defatted hazelnut. The mixture was then
subjected to extraction on an MR-12 Rocker-Shaker
(Biosan, Latvia) at 50 rpm for 6 hours at room
temperature. After extracting, the
centrifuged for 10 min at 5000 rpm and the supernatant
was decanted. The procedure was repeated for the
residue and the combined extracts were analyzed for the

mixture was

total phenolic content and antioxidant activity (according
to DPPH, ABTS and FRAP assays).

2.2.5. Total phenolic content

An aliquot of the sample extract was mixed with FC
reagent and a 20% w/v solution of sodium carbonate in a
test tube and the total volume was adjusted to 5 ml with
distilled water according to the Folin-Ciocalteu test
(Singleton et al, 1999). After 30 minutes at room
temperature, the absorbance of the prepared mixtures
was recorded at 760 nm using a UV mini-1240
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spectrophotometer (Shimadzu, Japan). Using a gallic acid
standard curve, the results are expressed as milligrams of
gallic acid equivalent (GAE) per 100 g dry weight.

2.2.6. Antioxidant activity assays

The hazelnut samples’ antioxidant
determined by calculating pmol trolox-equivalent (TE)/g
dry weight using three different in vitro antioxidant
assays: DPPH, ABTS, and FRAP.

To determine DPPH, 100 pl of the sample extract was
mixed with 0.1 mM DPPH solution (2.9 ml) in a test tube.
After incubating the mixtures at 30 °C for 30 min, the
absorbance was measured at 517 nm (Brand-Williams et
al,, 1995).

The determination of ABTS was carried out according to
the protocol developed by Re et al. (1999). In order to
allow the formation of radical cations, a 7 mM ABTS stock

activity was

solution containing 2.45 mM potassium persulfate was
kept in the dark for 12 h. The resulting radical mixture
was then diluted with ethanol until the absorbance at
734 nm was 0.700+£0.02, yielding the ABTS test solution.
Next, 100 ul of the sample extract was added to the test
tube and reacted with the diluted ABTS test solution
(2900 pl) for 6 minutes. The absorbance was read at 734
nm and recorded.

For FRAP analysis, the FRAP reagent was prepared by
mixing TPTZ (10 mmol/L), FeCl3.6H20 (20 mmol/L) and
acetate buffer (0.3 mol/L, pH 3.6)
appropriate volumetric ratios (1:1:10 v/v). Absorbance
values of the mixture prepared with the sample extract
and FRAP reagent were measured at 593 nm in a
spectrophotometer after incubation at 37 °C for 4
minutes (Benzie and Strain, 1996).

The statistical analysis of all values obtained from the
study was conducted using the One-Way ANOVA method
in the SPSS 25 software package (Geng and Soysal, 2018).

solutions in

3. Results and Discussion
This section presents the results of the study in two
parts: the hazelnut drying process and the resulting

changes in kernel quality characteristics.

3.1. Hazelnut Drying

Figure 2 shows the ambient temperature change of
Levant during pre-drying (withering process) to remove
hazelnuts from the husk. It took 1.5 days to complete the
pre-drying process. The moisture contents of the shelled
hazelnuts were as follows: Sample 1 (21.3%), Sample 2
(25.6%), Sample 3 (20.8%), Sample 4 (20.0%), and
Sample 5 (21.2%). These measurements were taken after
14 hours of operation, excluding nighttime.

The temperature at night, when the system was not
operated, was not measured, and is represented as
intermittent on the graph. Sample 4 experienced a higher
moisture loss due to the higher ambient temperature
(46.3 °C) compared to the other samples, despite having
the same flow rates. In system no. 2, the humidity value
was high as expected since the air flow was at ambient
temperature (max. 30.1 °C). At the end of the pre-drying
process, the humidity of the solar collectors at the end of
the drying process was close to each other and lost about
30% more moisture than the drying directly at ambient
temperature. This finding is consistent with earlier
research (Demirtas, 1996).

The objective of the drying process following pre-drying
is to reduce the moisture content of the shelled hazelnuts
to below 6% equilibrium moisture. This drying process
lasted 18 hours.

Figure 3 shows the time-dependent ambient temperature
of shelled hazelnuts that were separated from the husk
and dried again. It is clearly seen that sample 1 and the
air velocity without heated drying will dry more slowly
than the others. The temperature curve of sample 2
shows that the hazelnuts can be dried in a shorter time
by increasing the temperature of the air. This is clearly
seen when compared with the temperature curve of
sample 1. To prevent hazelnuts from spoiling in rainy
regions, it is recommended to heat them slightly above
atmospheric air and pass them under cover, this will also
shorten the drying time.
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Figure 2. The variation of in-husk hazelnut drying ambient temperature over time.
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Figure 3. The variation of hazelnut without husk drying ambient temperature over time.

The drying process was completed in 18 hours. However,
despite the humidity dropping below 6% in the solar
collectors (Sample 2), the process continued for an
additional 8 hours at ambient temperature.

After the hazelnuts were dried, their moisture content
was measured and recorded as follows: Sample 1 (5.3%),
Sample 2 (7.4%), Sample 3 (5.1%), Sample 4 (5.4%), and
Sample 5 (5.2%). Although sample 4 has the highest
average temperature (Figure 3), it also has a higher
humidity level compared to samples 3 and 5. Hazelnut
size is mainly responsible for the variation in moisture
content during the same process. Drying slows down as
the size increases, and moisture diffuses more slowly
from the interior to the hazelnut shell. Sample 2 was not
completely dry by the end of the experiment. It was
therefore dried separately until it reached an equilibrium
moisture content of 6%.

3.2. Hazelnut traits

The study investigated the effect of different drying rates
on oxidation parameters. Both free fatty acid and
peroxide levels were found to be significant (P<0.05) by
statistical analysis.

Table 2 presents the TPC, and antioxidant capacity of
hazelnut samples dried using various methods. The
utilization of different drying methods significantly
affected the TPC and antioxidant capacity of the hazelnut
samples (P<0.01). The TPC of the hazelnut samples
ranged from 312.79-449.19 mg GAE/100 g. The highest
TPC was observed in hazelnuts dried using 45¢ and Flat
solar collectors (SCs), while hazelnuts dried with 30° SC
had the lowest TPC (P<0.05). In this study, the
continuous system had the lowest drying temperature
(26-32°C), but the longer drying time compared to other
methods had a negative effect on the bioactive
properties. A similar trend to TPC results was also
observed for antioxidant activity assays. The highest
values (P<0.05) for all three antioxidant activity assays
were presented by 450 and Flat SCs, while the antioxidant

capacity of the hazelnuts dried by the SC system with 300
tilt angle was the lowest (P<0.05). Previous studies have
shown a positive
antioxidant capacity in hazelnut samples, which is in
agreement with our findings Yilmaz et al. (2019). The

correlation between TPC and

TPC and antioxidant activity findings were consistent
with previous studies on hazelnuts (Yilmaz et al,, 2019;
Balik et al,, 2021; Celik et al.,, 2023; Yaman et al,, 2023).
However, some researchers reported lower values
(Ghirardello et al, 2013; Karaosmanoglu, 2022; Akgiin
and Akgiin, 2023). Yilmaz et al. (2019) determined the
DPPH and FRAP values of hazelnuts of different sizes to
be 31.60-44.18 mmol/kg and 33.48-58.83 mmol/kg,
respectively. Balik (2021) reported TPC, DPPH and FRAP
values for different Turkish hazelnuts in the range of
280.35-1130.06 mg GAE/100 g, 1.22-2.54 mmol TE/kg,
and 2.9-26.99 mmol TE/kg, respectively. The hazelnut's
bioactive component content and antioxidant capacity
vary depending on agricultural factors, variety, size,
processing method, extraction procedure, and storage
conditions (Ghirardello et al, 2013; Simsek et al,, 2017;
Yilmaz et al,, 2019; Karaosmanoglu, 2022). Additionally,
the bioactive properties of hazelnuts are significantly
affected by the drying method used. In their study, Ozcan
and Uslu (2023) found that drying hazelnuts using
different methods (room temperature, conventional
oven, and microwave) increased the total phenolic
content (TPC) and the antioxidant activity (measured by
DPPH). They recommended the use of conventional oven
drying over the other methods.

Table 3 presents the FFA (%oleic acid) and PV (meq
02/kg) values of hazelnuts dried using different methods.
The hazelnut oils were found to have FFA and PV values
in the range of 0.21-0.23% and 0.26-0.37%, respectively.
The FFA and PV values of hazelnut samples dried using
different methods were similar (P>0.05). Therefore, the
drying methods used in this study did not have a
significant (P>0.05) effect on the oxidation parameters of
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hazelnuts. Similarly, Kashaninejad et al. (2003) found no
significant difference between the FFA values of
pistachios dried by different methods. However, in the
present study, all samples had FFA values below the
threshold value (21%) accepted as an indicator of quality
deterioration (Turan, 2018b). Our results were lower
than the values found in previous studies (Celik et al,,
2023; Akgun and Akgun, 2023), but similar to those
reported by Turan (2018a, 2018b). Previous studies
(Ghirardello et al., 2013; Turan, 2018a, Turan, 2018b;
Mokhtarian and Tavakolipour, 2019) have shown that
the FFA and PV of nuts can vary depending on
environmental factors, drying, processing, storage, and

packaging conditions. In order to prevent oxidation,
Turan (2018b) emphasized that hazelnuts should be
dried at a maximum temperature of 45 °C for a short
time. Mokhtarian and Tavakolipour (2019) found that
pistachios dried using conventional solar drying systems
with air recycling had a lower peroxide value than those
dried without air recycling, due to the longer drying time
associated with the latter method. A study conducted by
Akgiin and Akgiin (2023) found that hazelnuts preserved
their oxidative quality better when dried using a solar
collector with an air flow rate of 3.00 m/s, compared to
sun drying.

Table 2. Changes in total phenolics and antioxidant capacity of hazelnuts dried by various drying methods

Drying Method TPC DPPH ABTS FRAP
(mg GAE/100 g) (umol TE/g) (umol TE/g) (umol TE/g)
Flat-SC 431.84+2.822 49.81£1.21a 15.63+0.52ab 25.83+1.702
Continuous 360.10£12.39¢ 42.89+1.52b 14.11+0.44bc 22.18+0.73b
30°SC 312.79+8.224 35.33+2.73¢ 10.78+0.654 17.38+0.30¢
45°SC 449.19+7.054 50.01+1.22a 16.93+0.70a 26.70£1.99a
60°SC 389.94£16.55b 43.65+1.18b 13.91+0.34¢ 21.35£0.51b

SC= solar collector, TPC= total phenolic content, DPPH= DPPH antiradical activity, ABTS= ABTS antiradical activity, FRAP= ferric ion
reducing antioxidant power, @ Significant differences (Tiirkiye test; P<0.05) between means in the same column are indicated by

different lowercase letters.

Table 3. Changes in FFA and PV values of hazelnuts dried
by various drying methods

Drying Method FFA PV

(%) (meq 02/kg)
Flat-SC 0.22+0.02 0.33+0.08
Continuous 0.21£0.01 0.26+0.04
300SC 0.21+0.01 0.28+0.14
450SC 0.23+0.02 0.35+0.07
600 SC 0.23+0.01 0.37+0.08

SC= solar collector, FFA= free fatty acids, PV= peroxide value.

4. Conclusion

The study examined the effects of solar-heated air at
different types solar collectors on the drying of Levant
quality hazelnuts and drew the following conclusions:

1. In wet climates, it may be preferable to heat the
hazelnuts slightly above the air temperature and
dry them under cover to prevent spoilage and
shorten the drying time.

2. Drying with air without heating took a long time.
However, it allowed the hazelnuts to dry without
spoiling.

3. At the end of the pre-drying process, the humidity of
the solar collectors at the end of the drying process
was close to each other (Sample 1, 3, 4, and 5) and
lost about 30% more moisture than the drying
directly at ambient temperature (Sample 2).

4. In the pre-drying stage, as expected, the shortest
drying time was achieved with a Sample 4 (45
trapezoidal angle).

5. The drying time decreases as the heat of the air
increases when a solar collector is used for the
drying process.

6. It is seen that the most suitable collector geometry
for TPC, DPPH, ABTS and FRAP values of hazelnut in
hazelnut drying with solar collectors is 45 degrees.

7. The results indicate that the geometry of the
collector does not have a statistically significant
effect on the FFA and PV values of hazelnuts during
solar drying.

Solar collectors are recommended for drying hazelnuts

due to their environmentally friendly nature, lack of

energy costs, and ability to preserve food properties.
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Ozet: Karayolu ulagiminda dikkat edilmesi gereken en énemli unsur ekonomi olgusudur. Ulkemizde de halihazirda yapimi hizla
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icin harcanan rakamlar yillara gore incelenmistir. Verilerin analizinde SPSS programindan yararlanilmigtir. Karayollar1 genel
midirligiinden alinan yol bakim onarim verilerinin 2023-2025 tahminlerinde Winters yontemi kullanilmistir. Calisma sonuglarina
gore 2025 yili i¢in artan trafik hacminden dolay1 yol bakim maliyetinin ciddi oranda artacagi gézlemlenmis ve bunu azaltabilmek icin
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Abstract: The most important factor to consider in road transportation is the phenomenon of economy. Increasing flexible pavements,
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economic data due to the increases in the reasons. To date, detailed studies have been carried out on examples of highway pavement
deterioration. Differently, the aim of this study is to create future prediction models in cost research. In the study, the figures spent on
road maintenance and repair at the regional level were examined by year. SPSS program was used to analyze the data. Winters
methods were used in the 2023-2025 estimates of road maintenance and repair data received from the General Directorate of
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increasing traffic volume for 2025, and measures and policies that can be taken to reduce this are presented.
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yukiimlilik 1s18inda alinabilecek kararlarin detayh
incelenerek yeni teknoloji destekli analizlerle alinmasi

1. Giris

Giinlimiiz diinyasinda gelismekte ve degismekte olan

teknoloji 15181nda kar edebilme kabiliyeti kisiler ya da
biitiin kuruluslar i¢in olduk¢a dnemlidir. Bu baglamda
alinan Kkararlarin ve onlemlerin 6zellikle ekonomik
olmasi, modernlesmeyi zorunlu hale getirmistir. Tirkiye
de yolcu tasimaciliginin %97’si, yiik tasimaciliginin ise
%89’u karayolu ulasim ile gergeklestirilmektedir (Cetin
ve ark, 2011). Karayolu asfalt kaplama endiistrisinin
hizla gelismesiyle, asfalt tistyapr karisim sistemleri
hakkinda bir¢ok detayli calisma baslamis ve kullanimi
hizla yayginlasmistir (Oztiirk, 2004). Ulkemiz icin en
onemli maliyetlerden biri asfalt yol yapim uygulamasidir.
Ulkemizde yollarin, Mayis 2016 itibari ile 20000 km'’ye
yakini asfalt betonu, 40000 km’den fazlas1 ise sathi
kaplama yoldur. Asfalt kaplama yollarin, maliyeti yliksek
bir¢ok malzeme gibi belirli araliklarla 6nleyici bakim ve
onarimlara ihtiyaci oldugu bilinmektedir. Bu bakim ve
onarimlarin gelecek yillar icin daha yiikli bir mali ytk
getirebilecegi diislinlilmektedir. Bdyle bir ekonomik

olduk¢a dnemlidir. Asfalt yollarin ekonomik émiirlerinin
ortalama 20 ile 40 yi1l arasinda degistigi ve bu yollarin
bakim onarimlari diizenli olarak yapilirsa siirenin dahada
artacagl bilinmektedir (Karahacioglu ve Corum, 2020).
Tsunokawa ve ark. (2002) yapmis oldugu calismada
istyapi farklihk gosterdigi ve
standartlarina goére yolun ilk yapim maliyeti ile bakim

tasarim tasarim
maliyetleri arasindaki ve kurulus maliyetleri ile kullanici
maliyetleri farkhiliklar nedeniyle isin
ekonomik boyutunu ortaya koymuslardir. Carnahan ve
ark. (1986) yapmis oldugu calismada yol tistyapisindaki
bozulmalar i¢in en uygun bakim araliklarini elde
edebilmek icin yontemler gelistirmislerdir. Nihayetinde
bakim-onarim maliyetlerini en aza indirgeyecek ve yol
performansin1 maksimum sekilde yerine getirebilecek
yontemler iliretmislerdir. Esnek listyapilarda olusabilecek
bozulmalarda trafik yiikii ve yol yapim asamasinda
kullanilan bitiim miktar1 arasinda lineer bir iliski oldugu

arasindaki
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bilinmektedir (Kuloglu ve ark., 2004). Lamptey ve ark.
(2005) yapmis oldugu c¢alismada esnek yol
listyapilarinda optimum diizeyde bakim maliyetleri elde
etmek amach INDOT tasarim standartlarini temel alarak
bir analiz gelistirmislerdir. Geleneksel olarak bir otoyol
kurumunun uzun vadeli planlama kararn yalnizca
rehabilitasyon ve yeniden insa faaliyetlerini dikkate
aliyordu. Ancak son yillarda yapilan bircok calisma,
onleyici bakim faaliyetlerinin yani yol kaplamasinin
bozulmasinin yavaslatilmasi yada
uzatilmasi gibi bir¢ok faaliyetinin 6nemini vurgulamistir
(Chong, 1989; Ponniah ve Kennepohl, 1996; Labi ve
Sinha, 2003; Mamlouk ve Dosa, 2014). Varliklarin
kuruluslar karliliginin
siirdiirtilebilmesi i¢cin temel bir islev olan bakim onarim

servis omrinin

tarafindan  uzun  vadeli
maliyeti, varligin orijinal durumuna veya gerekli islevi
yerine getirebilecegi duruma getirilmesi veya korunmasi
amaciyla yapilan tim eylemlerin birlesimi
tanimlanir ve bakim performansi 6l¢iimii son yillarda

uygulayicillar ve  arastirmacilardan  biytk ilgi

olarak

gormektedir (Tee ve Ekpiwhre, 2020). Canver ve ark.
(2020) yapmis oldugu c¢alismada yol geometrik
standartlarindaki iyilestirmenin, karayolu  bakim
maliyetlerini ciddi oranda azalttigini gézlemlemislerdir.
Ayrica, mevcut ulasim altyapisimin bakiminin diizenli ve
zamaninda yapilmasi da gelecek toplam maliyeti 6nemli
olctide azaltmaktadir. Buna benzer sekilde literatiirde
yapilan bir¢ok calismada yol bakim onarim maliyetinin
bir¢ok etmene bagh oldugunu ifade edilmektedir (Qiao ve
ark,, 2019). Ge¢misten giliniimiize ¢alisilan birgok konu,
yol bakim maliyetlerinin azaltilarak iretilen yol
kapasitesinden optimum diizeyde faydalanmak iizerine
gelistirilmistir.

Karayolu ulastirmasinda dikkate alinmasi gereken en
onemli unsurlardan biri ekonomidir. Tiirkiye’de yapimi
hala artmakta olan yol kaplamalari, tasit sayisindaki ve
cesitliligindeki artislar sebebiyle fazla deformasyona
ugramaktadir. Bu ¢alismada baglaminda, karayolu bakim
onarim maliyetleri incelenmis ve gelecek igin
tahminlerde bulunulmustur. Bu ¢alisma, 6zgiin yaklagimi
nedeniyle yol bakim endiistrisine ve literatiire bir katki
niteligindedir. Bu nedenle arastirmanin sonuglari, yol
bakim maliyetlerini azaltmak i¢in alinabilecek 6nlemlerin
yayginlastirilmasini tesvik edebilir durumdadir. Ayrica,
calisma ana hatlar1 verilen yol bakim maliyetlerini
azaltmada gelecekteki c¢alismalara yol gdsterici
niteliktedir.

2. Materyal ve Yontem

Verilerin analizinde SPSS programindan yararlanilmistir.
Karayollar1 genel miudirligiinden alinan yol bakim
onarim verilerinin 2023-2025 tahminlerinde winters
yontemleri  kullanilmistir. bakildiginda
bahsedilen model iizerinden yapilmis olan c¢alismalar
incelenince bu ¢alismada yontem olarak winters yontemi
belirlenmistir ~ve  mevsim gibi baz1 etkiler
distintldiigiinde etkili olacag:
disiiniilmiistiir. Winters Yontemi, elde edilen verilere ait

Literatiire

bu yontemi daha

son tespit edilen degisimleri dikkate almaktadir. Bu
degisimler, sigramalar, agiklanamayan baz etkiler ya da
6nce algilanamayan bazi gézden kagirilmis gelismelerden
olusmaktadir (Cuhadar, 2014).
icerisinde mevsimsel etkiler

serilerinde uygulamak amagh gelistirilmistir. Bu yontem

Winters
bulunduran

Yontemi,
zaman

uygulanan zaman serisinin trendine, ortalama diizeyine
ve mevsimsel bilesenlerine uygulanabilir (Irmak ve ark.,

2012). Sabit katsayilar kullanan regresyon
modellerinden gelen tahminlerin aksine, Winters
yontemlerinden gelen tahminler ge¢mis tahmin

hatalarina gore ayarlanir (Bowerman ve Connell, 1979).
Kullanilan ydntem, dogrusal bir egilime sahip olmasi ve
mevsimsel bilesen icermemesi agisindan ¢ift yumusatma
yontemine benzer. Cift yumusatma yontemi, yalnizca bir
parametre kullandig1 i¢in daha ayristiricidir, bu yontem
ise iki parametreli bir yontemdir. Diizlestirilmis ¥, serisi
asagidaki formiilden elde edilir (esitlik 1):

Vel = @ + bk 1)

burada a ve b, denklemde gosterildigi sekilde kalici
bilesen ve egilimdir. Bu katsayllar su sekilde ifade
edilebilir (esitlik 2 ve 3):

a(t) = ay, + (1 — a)(a(t )
-1
+ b(t
_ 1))

b(t) = p(a(®) —a(t - 1)) (3)
+1
— Bb(t
— 1)

burada O<a, B, y < 1sonlimleme faktorleri olarak
tanimlanir. Bu yontemde tahminler su sekilde ifade edilir
(esitlik 4):

Yreie = a(T) + b(Dk (4)

Bu yontemde ifade edilen tahminler, egim ile kesisen
dogrusal bir egilim lizerindedir.

3. Bulgular ve Tartisma

3.1. Asfalt Yol Bakim Giderlerine iliskin Bulgular
3.1.1. Bolge subelerine gore 2012-2022 asfalt yama
giderlerine iliskin bulgular

Tablo 1’de bolge subelerine gore 2012-2022 asfalt yama
giderlerine yer verilmistir. Tablo 1’deki asfalt yama
giderleri incelendiginde en yiiksek asfalt yama giderinin
2022 yilinda gerceklestigi, 2012-2022 yillar1 arasinda
yalnizca 1. Bolge ve 15. Bolgeye ait giderlerin her yil
oldugu, diger bolgelerde asfalt-yama giderlerinin 2012-
2022 yillar1 arasinda bulunmadig1 goriilmektedir. 2012
yilinda en yiiksek asfalt yama giderinin 15. Bolgede
oldugu, 2022 yilinda ise en ytiksek asfalt yama giderinin
1. Bolgede oldugu goriilmektedir. Sekil 1'de 2012-2022
yilar1 arasinda asfalt yama giderlerinin yillara gore
seyrine ait goriiniime yer verilmistir.

Tablo 2’de bolge subelerine gore 2012-2022 asfalt yama
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giderlerinin bir onceki yila goére degisimine yer meydana gelen toplam asfalt yama gideri %1208 artis
verilmistir. Tablo 2’ye gore bir 6nceki yila goére oransal diizeyindedir. Bolge diizeyinde bir o6nceki yila gore
olarak en fazla artis %202 ile 2013 yihnda oransal olarak en fazla artis %208 ile 2015 yilinda 1.
gerceklesmistir. 2012 yili baz alindiginda 2022 yilinda Bolgede gerceklesmistir.

Tablo 1. Bolge subelerine gore 2012-2022 asfalt yama giderleri

Bolge 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

1 0 4.163.746 918.200 2.829.100 4.866.619 8.929.260 10.119.846 31.588.074 33.013.185 35.6561.480 74.326.916
2 67.819 0 0 0 0 0 0 0 0 0 0

3 0 8.564.410 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 1.428.474 0

10 0 0 0 0 0 0 0 0 0 616.485 0

11 0 0 0 0 0 0 0 0 0 0 0

12 0 0 0 0 0 0 0 0 0 0 2.358.175
13 0 0 0 0 0 0 0 0 0 0 0

14 0 0 6.331.076 0 0 0 2.693.188 0 0 0 0

15 6.628.881 11.069.779 9.203.089 10.021.208 8.931.037 6.508.481 4778163  7.584.622 9.539.058 17.234.663 26.370.549
16 0 0 0 0 0 0 0 0 0 875.000 0

18 1.176.474 0 0 0 0 0 0 0 0 0 0

Toplam  7.873.174 23.797.935 16.452.365 12.850.309 13.797.656 15437.741 17.591.197 39.172.696 42.552.243 55.816.102 103.055.639

BOLGELERE GORE ASFALT YAMA GIDERLERI (2012-2022)

100.000.000
50.000.000
0 ; e ——
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
=—1.B&lge =2.Bdlge 3. Bolge 4. Bélge =——=35.B0lge =—06.Bdlge
—7.Bélge —— 8. Bolge 9. Bolge 10.Bélge ——11. Balge 12. Bélge

13. Bolge 14. Bélge 15. Bolge 16. Bolge 18. Bolge
Sekil 1. Bolge diizeyinde 2012-2022 asfalt yama giderlerinin seyri.

Tablo 2. Bolge subelerine gore 2012-2022 asfalt yama giderlerinin bir dnceki yila gore degisimi (%)

Bolge 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 13-22
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BIR ONCEKI YILA GORE ASFALT YAMA GIDERLERI ORANSAL
DEGISIM (2012-2022)
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Sekil 2. Bolge subelerine gore 2012-2022 asfalt yama giderlerinin bir 6nceki yila gore degisimi (%).

Tablo 3’te bolge subelerine gore asfalt yama giderleri
2023-2025 tahmin sonuglarina yer verilmistir. Tahmin
yontemi olmayan
yonteminden yararlanilmistir. Tablo 3’teki
mevsimsel olmayan ¢ift parametreli yonteme gore
tahmin sonuglar1 incelendiginde asfalt yama giderlerinin
2025 yilinda 182.842.408 TL degerine ulasmasi, bolge
diizeyinde incelendiginde 2025 yilinda en yiiksek asfalt
yama giderinin 1. Bolgede olmasi beklenmektedir.

Winters
Winters

olarak  mevsimsel

Tablo 3. Bolge subelerine gore asfalt yama giderleri
2023-2025 tahmin sonuglar1

Bolge 2023 2024 2025

1 77.877.801  96.769.201  115.660.601
15 35.305.439  44.806.123 54.306.807
Toplam 119.546.671 151.194.540 182.842.408

3.1.2. Bolge subelerine gore 2012-2022 iistyapi
yenilenmesi ve yol iyilestirme giderlerine iliskin
bulgular

Tablo 4'te bolge subelerine gore 2012-2022 iistyap:
yenilenmesi ve yol iyilestirme giderlerine yer verilmistir.
Tablo 4’deki iistyapr yenilenmesi ve yol iyilestirme
giderleri incelendiginde en yiiksek {istyapi yenilenmesi
ve yol iyilestirme giderinin 2022 yilinda gerceklestigi,
2012 yilinda en yiiksek {styapi yenilenmesi ve yol
iyilestirme giderinin 7 ve 4. bolgelerde oldugu, 2022
yilinda yalmzca 1, 3 12. bolgelerde
karsilastirilabilir  oldugu ve yiiksek tstyapi
yenilenmesi ve yol iyilestirme giderinin 12. Bdlgede
oldugu gorilmektedir. Sekil 3'te 2012-2022 yllan
listyaplr yenilenmesi iyilestirme
giderlerinin yillara gore seyrine ait goriinlime yer

ise ve

en

arasinda ve yol

verilmistir.

Tablo 4. Bolge subelerine gore 2012-2022 {istyap1 yenilenmesi ve yol iyilestirme giderleri

Bolge 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

1 1.384.086 740.863 3.846.953 2519928 1.349.859 1.921.822 1.186327 401.106 1.376.195 6.150.807 6.341.952
2 2.105.301 0 0 514411 380.233 504.616 7.183.622 3.038.965 0 0 0

3 2593198 1.814.425 Q 1.393.618 1.747.194 3.074790 3113997 3.606974 5175120 4270331 17.403.155
4 4.626.665 Q 418.379 Q 5.136.727 447.137 Q 0 Q 0 0

5 1.329.500 1.675.306 aQ 2.538.257 4.430.515 1} aQ 0 aQ 4.274.539 0

6 976.173 2.873.343 [} 1.768.348 2267702 1.869.738 7.041.785 15.163.238 5.253.724 6.813.397 0

7 4932.640 3.282.800 0 0 1] 0 0 1.585.298 0 0 0

8 890412 138.296 754375 2.036.145 3.465.420 0 0 0 0 0 0

9 56.934 0 0 1.907.069 1.064.537 5.309.664 1775977 2524750 10.029450 6.856.026 0

10 2.819.622 0 0 0 0 0 0 0 0 0 4.196.281
11 4.041.982 o o o 3.064.607 3.877.221 6285448 5310435 2325771 869.461 7.037
12 3.732976 453.120 1} 1} 124.254 4.808.790 1979.263 2.354.240 1.866.157 2812331 22.150.278
13 2124778 1} 1} 1} a 330.326 3.401.232 0 1} 0 0

14 0 1} 1} 1.910.836 1327438 2.205392 2.503.793 0 1} 0 0

15 0 6.622.504 4.349.650 3.903.634 5.369.508 4.207.079 0 317.902 8§94.502 2.337.948 0

16 664312 0 0 0 1] 0 0 0 0 0 0

18 0 190.806 34.250 501.766 669.495 0 0 0 0 0 0
Toplam 32278579 17.791.462 9.403.607 18994011 30397487 28556.574 34471443 34302910 26920919 34384841 50.098.702
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Tablo 4’deki istyapt yenilenmesi ve yol iyilestirme
giderleri incelendiginde en yiiksek iistyap: yenilenmesi
ve yol iyilestirme giderinin 2022 yilinda gerceklestigi,
2012 yilinda en yiiksek {istyapr yenilenmesi ve yol
iyilestirme giderinin 7 ve 4. bolgelerde oldugu, 2022
yilinda ise 1, 3 ve 12.

yalnizca bolgelerde

karsilastirilabilir  oldugu ve en yiiksek istyapi
yenilenmesi ve yol iyilestirme giderinin 12. Bolgede
oldugu goriilmektedir. Sekil 3'te 2012-2022 yillan
listyapt yenilenmesi ve yol iyilestirme
giderlerinin yillara goére seyrine ait goriinlime yer

arasinda

verilmistir.

BOLGELERE GORE USTYAPI YENILENMESI VE YOL IYILESTIRME
GIDERLERI (2012-2022)
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Sekil 3. Bolge diizeyinde 2012-2022 iistyap1 yenilenmesi ve yol iyilestirme giderlerinin seyri.

Tablo 5’te bolge subelerine gore 2012-2022 {istyap:
yenilenmesi ve yol iyilestirme giderlerinin bir 6nceki yila
gore degisimine yer verilmistir. Tablo 5’e gore bir énceki
yila gore oransal olarak en fazla artis %311 ile 2021
yilinda gergeklesmistir. 2012 yili baz alindiginda 2022
yilinda meydana gelen toplam iistyap: yenilenmesi ve yol

iyilestirme gideri %1,8 azalis dizeyindedir. Bolge
diizeyinde bir 6nceki yila gore oransal olarak en fazla
artis %4088 ile 2017 yilinda 2. bolgede gerceklesmistir.
Sekil 4’te 2012-2022 yillar arasinda iistyap1 yenilenmesi
ve yol iyilestirme giderlerindeki oransal artisin bolge

dizeyindeki seyrine ait gériiniime yer verilmistir.

Tablo 5. Bolge subelerine gore 2012-2022 iistyap1 yenilenmesi ve yol iyilestirme giderlerinin bir 6nceki yila gore

degisimi (%)

Bolge 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 13-22
1 - - - - - - - - -

2 - - - 40884  -70,2 146,2 - - -43,6 -

3 - - - 4159 77,1 - - - - -956  -91,3
4 -82,3 59,9 - - - - - - -

5 - 41945 744 -30,9 143,9 - - - - -

6 - - - -81,6 - - - - - -70,2
7 8,9 -76,9 -64,7 659,7 -28,0 - - 602 1113 - -

8 -7,3 - 165,4 - - - - - -

9 - 20,5 106,7 -32,8 -59,8 80,8 - - 3620 348 -
10 - - - - - - 16862  -45,6
11 - 46,9 -62,0 48,6 -80,5 197,4 - - - -
12 - - 153 -82,4 -77,9 - - - -
13 91,8 3213 6,8 - - - - - 182,4
14 120,1 -52,4 - 4246 - - - - - 354,6
15 89,6 792 10549 778 108,6 -48,2 196,9 -69,1 - - -
16 - - - - - 5008 991  -985
18 - - -14,4 - - - - 123,7 -
Toplam -60,6 -42,7 200,2 12,8 -20,9 -64,6 83,4 60,0 3119 522 -1,8
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BIR ONCEKI YILA USTYAPI YENILENMESI VE YOL IYILESTIRME
GIDERLERI ORANSAL DEGISIM (2012-2022)
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Sekil 4. Bolge subelerine gore 2012-2022 istyap: yenilenmesi ve yol iyilestirme giderlerinin bir onceki yila gore

degisimi (%)

Tablo 6’de bolge subelerine gore listyap1 yenilenmesi ve
yol iyilestirme giderleri 2023-2025 tahmin sonuglarina
yer verilmistir. Tahmin yéntemi olarak mevsimsel
olmayan Winters yonteminden yararlanilmistir. Tablo
6’deki Winters mevsimsel olmayan ¢ift parametreli
yonteme gore tahmin sonuglari incelendiginde iistyapi
yenilenmesi ve yol iyilestirme giderlerinin yalnizca 1.
Bolge ve toplam olarak hesaplanabildigi, 2025 yilinda

34.245.643 TL degerine ulasmasi beklenmektedir.

Tablo 6. Bolge subelerine gore ilistyap1 yenilenmesi ve
yol iyilestirme giderleri 2023-2025 tahmin sonuglari

3.2. Bolge Subelerine Gore 2012-2022 Asfalt Yol
Bakim Toplam Giderlerine iliskin Bulgular

Tablo 7’de bolge subelerine gore 2012-2022 asfalt yol
bakim toplam giderlerine yer verilmistir. Tablo 7’deki
asfalt yol bakim toplam giderleri incelendiginde en
yiiksek asfalt yol bakim toplam giderinin 2022 yilinda
gerceklestigi, bolge diizeyinde incelendiginde 2022
yilinda 10. Bélgede en yiliksek asfalt yol bakim giderinin
oldugu goriilmektedir. 2012 yilinda en yiiksek asfalt yol
bakim toplam giderinin 11. Bélgede oldugu, 2022 yilinda
ise en yiiksek asfalt yol bakim toplam giderinin 10.
Bolgede oldugu goriilmektedir. Sekil 5te 2012-2022
yilar1 arasinda asfalt yol bakim toplam giderlerinin
yillara gore seyrine ait goriiniime yer verilmistir.

Bolge 2023 2024 2025
9 20.875.243  25.283.165  29.691.087
Toplam 41.522.724 37.884.184  34.245.643

Tablo 7. Bolge subelerine gore 2012-2022 asfalt yol bakim toplam giderleri

Bélge 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

1 9.809.777 25,222,020 23.554.739 32075933 37.715190 42336008 69.816.414 86.492.251 107.469.838  129.947.556  236.568.920
2 16,352,377 35.670.512 39.720.455 28.70L713  28.724.829 41178314 51.963.990 85.655.108 85.401.115 130.714.578  202.953.537
3 10.327.216 21.733.788 21.604.069 28.905.883  35.742.539  42.379.037 61.505.020 63.695.973 86.706.965 112.886.595 236.433.618
4 18.685.730 29.650.359 42.839.894 36.894.022 49.239.185 67.830.843 92.912.628  100.086.881 97.348.783 100.363.772 229.123.708
5 22.270.852 22.066.463 19.016.433  26.457.023  29.012.996 34377928 55431264 77.773.386 90.290.929 105.089.678  163.641.530
6 8.533.007 24.839.865 20.443.362  23.450.584 27.813.359 35.618.614 61654244 88.760.178 09.737.245 137.308.169 07.241.416

7 30.748.196 50.759.709 43.216.319  40.337.853 52534155 52754644 72929416 §1.940.648 133.545.626  152.027.011 377.250.887
8 18.214.608 44.849.118 19.799.215  19.709.750  26.236.558  25.643.722  40.396.034 26,726,426 50.666.032 54.184.877 123.731.051
9 17.411.421 45.241.000 30.386.291  40.636.511  35.834.773  32.890.681  47.224.900 §5.939.080 126.952.938 75.653.629 157.921.672
10 23.001.639 36.571.797 35.580.437  60.509.096 67.591.364 73.165461 66.012.351 87.355.775 149.633.793  176.964.857 204.684.552
1 43.095.177 28.882.705 21451268 25.539.532 16902135 32442829 28.665.288 46.374.696 45.168.185 55.150.808 134.989.856
12 7.621.355 16.009.476 18.527.308  17.658.452  8.911.739 20.279.268  30.589.961 28.077.316 37.100.993 37.907.886 106.640.365
13 20.234.203 38.051.455 52364.636 54.308.682 86.306.602 92.670.055 107.449.405 62.016.254 80.962.692 120.088.121 155.597.902
14 10.640.175 48.298.339 39.526.129  43.726.557  25.023.124 38498750 36.717.142 39.563.008 56.530.713 77.195.035 127.670.516
15 24.972.649 52.431.619 34.641.105 50.475.857 33311991 24462788 15171068 32.876.203 32131075 59.437.348 85.147.719

16 17.164.608 16.604.085 16.873.276  10.953.257 18.890.235  17.652196  29.655.778 38.485.952 53.819.247 81.530.300 139.770.151
18 4.260.750 17.509.702 7.638.574 6.992.909 16281430  17.935.691  32.360.880 16.096.977 25.517.154 19.489.472 80.365.837

Toplam  303.364.230 554.392.412 487.183.512 547.333.614 596.072.224 701.116.829 0900.460.783 1.048.125.202 1.358.983.323 1.625.939.692 3.159.733.237
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BOLGELERE GORE ASFALT YOL BAKIM TOPLAM GIDERLERI
(2012-2022)
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Sekil 5. Bolge diizeyinde 2012-2022 asfalt yol bakim toplam giderlerinin seyri
Tablo 8'de bdlge subelerine gore 2012-2022 asfalt yol 2013 yiinda 14. Bolgede gerceklesmistir. Bolge

bakim toplam giderlerinin bir énceki yila gore degisimine
yer verilmistir. Tablo 8’e gore asfalt yol bakim toplam
giderlerinde bir 6nceki yila gore oransal olarak en fazla
artis %82 ile 2013 yilinda gerceklesmistir. 2012 y1h baz
alindiginda 2022 yilinda meydana gelen toplam asfalt yol
bakim gideri %941 artis diizeyindedir. Bolge diizeyinde
bir 6nceki yila gore oransal olarak en fazla artis %353 ile

dizeyinde 2012 yili baz alindiginda 2022 yilinda asfalt
yol bakim giderlerinde en fazla artisin %2311 ile 1.
Bolgede gerceklestigi goriilmektedir. Sekil 6'da 2012-
2022  yillan asfalt yol bakim toplam
giderlerindeki oransal artisin bdlge diizeyindeki seyrine
ait goriinlime yer verilmistir.

arasinda

Tablo 8. Bolge subelerine gére 2012-2022 asfalt yol bakim toplam giderlerinin bir 6nceki yila gore degisimi (%)

Bolge 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 13-22
1 157,1 -6,6 36,2 17,6 12,3 64,9 23,9 24,3 20,9 82,0 23116
2 118,1 11,4 -27,7 01 43,4 26,2 64,8 -0,3 53,1 55,3 1141,1
3 110,5 -0,6 33,8 23,7 18,6 45,1 36 36,1 30,2 1094 21894
4 58,7 44,5 -13,9 33,5 37,8 37,0 7,7 -2,7 3,1 1283 11262
5 -0,9 -13,8 39,1 9,7 18,5 61,2 40,3 16,1 16,4 55,7 634,8
6 190,4 -17,7 14,7 18,6 28,1 73,1 44,0 12,4 37,7 -29,2 1036,9
7 65,1 -14,9 -6,7 30,2 04 38,2 12,4 63,0 13,8 1481 11269
8 146,2 -55,9 -0,5 33,1 -2,3 57,5 -33.8 89,6 6,9 1283 5793
9 159,8 -32,8 33,7 -11,8 -8,2 43,6 82,0 47,7 -40,4 108,7  807,0
10 59,0 -2,7 70,1 11,7 8.2 -9,8 32,6 70,9 183 1852  2094,1
11 -33,0 -25,7 19,1 -338 91,9 -11,6 61,8 -2,6 22,1 1448 2132
12 110,1 15,7 -4,7 -49,5 2285 45 -8,2 32,1 2,2 181,3 12992
13 88,1 37,6 37 58,9 74 15,9 -42,3 30,6 483 29,6 669,0
14 353,9 -18,2 10,6 -42,8 53,9 -4,6 7,8 42,9 36,6 65,4 1099,9
15 110,0 -33,9 45,7 -34,0 -26,6 -38,0 116,7 -2,3 85,0 43,3 241,0
16 -33 1,6 -35,1 72,5 -6,6 68,0 29,8 39,8 51,5 71,4 714,3
18 311,0 -56,4 -8,5 132,8 10,2 80,4 -50,3 58,5 -23,6 3124 17862
Toplam 82,7 -12,1 12,3 8,9 17,6 28,4 16,4 29,7 196 94,3 941,6
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Sekil 6. Bolge subelerine gore 2012-2022 asfalt yol bakim toplam giderlerinin bir 6nceki y1la gére degisimi (%)

Tablo 9’da bolge subelerine asfalt yol bakim toplam
giderleri 2023-2025 tahmin sonuglarina yer verilmistir.

Tahmin yontemi olarak mevsimsel olmayan Winters

yonteminden yararlanilmistir.

Tablo 9’daki

Winters

mevsimsel olmayan c¢ift parametreli yonteme gore

tahmin sonuglar1 incelendiginde asfalt yol bakim toplam
giderlerinin 2025 yilinda 6.435.183.692 TL degerine
ulasmasi, bolge diizeyinde incelendiginde 2025 yilinda en
yiksek yol bakim - onarim ve temizligi giderinin 1.
Bolgede olmasi beklenmektedir.

Tablo 9. Bolge subelerine gore asfalt yol bakim toplam giderleri 2023-2025 tahmin sonuglar1

Bolge 2023 2024 2025

1 264.276.303 331.491.581 398.706.859
2 261.280.514 319.607.490 377.934.467
3 343.162.526 458.640.955 574.119.384
4 173.995.948 204.282.086 234.568.224
5 180.143.058 215.678.809 251.214.560
6 110.684.205 116.097.308 121.510.412
7 453.540.877 603.372.600 753.204.323
8 126.074.462 163.010.352 199.946.242
9 145.926.659 169.743.486 193.560.312
10 663.012.282 905.122.151 147.232.020
11 128.270.547 163.906.954 199.543.360
12 55.268.524 59.600.066 63.931.609
13 169.872.325 184.359.495 198.846.666
14 161.199.176 203.376.591 245.554.005
15 109.905.705 138.485.333 167.064.961
16 195.506.567 252.820.622 310.134.677
18 36.781.168 40.337.082 43.892.997
Toplam 4.027.182.221 5.231.182.956 6.435.183.692
4. Sonug yol bakim maliyetlerinde artmalara sebep olmaktadir. Bu

Trafik hacmi

ve buna

bagh

olarak,

kaplama

gerilmelerindeki artis, listyap: problemlerinin daha sik

yasanmasina ve yollarin servis 6miirlerinde azalmalara,

durum ise
beraberinde

ekonomik ydnden
getirmektedir.
incelendiginde, yillara gore belirlenen bolgelerde asfalt

Calisma
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yol bakim giderlerinin giderek arttign 2025 yihi igin
yapilan tahmine gore de, artmaya devam edecegi tespit
edilmistir. Bolgesel olarak artislarin en ¢ok 1. Bdlge
olarak Karayolu Genel Miidiirliigii tarafindan istanbul
iline ait olacagi belirlenmistir. Basta endiistriyel anlamda
hizla gelisen ve gelismekte olan 1. Bélgenin ve ardindan
diger bolgelerin, rakamsal olarak gelecek tahmini yol
bakim maliyetinin azaltilmasi iilke ekonomisine biiyiik
Olciide katk: saglayacaktir. Bu maliyetlerin azaltilabilmesi
icin alinabilecek dnlemler su sekilde siralanabilir:

. Maliyet analizi yapilmaly, y1llik olarak éngoriilen
harcamalar icin mali biitge hazirlanmali ve burada bir
kisma olmaksizin uygulanabilmelidir.

. Bilimsel birtakim calismaya yol gosterebilmesi
icin ililkemizde yapilan yol bakim verilerinin saglikh bir
sekilde kayit altina alinmasi olduk¢a 6nemlidir.

. Yola ait, gerekli dlizeyde yeterli bakim yaparak
yol tistyapisinin dayanimin yiikseltilmelidir.

. Bolgesel bazda iklim kosullarinin géz oéniinde
bulundurularak uygulamalar yapilmalidir.

Katki Oran1 Beyani
Yazarin katki yiizdesi asagida verilmistir. Yazar makaleyi
incelemis ve onaylamistir.

F.O.K.
K 100
T 100
Y 100
VTI 100
VAY 100
KT 100
YZ 100
KI 100
GR 100
PY 100
FA 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazar bu ¢alismada higbir ¢ikar iliskisi olmadigini beyan
etmektedirler.

Etik Onay Beyam

Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
bir ¢alisma etik  kurul
alinmamistir.

yapilmadiglr igin onay1
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Abstract: This study aimed to find the ideal parameters for shaping waste zirconia powders from dental laboratories using the slip-
casting process. Additionally, the qualities of ceramic products created in this manner were evaluated using microstructural
characterization and physical-mechanical tests. Various dental laboratories provided the waste CAD/CAM zirconia powder used in the
investigation. Wastes in powder form were first calcined. Afterward, an attritor mill was used to grind the grain size until it was usable,
following the completion of the grain size distribution analysis. Waste and commercial zirconia powders were combined using various
dispersants to create slip-casting slurries. The rheological characteristics of these slurries were then ascertained. By evaluating the
rheological properties of slip-casting slurries prepared in this way, the most suitable casting parameters were determined, and ceramic
products were formed by slip-casting technique from the slurries to be prepared in accordance with these parameters. The shaped
samples were dried and sintered at two different temperatures, 1400-1450°C, and samples were designed for physical, mechanical,
and microstructural characterization. The pore percentages, bulk densities, and water absorption of the sintered samples, according to
Archimedes’ principle, as well as their strengths, were determined by the three-point bending strength test. Phase analysis was
performed with XRD (X-ray diffractometer) microstructure studies with SEM (Scanning Electron Microscopy). It has been concluded
that waste zirconia can be used in dental applications.
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1. Introduction processes. Considering the economic and environmental

Zirconia (ZrOz) is one of the most attractive dental factors, it is crucial to evaluate these material wastes,

materials, with the most research today. Yttria-stabilized
tetragonal zirconia (Y-TSZ) was first used in biomedical
applications in orthopedics in hip joints thanks to its
excellent mechanical properties and biocompatibility
(Christel et al., 1989; Denry and Kelly, 2008; Kelly and
Benetti, 2011; Zhang and Lawn, 2018).
In dentistry, is preferred
applications, post and support systems, and implants.
Among these, its use of ceramic supports in crown and

zirconia in orthodontic

bridge prostheses constitutes the most considerable
portion. High mechanical strength (900-1200 MPa) and
fracture toughness (9-10 MPa.m1/2) make using zirconia
in crown and bridge applications on front and back teeth
is possible. Zirconia support is obtained by processing
semi-sintered and fully sintered blocks in automatic or
manual devices with computer-aided design/computer-
aided manufacturing (CAD/CAM) systems. While some
blocks used after shaping become products, most become
waste. Waste zirconia in powder and block form can be
reused for different purposes by going through various

which are widely used today (Shenoy and Shenoy, 2010;
Madfa et al,, 2014; Mundhe et al., 2015; Duraccio et al.,
2015; Gautam et al., 2016; Zhang et al,, 2016).

However, the use of different production methods in
evaluating dental zirconia waste has been examined in a
limited way in the literature, and a basic understanding
has not been provided yet. Another production method
that is alternative to this production method is the slip
casting method. Slip casting is one of the methods used
for many years in shaping ceramics. This method is
carried out by pouring slurry onto the refractory mold.
Thanks to the porous structure of the refractory mold,
water is removed from the mud by the capillary effect.
This piece is then thickened by firing at high
temperatures. Ceramics shaped by slip casting have less
porosity and higher density than traditional porcelains
(Probster and Diehl, 1992; Denry, 1996; Denry and
Holloway, 2010; Shen, 2013).

Gouveia et al. (2017) in their study, various physical and
mechanical properties of the samples obtained by
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sintering the powder consisting of 100% CAD/CAM
zirconia waste and the mixtures they prepared by adding
5-10-15% waste by volume to commercial zirconia
powder and sintering at 1500 °C. According to their
results, they concluded that the residue powders are
highly suitable for prosthodontic zirconia sandblasting,
as well as raw materials in refractory and pigment
industries. In another study, Guazzato et al. (2004), in
their research on zirconia-based ceramics, showed that
the flexural strength (630+58 MPa) they obtained for In-
Ceram Zirconia (IZ) processed by slip casting was higher
than that of machine-processed ones (47650 MPa). On
the other hand, new applications are being tried in slip-
casting studies. Roulet et al. (2021), in a survey
conducted by Y-TZP, ceramics produced using a patent-
pending slip casting method (Slurry, Decema GmbH)
were compared with the hot isostatic pressing (HIP)
method. As a result, the biaxial bending strength and
characteristic strength of ceramics produced using the
Slurry method were significantly higher than those of
ceramics produced using HIP. In addition, dispersants are
used for good shaping in ceramics. Dispersant selection is
significant in obtaining a well-dispersed powder and a
homogeneous ceramic suspension. The interaction of
dispersant and ceramic powder is one of the most critical
parameters. Therefore, it should be well characterized
when choosing a dispersant. To determine dispersion
properties, sedimentation and viscosity behaviors of
suspensions are generally examined at the macroscopic
scale (Schultz and Burckhardt, 1993; Singh et al., 2004).
Studies show that evaluating both waste zirconia and
considering alternative methods is essential. Since dental
zirconia is expensive and imported into our country, the
country's economy needs to be recycled. Therefore, in
this study, optimum parameters were determined for
shaping CAD/CAM tetragonal zirconia waste powders
from dental laboratories using the slip casting method,
and the usability of these materials in the production of
high-density ceramic materials such as dental ceramics
was evaluated with various physical and mechanical tests
and microstructure characterization.

2. Materials and Methods

2.1. Starting Materials

Commercial yttria-stabilized zirconia powder from Saint-
Gobain Ceramics (SGZ) with high purity and waste
zirconia (ZrOz) powders (WZ) gathered from several
dental prosthesis of the machining
CAD/CAM were employed in this investigation. Table 1

laboratories

presents the suppliers' information, including the
chemical composition, grain size distribution, and
specific surface area. On the other hand, Darvan 821-A
and Darvan C-N (Vanderbilt Minerals, LLC) dispersants,
which are used in shaping ceramics by slip casting, were
used in the experiments. The first of the dispersants used
in this study is Darvan 821 A, an ammonium polyacrylate
with a molecular weight of 3500g/mol and pH between 7
and 8 at room temperature. The second one is Darvan C-

N ammonium polymethacrylate with a molecular weight
of 15000g/mol and pH between 7.5 and 9 at room
temperature. In addition, polyethylene glycol was used as
a binder.

Table 1. Chemical yttria-stabilized zirconia powder from
saint-gobain ceramics

Chemical composition wt% ppm
LOI 0.61

Y203 5.56

Naz20 <10
Fe203 10
Si02 135
TiO2 <10
Ca0 <15
MgO 25
Al;03 <20
SiO4 2 <100
Cl- <50
Physical properties um m?/g
Grain size distribution

D10 0.15

D50 0.57

D90 1.44

Specific surface area 6.4

2.2. Preparing Recycled Powder, Slip-Casting Slurry
and Testing Samples

Materials such as wax processed on the same device can
also be mixed into the waste powders generated from
zirconia blocks processed with CAD/CAM in dental
laboratories. For this reason, the waste powders were
calcined at 850 °C for 2 hours to remove wax before use.
The powder residues from the machining process
presented a more extensive particle size distribution
than the commercial powders. The commercial powders
gave D50;0.57; the residues ranged from 0.1 to 1000 pm.
The waste powder was ground with an attritor milling
for 2 hours in isopropyl alcohol to match the commercial
powder's mean size. Then, the slip-casting slurry was
prepared to be 65% solid and 35% water. 6% by weight
of selected dispersant and 2% by weight of binder were
added and mixed in a magnetic stirrer for 2 hours. The
prepared mixture was shaped by the slip-casting method.
After the shaped samples were removed from the mold,
they were kept covered with nylon for 4-5 days in order
to dry slowly and in a humid environment, and then they
were dried in an oven at a speed of 5 °C/hour to 100 °C
and dried at this temperature for 1 night. The dried
samples were pre-sintered at 1000 °C, and then their
surfaces were smoothed and their dimensions adjusted
using grinding and polishing machines. The oven was
allowed to cool naturally after the sintering process,
which was conducted at temperatures of 1400 and 1450
°C with a heating rate of 5 °C/min for two hours.

2.3. Characterization

In the first phase of this study, Zeta potential and
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sedimentation tests were carried out to determine the
optimum parameters for shaping two groups of samples
consisting of zirconia and waste zirconia powders. Zeta
potential measurements were made between pH 1-10 to
determine both zirconia powders' isoelectrostatic points
(IEP). Measurements were made on the Malvern Nano-Z
Zeta potential measuring device. Sedimentation tests
were conducted on zirconia powders in the pH range of 1
to 10. Subsequently, two distinct dispersants were added
at pH 7 with different additive ratios for both zirconia
powders. Tests were performed using 4 wt% zirconia
powder in 25 mL tubes. First, the pH of the required
amount of deionized water for each pH was fixed using
HCI or NaOH. Then, the same amount of powder was
weighed for each tube, added into the pH-adjusted water,
and mixed in a magnetic stirrer for 4 hours. At the end of
4 hours, pH measurement was made, the suspension was
transferred into the tube, its mouth was closed, and the
height of the suspension was measured (h0). After being
kept vertically for 24 hours, the height of the precipitate
formed was measured and recorded (h). Finally, h/h0
values were calculated for the tubes prepared according
to each pH value. These processes were repeated for both
zirconia and dispersants for increasing amounts of
dispersant (0-0.2-0.4-0.6-0.8-1 wt%) at pH 7. The total
porosity, density, absorption
percentages of the sintered samples were calculated
based on Archimedes’ method. The equation 1 calculated
the relative density:

mass and water

D= "/y x100 (1)

where po is the theoretical density of yttrium-stabilized
tetragonal zirconia polycrystals (6.10 g/cm3 (Jiang et al,,
2011). A cold modulus of rupture (3-point bending
strength) test was applied to the samples to measure the
strength of the materials. The tests were conducted on a
Shimadzu AG-IS model 100kN capacity mechanical
testing device. Three-point bending strength tests
ISO 6872 'Dental Standard.
Furthermore, SEM microstructure investigations and
XRD phase analysis were performed on the samples.

followed Ceramic'

3. Results and Discussion

3.1. Waste Zirconia Characterization

First, it was necessary first to analyze the crystal phases
and particle sizes to comprehend the existing state of
waste zirconia. Figure 1la presents the particle size
distribution, and Figure 1b X-ray diffraction pattern of
sample WZ. The waste powders are currently undergoing
examination for their potential application in dental
ceramics. Their particle size distribution is quite
complex, ranging from 0.1-1000 pm, and featuring
multimodal modes. Upon conducting X-ray diffraction
analysis, it was discovered that the powders contain
monoclinic and tetragonal zirconia crystalline phases,
which are highly desirable for dental ceramics. No other
phases indicating contamination or impurities were
detected during the analysis. Based on these findings, it
can be confidently concluded that the waste powders are
suitable for dental ceramics.
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Figure 1. (a) Particle size distribution of waste zirconia (b)Waste zirconia, i-block, ii-powder XRD patterns.
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3.2.Zeta Potential - Sedimentation Analysis and
Preparing Testing Samples

The rheological properties of ceramic slurry depend on
its pH, which determines its zeta potential. Zeta potential
was measured to find the isoelectric points of SGZ and
WZ samples. As a result of zeta potential measurements,
it was observed that the IEP points of SGZ zirconia and
WZ powders before the addition of dispersant were
between pH = 6-7. Zeta potential plots are given in
Figures 2a and 2b, respectively. It is seen that both
zirconia have negative zeta potential values at pH values
above IEP and positive zeta potential values at pH values
below IEP. The obtained values agree with the reported
values (Schultz and Burckhardt, 1993; Greenwood and
Kendall, 1999; Agrafiotis et al., 2000).

(@) 30

204

Zeta pot. (m/V)
n
w
o
~
[+
©
°

.20

-304

40 4

50 4

40

30

20 4

Zeta pot. (m/V)
5

1 2 3 4 5 6
10 pH
.20 -
-30

Figure 2. (a) SGZ and (b) WZ zeta potential graphs of
zirconia at different pHs.

In the ceramic industry, knowing which dispersant
provides the best stability in suspension is important.
Determining how much dispersant should be added for
economic reasons is vital (Greenwood and Kendall,
1999). For this purpose, Darvan 821-A and Darvan C-N
dispersants were added to SGZ and WZ samples at ratios
0-0.2-0.4-0.6-0.8-1 wt% at pH 7, and sedimentation
experiments were carried out. Both Darvans belong to
the class of ammonium polymeric monomers that can
disperse in water. This deflocculant can be used in
ceramic dispersions, giving low viscosity slip and low
foam production, being proper for extended times of
mixture or grinding. Figures 3(a) and (b) show the
sedimentation rates varying according to the amount of

Darvan 821-A and Darvan C-N dispersants added to SGZ
and WZ, respectively. In both graphs, it is observed that
the sedimentation rate decreases as the amount of
dispersant increases. Both waste zirconia and
commercial zirconia behaved more stable in Darvan C-N
dispersant. Since there was no change in sedimentation
rate after 0.6%, this rate was chosen for slurry containing
65% solid and 35% water. The same dispersant was used
in previous studies on dental zirconia production using

the slip casting method (Kim and Lee, 2020).
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Figure 3. Changing sedimentation rates of waste zirconia
and S.G. zirconia at pH7 with increasing rates of (a)
Darvan 821A (b) Darvan C-N additive.

After determining the dispersion conditions, the slip-
casting masses were prepared and transferred to the
plaster mold, as can be seen in Figure 4a. Pre-heat
treatment was applied at 1000 °C to ensure condensation
after shaping and to smooth the surface. The sample
obtained after pre-heat treatment is seen in Figure 4b.
3.3. Characterization of the Sintered Samples

XRD patterns of waste zirconia and commerecial zirconia
samples sintered at 1450 °C are given in Figure 5. When
the XRD patterns are examined, it is seen that there is no
change in the crystallographic structure after sintering;
waste zirconia is mainly composed of tetragonal zirconia
and contains a deficient proportion of monoclinic
zirconia phase. In commercial zirconia, slightly higher
monoclinic zirconia peaks were observed after sintering
than in waste zirconia. Garvie et al. (1990) stated that
zirconia can increase both the strength and toughness of
ceramics due to the transformation of metastable
tetragonal zirconia grains to monoclinic form by the
effect of the stress field in front of a crack (Stevens 1986).
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Figure 4. Image of (a) slip casting masses transferred to plaster mold (b) the sample obtained after pre-heat treatment.
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Figure 5. XRD patterns of samples containing 100% waste zirconia (a) and 100% commercial zirconia (b) sintered at

1450 °C.

The tetragonal-monoclinic phase transformation, similar
to the martensitic transformation seen in steels, results
in a 3 to 5% volume increase in the structure. Thus, in
response to the tensile stress caused by the crack, a
compressive stress field is formed in the matrix,
especially at the crack’s tip. This situation prevents crack
propagation and increases the toughness of the ceramic
(Christel et al, 1989; Piconi and Maccauro, 1999;
Grigoriadou, 2006). For this reason, the waste zirconia
must have the desired tetragonal structure so that it can
be reused, especially in dental applications that require
high fracture toughness.

Microstructure and grain size were analyzed by scanning
electron microscopy. This analysis mainly aimed to
compare waste and commercial zirconia. Figure 6 shows
SEM images of waste zirconia sintered at 1400 °C and
1450 °C at high and low magnifications. It is clear from
the microstructures that homogeneous and dense
structures were obtained. As expected, relatively less
porosity and a denser structure were observed in the
samples sintered at 1450 °C. As the temperature
increased, the crystal structure of zirconia became
denser, reducing porosity, defects, and flaws. Figure 7
shows SEM images of commercial zirconia sintered at

1400 °C and 1450 °C at different magnifications. When
the images of both samples are compared, it is seen that
the microstructure obtained with waste zirconia is very
similar to the microstructure of the samples obtained
using commercial zirconia.

Figures 8a and 8b show the relative density and porosity
values of sintered ceramics of waste and commercial
zirconia as a function of temperature, respectively. The
density increases, and porosity decreases with increasing
temperature. According to Figure 8a, the relative density
increased from 0.96 to 0.98 when the temperature was
increased from 1400°C to 1450 °C, respectively. In
addition, porosity  decreased  with  increasing
temperature. Density increases and porosity should
decrease with increasing temperature. In Figure 8b, it is
also seen that the relative density increases, and porosity
decreases with increasing temperature. However, the
density increased to 0.98% in waste zirconia and
remained around 0.94% in commercial zirconia. The
porosity value at 1450 °C was 1.95% in waste zirconia
and 5.63% in commercial zirconia. The nearly 3-fold
difference in porosity values increases the importance of
using waste zirconia.
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Figure 7. SEM images of commercial zirconia samples sintered at different temperatures (a) - (b); 1400 °C, (c) - (d);
1450 °C.
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Figure 8. Evolution of relative density and porosity of (a) waste and (b) commercial zirconia as a function of
temperature.
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Figure 9 shows the 3-point flexural strength test results
of waste and commercial zirconia sintered at 1400 and
1450 °C. According to this, it is seen that the bending
strength of the samples obtained from waste at both
temperatures is higher than the commercially purchased
zirconia samples. The surface flaws of the tensile-
stressed surface highly influence the 3-point bending
strength of dental ceramics. This is because fractures
typically initiate from surface defects. Additionally, the
flexural strength of dental ceramics can be impacted by
the shape and size of the specimens, as well as the test
setup conditions (Jin et al., 2004).

400
I \z
350 L]sGz

1400 1450
Temperature (°C)

Figure 9. Bending strength of waste and commercial
zirconia as a function of temperature.

4. Conclusion

As per the study's findings, the waste zirconia sintered at
1450 °C exhibited superior relative density (0.98%) and
bending strength (350 MPa)
commercially
Additionally, the porosity of the former was observed to

compared to the
available  Saint  Gobain  zirconia.
be lower. These results imply that waste zirconia can be a
feasible alternative to Saint Gobain zirconia in specific
industrial applications. Based on the study's results, the
powdered residues exhibit exceptional properties that
make them highly suitable for dental ceramic zirconia.
Therefore, it is possible to promote the utilization of
waste powder generated from the zirconia CAD/CAM
milling process. At the same time, this study has shown
that dental ceramics can also be shaped by different
methods, thus enabling less material loss. In the
continuation of this study, zirconia wastes produced by
other companies can be evaluated. The waste method is
extremely important for the country's economy. With
this study, it has once again shown that waste
management is critical in every field.
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1. Introduction

Reinforcement corrosion occurring in a reinforced
concrete structure causes cracking and spalling in the
concrete by decreasing the diameter of the
reinforcement, loss of adherence between concrete and
reinforcement and decrease in the mechanical properties
of reinforcing steel, thus decreasing the performance of
the carrier system. In reinforced concrete columns and
beams exposed to corrosion effect, since volume
expansions occur due to excessive corrosion of the
reinforcement, corrosion cracks in the longitudinal
direction cause the strut layer to break off in time (Figure
1). Reinforced concrete structures subjected to these
corrosion effects reach the state of collapse in a much

shorter time than normal and in abnormal ways under

the effect of earthquake loads.

Figure 1. Reinforced concrete elements subjected to
corrosion effect.

When the literature examined, many experimental and
numerical studies have carried out on the effects of
corrosion on reinforcing steel and the inadequacies in
earthquake performance due to the negative effects of
corrosion on reinforced concrete structures. In these
studies, it has been determined that the failure mode of
beams subjected to corrosion under bending effect
changes from ductile to brittle (Mangat and Elgarf, 1999;
Mohammed et al,, 2004). In addition, in these studies, it
stated that corrosion of steel reinforcement causes
deformation of the entire system, especially the bearing
capacity of the structural elements (Yavuz et al., 2019). In
studies evaluating the seismic performance of reinforced
concrete columns at different corrosion levels and axial
load rates, it was determined that the corrosion effect
significantly reduces the strength and horizontal
displacement capacity of the columns and changes the
failure mode from flexural-shear failure to sudden axial
failure (Vu and Li, 2018). Palsson and Mirza (2002)
subjected reinforcing bar samples taken from reinforced
concrete bridges subjected to corrosion to tensile tests
and found that the reinforcements fractured brittle.
Revathy et al. (2009) concluded that the axial load
carrying capacity of column elements subjected to
corrosion effect gradually decreases with increasing
corrosion effect.

In case of weakening of the adherence bond established
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between the reinforcement and concrete in the
constituent elements of the reinforced concrete
structure, the behavior of the reinforced concrete
structure turns into a stressed arch behavior. In stressed
arch behavior, since the reinforcement collapses before
reaching the yield stress, the relationship between the
corrosion level of the reinforcement and the adherence
bond strength is extremely important. It was determined
that at low corrosion levels, the adherence bond strength
increased to a certain extent, but if the corrosion level
increased, the adherence bond strength gradually
decreased (Chung et al., 2008). This decrease in bond
strength causes significant changes in the earthquake
performance and target displacements of the structure
(Yiksel and Sancakli, 2018).

In columns where reinforcement losses due to corrosion
increase up to 15.1%, the increase in corrosion level
impairs the cyclic stability of the reinforced concrete
column under cyclic load effects and reduces the ductility
of the reinforced concrete column (Ying et al.,, 2012).

In some studies in the literature, the effect of corrosion
on reinforced concrete structures has studied using finite
element modeling technique. Dizaj and Kashani (2021)
proposed a modeling technique that simulates the
regional variability of corrosion and the effects of
corrosion damage. Finite element analysis using the
proposed modeling approach revealed that corrosion
significantly affected the damage states, flexural capacity
and energy absorption capacity of reinforced concrete
members. In another study by Imperatore et al. (2017),
where an experimental study to evaluate the residual
flexural capacity of beams was simulated using the finite
element method, the relationship between the level of
corrosion and the reduction in the flexural strength of the

beam was determined (Bossio et al,, 2019). In another
study evaluating the seismic behavior of corroded
reinforced concrete bridges, the decrease in the bond
strength between concrete and reinforcement was
modeled using finite element modeling technique.
Softening of concrete and reduction in mechanical
properties of reinforcement also taken into account in
the modeling. Because of the study, it recommended to
increase the design PGA from 4.70% to 6.15% for the
seismic performance of the bridge considering the
reductions due to corrosion effect. (Ou et al,, 2013).

In this study, the linear and nonlinear behavior of
reinforced concrete column elements under 5 different
corrosion scenarios were investigated. In the corrosion
scenarios, the adherence losses between reinforcement
and concrete and all the consequences of corrosion on
concrete and reinforcement elements modelled together
depending on the corrosion propagation rate and
corrosion duration parameters. In the study, the change
in column structural behavior due to corrosion evaluated
in terms of damage limits at different corrosion levels
using both finite element method and cross-sectional
analysis.

2. Materials and Methods

A reinforced concrete column with a rectangular cross-
section of 300 x 400 x 2350 mm dimensions determined
in accordance with TBDY (2018) used in the study. The
concrete strength class of the column element taken as
C25/30. The size information of the reinforced concrete
column, the layout of the longitudinal and transverse
reinforcements used and the variation of the transverse
reinforcement spacing are as shown in Figure 2.
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Figure 2. Reinforced concrete column cross-section and reinforcement arrangement.
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TBDY, (2018) a 500 mm long formed at the upper and
lower ends of the column, and no stirrup with a diameter
smaller than @8 used as transverse reinforcement in
these zones. According to TBDY (2018) the spacing of the
transverse reinforcements to be used in the column is
arranged so that they are not smaller than 50 mm and
not larger than 100 mm. Reinforcement smaller than @14
was not used in the reinforced concrete column element,
and the longitudinal reinforcement area specified in
TBDY (2018) was acted in accordance with the condition
that the longitudinal reinforcement area shall not be less
than 1% and not greater than 4% of the gross cross
section.

According to TBDY (2018) the longitudinal
reinforcement ratio in column elements should not be
less than 0.01 and not greater than 0.04. In this context,
8@14 longitudinal reinforcement used in the reinforced
concrete column used in the study and the longitudinal
reinforcement ratio calculated as 0.0103. Since the
normal force determines the type of fracture in the
reinforced concrete column element, the normal force
should be limited to prevent brittle fracture (Topgu,
2022). According to TBDY (2018) the maximum axial
load that the column element can carry calculated as
stated in Equation 1.

Ng < 0,4f4Ac 1)

According to Equation 1, the maximum axial load value
that the reinforced concrete column used in the study can
carry calculated as 1200 kN.

In this study, it investigated how the earthquake
performance of the reinforced concrete column element,
whose dimensional and cross-sectional properties given
above, will change if it exposed to corrosion effect. In
this context, the reinforced concrete column element was
analyzed under 5 different corrosion scenarios. The
effect of corrosion on the reinforced concrete column
depends on the rate of corrosion spread and the duration
of the effect, but it causes the steel reinforcement to
expand in volume, soften and reduce its weight. The
decrease in the weight and change in the diameter of the
steel reinforcement calculated using Equation 2 and
Equation 3 as follows (Berto et al.,, 2008):

2 _ 2
%Ay, = wxmo 2)
85
o) = Do — 2Py = By — 2icorrk(t — tin) (3)

2.1. Evaluation of the Rate of Propagation and
Duration of Corrosion
In the literature, a number of formulations based mainly

on empirical expressions have been proposed for the
evaluation of corrosion propagation rate (i.o) and
weight decrease in reinforcing steel, ranging from a
deterministic approach to a probabilistic context (Berto
et al, 2009). In particular, the evaluation of corrosion
propagation rate (i.,) obtained from laboratory tests
and corrosion effects in real structures is shown in Table
1 (Dhir et al,, 1994; Brite/Euram, 1995; Middleton and
Hogg, 1998).

In this study, i.,=0.15 for reinforced concrete columns
with low corrosion level and i.,=0.8 for reinforced
concrete columns with medium corrosion level and
icorr=4 for reinforced concrete columns with high
corrosion level and the current corrosion scenarios are
shown in Table 2. In the study, 15 years since the
reinforced concrete column was manufactured (t;,) was
considered as the initial stage of corrosion.

In addition to the weight decrease in the reinforcing bar
of a reinforced concrete column subjected to corrosion,
some changes occur in the yield and tensile strengths,
yield and tensile deformations and elastic modulus of the
reinforcement in a corroded reinforcement. These
changes calculated using Equation 4, Equation 5,
Equation 6 and Equation 7 (Lee and Cho, 2009):

A

oy = (1 —1,24. ﬁ)-ay(initial) (4)
A

o, = (1 - 1,07.#:)).01‘@@:) (5)
Ay

Es = (1 - 0,75-m) -Es(initian (6)
A

&y = (1 - 1,95-ﬁ) - Eu(initial) (7)

The effects of corrosion on the bond strength reduction
of the steel reinforcement due to corrosion must also
take into account. To account for the effects of corrosion
on bond strength reduction in the analysis, the concept of
equivalent unlimited length was used (Ou et al, 2010).
According to this concept, the reduction in bond strength
reflected in the models by multiplying the bond
reduction coefficient (¢) defined by Equation 8 by the
stress-strain curve of steel.

© Ley (corrosion free reinforcement)

(8

Ley(corroded reinforcement)
Here Leu is the equivalent unlimited length derived from
Equation 9.

S 9

Ley =
Esm

Table 1. Classification of corrosion propagation rate i,q-(uA/cm?)

Corrosion level Dhir et al. (1994)

Brite/Euram (1995) Middleton and Hogg (1998)

Corrosion free

Low icorr = 0.1
Middle lcorr = 1
High r>10

icorr < 0,1 -
icorr = 0.1 —0.5 icorr = 0.1 —0.2
icorr =05 —1 icorr =02 —1
icorr > 1.0 icorr > 1.0
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Table 2. Corrosion scenarios

Scenario Initial diameter lcorr Time t tin Last diameter Weight reduction
number (mm) (uA/cm?) (y1)) (y1)) (mm) (%)
1 8 0 0 0 8.00 0.00
14 0 0 0 14.00 0.00
2 8 4 20 15 7.60 9.75
14 4 20 15 13.60 5.63
3 8 0.8 50 15 7.44 13.51
14 0.8 50 15 13.44 7.84
4 8 4 50 15 5.20 57.75
14 4 50 15 11.20 36.00
5 8 4 35 15 6.40 36.00
14 4 35 15 12.40 21.55
Where S is the slip of a reinforcement in the critical 0.9

section of a column cross-section &, is the maximum
strain in the
reinforcement estimated using Equation 10 and Equation
11 (Sezen and Setzler, 2008):

in the reinforcement and the slip

Sg = EstLdl (ssm < sy)

(10)

_ gyLdl (gsm + gy)LdZ

5 5 (11)

Sk

(esm > &)

Here Ly, and Ly, is calculated using Equation 12 and
Equation 13.

_ fomy _ Syl

4Tmax ~ 4Tmax

_ (fsm - fy)db
- 4Tf

(12)

Laz (13)
Wherefs,;,, is the maximum stress in the reinforcement,
dp, is the longitudinal reinforcement diameter, 7,4y, is
the bond strength and 7, is the residual friction bond
strength. For reinforcement without corrosion effect,
Tmax and Ty values can be taken as \/ﬁ and 0.157,,4,
respectively. When the reduction in reinforcement
weight exceeds 1.5%, the corrosion effect calculated
according to Equation 14 (Bhargava et al, 2008). When
the corrosion level is less than 1.5 %, the bond strength
assumed to been equal to the corrosion-free value.
Here 7,,4x0, is the bond strength is assumed to be equal
to the corrosion free value.

Tmax = 1.346e701988,Cl) g - (14)

The stress-unit strain curves of the reinforcements in the
reinforced concrete column subjected to corrosion effect
arranged for each corrosion scenario by considering the
decrease in the adherence bond strength (Figure 3).

Cracking and softening effects occurring in the concrete
effect should take
consideration in the reinforced concrete column element

due to corrosion also into
exposed to corrosion. The softening effect of concrete
due to corrosion expressed by concrete softening
coefficient (¢). Concrete softening coefficient calculated

according to Equation 15 (Ou et al.,, 2013).

€= J1+ 600¢, (15)

Where ¢, the yield is strain of reinforcement and
calculated according to Equation 16. Where b, is the
perimeter length of the reinforced concrete column
cross-section and Y, w,, is the total crack width in the
concrete due to corrosion of longitudinal and transverse
reinforcement (Ou et al, 2013). Each crack width wy,
calculated using Equation 17 (Molina et al., 1993) (Figure
4).

g = 2 Wer (16)
by
Wer = 1. (Vs — 1). 2x 17

Here 2x is the reduction in the diameter of the steel
reinforcement due to corrosion. The volume expansion of
steel reinforcement due to corrosion causes softening
and weight decrease (Figure 4). Vs is the diameter
expansion coefficient of steel reinforcement due to
corrosion. For this study, l}.; = 2 (Ou et al., 2013) (Figure
4).

Considering the effects of cracking and softening of the
concrete due to the corrosion effect in the reinforced
concrete column element subjected to corrosion,
Equation 18 and Equation 19 are used for the increasing
and decreasing regions of the stress- strain relationship

of concrete, respectively (Hsu, 1993).

o= :z (;To) - (;?0)2] (18)
e 4\’

o={f{1- 5;"— } (19)
77t/

Here, gy is the unit strain value corresponding to the
maximum stress in the stress-strain curve of concrete
and it accepted as approximately 0.002.

In the study, the stress-strain curve of the concrete
material for each corrosion scenario in the reinforced
concrete column subjected to corrosion effect was
determined by considering the effects of cracking and
softening in the concrete (Figure 5).
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Figure 3. Stress - strain curves of steel according to corrosion scenarios.
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Figure 5. Stress - strain curves of concrete according to corrosion scenarios.
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2.2. Creation of Finite Element Model of Reinforced
Concrete Column

Finite element model of the reinforced concrete column
element to be used in the study was created using ANSYS
software. In the finite element model, Solid65, which is a
solid element with 8 nodes, was used for concrete and
Link180 elements were used for reinforcing steel. The
finite element model of the reinforced concrete column
shown in Figure 6.

In the finite element model, the foundation of the
reinforced concrete column not modelled in order to
shorten the analysis time and to create the minimum
number of finite elements. Instead, each nodal point at

the lower end of the reinforced concrete column
modelled in accordance with the anchored support
assumption (Figure 7).

2.3. Determination of Stress-Strain Relationships for
Concrete and Steel in Finite Element Model

The stress-strain curves of the concrete used in the finite
element model of the reinforced concrete column shown
in Figure 8 and the stress-strain curves of the reinforcing
steel shown in Figure 3.

Concrete of strength class C25/30 used in the finite
element model of the reinforced concrete column. The
modulus of elasticity of concrete and steel material for
different corrosion scenarios given in Table 3.

Figure 6. Reinforced concrete column concrete and reinforcement finite element model.

Figure 7. Reinforced concrete column anchored support model.

Table 3. Material properties according to corrosion scenarios (MPa)

Scenario number Concrete (E¢) Steel (Es) Concrete softening coefficient (7)
1 24306 200000 0.9
2 24139 188465 0.73
3 24080 183988 0.68
4 23483 129688 0.41
5 23767 156838 0.51

BSJ Eng Sci / Halit Erdem COLAKOGLU and Muhammed OZTEMEL 414



Black Sea Journal of Engineering and Science

25
20
& 15
=
&
g 10 — Scenario-1
n Scenario-2
Scenario-3
5 Scenario-4
/ .
,i? Scenario-5
o L
0 0.001 0.002 0.003 0.004 0,005 0.006

Strain

Figure 8. Concrete material models according to corrosion scenarios.

2.4. Application of Axial and Horizontal Load in Finite
Element Model

In this study, the nonlinear behavior of a finite element
modelled reinforced concrete column subjected to
corrosion under axial load and lateral load investigated.
For this purpose, 165 nodal points selected at the upper
end of the column and the axial load N; = 1200 kN
equally distributed to each nodal point. In addition,
horizontal displacement applied to a node at the upper
end of the reinforced concrete column by utilizing the
rigid beam feature of the MPC184 compliance element.
The rigid beam feature of the MPC184 element utilized in
order to distribute the applied lateral load equally and
evenly to the reinforced concrete column and to prevent
excessive deformation of the concrete particles forming
the column nodes (Figure 9).

/

MPC184

Figure 9. Application of axial load and lateral load.

2.5. Evaluation of the Reliability of the Finite Element
Modelling Method Used

The reliability of the finite element modelling software
used in the study and the demonstration that the
parameters used in the modelling are determined in a
way to give the closes results to the actual behavior of the
reinforced concrete column are of great importance for
the present study.

In the study conducted by El¢i and Goéker (2018) the
reinforced concrete column whose section geometry and
reinforcement plan 10  was
experimentally investigated under axial and lateral load.
The existing reinforced concrete column was finite
element modelled by Colakoglu (2020) and subjected to
nonlinear analysis under the axial and horizontal load
effects in the experimental study by El¢ci and Goker
(2018). The data obtained were processed and the shear
force-horizontal displacement and bending moment-

shown in Figure

curvature relationships in Figure 11 were drawn.

When Figure 11 examined, it considered that the finite
element modelling and nonlinear analysis performed
with the ANSYS package are very reliable for reinforced
concrete columns and it is important to adjust the
modelling parameters to give results close to reality.

3. Results

In this study, nonlinear analysis of a reinforced concrete
column whose finite element model produced using
ANSYS software performed. In addition, cross-sectional
analysis of the reinforced concrete column under
corrosion effect performed and the deformation state
compared with the nonlinear analysis.
horizontal displacement relationship, bending moment-

Lateral load -

curvature relationship, flexural ductility and plastic
rotation capacity evaluated using the obtained data.

3.1. Lateral Load - Displacement
Relationship

The horizontal load-lateral displacement graph obtained
because of the nonlinear analysis of the reinforced
concrete column subjected to corrosion effect under axial
load and horizontal load shown in Figure 12 for each

Horizontal

corrosion scenario.
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When Figure 12 analyzed, it seen that the lateral load
capacity of the reinforced concrete column element
exposed to corrosion effect decreases.

3.2. Bending Moment - Curvature Relationship

In order to determine the behavior of a section under the
effect of bending and axial force or only bending, the
moment-curvature relationship of a modelled element
can obtained based on the actual material behavior
(Ersoy and Ozcebe, 2018).

In order to calculate the values of M; and K;, which
constitute the relationship, by
iteration method, equations of equilibrium and
compatibility are utilised. If a beam section is utilised,
assumptions are made for the value of c (neutral axis
depth), and the value of c is changed until the balance of
forces is achieved. A value is chosen for the unit
shortening of concrete at the outermost lift, ;. Steel unit
deformations, &;, are found for known &.; and c. Stresses
in the reinforcement and reinforcement forces are
determined the & The
calculated.

moment-curvature

concrete
compression component F. is After
equilibrium reached, the moment of internal forces
around the centre of gravity is calculated and M; found.
The curvature is determined as given in Equation 20
(Ersoy and Ozcebe, 2018).

from values.

Eci
Ki=—

: (20)

In the finite element model of the reinforced concrete
column, the curvature calculated for each horizontal row
of solid elements at the lower end of the column
calculated as in Equation 21 by using the unit strains at
the beginning and end nodes of each fibre as shown in
Figure 13.

£1

Figure 13. Definition of curvature in finite element
modelling.
Figure 14 shows the bending moment-curvature
relationship obtained from the nonlinear analysis of the
reinforced concrete column subjected to corrosion effect,
and Figure 15 shows the bending moment-curvature
relationship obtained from the section calculation for
each corrosion scenario.

When the
relationship and bending moment -
relationship obtained from the nonlinear analysis of the

lateral load - horizontal displacement

curvature

reinforced concrete column subjected to corrosion effect
were examined, it was determined that the lateral load
capacity and moment carrying capacity decreased
depending on the duration and rate of propagation of
corrosion. This decrease found to be more intense
especially in Scenario-4, where the rate of propagation
and duration of corrosion was the highest.

When the cross-sectional analysis performed due to the
corrosion effects to which the reinforced concrete
column element was exposed were examined, it was
determined that the moment carrying capacity and cross-
sectional ductility decreased depending on the corrosion

@ = (le1| + |e2])/L (21) levels, similar to the results obtained in the nonlinear
analysis.
200
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Figure 14. Bending moment - curvature relationship for nonlinear analyses (FEM)
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Figure 16. Bending moment - curvature relations for corrosion scenarios.
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In Figure 16, the bending moment - curvature
relationships of the reinforced concrete
subjected to corrosion effect in different corrosion
scenarios compared in terms of nonlinear analysis and

cross-sectional analysis, and in Table 4, the reduction in

column

lateral load and bending moment carrying capacity for
each corrosion level calculated according to Scenario-1
without corrosion effect.
3.2.1. Flexural ductility of reinforced concrete
column
Flexural ductility defined as the ratio of the maximum
curvature that can occur in a reinforced concrete element
section in bending without a significant reduction in
strength to the curvature now when yielding occurs in
the tensile reinforcement, which is determined as the end
of linear behavior. Flexural ductility calculated as shown
in Equation 22 (Celep, 2008).

Qu(max)

u= s, (22)

The flexural ductility of the reinforced concrete column
subjected to corrosion effect obtained because of
nonlinear analysis and section analysis shown in Table 5.
3.2.2. Plastic joint yield rotation and plastic
rotational capacity

As the reinforced concrete column element translated
under the effect of the applied lateral load, the
displacements increase at the sections where the
moment is the largest at the base of the column. In
particular, the displacements, which are zero at the place
where the column supported on the foundation, increase
smoothly until the plastic hinge occurs, while a sudden
increase in curvature occurs in the plastic hinge region.
Plastic joint yield rotation (6,) determined according to
the stacked plastic behaviour model of the reinforced
concrete column element is calculated as given in

Table 4. Lateral load and bending moment capacity losses

Equation 23 and plastic rotation capacity (6p) is
calculated as given in Equation 24, Equation 25 and
Equation 26.

oL h @, dpf
8, = -2+ 0.0015n (1 +15 —) +bye (23)
3 LS fce
@ _ 2 Lp
0 = 2[(@u ~ 0,1, (1 - 052) + 450,0,]  (20)
S
oM = 0,750 (25)
oS ¢ (26)

Where @, the effective is yield curvature and @, is the
total curvature before collapse. For beam and column
elements, 1 = 1 taken and h is the height of the section.
fee and f,,, are the average (expected) compressive
strength of concrete and average yield strength of
reinforcement, respectively. d;, is the average diameter of
the reinforcing steel clamped to the support, while Ly is
the shear span.

It assumed that the curvature in the plastic joint regions
where linear inelastic deformations are concentrated in
the reinforced concrete column subjected to corrosion
effect increases abruptly. L,, which expresses the length
of the plastic joint region where the curvature increases
rapidly, calculated as given in Equation 27.

L, = 0.5h 27)

Table 6 shows the plastic rotation capacities and plastic
joint yield rotations of the reinforced concrete column for
different corrosion scenarios in the nonlinear analysis
and Table 7 shows the plastic rotation capacities and
plastic joint yield rotations for Limited Damage (LD),
Controlled Damage (CD) and Collapse Prevention (CP)
performance levels in the section analysis.

Scenario number Lateral load (kN)

Bending moment (kNm)

FEM FEM SC
Scenario -1 0.000 0.000 0.000
Scenario -2 20.99 18.95 15.79
Scenario -3 28.20 27.08 22.73
Scenario -4 87.96 87.37 86.05
Scenario -5 77.83 77.43 57.79

Table 5. Flexural ductility

Scenario Yield curvature Maximum curvature Flexural ductility
number (Q)y) (Q)u(max)) (”)

FEM SC FEM SC FEM SC
Scenario -1 0.0078 0.011 0.060 0.094 7.69 8.55
Scenario -2 0.0061 0.0093 0.031 0.076 5.08 8.17
Scenario -3 0.0052 0.0085 0.024 0.073 4.62 8.58
Scenario -4 0.0021 0.0035 0.0022 0.012 1.05 3.43
Scenario -5 0.0022 0.0066 0.0023 0.047 1.05 7.12
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Table 6. Plastic joint yield rotation and plastic rotational capacity (FEM)

Scenario Plastic rotation capacity Plastic joint yield rotation
number Op(s) Op (k) Op o) (By)

Scenario -1 0 0.01956 0.026079 0.008399
Scenario -2 0 0.009377 0.012503 0.007422
Scenario -3 0 0.007089 0.009453 0.006904
Scenario -4 0 0.000089 0.000119 0.005121
Scenario -5 0 0.000098 0.000131 0.005178

Table 7. Plastic joint yield rotation and plastic rotation capacity (SC)

Scenario no

Plastic rotation capacity

Plastic joint yield rotation

Op(sm) Op (k) Opc6) (8y)
Scenario -1 0 0.031056 0.041408 0.010239
Scenario -2 0 0.024903 0.033204 0.009262
Scenario -3 0 0.024041 0.032054 0.008802
Scenario -4 0 0.00318 0.004239 0.005925
Scenario -5 0 0.015033 0.020044 0.007709

4. Discussion and Conclusion
In this study, the deformation of a rectangular reinforced
concrete column subjected to corrosion effect under axial
and lateral load effects investigated. In the study, the
finite element model of the reinforced concrete column
produced using ANSYS software and the nonlinear
analysis performed. In addition, cross-sectional analysis
of the reinforced concrete column under the effect of
corrosion carried out and the deformation state
compared with nonlinear analysis. The findings of the
study draw attention to the losses caused by the
corrosion effect on the lateral load carrying capacity and
bending moment carrying capacity of the reinforced
concrete column. In this context, it thought to be a good
guide for the readers in determining the effect of
corrosion on structures. The results obtained because of
the research explained below.

e The lateral load and bending moment carrying
capacities of reinforced concrete structural
elements vary depending on the duration of the
corrosion effect and the propagation speed
parameters. Compared to Scenario-1, where there is
no corrosion effect, in Scenario-4, where the
corrosion effect is the most intense, the lateral load
carrying capacity of the reinforced concrete column
decreased by approximately 87.96% and the
bending moment carrying capacity decreased by
approximately 87.37% in the nonlinear analysis.

e When the Scenario-2 and Scenario-4 cases where
the rate of corrosion spread is i, =4 are
examined, it is determined that the loss in the
horizontal load and bending moment carrying
capacity of the reinforced concrete column
increases by an average of 4.4 times in the nonlinear
analysis if the corrosion period increases from 20
years to 50 years.

e When Scenario-3 and Scenario-4 cases where the
duration of corrosion is t=50 years, it is determined

that the loss in the horizontal load and bending
moment carrying capacity of the reinforced concrete
column increases by an average of 3.2 times in the
nonlinear analysis if the corrosion propagation rate
increases from 0.8 to 4.

Ductility of reinforced concrete structural elements
is of great importance in terms of earthquake
performance. In this study, it was determined that
corrosion effect not only reduces the lateral load
and bending moment capacity of the reinforced
concrete column but also negatively affects the
flexural ductility. While the flexural ductility ratio
was 7.69 according to the nonlinear analysis in
Scenario-1 without corrosion effect, the flexural
ductility ratio was determined as 1.05 in Scenario-4
with the highest corrosion effect. When the data
obtained from the cross-sectional analysis of the
reinforced concrete column are examined, it is
determined that the flexural ductility ratio
decreases significantly when the mass loss in the
reinforcement increases to 35% and above due to
the corrosion effect. It was determined that there
was no significant change in the flexural ductility
ratio as a result of the section analysis at mass
losses below 35%. It is thought that this result is
due to the fact that the section analysis does not
consider the cracking behavior of concrete.

In the nonlinear analysis of the reinforced concrete
column, the plastic rotation capacity decreased by
approximately 99.55 % for CD and CP damage limit
levels in Scenario-4, where the corrosion effect is
the highest, compared to Scenario-1, where there is
no corrosion effect. In section analysis, this
reduction was calculated as 89.76% for CD and CP
damage limit levels in Scenario-4, where the mass
loss in the reinforcement was more than 35%.

In the beyond-linear analysis of the reinforced
concrete column, it was determined that a loss of
12% for Scenario-2, 17% for Scenario-3, 17% for
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Scenario-4 and 39% for Scenario-5 occurred in the
plastic joint yield rotation value compared to
Scenario-1 without corrosion effect. In the cross-
sectional analysis, it was determined that a loss of
7% for Scenario-2, 11% for Scenario-3, 41% for
Scenario-4 and 22% for Scenario-5 occurred in the
plastic joint yield rotation value compared to
Scenario-1. Accordingly, it can be said that similar
losses occur in the plastic joint yield rotation value
when the corrosion level is the highest in both
nonlinear analysis and cross-sectional analysis.

e The bending moment capacity of the reinforced
concrete column subjected to corrosion effect
obtained from the nonlinear analysis was lower
than the bending moment carrying capacity
obtained from the cross-sectional analysis. The
cracking property of the Solid65 element used in the
finite element modelling under load effect and the
cracking behavior of concrete are considered as the
reason for this situation.
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iC LOJISTIK FAALIYETLERINDE YALIN TEKNIKLERIN
KULLANILMASI VE BIR UYGULAMA

Ayse UCAR?, Betiil TURANOGLU SiRiN1*
1Atatiirk University, Faculty of Engineering, Department of Industrial Enginering, 25240, Erzurum, Ttirkiye

Ozet: Yalin kavrami 1950’li yillarda Japon sirketlerinde ortaya ¢ikmistir. Yalin felsefe, is stireclerinde verimliligi artirmayy, israflar
ortadan kaldirmay: ve miisteri degerine odaklanmay1 amaglayan bir felsefedir. Diinya genelinde yalin felsefe; kiiresel rekabette avantaj
saglamak, siirdiiriilebilirlik hedeflerine ulagsmak, hizli piyasa degisimlerine adapte olmak, miisteri memnuniyetini artirmak gibi énemli
amaglar dogrultusunda birgok isletmeye fayda saglamistir. Glintimiizde yalinlagsma ve yalin teknikler, imalat sistemleri ile birlikte
hizmet sistemlerinde de kullanilmaktadir. Buna; egitim, tedarik ve lojistik, bilisim ve teknoloji gibi is kollar1 drnek olarak gosterilebilir.
Bu ¢alismada, bir gida firmasinin ig lojistik siireglerinde yalin teknikler kullanilarak siireg iyilestirme yapilmigstir. Oncelikle, séz konusu
siirece deger katmayan islemleri tespit edip ortadan kaldirmak i¢in Deger Akisi Haritalama (DAH) kullanilmistir. Bu siire¢cte manuel
yuritiilen islemler elimine edilerek yeni bir sistem olusturulmustur. Mevcut durumda toplam 434 dakikada tamamlanan malzeme
transfer siireci, yeni sistem 6nerisi ile 284 dakikaya diigiiriilmiistiir. Daha sonra PUKO déngiisii ile yasanan bazi problemler analiz
edilerek ¢oziim o6nerileri sunulmustur. Son olarak, spagetti diyagrami ve Milk Run tagima sistemi ile gereksiz tagimalar minimize
edilmistir. Bu sistemin kullanilmasiyla, y1llik ortalama tasimalar i¢in harcanan 470 saatin 50,1 saate diismesi 6ngoriilmektedir.

Anahtar kelimeler: Yaln ig lojistik, Siireg iyilestirme, Deger akis1 haritalama, PUKO déngiisi, Spagetti diyagrami, Milk Run

Using Lean Techniques in Internal Logistics Activities and an Application

Abstract: The concept of lean emerged in Japanese companies in the 1950s. Lean philosophy is a mindset aimed at enhancing
efficiency in business processes, eliminating waste, and prioritizing customer value. This philosophy has globally benefited numerous
businesses for crucial purposes such as gaining a competitive edge in the global market, achieving sustainability goals, adapting to
rapid market changes, and enhancing customer satisfaction. Today, simplification and lean techniques are employed not only in
manufacturing systems but also in-service systems. Business sectors such as education, supply and logistics, informatics, and
technology can be cited as examples. In this study, lean techniques were employed to improve the internal logistics processes of a food
company. Initially, Value Stream Mapping (VSM) was utilized to identify and eliminate processes that do not contribute value to the
targeted process. In this process, manual procedures were eliminated, and a new system was implemented. The material transfer
process, which currently takes 434 minutes in total, has been reduced to 284 minutes with the new system proposal. Subsequently,
issues encountered within the PDCA cycle were analysed, and potential solutions were proposed. Finally, unnecessary transportation
was minimized through the spaghetti diagram and the implementation of the Milk Run transportation system. By using this system, it
is anticipated that the annual average of 470 hours spent on transportation will decrease to 50.1 hours.

Keywords: Lean internal logistics, Process improvement, Value stream mapping, PDCA cycle, Spaghetti diagram, Milk Run

*Sorumlu yazar (Corresponding author): Atatiirk University, Faculty of Engineering, Department of Industrial Enginering, 25240, Erzurum, Tiirkiye
E mail: b.turanoglu@atauni.edu.tr (B. TURANOGLU SIRiN)

Ayse UCAR https://orcid.org/0000-0002-0680-8137 Gonderi: 14 Subat 2024 Received: February 14, 2024
Betiil TURANOGLU SiRIN https://orcid.org/0000-0002-7910-6312 Kabul: 20 Mart 2024 Accepted: March 20, 2024
Yayimnlanma: 15 May1s 2024 Published: May 15, 2024

Cite as: Ugar A, Turanoglu Sirin B. 2024. Using lean techniques in internal logistics activities and an application. BS] Eng Sci, 7(3): 423-435.

1. Giris gereksiz isler ve gereksiz hareketler” olarak
Yalin disiince felsefesi 1950li yillarda Toyota Motor tammlanmigtir (Topuz, 2021).
Isletmesi tarafindan ortaya gikmistir. Yalin diisiincedeki Globallesen diinyada firmalar sektdre tutunabilmek icin
temel amag, degerin hammaddeden mamul olusuncaya degismek ve gelismek zorunda birakilmistir. Bu siirecte
kadar gecen siirede kesintisiz akmasidir. Bu amaca  isletmeler kaliteli drinti daha ucuza retmeyi
ulagmanin temelinde ise israflar1 éncelikle tespit edip hedeflemistir. Hedeflere ulasma yolunda Yaln arag ve
ardindan elimine etmek vardir. Az maliyet, az israf, izl tekniklerden faydalanilmistir. Yeni yonetim kavramlari
iretim ve uygun fiyat ile en kaliteli liretimi yapabilme ve siire¢ iyilestirmedeki siireklilik yalin felsefenin
fikridir (Yanginlar ve Bal, 2019). vurguladigi temel konulardan biri olmustur.
Deger katmayan adimlar israf olarak tanimlanmakla Isletmeler biinyesinde yalinlasmaya gidilecek bir konu da
beraber, literatiirde Taiichi Ohno tarafindan 1988 yiinda ~ 10jistik  faaliyetlerdir. Fabrika icinde yaln lojistik
“Yedi Oliimciil israf’ bashg altinda “gereksiz iiretim, fazla yaklasimu iiretilen iriinlerin az maliyetle ve kisa siirede
bekleme, iiretimde hata, fazla stok, gereksiz tasima, isletme icerisinde tasinmasidir. Bu da i¢ lojistik kavrami
olarak karsimiza g¢ikmaktadir (Topuz, 2021). Takip
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edilebilir ve standart olmayan bir i¢ lojistik sistemi,
isletmelerin stok hareketlerinde dengesizlige ve katma
deger olusturmayan faaliyetlere neden olmaktadir.
Tasima yapan aracin etkili kullanilmamasindan dolay:
calisanlarin katma degersiz isler yapmasi, malzemelerin
zamaninda tedarik edilememesi veya biiyiik miktarda
yar1 mamul birikimi gibi durumlar isletmeler i¢cin dnemli
bir maliyet unsurudur (Kigiikoglu ve ark., 2018).

Yalin diisiince kapsaminda israflar1 yok ederken belli
bagh arag ve yontemler kullanilir. Bunlardan bazilari; 5,
SMED, Deger Akis1 Haritalama, Spagetti Diyagrami, Milk
Run, Hoshin Kanri, Poke-Yoke, A3, PUKO, Just in Time,
Kok Neden Analizidir.

Literatiirde i¢ lojistik, deger akisi haritalama, PUKO
dongiisi ve Milk Run ile ilgili birgok uygulama
calismasina rastlanmistir. Bunlardan bazilar1 Tablo 1'de
0zetlenmis ve asagidaki gibi agiklanmistir:

Gecli (2008) bir otomotiv firmasinin i¢ lojistiginde
yaptigl calismada, her bir ¢alisan i¢in tiretimde lojistik
rotalarini ¢izmis, verimsizlikleri tespit etmis ve yeni bir
yerlesim plani olusturmustur. Zaman etiitleri yaparak
ihtiyac duyulan isgliclinii tespit etmistir. Ayrica, ana
montaj hatlarinda kit halinde
transferleri yapmis ve hat kenarinda izlenebilirligi
arttirmistir.  Sol (2011), c¢alismasinda yalin {iretim

liretime malzeme

tekniklerinden Kanban, deger akisi haritalama, 5S ve
spagetti kullanmistir.  Operatér ve
malzemelerin katma deger yaratmayan faaliyetlerinin
belirlenmesi icin siire¢ akis semalarindan faydalanmistir.
Yapilan analizler sonucunda, set seklinde sevkiyat
sisteminin ara stok miktarlarini azalttifl, malzeme
akislar1 ve hareketlerindeki kontrolleri kolaylastirdigi ve
tasimalar azalttigini tespit etmistir. Kilic ve ark. (2012)

diyagramini

Tablo 1. Ozetlenmis literatiir aragtirmasi

yaptiklar1 c¢alismada, gercek bir iiretim ortamindaki
gozlemlere dayanarak tesislerdeki Milk Run dagitim
problemini Kkategorize etmis ve agiklamislardir. Ana
kategorilerden biri i¢in yapmislardir.
Gelistirilen modellerin amaci, arag¢ sayisini ve kat edilen

modelleme

mesafeyi en aza indirmektir. Calismada, modellerin
uygulanabilirligini gercek
ornek

gostermek icin

uygulamalardan sayisal  bir
sunulmustur. Kogan (2014) calismasinda, set seklinde
sevkiyat sisteminin hat besleme yontemleri arasindaki
yerini incelemis ve hangi yontemle hat kenarina
parcalarin  tasinmasi  gerektigine vermeyi
amaglamistir. Set gseklinde teslimat i¢in bir siireg
yaklasim metodu gelistirmistir. Ayrica; Kanban, 5S ve
slire¢ akis semalar1 yalin teknikler olarak kullanilmistir.
Yapilan tiim bu siire¢ iyilestirme c¢alismalarinin set
seklinde sevkiyat sisteminin par¢a akis kontroliinii
kolaylastirdig, hat kenar1 alanlarindan tasarruf sagladigi,
ara stok miktarlarini azalttigl, daha esnek bir lretim
sistemi sagladigl, malzeme ve parga tasimalarini azalttigy,

esinlenerek

karar

katma deger yaratmayan faaliyetleri yok ederek ¢evrim
stiresini distirdiigl ve iiretkenligi artirdig1 gorilmustiir.
Tyagi ve ark. (2015), gaz tribiinleri {ireten bir fabrikada
deger akisi haritalamayr kullanarak iirtiin gelistirme
siiresinde ortalama %50’lik bir
saglamislardir. Korytkowski ve Karkoszka (2016), bir
montaj hattinda Milk Run operatériiniin verimliligi ve
etkilesimlerini incelemek icin simiilasyon tabanli bir
model Onerisinde bulunmuslardir. Kuvvetli ve Erol
(2017), agag iriinleri lireten bir isletmede malzeme
tasima sistemini simiilasyonla incelemis ve alternatif bir
¢O6zum yontemi sunmustur.

siirecinin azalma

Yazar/lar ve Yayin Yili

Uygulama Konusu

Kullanilan Teknikler

Gecti, 2008

Sol, 2011

Kilic ve ark., 2012

Kocan, 2014

Tyagi ve ark.,, 2015

Korytkowski ve Karkoszka, 2016
Kuvvetli ve Erol, 2017

i¢ lojistik / Malzeme tasima
Malzeme tasima sistemi

i¢ lojistik / Dagitim problemi
i¢ lojistik / Sevkiyat sistemi
Uriin gelistirme siireci DAH
Montaj hatt1 verimliligi

i¢ lojistik / Malzeme tasima

Zaman etiitli

Kanban, 55, DAH, Spagetti diyagrami
Milk Run

Kanban, 5§, Siire¢ akis semalar1

Milk Run, Simiilasyon
Simiilasyon, istatistik

Sangpikul, 2017 Ogrenme ve égretme problemi  PUKO déngiisii
Realyvasquez-Vargas ve ark. 2018 Uriin kusurlarini azaltma PUKO déngiisii
Kiigiikoglu ve ark., 2018 i¢ lojistik / Malzeme tasima Matematiksel model
Turan, 2019 Siirec iyilestirme DAH, AHP

Sevgili ve Antmen, 2019 Siireg iyilestirme DAH

Patir, 2019 i¢ lojistik DAH

Derdiyok, 2019 Kalite giivence sistemleri PUKO déngiisii
Usuk ve Selvi, 2019 i¢ lojistik / Malzeme tasima Otomasyon

Dogan ve Kama, 2021 Tedarik zinciri DAH

Grzegorz ve ark.,, 2021 Malzeme tasima sistemi Milk Run

Topuz, 2021 i¢ lojistik / Malzeme tasima Kanban, Milk Run, Stipermarket
Gu ve ark,, 2021 Yénetim PUKO déngiisii
Kugu ve Kose, 2021 Siirec iyilestirme DAH

Luveark., 2021
Facchini ve ark., 2024

Siirec iyilestirme
i¢ lojistik / Malzeme tasima

Nesnelerin interneti, DAH
Nesnelerin interneti, Milk Run
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Mevcut durumda, vingler ile alanda
konveyorlerin  kullanilmasi
istatiksel olarak konveyor kullaniminin daha anlaml
oldugu tespit edilmistir. Sangpikul (2017) ¢alismasinda,

PUKO déngiisiinii kullanarak bir akademik hizmet projesi

calisilan

durumu incelenmis ve

icin bir 6grenme ve Ogretme modeli gelistirmistir.
Realyvasquez-Vargas ve ark. (2018), bir
isletmesinde {iriin Kkusurlarin1 azaltmak icin PUKO
dongiisiinden faydalanmislardir. Analiz edilen ti¢ farkl
iriinde, kusur orani ortalama %?70 oraninda azaltilmistir.
Kiigiikoglu ve ark. (2018) calismasinda, bir otomotiv yan
sanayi firmasinda fabrika i¢i malzeme tedarik problemini
ele almistir. Fabrika icerisinde hat yani stoklarini
minimuma diisiirmek ve daha saghkli bir malzeme
tasima siireci saglamak icin iki asamali bir ¢6zim
yaklasimi gelistirmistir. Turan (2019), bir otomotiv yan
sanayi fabrikasinda deger akisi haritalama ile analitik

imalat

hiyerarsi  slireci yontemini  birlikte kullanarak
iyilestirmeler yapmis ve yasanan problemlere ¢6ziim
onerileri sunmustur. Sevgili ve Antmen (2019)

calismalarinda, bir metal fabrikasinda deger akisi
haritalamay1 kullanarak siire¢ iyilestirme yapmislardir.
Calismada; toplam iretim siliresinde diisls, tretim
miktarinda artis ve proses degiskenliginde azalma
saglanmistir. Patir (2019), bir otomotiv yan sanayi
firmasinin iiretim lojistigi siirecini incelemistir. israflar
giin yiiziine c¢ikarmak i¢in deger akisi haritalama
yonteminden faydalanmistir. Bu c¢alisma sonunda,
stoklarda yaklasik %20 oraninda azalma saglanirken,
lojistik maliyeti ve operator sayisi gibi konularda da
iyilestirmeler yapilmistir. Derdiyok (2019), kalite
giivence sistemlerinin iniversitelerde uygulanmasini
yayginlastirmak amaciyla PUKO déngiisiinii kullanan bir
model Onermistir. Usuk ve Selvi (2019) c¢alismasinda,
kablosuz acil malzeme istek sistemi olusturmustur.
Fabrika i¢i lojistik aksakliklar nedeniyle malzemelerin
sahaya gec¢ teslim edilmesinden kaynaklanan hat
duruslar1 ortadan kaldirilmistir. Bdylece, malzemelere
ulasmak daha kolay hale gelmis ve tasima islemi
standartlastirilmistir. Ayrica, tasimalarda gerceklesen
israflar minimize edilmistir. Dogan ve Kama (2021)
calismalarinda, bir isletmesinin  tedarik
zincirindeki israflari belirleyip en aza indirmek i¢in deger
akis1 haritalama yoéntemini kullanmislardir. Calisma

imalat

sonunda, bir Uriiniin hammadde siirecinden aliciya
ulasmasina kadar gegen siirede %21’lik bir azalma
saglanacagl 6ngoriilmiistiir. Grzegorz ve ark. (2021), Milk
Run tasima sistemleri icin referans bir model 6nerisinde
bulunmuslardir. Topuz (2021), beyaz esya sektoriinde
yaptig1 calismasinda yalin iiretim tekniklerinden Kanban,
Milk Run ve siipermarket yontemlerinin kullanildig bir
metodoloji gelistirmistir. Sonug¢ olarak malzeme tasima,
montaj  sahasindan alinarak  bir  slipermarket
kurulmustur. Toplam malzeme tasima mesafesi %79
oraninda azaltilmistir. Gu ve ark. (2021) ¢alismalarinda,
tip Ogrencilerinin yonetiminde yasanan
gidermek amaciyla PUKO déngiisiinden
faydalanmiglardir. Kugu ve Kése (2021), 1s1 degistirici

lisanstisti
zorluklari

iretim hattinda uyguladiklar1 deger akisi haritalama ile
ara stok miktarlarinda ortalama %59’'luk bir diists
saglarken islem stliresinde %31’lik bir azalma elde
etmiglerdir. Lu ve ark. (2021), nesnelerin interneti
teknolojisini kullanarak kii¢iik ve orta 6lgekli isletmeler
icin dijital ikiz tabanl bir deger akisi haritalama yontemi
onermislerdir. Facchini ve ark. (2024), bir otomotiv
sanayi isletmesinde nesnelerin interneti tabanl Milk Run
tasima ve rotalama problemini ele almislardir. Calisma
sonunda her is istasyonunun envanteri saglanmis, ¢ekici
tren filosunun ortalama kullanim oran iyilestirilmis ve
giinliik kat edilen mesafe azaltilmistir.

Bu calismada bir gida isletmesinin i¢ lojistik siiregleri

incelenmis ve siireclerde tespit edilen katma degersiz

islemler yalin teknikler olan deger akisi haritalama

(DAH), PUKO déngiisii, kok neden analizi, Spagetti

Diyagrami ve Milk Run kullanilarak minimize edilmistir.

Literatiirdeki ¢alismalara bakildiginda, bu ¢alismanin

katkilar1 agagidaki gibi siralanabilir:

e Bir gida firmasinin i¢ lojistik faaliyetlerinde siireg
iyilestirme tizerine yapilan gercek bir uygulama
calismasidir.

e DAH, PUKO dongiisii, kok-neden analizi, spagetti
diyagrami ve Milk Run gibi bes farkll teknik
kullanilmistir.

e Firmanin deposunda uygulanan bu c¢alisma ile
toplam islem siiresinde %31’lik bir
olmustur. Ayrica elde edilen sonuglar, malzeme
tasima icin onerilen Milk Run sisteminin toplam
malzeme tasima siiresinde yillik %89’luk bir diisiis
saglayacagini gostermistir.

azalma

e (Calisma kapsaminda yapilan tiim ¢alismalar, firma
yonetimi tarafindan kabul gérmiis ve uygulamaya
konmustur.

2. Materyal ve Yontem
2.1. ¢ Lojistik Kavrami
Tedarik ve dagitim lojistigi arasinda kalan ig¢ lojistik, bir
diger adi ile iiretim lojistigi; hammaddelerin, nihai
drlnilin, yar1 mamullerin tesis igcindeki hareketi, stok
yonetimi, planlama, depolama ve istiflenme, siparis
toplama ve dagitma, malzeme tasima araglarinin se¢imi
ve hareketlerine iligkin kurallar gibi siirecleri
kapsamaktadir. Bu siiregler asagidaki gibi
detaylandirilabilir:

e Depolama: Mal kabulii, malzemelerin kayit altina
alinmasi, istifleme, tasima, sevkiyat dncesi iiriinleri
hazirlama ve etiketleme, depolama alanlarin diizeni
ve tertibi islemlerinden olusmaktadir (Erturgut,
2021).

e Stok yoénetimi: Uriinlerin nerede stoklanacagl, ne
kadar siparis verilecegi, siparisin teslim tarihi, ne
stoklanacagy ile ilgili sorularin cevaplarinin arandig
bir yonetimdir.

e Planlama: Planlama asamasinda miisterilerin

beklentilerinin karsilanmasi ve dogru zamanda
nihai tirtiniin miisteriye ulastirilmasi hedef alinarak
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iretimin, tedarikin ve sevkiyat siire¢lerinin organize
edilmesidir (Erturgut, 2021).

e Malzeme tasima araglarinin seg¢imi: Giiniimiiz
isletme yapilarinda maliyetlerin ve firmalar arasi
rekabetin artmasi kaynakll lretim icin harcanan
maliyetin ve zamanin 6nemi ile beraber ellecleme
icin ayirdigi zamani da degerli kilmistir. Ellegcleme
de c¢alisma ortamina en uygun aracin secilmesidir
(Dur, 2019).

e Ambalajlama ve etiketleme: Ambalajlar triinleri dis
etkilerden koruyan, iiriin tipine gére metal, plastik,

olusan

Ambalajlama ve etiketleme gerek depolama

esnasinda gerek fabrika i¢i transferlerde giivenli,

hatali islem yapma ve hasar riskini minimumda

cam vb. tiirevlerden malzemelerdir.

tutmaya dogrudan katkisi olan bir
(Erturgut, 2021).

2.2.Yalin Uretim Kavram

surectir.

Yalin iiretim katma degersiz islemlerin elimine edilerek,

tam anlami ile israflarin ortadan kaldirilmasina
odaklanan bir sistem biitiintidiir. Verimliligi ve esnekligi
hedef alir (Mofolasayoa ve ark., 2022).

Yalin 1950’li  yillara
dayanmaktadir. Toyota firmasinda Eiji Toyota ve Taiichi

Ohno onciiliigiinde atilmistir. Amerika’da yer alan

lretim sisteminin tarihi

firmalara rakip olacak seviyeye gelebilmeyi hedeflemis
ve yeni bir yonetim bi¢imi arayisina girmislerdir. Adim
adim ilerleyerek tiim iretim sistemlerini goézden
gecirmislerdir. Seri lretimden ziyada kiiglik partiler
halinde ve cesitliligi arttirarak diistik taleplere de cevap
verebilecek bir liretim sistemi gelistirmislerdir. Basta
Japonya olmak flizere zamanla diinyaya yayilmis bir
sistem haline gelmistir (Kocabas, 2014).

Yalinlagsmanin temelinde israflar1 yok etmek yatar. Deger
ile israfi ayirt ederek odaklar1 deger yaratan islere
yonlendirmeyi hedef alir. Deger miisterinin 6demeye
istekli oldugu iiriin ve siireglerdir (Ertiirk ve Ozgelik,
2008).

Yalin iretim, stirekli iyilestirme ve kaynaklar1 en etkili
sekilde felsefesiyle
yaklasimidir. Bu yaklasim, liretim siireglerindeki israflari
belirleyerek ve azaltarak verimliligi artirmayr hedefler.
Yalin tiretimde yedi temel israf vardir:

kullanma taninan bir Uretim

e Fazla tlretim: Siparisten once, ihtiyactan fazla
tiretimi kapsamaktadir. Fazla iiretimler igcin ek
depolama alanlari, malzeme akisinda dengesizlik
gibi problemlere yol agmaktadir.

e Fazla stok: Nihai {liriin, hammadde, yar1 mamul gibi
stok tiirlerinde fazla tutulan stoklar1 ifade eder.
Fazla tutulan stoklar depolama maliyeti olusturur.

Depolardaki  hareketin  kisitlanmasina  sebep
olmakla beraber hatali islem yapma oranini
arttirmaktadir.

e Gereksiz islem: Katma degersiz islemler ile

ilgilenmektir. Yalin iiretim felsefesi katma degersiz
islemlerin elimine edilmesini hedeflenmektedir.
tizerinde c¢alismaya

Deger yaratan islemler

odaklanmaktadir.

e Gereksiz hareket: Calisanlarin, iirline veya hizmete
herhangi bir katki saglamayan nedenlerle gereksiz
hareket etmeleri sonucu ortaya ¢kan israftir.
Uretimde kullanilacak malzemelerin hatlardan uzak
olmasi, ergonomik agidan zorlayan is ekipmanlari,
asir1 harekete sebep olan diizenlemeler ornek
olarak gosterilebilir.

e Hatali liretim: Bir iiriini diizeltmek, onarmak ya da
yenisi liretmek olarak tanimlanabilir. Bu israf ek
hammadde ve iscilik maliyeti dogurmaktadir.
Bununla beraber miisteri siparislerinin teslimatinda
gecikmeye de sebep olmaktadir.

e Gereksiz bekleme: Personel veya makine,

ekipmanlarin c¢alisma saatleri icerisinde bosta

kalmasi1 ve beklemesi olarak tanimlanmaktadir.

Makinede kaynakl

calismadan beklemesi, personelin makine hazirlik

sirecinde makinenin hazirlanmasim1 beklemesi,

bulunan ariza makinenin

makinenin personeli ornekler

verilebilmektedir.

beklemesi gibi

e Gereksiz tasima: Gereksiz tasima, irinlerin bir
noktadan digerine tasinmasi sirasinda olusan israfl
temsil eder. Yalin {iretimde, minimum tasima
mesafeleri ve daha etkili lojistik siirecleri tizerinde
¢alisma 6nemlidir.

Bu c¢alismada kullanilan yalin {iretim teknikleri deger
akisi haritalama, PUKO déngiisii, kok neden analizi,
spagetti diyagrami ve Milk Run tasima sistemidir.

2.3. Deger Akis1 Haritalama

Deger Akis1 Haritalama (DAH), yalin felsefede kullanilan
en onemli tekniklerden biridir. Uretim ve hizmet
yaygin edilen DAH,
hammaddenin firmaya gelisinden {riiniin miisteriye
teslim edilmesine kadar gecen siiregleri kapsamaktadir

sektorlerinde olarak tercih

(Dogan ve Kama, 2021). Deger akisi, bir iriini
olusturmak icin temel olan ana akislar boyunca ihtiyag
duyulan faaliyetleri kapsayan bir kavramdir. Bu
faaliyetler hem katma deger yaratan hem de yaratmayan
unsurlari igerir. Eger her bir triin i¢in gerekli olan ana
akislari siralarsak; hammaddeden miisteriye liretim akisi
ile baslanabilir ve ardindan iiriin gelistirme siireci, yani
tasarim, takip eder (Kugu ve Kose, 2021).
DAH’ da siirecler semboller ile ifade edilir. Sirasiyla,
incelenecek tiriin ailesinin veya stirecin belirlenmesi ile
mevcut durum haritas1 ¢izilir. Silirecte yapilabilecek
iyilestirmeler planlanarak gelecek durum haritasi
olusturulur. Israfi gérsellestiren bir teknik olarak DAH ile
gelecek durum haritas1 ¢izildikten sonra aktiviteler
planlanir ve uygulamalar gercgeklestirilir. Bu siireg,
islemleri daha etkin hale getirerek israfi azaltmay1 ve
degeri artirmay1 amaglar.
DAH’ da bazi veriler 6nem arz etmektedir. Bunlar; ¢evrim
sliresi, katma deger siiresi, akis siiresi, operatdr sayisi,
makine hazirhk stireleri, ¢calisma siireleridir (Birgiin ve
ark., 2006):
e Cevrim siiresi (C/T): Bosaltma, yiikleme, hazirlik
siireleri dahil bir prosesin tamamlanma sikligidir.
e Katma Deger Siiresi (V/A): Miisterinin deger olarak
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tanimladigl is elemanlarinin siiresidir.

e Akis Siiresi (L/T): Bir isin baglama ve bitis
zamanlar1 arasinda gecen siire akis siiresi olarak
tanimlanmaktadir.

2.4. PUKO Déngiisii
Isletmelerde planlama, arastirma, tasarlama, iiretim ve
satisin birbirini takip eden bir ¢evrim oldugunu savunan
W. Edward Deming, Deming Dongiisii olarak da anilan
PUKO déngiisiinii literatiire kazandirmistir. Deming'in bu
cevriminden esinlenen Japon yoneticiler, Deming' in bu
cevrimini yonetimin tiim asamalarina uygulayarak buna
PUKO (Planla-Uygula-Kontrol Et-Onlem Al) déngiisii
adin1 vermislerdir (Efil, 1994). Miikemmelligi aramayi
hedefleyen yaln yonetim sisteminde de PUKO déngiisii
onemli yer tutar. PUKO, iyilestirme ve gelistirme
slireclerinde  6nemli bir yol gdsterici
kullanilmaktadir.

olarak

PUKO déngiisiiniin dért temel asamasi asagidaki gibi
aciklanabilir (Realyvasquez-Vargas ve ark., 2018):

e Planla: Bu asamada, iyilestirme firsatlar1 belirlenir
ve daha sonra bunlara 6ncelik verilir. Ayni sekilde,
analiz edilecek siirecin mevcut durumu tutarh
verilerle tanimlanir, sorunun nedenleri belirlenir ve
¢o6zmek icin olasi ¢ozlimler onerilir.

e Uygula: Bu asamada, eylem planin1 uygulamak,
bilgiyi se¢mek ve belgelemek amaglanir. Ayrica,
beklenmeyen olaylar, 6grenilen dersler ve edinilen
bilgi goz 6niine alinmaldir.

e Kontrol Et: Bu adimda, dnceki adimda uygulanan
eylemlerin sonuglar1 analiz edilir. lyilestirmelerin
olup olmadigi ve belirlenen hedeflere ulasilip
ulasilmadiglr kontrol edilir. Bu amagla, Pareto
cizelgesi veya Ishikawa diyagrami gibi cesitli grafik
destek araglari kullanilabilir.

e Onlem Al: Bu
standartlastirmaya yonelik yontemler gelistirmeyi
icerir. Ayrica, iyilestirmeyi tekrar test etmek ve yeni

asama, iyilestirmeleri

veri elde etmek icin tekrar kanitlanir veya
uygulanan eylemlerin etkili iyilestirmeler
saglamadigl durumda proje terk edilir ve yeni bir
proje ilk asamadan baslanir.
2.5. Kok Neden Analizi
Kok neden analizi, bir sorunun temel nedenlerini
belirlemek ve bu nedenleri ele alarak tekrarlayan
problemleri onlemek amaciyla kullanilan bir analitik
yontemdir. Temelde bir olayin ya da sorunun yiizeydeki
belirgin nedenlerinin dtesine gegerek, altinda yatan temel
ortaya cikarmayr hedefler. Bu analiz,
problemlerin sadece semptomlar1 degil, asil kok
nedenleri ele alarak kalic1 ¢éziimler bulmaya odaklanir.
K6k neden analizi genellikle "5 Neden" teknigi veya
adiyla "5 Whys" kullanilarak
gerceklestirilir. Bu yontemde, bir sorunun nedenini
bulmak icin sirali olarak bes kez "Neden?" sorusu
sorulur. Her soru, 6nceki cevaptan tiiretilmis ve altinda
yatan temel nedeni daha da a¢iga ¢ikarmaya yoneliktir.

nedenleri

Ingilizce yontemi

Bu siireg, sorunun kok nedenine ulasana kadar devam
eder. Kok neden analizi, is stireglerindeki iyilestirmeleri,

tekrarlayan problemlerin 6nlenmesini ve etkili ¢dziimler
gelistirmeyi saglayarak siirdiiriilebilir basar: icin 6nemli
bir aragtir (Dogget, 2006).

2.6. Spagetti Diyagrami

Spagetti diyagramy, bir is akisi i¢in ¢alisanin yaptig tim
hareketleri gosteren ve bu hareketlerden ortaya ¢ikan
israfin anlasilmasini saglayan yalin tekniklerden biridir.
Spagetti diyagrami ile ¢alisanlarin kullandiklar1 her yol
renklendirilerek bir harita olusturulur.
tizerinden siire¢ ya da is akisi icin atilan toplam adim
sayist hesaplanir. Elde edilen toplam adim sayisi ile
gerceklesen hareket israfinin azaltilmasi amaglanir
(Sénmez ve Yagmur, 2021). Spaghetti diyagramlari
genellikle bir isyerindeki fiziksel alanlar1 veya bir siirecin
adimlarini temsil eden bir harita tlizerinde cizilir. Bu
diyagramlar, siirecin karmasikligini ve etkilesimlerini
daha iyi anlamak i¢in bir ara¢ olarak kullanilir.

Spaghetti diyagramimin temel amaglar1 asagidaki gibi
siralanabilir:

Bu harita

e [s siireclerindeki adimlarin ve aktivitelerin nasil
birbirine bagh oldugunu gosterir. Bu sayede
gereksiz hareketleri ve kayiplari belirleyebilir.

e [s siireclerindeki fiziksel mesafeleri, hareketleri ve
iligkileri gorsellestirerek mevcut durumu anlama ve
degerlendirme imkani saglar.

e Cizgiler arasindaki karmasik oriintiiler sayesinde,
siirecteki olasi iyilestirme firsatlar1 daha net bir
sekilde anlagilabilir.

2.7.Milk Run

Milk Run kavrami, farkli saticilardan farkl teslimatlar:

maksimum  kapasite  ve maliyetle

gerceklestirilmesini saglayan bir teslimat yontemi olarak

minimum

aciklanabilir. Milk Run adi, kamyonlarin glnliik siit
ihtiyacini mandira kooperatiflerine ulastirmak igin
kullanilan yontemden tiiretilmistir. Milk Run, talep
gereksinimini en az maliyetle ve etkili bir sekilde
tagimay1 karsilamak i¢in minimum mesafe kat edilmesini
ve maksimum talebin teslimat aracina tasinmasini saglar.
Bu, yiikiin birgok farkl yerde ve daha kii¢iik birimlerde
dagildigi durumlarda uygulanir. Béyle bir durumda her
merkezden tek tek tasima ¢ok pahali olacagindan ihtiyaca
gore bir sema tasarlanmakta ve buna gore tiim farklh
uniteler temin edilip tasinmaktadir.

Milk Run, birkag is istasyonunu bir tedarik ddngiisiine
baglayan ve bir rota boyunca rémorkdr treninin ¢ok kez
yuklendigi ve bosaltildig1 bir tasima sistemidir. Son on
yilda, malzeme tasimanin yogun oldugu islerde artan bir
popiilerlik  kazanmistir.  Forkliftlerin  aksine, bir
stipermarketi bir tasima rotasi boyunca birden fazla
teslimat konumuyla birbirine baglarlar (Facchini ve ark,
2024). Bu sistemlerin ana avantaji, sabit programlara
gore calisarak degiskenligi azaltmalaridir. Boylece, bir
tedarik ag1 icerisinde stok, kapasite ve
tamponlarinin azaltilmasina olanak tanirlar (Grzegorz ve

Zaman

ark, 2021).
Milk Run tasima sistemleri, lojistik maliyetlerini
azaltmaya katkisindan dolay1 isletmelerde tercih

edilmektedir. Bu ¢alismada, hammadde depodan {iretim
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cep depolara giinliik olarak yapilan transferler ile ilgili
Milk Run’dan faydalanilmistir.

3. Bulgular ve Tartisma

Bu c¢alismada, ti¢ vardiya olarak c¢alisan bir gida
isletmesinde yukarida agiklanan teknikler uygulanmistir.
Hammadde depodan iiretim hatlarina olan transfer
siiregleri incelenmis ve iyilestirmeler yapilmistir. Mevcut
durumda iiretim cep depolarina hammadde transferleri
16.00-00.00 vardiyasinda gergeklesmekte olup depo
personellerine operatorler tarafindan gelen ihtiyag
listelerine gore yapilmaktadir. Her hattin operatdri
oncelikle cep depo stoklarini kontrol ederek ihtiyag
listesini olusturup depoya malzeme fisi gotiirmektedir.
Fisteki malzemeleri hazirlayan depo personeli, ilgili
hatlara malzemeleri transpalet yardimi ile transfer
etmektedir. Bu siirecte manuel yapilan islerin ve gereksiz

e —————
Tedarik Plantama |

2 Mattalih

spang/Mail ™ M
Tedarikgi - ) .
edarik¢i k‘-v“:l'l\"*

tagimalarin oldugu gozlenmistir.
Bu esnada, katma degersiz faaliyetlerin tespiti igin

oncelikle deger akisi  haritalama  ydnteminden
faydalanilmistir. Sahada kagit tzerinde elle cizilen
calisma, EdrawMax programina aktarilip

haritalandirilmistir. Mevcut durum deger akisi haritasi
Sekil 1’deki gibidir.

Haritalama ve saha gozlemleri sonucunda operatérlerin
manuel olarak fis hazirlamaya harcadig1 zaman ile fisleri
depoya teslim ederken harcadigi zamanlarin minimize
edilmesi iizerine odaklanilmistir. Bu kapsamda, manuel
yuritilen islemlerin SAP ile ytritiilmesi ve gilinliik gelen
is emirlerine gore dogrudan ihtiya¢ listelerinin
olusturulmas: iizerine SAP uzmanlar1 ile ¢ahisilmistir.
Sistemde yapilacak degisikliklerin ilgili birimlere de
aktarilmas1 ve siirekliligin saglanmasi yoniinde PUKO
dongiisiinden faydalanilmistir.

Uretim Planlama

) AN

Gunluk

Musteri

. .vﬂl’1 upanymal
i e
t{_ﬁtﬂm Operatorien Depo Personeller
T3-TS Mikser maizame 73-T5 Mikser T3-15 Mikser
fist hazirlama malzemeleriren 'Y - malzemelerinn
hanelanmas) \va hatlara tesimi
Ighom suresi: 10 di Islem siresi 20 dk - Iglem surem 5 dk
Opt.1 iy 3dk Opt.1 kig 3 dk Opt.1 kiy
_> £
Sevkiyat
MI-H5 Mikser M35 Miksar H3H5 Mikser
malzeme gl malzemaleriren malzamalarinin
hazriama hanrianmas: hatlara tostimi
Igtem suresi: 12 gk tglemn sOresc 22 di igtem surest 4 dk
Oot.1 kgl 8 dk Opt.1 kig 10 dk Opt.1 kigh ((
—_— b"'
e
53 Miser malzeme 53 Mikser malzeme S3 Mikser malzeme Uretim -~
fi3i haziriama malzemelarinn malremelering Asamasi
nanrianmas: hatiara testimi
Igtom suresi 8 ok I§lam suresc 18 dk Iplom slrest 5 dk
Opt.1 kigl 25 dk Opt.1 kigl 45 dk Opt 1 kigh
T3-T5 Paketiome 73-75 Paketiame T3-15 Paketieme
malzome figi malzemalerinen malzemelerinin
hanriama hapelanmas: hatlara teshmi
Igiem suresl: 18 ok Iglam sdrest 25 dik ijiem sUresi@ dk
Opt.1 ugl 16 dk Opt ] kigh 15 dk Opt.1 kig
HY-HS Paketiome H3-H5 Paletiome HIHS Paletiome
matzemae figi malzemalarinen malzemalerinn
haziriama haprianmas: hatlara testimi
Ighem sOresi; 17 gk Istem sUrest 330k B dk Ighem sUresi 9 gk
Opt.] tg 14 dk Opt.1 kig Opt.1 kigh
f—
>
S3 Paketiemo 53 Pakotiome 53 Pakotiomw
malzreme figi malzemelerinn maizemelerinn
hartiama hazetanmat hatlara testimi
Igtem surest 16 ok Iglom sUresc 26 dk ijlom surest: 8 dk
Opt.1 ki 13 ok Opt.1 kig Opt.1 kigh
el g Pl kg 12 gk [Oet1kiy
>
93 dk
76 dk LITA34 di
V/A265 dk
| 81 dk | 145 dk 39 dk

Sekil 1. Mevcut durum deger akis: haritasi.
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Tarih: 4.05.2023 1.05.2023 8.05.2023
L . Pzt | Sal | Car | Per | Cum  Cent| Paz Pr1 | Sal | Car | Per  Cum
Planlanan | Planlanan
PROJE PLANI Baslangic | Bitiy 1 (2 I3 |4 [5 16 |7 $ 19 110 111 112
L.Uygulama Yapilacak Problemlerin Belirlenmesi
LAgqhy Toplantas ve Planm "0 07
Paylagbmas: . 4.05.2023 . 4.05.2023
2. Depo personellen ve o <00
operatociers epsttmun venimes: | 5.05.2023 | 5.05.2023
3 Swstemsel hazichk ve kootroller | 6.05.2023 | 7.05.2023
4 Palot hattin secilerek sayumnmn "N P
e 8.05.2023 |8.05.2023
5 Belirlenen pilot hat v;m. haze | |
edimlerin hazulanmasi ve 9.05.2023 | 10.05.2023
problemienn incelenmes: | |
6 Sonuglann degerlendinlmes: ve P P
kapanty 11.05.2023 | 11.05.2023
Sekil 2. Plan ¢izelgesi.
Sistemin Eksik malzeme Evel tmnteme G0, goet Hazir edimin
> » lgerisinde Teslim > Oluturulmass
Caligtartiman: Uyaris: var mi? Otacak mi?
A -
Hayr Hayw
Iy Emirlerinin
Sisteme
Girlimesive
Gincellenmesl v
Listeterin
+ Gekilmesi ve
gite ¢ Hatlara Malzeme
Tesdim Edilmesi
Basia

Sekil 3. Is akis semas.

PUKO déngiisiiniin asamalarinda yapilan isler sirasiyla

asagida agiklanmistir:

e “Planla” Asamasi: Bu asamada, dncelikle problemin

tanimlamasi

yapilmistir.

Problem,

hammadde

transferi siirecinde manuel yiiriitiilen islemlerden

kaynakli  katma

bulunmasi

olarak tanimlanmistir.

degeri  olmayan

Daha

adimlarin
sona,

manuel yiriitiilen islemlerin SAP'e entegre edilerek
israflarin ortadan kaldirilmasi hedeflenmistir. Bu

hedefe  uygun  olarak  gelecek  planlarin
olusturulmustur. Plan g¢izelgesi Sekil 2'de
verilmistir.

“Uygula” Asamasi: SAP sisteminden yiriitiilecek
olan sistemin saglikl ilerleyebilmesi i¢in dncelikli
olarak ihtiyaclar belirlenmis ve SAP uzmanlari ile
paylasilmistir. SAP sisteminde mevcut bir ¢alisma
olan hazir edim ekrani firma ¢alisma diizenine
entegre edilerek calisma tamamlanmistir. ilk olarak,
operatdrlerin depoya malzeme listelerini ulastirmak

icin  harcadifi  gereksiz islemlerin ortadan
kaldirilmasina odaklanilarak, malzeme listelerinin
tamamen SAP iizerinden olusturulma talebi

sunulmustur. Bu calisma ile beraber operatoérlerin
yanlis, eksik veya fazla malzeme talep etmesi

onlinde tutularak tamamen mamul regetelerinden
cekilecek hammadde miktarlara gore iiretim cep
depo stoklari ile karsilastirilarak ihtiyag listelerinin
olusturulmasi istenmistir. Bu talep, ge¢mis
zamanlardan Kkalan agik is emirlerinin kapatilma
zorunlulugunu beraberinde getirmistir. Ek olarak,
transfer edilen malzemelerin paletli veya koli
seklinde olmasina gore veriler diizenlenmistir.
Ornek olarak; 25 kghk cuvallarda gelen bir
malzeme i¢cin 10 kg ihtiya¢ ¢ikartmasi durumunda
10 kg 25 kg’ a yuvarlayarak ihtiyag¢ listesinde
gosterme durumu verilebilir. Bu talebin sebebi, gida
giivenligi ve malzeme denkligini saglamak icin
hammadde depoda agik malzemenin tutulmamasi
gerekliligidir. Test siirlimiinde yapilan denemelerin
ardindan sistem, canl sisteme tasinmustir. Oncelikli
olarak ilgili birim yoneticileri ile acilis toplantis
yapilarak slire¢ tanmitilmis ve sistemdeki kritik
noktalar ilizerine goriisiilmiistiir. Planla asamasinda
olusturulmus olan planlama cizelgesindeki adimlar
sirasl ile planlanan tarihlerde tamamlanmistir. Yeni
sisteme ait slire¢ akis semasi olusturulmus ve ilgili
personeller ile paylasimistir. Her giin 16.00-00.00
vardiyasinda bir sonraki giine ait is emirlerinin

problemini énlemek amaciyla agik is emirleri goz gelmesinin  ardindan sisteme is emirlerinin
girilmesi, akisin ilk adimini olusturacaktir. Sistemin
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calistirilmasi ve kontrol islemlerinin ardindan hazr
edim listeleri olusturulacaktir. ilgili hatta ait bir
glinlik ihtiya¢ listesi sistem iizerinden ¢eKkilip
hatlara teslim edilecektir. Bu asamaya ait is akis
semasi Sekil 3’te verismistir.

“Kontrol Et” Asamasi: “Planla” ve “Uygula”
asamalarinda yapilmis olan ¢alismalarin kontrolleri
bu asamada gerceklestirilmistir. Hazir edim sistemi
siirecine ait pilot ¢alismalar yapilmis ve yasanilan
problemler {izerine odaklanilmistir. Bu kapsamda,
karsilasilan  problemlerin  kaynaginin  tespit
edilmesinde kok neden analizinden faydalanilmistir.
Kok neden analizi c¢alismasi isletmede depo
personeli, operatdr, teyit personeli esliginde
gerceklestirilerek dogrudan siirecin icinde yer alan
kisilerin deneyim ve gozlemlerinden
faydalanmilmigtir. Sistem iyilestirmesi esnasinda
karsilasilan temel problem, sistemsel ve fiziksel cep
depo stoklarindaki uyusmazlik olmustur. Bunun i¢in
ilgili ~ birimler egliginde problem sebepleri
incelenmis ve aksiyonlar alinmistir. Yapilan koék
neden analizi Sekil 4’te verilmistir. Alinan
aksiyonlarin  sonuglar1  yeniden  incelenmis,
sistemsel ve fiziksel stoklardaki fark miktarlarinda
diisiis gozlenmistir. Aksiyon alinmadan énce hazir
edim disinda haftalik depodan manuel olarak talep
edilen malzeme kalem sayis1 24 iken aksiyon
sonrasl bu say1 haftalik 9 kaleme diismistiir.
“Onlem Al” Asamasi: Yapilan kontrollerin ve kék-
neden analizinin ardindan, siirecte yasanabilecek
aksakliklarin éniine ge¢mek icin asagidaki énlemler
alinmstir:

v Cep depo stoklarindaki uyusmazhigin Gniine

gecmek icin fire oranlar1 yiiksek olan
hammaddeler tespit edilmis ve her vardiya
sonunda sayimlari alinip fire hammadde ¢ikislari
yapilarak sistem stoklarinin kontrol altina
alinmasi hedeflenmistir.

v' Depo tarafindan her mal girisi yapildiginda kalite
onayl icin ilgili birimlere mail diismesi tzerine
calisma yaparak, kalite onayinda uzun siire
malzeme kalmasi 6nlenerek fiziksel olarak iiretim
hattinda teslim edilen malzemenin sistemsel
olarak da hatlara transferleri saglanmis olup teyit
stiregleri daha saglikli hale getirilecektir.

v’ Tedarik¢inin ge¢ irsaliye yoOnlendirmesinden
kaynakli mal girisinin gecikmesi probleminin
oniine gecmek icin ilgili tedarikcilerin uyarilacak
ve takip siklastirilacaktir.

PUKO déngiisinden de faydalanilarak adim adim
malzeme transfer siireclerinde iyilestirme iizerine
calismalar yapilmistir. Mevcut durum DAH’ da tespit
edilen manuel islemler sistem {lizerinden takip edilmeye
baslanmis, mevcut sisteme dahil olmak durumunda kalan
6 personel bu siirecte ilgili is icin sistemden ¢ikarilmistir.
Bu is yerine sahada bulunan mevcut islerine ayiracak
zamanlar1 artmigtir. 6 personel yerine 1 tiretim planlama
sorumlusunun sistemsel islemi ile silire¢ yonetilmeye
baslanmistir. Girilen is emirlerine gore sistemde bulunan
cep depo stoklar1 ile Kkarsilastirma yaparak ihtiyac
listeleri dijital ortama tasinmistir. Daha sonra, deger
akisi haritalama Sekil 5’teki gibi tekrar ¢izilmistir. Mevcut
durumda toplam 434 dakikada yiritilen bu islem,
iyilestirme sonrasi1 284 dakikaya diismiistiir. Ayni sekilde
katma degersiz islemlerin toplam siiresi 265 dakikadan
191 dakikaya diisiiriilerek bir iyilesme saglanmistir.

Cep Depo Stoklarmdals Ususmazhk Kaynakls Hazir edim Sstemi Digs Ek Malzeme Taleb: Olugmas:

Neden-1 Neden-2 Neden-3
Mibams terideem verimemes ey kalmr_n‘li:m‘;gﬂ:aneﬂ ~ Af'nﬂaazntenﬂaixvaihnasi \
Cep depo siokmds sstemsel yokin g/ Cep&pcsmm:damdmm‘) * Teratlen veren birme iretimdel >
: S petr i
e lessdis s mal i rapimady Ui ke ok ldnduipm sty
for vapdamd: GS
Kalntz beronmes. sestemsel olarak cmzyds

Szmemse] olarak mail mgl vapdip kalss omayvindz beldsven malzemeler iom flzihi Inglere sistem foennds wvan mah digmen kowsmda

Fae oram viksek olan malzems sreplanms beleleny ek hammadds stoldan g ker vandiva basmdz sayem ahweman

Sekil 4. Kok neden analizi.

e B ool
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Bir diger iyilestirme ¢alismasi, 7 temel israftan biri olan
gereksiz tasimalar iizerine yapilmistir. Malzeme transfer
slireci esnasinda gilinliik kat edilen rota spagetti
diyagramindan Fabrika
biinyesinde  depo de
bulundugu ve stireci yonettigi ham madde depo ve
paketleme malzemelerinin depolandigi ambalaj depo

olmak iizere iki ana depo vardir. Kisa 6miirlii mamullerin

faydalanilarak  ¢izilmistir.

personellerinin  ofislerinin

giinliik olarak diizenli tretimleri yapildigi icin 5 hat
iizerinde ¢alisma yapilmistir.

Uzun 6mirli {irtin gruplarina ait iretimler donemsel
oldugundan c¢alismada kapsam dist birakilmistir.
Oncelikle cep depolar ve hammadde depolar harita

Tedarik Planlama

2 Maftalik
siparig/Mail ™|

uzerinde belirtilerek mesafeler ol¢lilmiistiir. Mevcut
durum spagetti diyagrami Sekil 6’daki gibi cizilmistir.
Burada, hammadde ve ambalaj depo dahil tiim ugranan
cep depolar numaralandirilmistir.

Rotalar arasi mesafelerin ol¢ciimiinde lazer metre ve
metre kullanilmistir. Siirecin dakika cinsinden karsihigina
ulasmak icin personellerin ortalama 1 dakikada yiikli
transpalet ile kat ettigi yol Siireg
incelemesinin ardindan ambalaj depo ve hammadde
depo c¢evresinde yogunluk oldugu tespit edilmistir.
Mevcut durumda malzemeler plastik paletlere istiflenip
hatlara teslim edilmektedir. Tasima esnasinda trans palet
kullanilmaktadir.

Olciilmiistiir.

( Uretim Planlama

w /A

Tedarikgi ‘_J L Guntok Misteri
LoniMa” siparig/mall
\ er 31’“5'! o
Glnd b
> ealsP i Depo Personeller)
ey i
-
Plantama p—
\I.‘ﬁrlun T. /, T3-T5 Mikser
A J malzemelerinin
wgat = :
Hans edimlerin 33 75 Haziredim \ hatlara tesimi
calisurimas Ustelerinen cekilmes: |igtom sUresi:S dk
va hazirlk 3 Opt 1 kisi )
Igtem sures15 dk |lglem soresid40 dk
Opt 1 kig Ope1 kigi | Sevkiyat
T3-TS Paketieme
15 malzemeterinin
hatiara teslimi
Isiem sures! 9 dk
s ——————— Optltg ((
+ H3-H5 Hanredim o
Q‘ﬁﬂ'ﬂe C ™
Slﬂ;:l tyih di listelerinin gekilmesi - "’\; :‘:‘
aziredim ve hazirlik . r el \
| L oL S H3-HE Mikser Oretim
Istem s0resi 48 dk malzemelerinin A
{Opt.1 kit natiara tesimi | samasi
10 dk |iziem suresi6 dk

53 Haaredim
listelerinin cekilmesi
ve hazirik
{glem suresi 45 dk
Ope 1 kisgi

12 dk

0 dk 93 dk

Optl ksl

H3-H5 Paketleme
malzemelermin
hatiara teslimi

iglem soresi8 dk
Opt1 ksl

SIMikser
malzemelerinin
hatiara teslimi

iglemn soresi 6 dk
Opt1kigl

53 Paketieme
malzemelerinin
hatlara teslimi
izlem suresi9 dk
Optl gl

LT284dk

’ 15 dk

Sekil 5. Iyilestirilmis durum deger akisi haritasi.

133 dk

43 dk V/A191 dk
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Sekil 6. Mevcut durum spagetti diyagrami.

Malzeme transferlerinin zamaninda yetismesi i¢in bu
islem iki personel ile yapilmaktadir. Bir personel tek
seferde bir paletlik malzemeyi ¢ekebilmektedir ve ilgili
cep depoya teslim ettikten sonra ikinci bir paleti almak
icin tekrar depoya donmek zorunda kalmaktadir. Mevcut
durum spagetti diyagraminda, kirmiz c¢izgiler kat edilen
yollar1 gostermektedir. Bu yollarin olusturdugu toplam
tasima mesafesini minimuma disiirmek i¢in, isletmeye
Milk Run tasima sistemi énerisi sunulmustur. Ornek bir
Milk Run araci Sekil 7’de gosterilmistir. Milk Run tasima
sistemine gecis ic¢in, dncelikle ihtiyaglar belirlenmis ve
yapilacak yatirimin maliyeti tespit edilmistir. Her bir cep
depoya giinlik
miktarinin palet cinsinden karsiligi bulunmustur. Giinde
12 palet ve her bir cep depoya 2 paletlik transfer
yapildig1 verisine ulasilmigtir. Isletme i¢in uygun arag
ozellikleri iizerinde arastirma yapilmis ve fiyat bilgisi
toplanmustir. Uriinler paletli tasindig1 icin her bir vagon

olarak transfer edilen malzeme

Ol¢iistinlin  100x120 cm olgiilerinde olmasina Kkarar
kilinmistir.

Sekil 7. Ornek bir Milk Run tasima aracl.

Tedarikei firmanin saha incelemesi sonrasi 4 vagonlu bir
cekici Onerilmistir. Personellerin 1 dakikada transpalet
ile kat ettigi yol olctilerek ilgili yolun dakika cinsinden
karsiligt 470 saat olarak hesaplanmistir. Bir personelin
ilgili isletmeye saatlik maliyeti 120 TL'dir. Bu islem yilda
56.400TL'ye mal olmaktadir. Milk Run aracinin
kapasitesi goz Onilinde tutularak rota Onerisinde
bulunulmus ve giinliik 835 metre, yilda toplam 250.500
metreye tekabiill eden rota planlanmistir. Cekicinin
teorikte saatlik 5,76 kW yaktig1 ve 2023 y1li agustos ay1
ucretlerine gorel kW elektrik tutarinin 4,6 TL oldugu
bilinmektedir. Cekici icin 6nerilen hiz sinir1 saatte 5
km/saat ‘tir. Onerilen rotaya ve hiz sinirina gére bu islem
Milk Run arac ile yilhk 50,1 saate tekabiil etmektedir.
50,1 saatte harcadig elektrik enerjisi maliyeti de 1327,4
TL'dir. 4 adet vagon ve 1 gekicinin maliyeti 349.600,20
TL'dir. Trans paletli tasimadan Milk Run sistemine
gecisinde isletmenin yillik kazanc 49.060,60 TL
Son olarak yatinmin geri 6deme siiresi
yonteminden faydalanilarak proje verileri
somutlastirilmistir. Geri 6deme siiresi; yatirimlarda,
toplam yatirim tutarinin net kar iizerinden geri doniis
sliresi olarak ifade edilir. Toplam yatirim tutar1 kazanca
boliinerek sonuca ulasilir. Calisma kapsaminda énerilen
sistemin geri 6deme stiresi 7,12 yil olarak bulunmustur.
Onerilen Milk Run aracinin sisteme dahil edilmesiyle
spagetti diyagrami Sekil 8’deki gibi Bu
diyagrama gore, kirmizi ¢izgilerin ifade ettigi toplam
tasima mesafesinin mevcut duruma gore azaldig agik¢a
goziikmektedir.

Bir gida firmasinin depo béliimiinde, yalin teknikler
kullanilarak yapilan tiim bu iyilestirme c¢alismalarinin
oncesi ve sonrasi Tablo 2’de 6zet olarak verilmistir. Bu
tabloya gore; depo personeli sayisinda %83’lik, toplam
islem stiresinde %31’lik, katma degersiz islem siiresinde
%28lik ve malzeme tasima siiresinde yillik ortalama
%89’luk bir iyilesme saglanmistir.

olacaktir.

olacaktir.
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Sekil 8. [yilestirilmis durum spagetti diyagramu.

Tablo 2. lyilestirme 6ncesi ve sonrasi elde edilen veriler

fyilestirme Oncesi Iyilestirme Sonrasi % lyilestirme
Depo personeli sayisi 6 1 %383
Toplam islem siiresi (dk.) 434 284 %31
Toplam katma degersiz islem stiresi (dk.) 265 191 %28
Yillik toplam malzeme tasima siiresi (saat) 470 50,1 %89
4. Sonug amorti edebilecektir. Milk Run sistemi isletmeye ek
Bu ¢alismada, bir gida firmasina ait i¢ lojistik siiregleri olarak agagidaki faydalari saglayacaktir:
incelenmis ve siirecler yalin teknikler yardimyla v Malzeme transferlerinde rol alan depo personelleri
israflardan  arindinlmaya c¢alisilmistir.  Baslangigta tasima i¢in aywacagl zamani mevcut kosullarda
malzeme transferi islemi i¢in sahada bir deger akisi yetismeyen  islerine ~ ve  depo  diizenine
haritalama yapilmis ve bunun sonucunda manuel ayirabilecektir.
ylritilmis olan islemlerin SAP tizerinden takip v' Manuel yapilan tasima islemi cekici ile taginacag
edilmesine karar verilerek bir iyilestirme c¢alismasi i"(;in ergonomik agidan konfor saglanmis olacaktir.
yapilmistir. Bu ¢alisma sonunda, toplam islem siiresi 434 v" Oneri olarak sunulan Milk Run vagonlarinin koruma
dakikadan 284 dakikaya diismiistiir. Zaman agisindan ekipmanl olmasi manuel tagima esnasinda sik
elde edilen kazancin yaminda c¢alismanin asagidaki kargilagilan, guvalll malzemelerin paletten kayip
faydalar1 da olmustur: devrilmesi sonucu olusacak hasar miktarin1 en aza
v Uretim cep depo stoklarinin diizenli kontrol ) distirerek fayda saglayacaktir.
edilmesi goérevi operatorlere verilerek personele I¢ lojistikte yalin tekniklerin kullanimiyla ilgili gelecekte
sorumluluk bilinci asilanmustir. yapilabilecek  c¢alismalar icin asagidaki  oneriler
v/ Malzeme teslim siireglerinde personel kaynakh veri{ebilir:
hatali veya eksik malzeme aliminin éniine v’ Uretim veya hizmet sektorlerinin farkl alanlarinda
gecilmistir. benzer yontemler kullanilarak siire¢ iyilestirme
v Depodan eksik malzeme talep etme kaynakli ani galismalari yapilabilir.
malzeme ihtiyaclarinin ve bu ihtiyac kaynakl v Ayni veya farkli is kollarinda, farkli yalin teknikler
liretimde yaganan aksakliklar énlenmistir. kullanilabilir.
v Calisma kapsaminda personeller ile yapilan kék- v/ Milk Run araglarinin seg¢imi, ¢ok Kkriterli bir karar
neden analizi ¢alismasi sonucu personeller problem verme problemi olarak ele alimip ¢6zilebilir.
cézme yolunda kendilerini gelistirmis ve bu v  Milk Run araglarinin rotalanmasi i¢in  bir
calismay1 sahada kullanmaya baslamuslardir. matematiksel model ve ¢6zlim 6nerisi sunulabilir.

Milk Run tasarimi ile isletme i¢i tasimalarin minimize
edilmesi hedeflenmistir. Yapilan hesaplamalara gore iki
personel ile toplamda yillik 470 saati alan malzeme
transferi islemi, tek personel ile yillik toplam 50,1 saatte
yapilabilecektir. Yapilacak olan yatirnm sadece bu
calismada kullanilacag disiiniilerek 7,12 yilda kendini
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Katki Orani1 Beyam
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

AU. B.TS.

K 70 30
T 50 50
Y 20 80
VTI 100

VAY 80 20
KT 50 50
YZ 50 50
KI 40 60
GR 100
PY 20 80
FA 50 50

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= goénderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazarlar bu ¢alismada higbir ¢ikar iligskisi olmadigini
beyan etmektedirler.

Etik Onay Beyani
Bu arastirmada hayvanlar ve insanlar tizerinde herhangi
bir ¢alisma yapilmadigi icin etik kurul onay1

alinmamugtir.

Destek ve Tesekkiir Beyani
Bu calisma, Ayse UCAR'In yiiksek lisans tezinden
uretilmistir.
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1. Introduction

Robots can be considered as a complex mechanism
consisting of a certain number of limbs, rotating and / or
sliding joints, actuators that drive these joints and an end
effector attached to the last limb (Sophokleous et al,
2021). In this way, they repeatedly follow the trajectories
taught by preprogramming and perform
processes. Scientific studies in the field of robotics
continue their development by integrating with many
disciplines such as semiconductors, artificial intelligence,
power electronics, computer vision,
communication, control, mechatronic systems, material
science and such (Romero-Gonzalez et al, 2022). From
past to present, robot arms, mobile robots, humanoid
robots, spider robots, medical robots, and even robots
used for space tasks are being integrated with new
technologies every day and are offered for use to make

certain

programming,

life easier for humanity.

When the studies in the field of robotics are examined in
the literature, it can be seen that the studies have
increased especially in the last few decades as a natural
result of the popularity of the subject. Theoretical studies
on robot kinematics and dynamics (El Naser et al., 2020)
purposes like pick&place operations (Dixon, 2007),
drawing (Cheah et al, 2006), painting and cutting

(Grzelczvk et al, 2019), studies for object recognition,
sectors such as health & medicine (Dyck et al, 2013),
manufacturing (Luo et al, 2019), entertainment shows
that the topic is becoming widespread (Liu et al,, 2014).
In addition to the industrial examples related to use of
robots given above, prototypes of the experimental
realization of the studies carried out to shed light on the
theoretical background of similar objectives also stand
out (He etal, 2021).

Since the subject is quite convenient for multidisciplinary
studies, it is possible to come across colloborations with
artificial intelligence and optimization, control, image
processing and many other research areas
(Mahmoodpour et al, 2019; Budivanta et al, 2020;
Duque et al,, 2022). These collaborations have not only
inspired scientific articles, but have also allowed the
development of original patent ideas.

The aim of this study can be summarized as follows: to
scan and obtain the contours of objects on the workspace
using a camera, and then to follow these 2-D contours to
another region on the workspace with the help of an end
effector. The boundary lines of the object image has
determined using image processing methodologies and
the conversion from camera pixel coordinates to robot
coordinates has

metric performed. These metric
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coordinates have been used to determine the trajectory
of the robot arm, thereby the path followed by the end
effector has been obtained. Detailed methodology,
mathematical background, and experimental study has
been described in the rest of the article.

2. Materials and Methods

In the study, a 4-axis SCARA type robot was prototyped
in the PRRR sequence. Unlike the standard SCARA
configuration, the sliding joint was used on the first axis
in order to compensate the negative torque caused by the
motor, limb and tool weights. Dynamixel AX-12A and MX-
28T DC smart servo motors were used as robot actuators
and TTL communication of the devices was decisive in
the selection of these motors. The images of the objects
located in the workspace was taken with the help of the
Logitech C270 USB camera and the edge detection was
performed by isolating them from the environment by
means of image processing techniques. Instead of dealing
with camera calibration, simple numerical regression
method was used in transition from camera pixel
coordinates to robot metric coordinates. Similarly, the
obtained points, which will determine the trajectory of
the robot arm, were reproduced by numerical
interpolation and the robot movement was performed
much more smoothly (Fang et al., 2022).

Thus, uniqueness was obtained compared to similar
studies in the literature (Uk et al,, 2020). The designed
robot can follow the coordinates of the object with the
help of forward and inverse kinematic calculations and
perform trajectory tracking by the end effector. At the
same time, by utilizing other end effectors, it can
transport the lines of the object to another region on the
workspace and draw it in 2-D. The forward and inverse
kinematic equations of the robot arm are detailed in the
rest of the sections (Chen et al,, 2007). While forward
kinematics equations are expressed using Denavit -
Hartenberg approach, inverse kinematics equations has
solved by geometric approach and detailed visually (Jiao
et al, 2018; Zhang et al, 2022; Jian-Peng et al,, 2023).
Programming of all these processes including image
processing, coordinate transformations and interpolation
operations, kinematic calculations and computer -
actuator communications had realized using LABVIEW
2016 USB2Dynamixel control card
hardware. Figure 1 shows the USB card and
USB2Dynamixel control card. Figure 2 shows the flow

software via

chart of the system.

Figure 1. USB camera and USB2Dynamixel control card.

Image Snap using
Camera

.

Color Tresholding

.

P

Histogram
Equalization

Image Processing

Feature Detection

Camera-Robot
Coordinate
Conversion

Interpolation between
Coordinates

Robot Kinematics
v

Generating Trajectory &
Sending Data to Actuators

Figure 2. Flowchart of the system.

2.1. Image Processing

A number of image processing steps need to be
performed in order to correctly determine the contours
of the image taken by camera. These contours will be
used to get the trajectory of the end effector driven by
the robot arm later on. In this regard, firstly color
thresholding procedure was applied to the image taken
and the object in the image was tried to be separated
from the ground on which it is located (Zhou et al., 2005;
Syahrian et al., 2017). Pixel values that are not among the
threshold values determined for this are drawn to zero.
Thresholding in the HSL (hue-saturation-luminance)
color space for the appropriate threshold value was
performed according to the following
O<hue<184, 0<sat<255, 0<lum<29.

Values may vary depending on ambient lightings, the
shading, colors and transparency of objects. Since the
isolated pixels are still affected by environmental noise,
they need to be suppressed. For this purpose, the object
in the workspace was completely separated from its

ranges;

background by passing through a series of stages such as
particle filtering, hole filling, removal of small objects and
histogram equalization. Thanks to this, the image has
been made suitable for edge detection. When feature
detection algorithms were tested, it was seen that the
ideal result for the object in the working space was
provided by the Harris algorithm. The determined points
were subjected to regression and stored in an array to be
converted into metric coordinates. Accordingly, the
results obtained are expressed in the following images in
Figure 3.
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Figure 3. (a) Original image, (b) After color threshold, (c)
After edge detection.

2.2. Conversion from Image Pixel to Robot Metric
Coordinates

The x-y coordinates obtained from the corner points of
the object using edge detection are in pixels and the
origin of this coordinate system is the upper left corner of
the image. However, the robot arm operates in the metric
system and the origin of the coordinate system is located
on the first axis of the robot. This should be taken into
consideration when converting the found coordinates
from pixels to millimeters. In the conversion process, the
millimetric coordinates corresponding to the coordinates
in pixels found by the feature extraction process were
determined by measuring. Accordingly, the pixel
coordinates of the points determined as a result of the
feature extraction were expressed in pairs {x,,y,} as the
first point {651.3,556.7}, second point {777.0,559.0},
third point {648.2,680.9}and the fourth point

{768.8,683.8}. The millimetric
coordinates are shown in pairs {xm, ym} respectively, as
the first point {36,146}, second point {36.5,217}, third
point {106, 146} and the fourth point {107,216.5}. Since
there is a 90° difference between the pixel and the

milimetric coordinates, Xp values should be converted to

corresponding

Ym values and y,, values to xp,. To find the millimetric x-y
coordinates, the following equations 1 and 2 can be
written;

Xm=my, + n (1)
Ym = kxp +1 (2)

Two cross corner coordinates are substituted in the
equations twice and four equations with four unknowns
are solved to find m, n, k and 1 values the formulation is
shown in equations 3a, 3b, 3¢,3d and 3e;

36 = m.556.7 + n (3a)
106 = m.6809 + n (3b)
146 = k.648.2 + 1 (39)
216.5 = k.768.8 + 1 (3d)
m = 0.563607 ,n = —277.7600 ,k
= 0.584577 and | (3e)
= —232.923

These values were found using a simple first order
regression method. Thus, from pixel to millimeter
coordinate transformation operations on both axes were
performed with ease. Errors encountered due to the
linear approach are discussed in the conclusion section.
2.3. Robot Kinematics

The concept of kinematics can be defined as a discipline
that deals with the movements of the systems directly
from the geometry, independent of dynamic effects such
as force and torque (Tao et al, 2014; Staicu et al,, 2018).
In mechanisms such as robots, a direct relationship can
be established between joint angles and the position of
the end effector using kinematic analysis. In this way,
trajectory tracking can be performed by modeling the
arm movement correctly. Kinematics science is divided
into two sub branches as forward kinematics and inverse
kinematics (Yanto et al., 2017). Forward kinematics is
used to find the end effector position corresponding to
certain joint angles (Garriga-Casanovas and Baena,
2019). On the contrary, inverse kinematics is used to
determine the joint angles corresponding to the end
effector position and orientation (Wang et al, 2015;
Nansai et al.,, 2021). In the study, the forward kinematics
of the designed robot were analyzed by Denavit-
Hartenberg method and the solutions of the inverse
kinematics problem were obtained using geometric
approach (Ding and Liu, 2018; Guzman-Gimenez et al,,
2020).

2.3.1. Forward kinematics

In Denavit-Hartenberg notation, relationship of two
adjacent limbs of the robot with each other and the
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characteristic of the joint between these two limbs are
expressed with the help of a homogeneous
transformation matrix shown in Equation 4 given below:

cHl- —sBl- 0 aj_q
i-1p _ |SOica;_q  cOica;_q —saj-g  —sa;_qd; )
¢ sO;saj_; cBisa_, caj_q caj_,d;
0 0 0 1

Note that c6 and s6 represents cos6 and sin®.

In general, rotation and translation directions of the
joints are shown by the z axis, and the directions of the
limb perpendicular to movement directions are indicated
by an x axis. Then, y axes are determined according to the
right hand rule. In Denavit-Hartenberg method, there are
4 joint parameters that constitute the transformation
matrix, a;_4, a;_q, d; and 6;. The steps to be followed in
determining these parameters are as follows:

e a;_q;distance from z;_4 to z; along x;_1,
e d;; distance from x;_4 to x; along z;,
e q;_;;rotation angle from z;_; ve z; about x;,
e 0;; rotation angle from x;_, to x; about z;.

By multiplying respectively, the
relationship between the first and the last limb of the
robot is obtained. The illustration of the system and the

these matrices

D-H parameters table are given in Figure 4 and Table 1.
The resulting matrix were written in the equation 5:

where equations 6a - 6l are;

rig =c(0, + 63 +6,) (6a)
rip = s(0; + 65+ 6,) (6b)
riz=0 (60)
ryp =S(0, + 03 +6,) (6d)
Iyp =c(6; + 63+ 6,) (6e)

23 =0 (6f)
r3; =0 (6g8)
r3; =0 (6h)
rzz3 =1 (61)
Px =l + 1505 + 13¢(60,403) + 14c(6, + 03 + 6,) (6))
py = 50, + I35(0, + 03) + 14s(0; + 03 + 6,) (6k)
p, = d; (6)

Here, py, py and p, denote the position of the end effector

in X, y, and z coordinates respectively. The term B1 refers

to the displacement of the sliding joint on the 1st axis in
the z direction depending on the motor angle 06;. The
linear displacement of the linear guide rail in the first
axis is 5 mm per revolution. This formulated in equation
7.

1 Tz T3 Px 5
op — |21 T2z T2z Py 5 di=-—0; (7)
> 31 T32 133 Pz (®) 2m
0o 0 o0 1
Il
T B3
= :75'
==
= 3 Z Z3 Zy s,
== . | [
=
=
.
X5
+Z
- X
/
2
Figure 4. [llustration of D-H parameters of the system.
Table 1. D-H parameters for each axis
@i—q ai—1 d; b;
1st axis 0 0 dq 0
2nd axis 0 a, 0 0,
3rd axis 0 a, 0 03
4th gxis 0 as 0 04
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5th axis 0

Qg

0 0

2.3.2. Inverse Kinematics

The inverse kinematics problem is used to determine the
joint variables d and 6 from the position and
configuration of the end effector. The joint variable data
are processed in real time and sent to the actuators to
ensure continuity of motion. To visualize point
coordinates, limb lengths and joint angles used in the
solution of inverse kinematics problem, the top view of

the system is illustrated in Figure 5.

C(x%c.ye. )
—— — — = ¥
il
L
\\
4 b
0,
\‘03 \‘.I
N g “‘0‘- \L,
. "B(%¥3)
Q-
13
1X“§\‘\ lr-]‘\(’.z
W L=
\(! L‘ A
1, —\6,
[a —F R -

P O

Figure 5. Illustration of inverse kinematics parameters.

The point P here represents linear rail guide on the 1st
axis, the line segments |PO|, |OA|, |AB| and |BC| denotes
limb lengths bounded by joints, and the point C
represents the position of the end effector. For
convenience in calculations, the origin of the x-y
coordinate system is placed on the 2nd axis. Hence, the
joint parameters to be calculated are 6,, 83 and 04. The
position (%, y.) and orientation (&) of the end effector
are known and used in determining these parameters.
Using the position and orientation of point C, the
coordinates of point B are given below. x; and y;, are
formulated in Equations 8 and 9.
xXp = x. — lycosp (8)
)

It is clear that the shortest distance between point O and
Bis equal in Equation 10;

0B| = ,/X§+y§

=JxZ +y2 + 12 = 21, (x.co5¢ + yesing)

Yp = Yo — lysing

(10)

The angle OAB in the figure is the suplementary angle of
the angle 63, so it can be shown as m - @3. Accordingly, the
angle 83 can be found using the cosine theorem in the
triangle of OAB, shown in Equation 11.

3+ =2} -3

11
20,15 (1

0; =1 —cos~1(

To find the angle a, the cosine theorem is applied again in

the imaginary triangle AOB, shown in Equation 12.

xi+yE+12-2 /x,z, + y2lycosa = 13 (12)
and the angle a equals, shown in Equation 13.
2+ x%+y2—12
_ —1,°2 b b 3
a=cos  (———) (13)

212 ’xg + yl%

Obviously, the angle a+ B2 can be represented as the
coordinates of point B; formulated in Equations 14 and
15.

a+6, = tan'l(&) (14)
Xb

Yb
0, = tan"1(—) —

, = tan xb) a (15)
In Figure 5, it can be easily seen that the angle @ is equal
to the sum of the 2nd, 3rd, and 4th joint angles. That
means, shown in Equation 16.

O,=¢— 6, —0; (16)

and ultimately, the relation between the angle 6_1 and
the motion on the z axis were expressed in a linear
relation as in Equation 17, and that yields,

21

91=5

dy 17

3. Results and Discussion

The following experimental setup has been established to
implement the system whose theoretical backgrounds
were given in the sections above. Accordingly, the robot
arm system, human-PC interface and parts of the
program blocks were presented in Figure 6.
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Figure 6. The experimental setup of robot arm system.

The camera was attached on the top of the robot arm to
display the object. All actuators used in the system were
communicated with each other and the computer via
USB2Dynamixel control card. A 0-30V DC power supply
were used to energize the motors. Figure 7 and Figure 8
shows the control tools; image, point and angle

indicators.

Controls
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15 20 5 15120 155400
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Figure 7. Control tools.
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Figure 8. Image, point and angle indicators.

The data I/0 on the human-PC interface are shown in the
Figure 8. The processed image, feature coordinates,
interpolated coordinates and motor angle data were
displayed on the screen to inform the user. The user is
able to interfere with motor speeds, orientation angle
and integration steps in real time.

Sections of the program blocks were given below. In
Figure 9, image processing steps were visualized and in
Figure 10, interpolation, kinematic calculations and data
transmission to actuators were shown.
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al ‘3-55!:0‘J _ Numbercf Feature Points
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:\gr__i Image Output
*r‘\

|

Figure 9. Image processing blocks.

The graph in Figure 11 illustrates the positional error
measured in millimeters, between the actual coordinates
of the tracked part's geometry and the trajectory
coordinates followed by the end effector of the robotic
arm.

The illustration above shows the positional errors
occurring in the x and y axes along the trajectory of the
part geometry during
primarily result from the resolutions of the camera and
servo motors used.

interpolation. These errors
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Figure 10. Interpolation, kinematics and data transmission blocks.
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Figure 11. Graphical representation of position errors observed at the interpolation points.

Given that one side of the piece being used is known to be
7 cm, the maximum error rate encountered during
advancement along an axis is less than 4% in any cases.
As the robotic arm is designed as a SCARA type and
exhibits serial manipulator characteristics, positional
errors originating from resolution are transferred and

magnified from one axis to another.

4. Conclusion

This study presents the design of a robotic arm that
utilizes Dynamixel smart servo motors and connecting
elements to track the trajectory of an object captured by
a camera in a 2D plane. The trajectory tracking process
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was realized through the kinematic equations of the
proposed robot arm. Numeric interpolation technique
was employed in the transformation of pixel-based
coordinates to millimetric coordinates for the feature
points extracted through image processing techniques.
Errors that occurred along the tracked trajectory were
identified through coordinate feedback from the camera.
Position accuracy was demonstrated through graphical
representations. The established setup is capable of
performing operations for purposes by
integrating different end effectors onto it for possible
future studies.
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Abstract: The liver, a life-sustaining organ, plays a substantial role in many body functions. Liver diseases have become an important
world health problem in terms of prevalence, incidences, and mortalities. Liver fibrosis/cirrhosis is great of importance, because if not
treated in time liver cancer could be occurred and spread to other parts of the body. For this reason, early diagnosis of liver
fibrosis/cirrhosis gives significance. Accordingly, this study investigated the performances of different machine learning algorithms for
prediction of liver fibrosis/cirrhosis based on demographic and blood values. In this context, random forest, k-nearest neighbour, C4.5
decision tree, K-star, random tree and reduced error pruning tree algorithms were used. Two distinct approaches were employed to
evaluate the performances of machine learning algorithms. In the first approach, the entire features of dataset were utilized, while in
the second approach, only the features selected through principal component analysis were used. Each approach was rigorously
assessed using both 10-fold cross-validation and data splitting (70% train and 30% test) techniques. By conducting separate
evaluations for each approach, a comprehensive understanding of the effectiveness of utilizing all features versus extracted features
based principal component analysis was attained, providing valuable insights into the impact of feature dimensionality reduction on
model performance. In this study, all analyses were implemented on WEKA data mining tool. In the first approach, the classification
accuracies of random forest algorithm were 89.72% and 90.75% with the application of data splitting (70%-30%) and cross-validation
techniques, respectively. In the second approach, where feature reduction is performed using principal component analysis technique,
the accuracy values obtained from data splitting and cross-validation techniques of random forest algorithm were 88.61% and 88.83%,
respectively. The obtained results revealed out that random forest algorithm outperformed for both approaches. Besides, the
application of principal component analysis technique negatively affected the classification performance of used machine learning
algorithms. It is thought that the proposed model will guide specialist physicians in making appropriate treatment decisions for
patients with liver fibrosis/cirrhosis, potentially leading to death in its advanced stages.
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1. Introduction

The liver is a vital organ placed in the upper right side of
the abdomen, beneath the diaphragm. It is the largest
internal organ in the human body, and its weight is about
1.5 kg, although it differs in men and women. The liver,
which can both expand and renew itself, undertakes
many important vital functions such as clearing toxic
wastes in the blood, storing some important vitamins,
storing, and digesting fats in the body, making bile acids
usable for our body, balancing hormones. If the liver
cannot perform these functions properly, it leads several
types of liver diseases like fatty liver, fibrosis, cirrhosis,
and liver cancer (Lin, 2009; Acarli, 2020). These diseases
have become a significant global health
regarding their prevalence, incidences, and mortalities
(Asrani et al., 2019; Del Campo et al,, 2018; Ramana et al,,

concern

2011). The progression of liver disease is given in Figure
1.

Fibrosis and cirrhosis are conditions involved in scarring
of the liver tissue. As seen in Figure 1, since
fibrosis/cirrhosis is the previous stage of liver cancer,
early diagnosis is of great importance as it can increase
the survival rate. Nowadays, liver biopsy accepted as the
gold standard test has been used. However, biopsy has
many disadvantages such as the risk of complications,
being invasive, not being repeated frequently, not
providing information about the whole liver, and high
cost. Therefore, it is not possible to establish a final
diagnosis biopsy. To
disadvantages, alternative methods (biochemical test,

by liver overcome these

biomedical imaging techniques etc.) have been

developed. In traditional biomedical tests, many clinical
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parameters such as alkaline phosphatase (ALP), Alanine
amino-transferase (ALT), Aspartate amino-transferase
(AST) are extensively utilized in the diagnosis of the
disease and in research studies. On the other hand, the
developments in technology have made popular the
usage of machine learning (ML), artificial intelligence
(AI) and data mining techniques, especially in the field of
medicine to diagnose and treat disease. Thanks to these
techniques, disease management can be carried out
quickly and accurately by a specialist physician. On the
other hand, different signs, symptoms, and enzyme levels
can be encountered in the diagnosis of liver diseases
(Schiff et al., 2017). This situation causes the disease
process to be error-prone and complex. Because of this,
utilizing ML and data mining algorithms can give support
to specialist physicians in diagnosis and prediction of

Healthy Steatosis

Figure 1. Progression of liver diseases (Xie et. al, 2016).

The remaining parts of this study were formed as
follows: In the second part, studies on the prediction of
liver diseases used ML methods were given. In the third
part, brief information was given about the data set
utilized in the study, which pre-processing it has been
through, the models created, and the algorithms used in
the model. In the fourth part, the performance metrics,
complexity matrices and graphs obtained from the
algorithms were interpreted. In the last part, the
obtained were discussed and future studies were
mentioned.

2. Related Works

In literature, many studies-based ML and data mining
have been realized to predict liver diseases. Gulia et al.
(2014) proposed a hybrid model with (having) three
stages (classification, feature selection and comparison of
results) to detect potential liver patient using WEKA
software. They showed that random forest gives better
results (accuracy with 71.87%) than the other methods.
Alkusak and Gok (2014) studied liver failure detection
utilizing ML methods on WEKA. Using two different
datasets, they evaluated performances of the methods
and found that the neural networks’ performances were
high for both datasets. Pahareeya et al. (2014) carried
out four different ML algorithms on Indian Liver Patient
Dataset (ILPD) using 10-fold cross-validation technique.
They reached 89.11% accuracy value with RF algorithm
in liver disease classification. Borulday et al. (2017)
investigated the decision tree algorithm’s performance to
detect different liver diseases such as cirrhosis and acute

liver disease. In this context, the performances of six
different ML algorithms in classifying healthy and
unhealthy (liver fibrosis/cirrhosis) patients
investigated within the scope of this study. This
classification study performed in WEKA software was

were

carried out using random forest (RF), C4.5 decision tree
(J48), random tree (RT), K-star, reduced error pruning
tree (REPTree) and k-nearest neighbour (k-NN, IBKk)
algorithms. The dataset of 1200 patient collected from
Zonguldak Ataturk State Hospital, Tirkiye was used in
the study, in which all necessary ethics committee
permissions were obtained. The dataset consisted of
features aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
Total Bilirubin, Direct Bilirubin, Alkaline Phosphatase
(ALP) and Albumin.

including age, gender,

Cancer

Fibrosis / Cirrhosis

hepatitis. In addition, an interface has been developed
that includes different demographic data, physical
examination, laboratory tests, symptoms, radiological
imaging, liver biopsy and unclassified data. Thus,
specialist doctors were given the opportunity to select
tabs in the interface. Muthuselvan et al. (2018)
investigated binary classification performances of Naive
Bayes (NB), K-star, J48 and Random Tree (RT)
algorithms by using WEKA software on ILPD dataset. The
obtained results demonstrated that RT had superior
accuracy (74.2%) with
Alaybeyoglu and Mulayim (2018) developed a smart

nominal execution time.
model for liver cancer diagnosis based on support vector
machine algorithm and reached an accuracy of 78.33%.
Ma et al. (2018) utilized diverse ML algorithms to obtain
a useful monitoring and optimal predictive model of non-
alcoholic fatty liver disease. The algorithms were carried
out through WEKA, the classification was implemented
by using a 10-fold cross-validation technique and the
performances of algorithms were compared. They
revealed out that the Bayesian network model (by 83%
accuracy) has best performance as compared the other
algorithms. (2019)
performance of many different ML algorithms to estimate
and reduce the cost of diagnosing chronic liver disease.
ILPD was used as the data set and the highest
performance was obtained in logistic regression (75%
accuracy). Keles et al. (2020) investigated various ML
algorithms’ performances (like J48, RF, RT) implemented
in WEKA to diagnose liver diseases. Using ILPD, the
of the

Rahman et al. evaluated the

performances algorithms were compared
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regarding the evaluation metrics. It was obtained from
the analysis that the algorithm with the highest
performance was RF with 81.9% accuracy. Gaber et al.
(2022) proposed a computer-aided decision support
model based on ML algorithms and voting classifier to
detect fatty and normal livers from ultrasound liver
images. The classification performances were obtained
95.71% and 93.12% in voting classifier and ]J48
algorithm, respectively. Velu et al. (2022) presented a
novel classification model on the basis of liver function
test results to detect probable liver patients. The model
showed a success rate of 98.4% and 99.36% for the test
and training phases, respectively. They also designed an
interface providing the opportunity to enter patient
information for specialist. Dritsas and Trigka (2023)
examined the performance of different ML algorithms in
the prediction of liver disease at an early stage. The
algorithms performances were evaluated regarding
accuracy, precision, recall, F-measure and area under the
curve (AUC) by 10-fold cross-validation. They revealed
out that voting algorithm has higher performance with
80.1% of accuracy in comparison to other algorithms.
Mukhyber et al. (2023) investigated the performance of
several data mining algorithms in the early diagnosis of
liver disease according to parameters such as accuracy,
precision, recall and f-measure. In addition, they
addressed the comparison of algorithms' performances
in accordance with the performance of ILPD.

The above-mentioned studies clearly show that ML
algorithms have been widely used in the diagnosis of
liver diseases. The models having superior performance
had been determined according to different metrics such
as accuracy, precision, specificity and F-measure. In this
context, accuracy, precision, recall, F-measure and
receiver operating characteristic curve (ROC) metrics
were used within the scope of this study. Besides, it has
been determined that the obtained results in the above-
mentioned studies varies depending on many factors like
the data set used, evaluation metrics, and the type of liver
disease examined.

3. Materials and Methods

This study analyses the individuals' health condition
(healthy and  unhealthy-suffering
fibrosis/cirrhosis) by using 6 different ML algorithms
(RF, 1Bk, k-Star, RT, REPTree and ]J48) based two
different approaches. In the first approach all the
features in the dataset were used, while the selected
features extracted by PCA were utilized in the second

from liver

approach. The performances of ML algorithms for each
approach were evaluated regarding cross-validation (10-
fold) and data splitting (70% train-30% test) techniques
separately. General flowchart of proposed model was
shown in Figure 2.

—_—

Liver Data Set

— i

Data
Preprocessing

| '

Reduced data
with PCA

All data

Classifiers
IBk (KNN)
kStar
J48(C4.5)
Random Forest
Random Tree
REPTree

HEALTHY UNHEALTHY

Figure 2. General flowchart of proposed model

3.1. Data Set

This study carried out by using a balanced dataset (600
healthy, 600 with Liver Fibrosis/Cirrhosis) collected
from Zonguldak Ataturk State Hospital. The required
ethical approval for performing this study was obtained
from Zonguldak Bulent Ecevit University, Non-
interventional Clinical Research Ethics Committee
(Decision no: 2021/05; Date: 10.03.2021). Age, gender,
(AST),
aminotransferase (ALT), Total Bilirubin, Direct Bilirubin,
Alkaline Phosphatase (ALP) and Albumin features were

aspartate aminotransferase alanine

used to comprise the required dataset. The reference
values of these features, which were determined based
on the experience of specialist physicians in accordance
with ICD-10 K74 standards, were presented in Table 1
with data types.

3.2. Feature Selection

Feature selection indeed plays a crucial role in various
machine learning tasks, including classification (Ucar and
incetas, 2022). By identifying and utilizing only the most
relevant features, one can improve model performance,
reduce computational complexity, and potentially
enhance interpretability (Bulut et. al, 2023).

On the other hand, principal component analysis (PCA) is
a technique used to increase interpretability by reducing
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the size of datasets and at the same time minimizing
information loss. It minimizes information loss by
creating new uncorrelated variables that successively
maximize variance. When feature selection and PCA are

used together, better model performance and more
effective data analysis can be achieved. In this context, in
this study, a dataset with eight features was reduced to
six features by PCA.

Table 1. The reference values and data types of features used in dataset

Features Age Gender Reference Value Data type
Age - - - Integer
Gender - - - {1, 0 }(Female, Male)
M 0-35U/L
AST Adult Real
4 F 0-31U/L ea
ALT Adult M 0-45U/L Real
F 0-34 U/L
T.Bilirubin - M/F 0-0.2 mg/dL Real
D.Bilirubin Adult M/F 0.3-1.2 mg/dL Real
ALP Adult M/F 30-120U/L Integer
. Adult 3.5-5.2 g/dL
Alb M/F Real
amin >60 / 3.2-4.6 g/dL ea

3.3. Classification Algorithms

In this study, it was investigated which ML algorithm
higher performance when making binary
classification of patients (healthy and unhealthy-
suffering from liver fibrosis/cirrhosis). To that end, RF,
IBk, k-Star, RT, REPTree and ]48 algorithms were used
considering the previous studies in the literature. These
algorithms are briefly described below.

RT, an ensemble learning algorithm, generates rules by

shows

learning multiple individual rules. It employs a bagging
idea to create a decision tree and produce a random
dataset. While in a standard decision tree, each node is
split using the best split among all variables, in RT
algorithm, each node is split using the best split among a
randomly selected subset of variables at that node. This
approach enables RT to achieve high accuracy results
(Isik and Ulusoy, 2021).

RF algorithm is a supervised ensemble learning method
developed by Breiman and used to solve classification
and/or regression tasks (Breiman, 2001). RF, having
common usage, consists of many decision trees. The
biggest disadvantage of the decision tree algorithm, one
of the classical machine learning methods, is memorizing
the data due to excessive learning. In order to overcome
this disadvantage, the RO algorithm divides both the data
set and its features into a large number of random
subsets, trains them, and arrives at a general decision by
averaging the answers of each subset generated by the
decision tree (Sevli, 2019).

k-NN algorithm is a supervised learning algorithm used
for both classification and regression. The working
principle of this algorithm is relied on that data points
with similar features tend to belong to the same class or
have similar output values. Given a new data point, the
algorithm finds the k closest data points in the training
dataset based on a distance metric and then assigns the
class label (in the case of classification) or predicts the
value (in the case of regression) based on the majority

vote or average of the labels/values of the k nearest
neighbours (Duda et al, 2000; Uzun et. al, 2018; Azam et
al,, 2020).

K-star algorithm, a classification method in machine
learning, relies on the k-nearest neighbor (k-NN)
principle but distinguishes itself by employing the
Pearson correlation coefficient as the similarity measure
rather than traditional distance metrics. It assesses
similarities between feature vectors focusing solely on
linear relationships, generating a correlation matrix to
measure interactions among instances in the training
dataset. Utilizing these similarities, it classifies test
instances by comparing them with the matrix. K-star can
be particularly effective for small-sized datasets and
situations where nonlinear relationships are deemed
insignificant for classification (Unal et. al, 2019; Mishra
et.al, 2021).

J48, which is an implementation of the C4.5 algorithm, is
a popular decision tree algorithm used for classification.
It builds a decision tree by applying a recursive binary
splitting approach. It uses an attribute selection measure,
typically based on information gain or gain ratio, to
determine the most informative attribute to divide the
data at each node of the tree. The dividing process
continues recursively until a stop criterion is met, such as
reaching a maximum depth or a minimum number of
instances per leaf (Kaya et al., 2017; Muthuselvan et al,,
2018).

REPTree is a decision tree learning algorithm designed to
minimize variance during tree construction. It operates
by iteratively generating multiple decision trees and
selecting the best one based on variance reduction. The
algorithm employs the square of the average error in
predictions as the criterion for pruning the tree, ensuring
that the selected tree maintains high accuracy. It builds
the decision tree based on information gain as the
splitting criterion and utilizes reduced error pruning to
streamline the learning process. By employing this

BS] Eng Sci / Rukiye UZUN ARSLAN et al.

448



Black Sea Journal of Engineering and Science

approach, REPTree aims to produce decision trees that
are efficient, accurate, and resistant to overfitting,
making it a valuable tool in various machine learning
applications, particularly in classification tasks (Senel et.
al, 2021).

All these algorithms, implemented on WEKA software,
were used for classification of patients as healthy and
unhealthy (suffering liver fibrosis/cirrhosis). WEKA is a
popular open-source software tool. It comprises many
machine learning algorithms, data pre-processing tools,
and visualization abilities (Uzun et. al, 2019).

3.4. Evaluation Metrics

The ML algorithms’ performances were evaluated by
considering the accuracy, specificity, precision, recall and
F-measure metrics that are frequently used in the similar
studies. Accuracy (equation 1) is the ratio of correctly
classified instances out of the total number of instances,
whereas precision (equation 2) is the ratio of correctly
predicted positive instances to all positive instances.
Recall (equation 3) is the rate of the correctly predicted
positive instances to all actual positive instances and F-
measure (equation 4) is the harmonic mean of sensitivity
and precision metrics. The mathematical equations for
these metrics were given below. The confusion matrix
evaluated the performance of ML algorithms consists of
four elements: true positive (TP), true negative (TN),
false positive (FP) and false negative (FN). In the
confusion matrix, TP, FN, FP and TN correspond to
correctly predicted positive class value, incorrectly
predicted negative class value, incorrectly predicted
positive class value and correctly predicted negative class

& Weka Explorer

Preprocess Classify Cluster  Associate Select attributes  Visualize

Open file... Open URL... Open DB...

Filter

Choose Mone

Current relation
Relation: LIVER-DATA
Instances: 1200

Attributes

Attributes: 9
Sum of weights: 1200

All Mone Invert Pattern

MNe. MName
11 |AGE

2| | GENDER

3 |AST

41 AT

5| TBILIRUBIN
6| | DBILIRUBIN

7| ALKALENFOSFATAZ
2| | ALBUMIN

9 [l DIAGNOSIS

Figure 3. WEKA screenshot with all features given as input.

Generate...

value, respectively (Narin et al, 2021; Senyer Yapici,
2021).

A _ TP+ TN (1
Y = TP TN+ FP + FN
. TP (2)
Precision = TP+ FP
TP 3)
Recall = m
Precision * Recall 4)

FM = 24¢—
easure * Precision + Recall

In this study, the performances of ML algorithms were
evaluated in accordance with cross-validation (10-fold)
and data splitting (70%-30%) techniques. Besides, ROC
metric with a value ranging from [0, 1] was given for the
ML  algorithm with the highest
performance.

classification

4. Results

In this study, ML algorithms performances was evaluated
on a balanced dataset including liver fibrosis/cirrhosis
patients (unhealthy, 600) and healthy patients (600)
regarding cross-validation (10-fold) and data splitting
(70%-30%) techniques separately. The classification
performances of these algorithms were calculated based
evaluation metrics given above. The dataset consisted of
features including age, gender, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
Total Bilirubin, Direct Bilirubin, Alkaline Phosphatase
(ALP) and Albumin. These eight features were used as
input parameters in WEKA (Figure 3).

Edit... Save..

Apply
Selected attribute

Narne: DIAGNOSIS
Missing: 0 (0%)

Type: Mumeric

Distinct: 2 Unique: 0 (0%)

Statistic Value
Minirmum 0
Maximum 1

0.5
0.5

Mean
StdDev

Class: DIAGNOSIS (Mum) ~ | Visualize All

GO0 Li11]
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An example ARFF file of these features was shown in
Figure 4. PCA method was used while feature selection.
Ranker Search Method was selected when performing
this process. The most significant feature was identified
as Direct Bilirubin (0.64814) considering rank sorting of
all features. The screenshot of ranked features appearing
in WEKA after this process was illustrated in Figure 5. As
clearly seen in Figure 5, age and ALT features, which
their ranks were below 0.1, were not included in the
reduced data set (six features).

@relation LIVER-DATA

@attribute AGE numeric
@attribute GENDER numeric
@attribute AST numeric
@attribute ALT numeric
@attribute TBILIRUBIN numeric
@attribute DBILIRUBIN numeric
@attribute ALKALENFOSFATAZ numeric
@attribute ALBUMIN numeric
@attribute DIAGNOSIS numeric
[@data
63,1,34,31,1.1,0.44,127,4.5,1
668,1,41,28,2.3,1.34,61,4,1
65,1,31,24,1.8,8.61,88,4.6,1
62,1,38,38,1,0.3,91,4.3,1
73,8,67,42,1.1,8.54,66,3.7,1
81,1,15,10,8.6,0.33,141,4,1
81,1,12,6,8.6,0.37,142,3.7,1
46,1,37,29,1.2,08.5,188,3.8,1
46,1,44,38,1.4,0.53,114,3.5,1
46,1,42,22,1.5,8.7,181,3.3,1

46,1,50,76,0.4,0.18,113,4.5,1
44,1,49,31,2.6,1.1,101,3.5,1
47,1,39.5,24.5,1,8.5,293,3.2,1
47,1,25,16,1.4,0.55,124,3.9,1
59,1,32,25,1.2,0.52,91,3.5,1
77,1,15,13,0.4,0.22,63,3.9,1
80,0,36,16,2.56,1.09,124,3.5,1
63,0,50,41,1.3,0.47,85,5.2,1
49,1,34.1,31.1,0.5,0.26,82,4.7,1
69,0,19,13,0.7,0.25,80,4.7,1
72,0,27,14,0.8,0.32,111,4.1,1
85,0,64,13,0.6,0.32,140,2.7,1

Figure 4. Example liver ARFF file.

The first step in this study is to compare the performance
of the ML algorithms using all features in the dataset. The
obtained results for cross-validation (10-fold) and data
splitting (70%-30%) techniques were summarized in
Table 2 and Table 3, respectively. As seen from Table 2,
RF algorithm showed higher classification outperform
(with 90.75% accuracy) as compared with other

Ranked attributes:

algorithms as evaluated 10-fold cross validation
techniques. J48, RT, K-star, REPTree and IBk algorithms,
respectively, having 86%, 85.08%, 88.08%, 84.33% and
83.84% accuracy were followed RF. In addition, as seen
in Table 3, the highest classification performance was
also obtained for RF algorithm (89.72%) when ML
performances were evaluated based data splitting
method. The classification accuracies for 48, RT, K-star,
REPTree and IBk algorithms were obtained 85.27%,
86.66%, 88.05%, 84.16% and 85%, respectively.
Following the analysis of the performance of ML
algorithms based on all features, significant features in
the dataset were identified using PCA technique.
using these features, the
performances of ML algorithms were compared
separately according to data data splitting and cross-
validation techniques. The obtained results were given in
Table 4 and Table 5 for cross-validation (10-fold) and
data splitting (%70-%30) techniques, respectively.

As seen from Table 4, RF algorithm showed higher

Afterwards, extracted

classification outperform (with 88.83% accuracy) as
compared with other algorithms as evaluated 10-fold
cross validation techniques. J48, RT, K-star, REPTree and
IBk algorithms, respectively, having 85.75%, 84.83%,
87.91%, 84.16% and 83.91% accuracy were followed RF.
In addition, as seen in Table 5, the highest classification
performance was also obtained for RF algorithm
(88.61%) when ML performances were evaluated based
data splitting method. The classification accuracies for
J48, RT, K-star, REPTree and IBk algorithms were
obtained 86.11%, 85.55%, 86.38%, 82.77% and 82.77%,
respectively.

At the end of this study, ROC curves were plotted for RF
algorithm having the highest classification accuracy for
the first approach used all features in the dataset. ROC
curves of the algorithm for 10-fold and data splitting
were given in Figure 6 and Figure 7, in turn. The ROC
curves of the algorithm were exhibited compatibility
with the results given in Table 2 and Table 3.

Studies in the literature used ML algorithms conducted
on diagnosis of liver diseases were given in Table 6. It is
important to compare the results with previous studies
and Table 6 summarizes this comparison. It can be
clearly seen that the accuracy value obtained with
proposed method is higher than other studies. The
studies in the literature commonly had been performed
on publicly available datasets and had not taken into
consideration the specialist physicians’ opinions.

0.64814 1 0.452DBILIRUBIN+0.468TBILIRUBIN+O. 384ALT+0.36 AST+0.327DIAGNOSIS. ..

0.486386 2 0.694AGE-0.483GENDER-0.456ALBUMIN-0.256ALT+0.0750BILIRUBIN. . .

0.37525 3 -0.591ALKRLENFOSFATRAZ+0.467IBILIRUBIN+0. 431 0BILIRUBIN-0. 406DIAGNOSIS5+0. 21 SALBUMIN. . .
0.27414 4 0.633GENDER-0.432A5T-0.429AL.BUMIN-0. 244ALKALENFOSFATRAZ-0. 243ALT. ..

0.1885¢8 5 -0.527A5T+0. 491 ALKALENFOSFATAZ-0.353ALT-0.325AGE-0. 306GENDER.. . .

0.11025 6 0.7359DIAGNOSIS-0.507ALKALENFOSFATAZ-0.387GENDER+0.111ALT-0.107AGE. ..

0.05367 7 -0.618AGE-0.609ALBUMIN+0.291A5T-0.266ALT-0. 209GENDER. . .

0.00521 8 -0.701ALT+0.516A5T+0.301DIAGNOSIS+0.29 ALBUMIN+0.228GENDER. ..

Figure 5. Screenshot obtained by PCA analysis.
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Figure 6. ROC curves of RF algorithm for whole dataset (10-fold) a) Healthy, b) Unhealthy class.
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Figure 7. ROC curves of RF algorithm for reduced dataset by applying PCA (70%-30%) a) Healthy, b) Unhealthy class.

452

BS] Eng Sci / Rukiye UZUN ARSLAN et al.



Black Sea Journal of Engineering and Science

Table 2. The performance of algorithms on whole dataset for 10-fold cross validation

ML Algorithms Accuracy (%) Precision (%) Recall (%) F-Measure ROC
IBk (k-NN) 86.66 86.80 86.70 86.70 86.50
K-star (K") 88.08 88.10 88.10 88.10 94.40
]48 (C4.5) 86 86 86 86 86.10
Random Forest (RF) 90.75 90.80 90.80 90.70 96.10
Random Tree (RT) 85.08 85.20 85.10 85.10 84.90
REPTree 84.33 84.40 84.30 84.30 89.40
Table 3. The performance of algorithms on whole dataset for 70%-30% ratio
ML Algorithms Accuracy (%) Precision (%) Recall (%) F-Measure ROC
IBk (k-NN) 85 85 85 85 84.40
K-star (K*) 88.05 88.10 88.10 88.10 94.40
48 (C4.5) 85.27 85.30 85.30 85.30 87.20
Random Forest (RF) 89.72 89.70 89.70 89.70 96.10
Random Tree (RT) 86.66 86.80 86.70 86.70 86.70
REPTree 84.16 84.20 84.20 84.20 88.30
Table 4. The performance of algorithms on reduced dataset by applying PCA for 10-fold cross validation
ML Algorithms Accuracy (%) Precision (%) Recall (%) F-Measure ROC
IBk (k-NN) 83.91 84 83.90 83.90 85.10
K-star (K*) 87.91 87.90 87.90 87.90 94.20
J48 (C4.5) 85.75 85.80 85.80 85.70 86
Random Forest (RF) 88.83 88.90 88.88 88.88 95.50
Random Tree (RT) 84.83 84.90 84.80 84.80 85.20
REPTree 84.16 84.20 84.20 84.20 88.50
Table 5. The performance of algorithms on reduced dataset by applying PCA for 70%-30% ratio
ML Algorithms Accuracy (%) Precision (%) Recall (%) F-Measure ROC
IBk (k-NN) 82.77 82.90 82.80 82.80 82.90
K-star (K) 86.38 86.40 86.40 86.40 94
]J48 (C4.5) 86.11 86.10 86.10 86.10 87
Random Forest (RF) 88.61 88.60 88.60 88.60 95.30
Random Tree (RT) 85.55 85.60 85.60 85.50 85.90
REPTree 82.77 82.80 82.80 82.80 90

5. Discussion

The aim of this study was to classify patients whose were
healthy and suffer from liver fibrosis/cirrhosis (600
healthy, 600 unhealthy) using ML algorithms. The
collected data set included demographic and blood
values of 1200 patients. To make a binary classification of
liver disease; random forest, K-star, REPTree, random
tree, k-nearest neighbours and C4.5 decision tree
algorithms were utilized. The performance of all ML
algorithms was interpreted by applying two diverse
approaches. The first approach had been realized by
using all features on the dataset, whereas the second
approach had been carried out using extracted features
through PCA. ML performances had been assessed based
on 10-fold cross-validation and data splitting (70%-30%
train-test) techniques for each approach. The whole
analyses were performed in WEKA. The performances of
algorithms were evaluated in terms of various metrics
(accuracy, precision, recall, F-measure and ROC). These

metrics were preferred, because they commonly utilized
in literature.

In this study, models were established based on two
different approaches to diagnosing diabetes, and it was
determined that the RF algorithm was the algorithm with
high discrimination and the best classification criteria in
general in correctly classifying the diagnosis of diabetes
for both approaches.

In the light of findings, RF algorithm outperforms with
high discrimination and the best classification criteria in
general in correctly classifying the diagnosis of liver
fibrosis/cirrhosis both approaches.
Therefore, RF algorithm could be preferred to make

diseases for

accurate diagnosis of liver disease on the basis of this
promising study results.

The studies in the literature usually aim to determine the
ML algorithm with the best performance by using open
access datasets. In addition, opinions of the specialist
physicians have not been included in these studies. To
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the best of our knowledge, no comprehensive
comparison of ML algorithms for the diagnosis of liver
fibrosis/cirrhosis diseases has been studied on the whole
dataset and PCA-reduced dataset together as in this

study.

6. Conclusion

As a result, this study is expected to provide guidance in
evaluating the performance of several supervised ML
algorithms in fibrosis/cirrhosis  diagnosis
classification. In similar studies, if the performance of the

liver

models is to be compared, it may be recommended to
evaluate them with such approaches to increase the

sensitivity of the study.

In future studies, to obtain higher classification
performance, it is thought to increase the dataset, to use
different pre-processing techniques and to apply diverse
feature selection methods gained increasingly popular
recently. Performance evaluations will be investigated
using different data mining methods and algorithms. The
performance of the proposed model in the detection of
different types of liver disease will be examined. In
addition, it is planned to develop applications that can be
used in the early diagnosis of fibrosis/cirrhosis and
support decision-making by healthcare professionals:

Table 6. The comparison with studies-based ML algorithms on liver diseases diagnosis in the literature

Authors Dataset Tool ML Algorithms Accuracy (%)
MLP: 70.8405%
Indian Liver SVM: 71.3551%
B Net, ]48, MLP, 48:70.6699
Gulia et al. (2014) Patient Dataset WEKA ayesNet,] : %
(ILPD) Random Forest and SVM Random Forest: 71.8696%
BayesNet: 69.1252%
(After Feature Selection)
. . Naive Bayes: 60.6%
Indian Liver .
Muthuselvan et al. . Naive Bayes, k-Star, |48 K-star: 67.2%
Patient Dataset WEKA
(2018) (ILPD) and Random Tree ]48: 71.2%
Random Tree: 74.2%
J48: 74.40%
. LMT: 73.80%
J48, LMT, Decision .
. . ] Decision Stump: 67.10%
Indian Liver Stump, Hoeffding Tree, .
. Hoeffding Tree: 69.10%
Keles et al. (2020) Patient Dataset WEKA REP Tree, Random
REP Tree: 71.30%
(ILPD) Forest, Random Tree
Random Forest: 81.90%
and IBk
Random Tree: 73.80%
IBk: 81.60%
]48: 86%
Dataset
]J48, IBK, K-star, Random IBk: 86.66%
collected from Tree, REPTree and K-star: 88.08%
) -star: 88.08%
P d Stud Z ldak WEKA
roposed Stucy At:trtlilli S?ate Random Forest Random Tree: 85.08%
Hosital (10-fold) REPTree: 84.33%
P Random Forest: 90.75%
J48: 85.75%
Dataset ]J48, 1Bk, K-star, Random IBk: 83.91%
collected from Tree, REPTree and K-star: 87.91%
Proposed Study Zonguldak WEKA Random Forest Random Tree: 84.83%
Ataturk State (10-fold after PCA REPTree: 84.16%
Hospital Feature Selection) Random Forest: 88.83%

BS] Eng Sci / Rukiye UZUN ARSLAN et al.

454



Black Sea Journal of Engineering and Science

Author Contributions

The percentage of the author(s) contributions is
presented below. All authors reviewed and approved the
final version of the manuscript.

RUA Z.P. CK.
C 25 50 25
25 50 25
S 50 20 30
DCP 20 60 20
DAI 20 60 20
L 40 30 30
w 40 30 30
CR 30 30 40
SR 60 40
PM 50 25 25
FA 100

C=Concept, D= design, S= supervision, DCP= data collection
and/or processing, DAI= data analysis and/or interpretation, L=
literature search, W= writing, CR= critical review, SR=
submission and revision.

Conflict of Interest
The authors declared that there is no conflict of interest.

Ethical Consideration

This research is approved by Non-interventional Clinical
Research Ethics Committee of Zonguldak Bulent Ecevit
University (approval date: March 10, 2021, protocol
code: 2021/05).

References

Acarll K. 2020. Karaciger saghgini koruyan 10 hayati oneri.
URL: https://www.memorial.com.tr/saglik-
rehberi/karaciger-sagligini-koruyan-10-hayati-oneri
(accessed date: August 28.2023).

Alaybeyoglu A, Mulayim N. 2018. Karaciger kanseri teshisinde
destek vektor makinesi tabanli uzman sistem tasarimi. Tip
Teknolojileri Kongresi, 8-10 Kasim, Gazi Magaso, KKTC, ss:
208-210.

Alkusak E, Gok M. 2014. Karaciger yetmezliginin teshisinde
makine 6grenmesi algoritmalarinin kullanimi. ISITES 2014,
June 8-10, Karabiik, Tiirkiye, pp: 703-707.

Asrani SK, Devarbhavi H, Eaton ], Kamath PS. 2019. Burden of
liver diseases in the world. ] Hepatol, 70(1): 151-171.

Azam MS, Rahman A, Igbal SHS, Ahmed MT. 2020. Prediction of
liver diseases by using few machine learning based
approaches. Aust ] Eng Innov Technol, 2(5): 85-90.

Breiman L. 2001. Random forests. Machine Learn, 45: 5-32.

Borulday MG, Yegin EG, Mahouti P, Gunes F. 2017. Diagnosing
liver Diseases with decision tree algorithm. Inter ] Tech Phys
Problems Engin, 33: 67-70.

Bulut C, Balli T, Yetkin EF. 2023. Filtre modelli 6znitelik se¢cim
algoritmalarinin EEG tabanh beyin bilgisayar arayiizi
sistemindeki karsilastirmal siniflandirma
performanslari. Gazi Univ Mith Mimar Fak Derg 38(4): 2397-
2408.

Del Campo JA, Gallego P, Grande L. 2018. Role of inflammatory
response in liver diseases: Therapeutic strategies. World ]

Hepatol, 10(1): 1.

Dritsas E, Trigka M. 2023. Supervised machine learning models
for liver disease risk prediction. Comput, 12(1): 19.

Duda RO, Hart PE, Stork DG. 2000. Pattern classification. Wiley,
New Jersey, USA, 2nd ed., pp: 176-181.

Gaber A, Youness HA, Hamdy A, Abdelaal HM, Hassan AM. 2022.
Automatic classification of fatty liver disease based on
supervised learning and genetic algorithm. Applied Sci, 12(1):
521.

Gulia A, Vohra R, Rani P. 2014. Liver patient classification using
intelligent techniques. Inter ] Comput Sci Inform Technol
5(4): 5110-5115.

Isik K, Ulusoy SK. 2021. Metal Sektoriinde iiretim siirelerine
etki eden faktorlerin veri madenciligi yontemleriyle tespit
edilmesi. Gazi Univ Miih Mimar Fak Derg, 36(4): 1949-1962.

Kaya C, Erkaymaz O, Ayar O, Ozer M. 2017 October.
Classification of diabetic retinopathy disease from Video-
Oculography (VOG): signals with feature selection based on
C4. 5 decision tree. Medical Technologies National Congress
(TIPTEKNO), 31 October-2 September, Trabzon, Tiirkiye, pp:
1-4.

Keles A, Karsli OB, Keles A. 2020. Makine 6grenme algoritmalar1
ile karaciger hastaliginin teshisi. Turkish Stud Inform Technol
Appl Sci, 15(1): 75-83.

Lin RH. 2009. An intelligent model for liver disease diagnosis.
Artificial Intel Med, 47(1): 53-62.

Ma H, Xu CF, Shen Z, Yu CH, Li YM. 2018. Application of machine
learning techniques for clinical predictive modeling: a cross-
sectional study on nonalcoholic fatty liver disease in China.
BioMed Res Inter, 2018: 4304376.

Mishra S, Tadesse Y, Dash A, Jena L, Ranjan P. 2021. Thyroid
disorder analysis using random forest classifier. In Intelligent
and Cloud Computing: Proceedings of ICICC 2019 Volume 2
Springer, Singapore, pp: 385-390.

Mukhyber S], Abdulah DA, Majeed AD. 2023. Classification of
liver dataset using data mining algorithms. 1st International &
4% Local Conference for Pure Science (ICPS-2021), 26-27
May 2021, Diyala, Iraq, pp: 6.

Muthuselvan S, Rajapraksh S, Somasundaram K, Karthik K.
2018. Classification of liver patient dataset using machine
learning algorithms. Int ] Eng Technol, 7(3): 323.

Narin A, Kaya C, Pamuk Z. 2021. Automatic detection of
coronavirus disease (covid-19): using x-ray images and deep
convolutional neural networks. Pattern Anal Applicat, 24:
1207-1220.

Pahareeya ], Vohra R, Makhijani ], Patsariya S. 2014. Liver
patient classification using intelligence techniques. Inter ]
Adv Res Comput Sci Software Engin, 4(2): 295-299.

Rahman AS, Shamrat FJM, Tasnim Z, Roy ], Hossain SA. 2019. A
comparative study on liver disease prediction using
supervised machine learning algorithms. Inter ] Sci Technol
Res, 8(11): 419-422.

Ramana BV, Babu MSP, Venkateswarlu NB. 2011. A critical
study of selected classification algorithms for liver disease
diagnosis. Inter | Database Manage Syst, 3(2): 101-114.

Schiff ER, Maddrey WC, Reddy KR. 2017. Schiff's Diseases of the
Liver. John Wiley & Sons, London, UK, pp: 241.

Sevli 0. 2019. Performance Comparison of Different Machine
Learning Techniques in Diagnosis of Breast Cancer. Eur | Sci
Technol, 16: 176-185.

Senel FA, Saygin RR, Saygin M, Oztirk 0. 2021. Makine
Ogrenmesi Algoritmalar1 Kullanilarak Viicut Analizi ile Uyku
Apnesi Teghisi. Uyku Biilteni, 2(1): 6-10.

Ucar M, incetas MO. 2022. Classification of brain MRI using
Efficientnet CNN model and feature selection method. IKSAD

BS] Eng Sci / Rukiye UZUN ARSLAN et al.

455



Black Sea Journal of Engineering and Science

Publishing House, Ankara, Tiirkiye, pp: 110.

Uzun R, Isler Y, Toksan M. 2018 May. Choose of wart treatment
method using Naive Bayes and k-nearest neighbors
classifiers. 26% Signal Processing and Communications
Applications Conference (SIU), 02-05 May 2018, izmir,
Tiirkiye, pp: 1-4.

Uzun R, isler Y, Toksan M. 2019. WEKA yazilim paketinin sigil
tedavi yontemlerinin basarisinin tahmininde
kullanimu. Diizce Univ Bilim Teknol Derg, 7(1): 699-708.

Unal Y, Saglam A, Kayhan 0. 2019. Improving classification
performance for an imbalanced educational dataset example

using SMOTE. Avrupa Bilim Teknol Derg, 2019: 485-489.

Xie G, Wang X, Liu P, Wei R, Chen W, Rajani C, Jia W. 2016.
Distinctly altered gut microbiota in the progression of liver
disease. Oncotarget 7(15): 19355.

Velu SR, Ravi V, Tabianan K. 2022. Data mining in predicting
liver patients using classification model. Health Technol,
12(6): 1211-1235.

Yapict Senyer I. 2021. Obezitenin elektroretinografi (ERG):
sinyali lizerindeki etkisi. Doktora Tezi, Zonguldak Biilent

Bilimleri

Ecevit Universitesi, Fen Enstitiisi,

Zonguldak, Tiirkiye, ss: 163.

BS] Eng Sci / Rukiye UZUN ARSLAN et al.

456



Black Sea Journal of Engineering and Science
doi: 10.34248/bsengineering.1403554

Open Access Journal
e-ISSN: 2619 - 8991

Research Article

Volume 7 - Issue 3: 457-464 / May 2024

A GAME-THEORETICAL INTEGRATED APPROACH FOR
SUSTAINABLE PORTFOLIO SELECTION: AN APPLICATION ON
BIST PARTICIPATION SUSTAINABILITY INDEX STOCKS
Furkan GOKTAS'*

1Karabiik University, Management Faculty, Department of Business Administration, 78050, Karabiik, Tiirkiye

Abstract: Sustainable investment is a hot topic of portfolio selection. This study aims to examine sustainable portfolio selection for
conservative investors using the ESG criteria. Thus, we propose a two-stage integrated approach based on two-player zero-sum games.
In the first stage, we use a fuzzy multi-criteria decision making (MCDM) approach to calculate the sustainability scores of the stocks
based on expert knowledge. In the second stage, we form and solve a linear optimization problem by only adding a sustainability
constraint to Young’s minimax portfolio selection model. We illustrate the integrated approach using the weekly simple returns of
eight stocks. We also compare our results with the results of Young’s minimax portfolio selection model. We find that sustainable
investment does not necessarily lead to performance loss. Furthermore, it may increase performance in some cases. To the best of our
knowledge, this is the first paper on sustainable portfolio selection that depends only on two-player zero-sum games, including the

stage of finding sustainability scores.

Keywords: Fuzzy set, Game theory, Multi-criteria decision making, Participation index, Portfolio selection, Sustainability

*Corresponding author: Karabiik University, Management Faculty, Department of Business Administration, 78050, Karabiik, Tiirkiye

E mail: furkangoktas@karabuk.edu.tr (F. GOKTAS)
Furkan GOKTAS https://orcid.org/0000-0001-9291-3912

Received: December 12, 2023
Accepted: April 07,2024
Published: May 01, 2024

Cite as: Goktas F. 2024. A game-theoretical integrated approach for sustainable portfolio selection: an application on BIST participation sustainability

index stocks. BS] Eng Sci, 7(3): 457-464.

1. Introduction
Sustainability is an integrated approach that includes
ecological, economic, and social elements (Ok, 2022). It

focuses on justice between current and future
generations in the consumption of resources. It is defined
as the capacity to meet today's needs without

compromising the standards of future generations
(Mckeown et al, 2002). Sustainable investment is “an
investment discipline that considers environmental,
social, and governance (ESG) criteria” (Qi and Li, 2020).
Markowitz (1952) changes portfolio theory almost
entirely by introducing the mean-variance (MV) portfolio
selection model. On the other hand, it is not attractive for
practitioners due to estimation errors (Goldfarb and
Iyengar, 2003). Robust MV models based on the worst-
case analysis can be used to overcome this issue
(Garlappi et al,, 2006; Tiitiincli and Koening, 2004). The
models based on expert knowledge can also be used. We
give the Bayesian approach introduced by Jorion (1986),
the possibilistic MV model introduced by Carlsson et al.
(2002), and the minimax model introduced by Ding
(2006) as significant examples. The minimax model
introduced by Young (1998) is another alternative to
Markowitz’s MV model. It is based on game theory and
only uses historical data.

The models mentioned above are quantitative methods
and ignore other criteria such as fundamental analysis,

sustainable investment, etc. On the other hand, Utz et al.
(2014), Utz et al. (2015), Gasser et al. (2017), Hilario-
Caballero et al. (2020), and Steuer and Utz (2023) modify
Markowitz’s MV model by adding a third criterion for
sustainable investment. Pedersen et al. (2021) analyze
the ESG - Sharpe ratio frontier. Ballestero et al. (2012)
use utility theory under uncertainty to integrate
sustainable investment into portfolio selection. Qi and Li
(2020) modify Markowitz’s MV model by adding three
additional constraints on the ESG criteria. There are also
many approaches, such as a fuzzy multi-criteria model
proposed by Calvo et al. (2016), an extended goal
programming model proposed by Bilbao-Terol et al.
(2018), an intuitionistic fuzzy MCDM approach proposed
by Yadav et al. (2023), an intuitionistic fuzzy multi-
objective optimization approach proposed by Hanine et
al. (2021), and a multi-objective minimax-based portfolio
optimization model proposed by Xidonas and Essner
(2022).

The ESG criteria are considered as important indicators
in measuring and reporting the sustainability
performance of businesses (Sisman and Cankaya, 2021).
Their emergence is based on socially responsible
investors (Staub-Bisnang, 2012). Clearly, this study is
intended for socially responsible investors, and there
may be no reason for other investors to consider ESG
criteria in portfolio selection. Kalayci et al. (2019) say
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that Young’s minimax model is one of the most important
deterministic  models, = which  overcomes the
shortcomings of Markowitz’s MV model. Thus, we
determine it as a basis for this study, which focuses on
sustainable investment.

We aim to examine sustainable portfolio selection for
conservative investors using the ESG criteria. Our
motivation is to achieve this aim with a tractable
integrated approach. Thus, we first use a fuzzy MCDM
approach, called as Game Theoretical Fuzzy Evaluation
System (G-FES), to calculate the sustainability scores of
the stocks. G-FES is related to a two-player zero-sum
game (Goktas and Gokerik, 2024). Then, we form and
solve a linear optimization problem by only adding a
sustainability constraint to Young’s minimax portfolio
selection model. Both stages of the integrated approach
are worst-case-oriented and suitable for conservative
investors. To the best of our knowledge, this is the first
paper on sustainable portfolio selection that depends
only on two-player zero-sum games, including the stage
of finding sustainability scores.

The rest of the paper is organized as follows. Section 2
gives the theories of G-FES and Young's minimax
portfolio selection model. Section 3 illustrates the
integrated approach using the weekly simple returns of
eight stocks included in the BIST services and BIST
participation sustainability indexes. Section 4 concludes
the paper.

2. Materials and Methods

2.1. G-FES

If fuzzy numbers form the decision matrix, fuzzy MCDM
methods are used (Chu and Lin, 2009). The membership
function of the triangular fuzzy number (c, d, e) is as in
Equation 1.

1—E,c£t<d
d-
lt=d
HO=1"" &

1-—— d<t<e
d

0, else

The different views of multiple experts are brought
together with G-FES. Linguistic variables and their crisp
equivalents are shown in Table 1 (Goktas and Gokerik,
2024).

The steps of G-FES are as follows (Goktas and Gokerik,
2024).

Step 1: Using the linguistic variables in Table 1, expert
views are taken for each alternative-criterion pair.
(There are n alternatives and m criteria.)

Step 2: For the ith alternative and jth criterion pair, their
minimum rating is assigned as cy, their median rating is
assigned as dj, their maximum rating is assigned as ej,
and the fuzzy utility is determined as the triangular fuzzy
number (cij, dij, ejj). Then, a fuzzy decision matrix Anxm is
formed.

For the ith alternative and jt criterion pair, the utility’s
fuzzy mean (m;) is as in Equation 2, where Ef() is the
fuzzy mean operator (Carlsson et al.,, 2002).

Table 1. Linguistic variables

Linguistic variables Corresponding crisp number

Extremely good (EG) 1

Very good (VG) 0.75

Good (G) 0.5

A little good (LG) 0.25

Fair (F) 0

A little poor (LP) -0.25

Poor (P) -0.5

Very poor (VP) -0.75

Extremely poor (EP) -1

m, =E, ((cij, d;. e )) = % 2)

For the ith alternative and jt criterion pair, the utility’s
fuzzy standard deviation (sj) is as in Equation 3, where
STDr() is the fuzzy standard deviation operator (Carlsson
etal, 2002).

l—cij .
—ng (3)

Step 3: Fuzzy mean matrix Mnxm = (mj) is formed using
Equation 2.

Step 4: Fuzzy standard deviation matrix Snxm = (si) is
formed using Equation 3.

5= STD¢ ((c;, dy, 1)) =

ijr iy

Let the decision maker's two linear objectives maximize
the utility's fuzzy mean and minimize the utility's fuzzy
standard deviation. The payoff matrix (P) is defined as in
Equation 4, where the first objective’s weight (w) is in
[0,1]. If the decision maker is risk-neutral i.e. the fuzzy
mean is maximized, w equals 1. If the decision maker's
risk aversion degree is at the highest level i.e. the fuzzy
standard deviation is minimized, w equals 0. If it is at the
medium level, w equals 0.5.

P:=wM—(1-w)S (4)

Step 5: Using Equation 4, the payoff matrix (P) is formed
for we[0,1].

Due to the linearity of the objectives, the weighted
objective function equals xTPy, where x and y are the
nonnegative weight vectors of the alternatives and
criteria, respectively. (The row vector xT is the transpose
of the column vector x.) Then, G-FES is defined with
Expression 5, corresponding to a two-player zero-sum
game with the payoff matrix Puxm = (pj) (Goktas and
Gokerik, 2024).

max min x' Py (5)
X y

The solution of Expression 5 for the row player
(decision-maker) equals the optimal
Expression 6, which is a linear optimization problem
(Raghavan, 1994; Chen and Larbani, 2006; Sikalo et al.,

solution of
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2022). Its optimal solution may not be unique, but we
assume it is unique in this study.

max t

st.Y px =t, forall j
i=1

(6)

x =1

n
i
i=1

X, 20, for alli
The dual problem of Expression 6 is as in Expression 7.
Its optimal solution (y*) equals the weight vector of the

criteria. That is, G-FES objectively determines the criteria
weights.

min t

st. Y p;y; <t, forall i

=i

D=1

j=1

(7

y; 20, forall

Step 6: The alternatives' priority vector (x*) is found by
solving Expression 6. The criteria's weight vector (y) is
found by solving Expression 7.

Step 7: According to their priority values, alternatives are
ranked and/or are distributed to the
alternatives. In this study, we use them as sustainability
scores (ssi). The stock is more preferable for socially
responsible investors if its sustainability score is higher.

resources

This study uses the ESG criteria to get the sustainability
scores.

2.2. Young’'s Minimax Portfolio Selection Model and
Its Extension

Let Ruxz = (rik) be the simple return matrix for n assets
and z periods. Young’s minimax portfolio selection model
is in Expression 8 (Young, 1998). It gives the solution of a
two-player zero-sum game for the row player (investor),
where the payoff matrix is Rnxz and the column player is
the market (Sikalo et al.,, 2022). Expression 8 finds the
portfolio that maximizes the worst-case return based
only on the historical data.

max t

st. Y X >t, forall k
i=1
(8)

x =1

n
i
i=1

X, 20, for alli

In the integrated approach, we use Expression 9 to
consider sustainability where a€[0,1] is a scalar that
shows the target level of the portfolio’s sustainability
score, and ss; is the sustainability score of the ith stock.
Expression 9 finds the portfolio that maximizes the
worst-case return based on the historical data and the

sustainability constraint.

max t

st. Y rx >t, forall k

i=1

X =1 9)

n
i=1

n
D xss za
i=1

X, 20, for alli

Remark: Since the sustainability scores depend on the
decision maker's (investor’s) risk aversion degree (w)
due to G-FES, the optimal solution of Expression 9 also
depends on it.

3. Results and Discussion

In this section, we illustrate the integrated approach
using the weekly simple returns of eight stocks included
in the BIST services and BIST participation sustainability
indexes. The main limitations of the integrated approach
can be listed as follows. The first limitation is that it may
not be suitable for non-conservative investors due to the
worst-case-orientation. The second limitation is that it
cannot be used when short selling is allowed. The third
limitation is that historical data may reflect the future
poorly. The fourth limitation is that there is no formal
procedure to determine the decision-maker's risk
aversion degree (w) in G-FES. The fifth limitation is that
G-FES can only be used with triangular fuzzy numbers.
The sixth limitation is that the experts may poorly
evaluate the alternatives’ ESG, and the use of expert
knowledge may not be practical if the stock number is
high.

3.1. G-FES

In this subsection, we use G-FES to calculate the
sustainability scores of the eight stocks based on expert
knowledge. (Expert knowledge is used by Yadav et al.
(2023) to calculate the sustainability scores. But, their
intuitionistic fuzzy MCDM approach is not worst-case
oriented, unlike G-FES.) These stocks are AKSEN, BIMAS,
DOAS, ENJSA, MAVI, MPARK, PGSUS and THYAO. They
are evaluated by five experts using publicly available
information before 01.01.2023 (the start of the testing
period), where the criteria are environmental issues
(C1), social issues (C2), and governance issues (C3). See
Refinitiv (2023) for detailed information about them.
Step 1: We take five experts’ views for each alternative-
criterion pair based on the linguistic variables in Table 1.
Table 2 shows the first expert’s views. (The experts are
either the academicians or sector professionals.) For
example, the linguistic ratings of AKSEN are poor (P) for
C1, good (G) for C2, and extremely good (EG) for C3.

Step 2: Using the minimum, median, and maximum
ratings of expert views for each alternative-criterion pair,
we form the fuzzy decision matrix (A) as in Table 3. For
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example, the minimum rating for the AKSEN - C3 pair is
fair (F), the median rating for the AKSEN - C3 pair is a
little good (LG), and the maximum rating for the AKSEN -
C3 pair is extremely good (EG).

Table 2. The first expert’s views

S)/2 when w = 0.5. Clearly, w equals the weight of
maximization of fuzzy mean, whereas 1-w equals the
weight of minimization of fuzzy standard deviation.

Step 6: By solving Expression 6 for different payoff
matrices, we uniquely find the priority vectors (x*) as in
Table 6. When w =1, the fuzzy mean (the first moment of
the fuzzy utility) is maximized. That is, the focus is to

AKSEN CP1 (2;2 Ez maximize the central tendency. When w = 0, the fuzzy
BIMAS LG G LG standard deviation (the square root of the second
DOAS EG F LG moment of the fuzzy utility) is minimized. That is, the
ENJSA LG P G focus is to minimize the risk. When w = 0.5, there is a
MAVI LG F G balance of these objectives.
MPARK LP F LG
PGSUS LP G F Table 6. The priority vectors
THYAO LG LG G w=1 w=0.5 w=0
AKSEN 0 0 0

Table 3. The fuzzy decision matrix (A) BIMAS 0 0.0190 0.6667

c1 2 a3 DOAS 0 0 0.3333
AKSEN  (-0.75,-05,0)  (-0.25,0,0.75) (0,025, 1) ENJSA 0 0 0
BIMAS  (0,05,075)  (0.25,0.25,0.75)  (0,0.25,0.75) MAVI 0.6000 0.5666 0
DOAS (0.5,0.75,1) (-0.25,0,0.5) (0.25,0.25,0.5) MPARK 0 0 0
ENJSA (0, 0.25,0.75) (-0.5,-0.25, 0.5) (-0.25,0.5,1) PGSUS 0.4000 0.4144 0
MAVI  (0.25,0.5,0.75) (0,0.25,1) (0,0.5,0.75) THYAO 0 0 0
MPARK (-0.5,-0.25,0.5)  (-0.25,0.25,0.5) (0, 0.5, 0.5)
PGSUS ~ (-:025,025,0.5) (0,05,075) (0,025, 075) By solving Expression 7 for different payoff matrices, we
THYAO  (-0.25,0,0.5) (0,0.25, 0.75) (0,0.25, 0.5)

Step 3: We form the fuzzy mean matrix (M) by using
Equation 2. Here, m13 = (0+4x0.25+1)/6.

Table 4. The fuzzy mean matrix (M)

C1 C2 C3
AKSEN -0.4583 0.0833 0.3333
BIMAS 0.4583 0.3333 0.2917
DOAS 0.7500 0.0417 0.2917
ENJSA 0.2917 -0.1667 0.4583
MAVI 0.5000 0.3333 0.4583
MPARK -0.1667 0.2083 0.4167
PGSUS 0.2083 0.4583 0.2917
THYAO 0.0417 0.2917 0.2500

Step 4: We form the fuzzy standard deviation matrix (S)
by using Equation 3. Here, s13 = (1-0)/2\/6.

Table 5. The fuzzy standard deviation matrix (S)

C1 C2 C3
AKSEN 0.3572 0.2552 0.2041
BiMAS 0.2041 0.1531 0.2041
DOAS 0.1021 0.2552 0.1531
ENJSA 0.2041 0.3062 0.2552
MAVI 0.1531 0.2041 0.2041
MPARK 0.3062 0.2552 0.2041
PGSUS 0.2552 0.2041 0.2041
THYAO 0.2552 0.2041 0.2041

Step 5: Using Equation 4, we form the payoff matrix (P)
as follows. P =M whenw =1, P = -Swhenw =0, P = (M-

uniquely find the criteria’s weight vectors (y*) as in Table
7.y" leads to the minimum payoff for x".

Table 7. The weight vectors of the criteria

w=1 w=0.5 w=0
C1 0.3000 0.1736 0
C2 0.7000 0.7066 0.3333
C3 0 0.1198 0.6667

Step 7: When the decision maker is risk neutral (w = 1),
the sustainability scores of MAVI and PGSUS are 0.6000
and 0.4000, respectively. Other scores equal 0. When the
decision maker’s risk aversion degree is at a medium
level (w = 0.5), the sustainability scores of MAVI, PGSUS,
and BIMAS are 0.5666, 0.4144, and 0.0190, respectively.
Other scores equal 0. When the decision maker’s risk
aversion degree is at the highest level (w = 0), the
sustainability scores of BIMAS and DOAS are 0.6667 and
0.3333, respectively. Other scores equal 0.

3.2. Young’s Minimax Portfolio Selection Model and
Its Extension

Table 8 shows the summary statistics for the weekly
simple returns of the eight stocks in the training period
(2022). We use this data set and the information
provided by Section 3.1 in step 7 to derive optimal
portfolios. We take the first three quarters of 2023 as the
testing period.

Table 9 shows the results when w = 1. The weight of
MAVI (AKSEN) increases (decreases) with the increase in
the target sustainability level (a) of Expression 9. Young’s
(1998) optimal portfolio has a sustainability score of
0.0358 in this case. When a increases, the relative weight
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of the ESG criteria increases with respect to the weight of
the absolute value of worst-case return.

Table 10 shows the results when w = 0.5. The results are
similar to the results in Table 9. The optimal portfolios
consist of only MAVI and AKSEN when a equals or

Table 8. The summary statistics

exceeds 0.2. MAVI has the maximum sustainability score
whenw = 0.5 or w =1.71.41% of Young’s (1998) optimal
portfolio consists of AKSEN. This portfolio has a
sustainability score of 0.0374 in this case.

Minimum Maximum Median Mean Standard Dev.

AKSEN -0.0610 0.2595 0.0170 0.0321 0.0635
BIMAS -0.0754 0.1860 0.0122 0.0170 0.0550
DOAS -0.1058 0.2099 0.0239 0.0316 0.0705
ENJSA -0.1064 0.1419 0.0179 0.0215 0.0562
MAVI -0.1024 0.1810 0.0105 0.0277 0.0600
MPARK -0.0947 0.1802 0.0179 0.0230 0.0559
PGSUS -0.1164 0.1957 0.0419 0.0365 0.0747
THYAO -0.0733 0.2458 0.0317 0.0402 0.0653
Table 9. The optimal portfolios for risk-neutral investors

Young (1998) a=0.1 a=0.2 a=0.3 a=04 a=0.5 a=0.6
AKSEN 0.7141 0.7173 0.6667 0.5000 0.3333 0.1667 0
BIMAS 0.0156 0 0 0 0 0 0
DOAS 0 0 0 0 0 0 0
ENJSA 0.0446 0 0 0 0 0 0
MAVI 0 0.1571 0.3333 0.5000 0.6667 0.8333 1.0000
MPARK 0.1362 0.1112 0 0 0 0 0
PGSUS 0.0895 0.0144 0 0 0 0 0
THYAO 0 0 0 0 0 0 0
Table 10. The optimal portfolios when the risk aversion degree is at a medium level

Young (1998) a=0.1 a=0.2 a=0.3 a=04 a=0.5 a=0.6
AKSEN 0.7141 0.7168 0.6470 0.4705 0.2941 0.1176
BIMAS 0.0156 0 0 0 0 0
DOAS 0 0 0 0 0 0
ENJSA 0.0446 0 0 0 0 0 No feasible
MAVI 0 0.1737 0.3530 0.5295 0.7059 0.8824 solution
MPARK 0.1362 0.1057 0 0 0 0
PGSUS 0.0895 0.0038 0 0 0 0
THYAO 0 0 0 0 0 0
Table 11. The optimal portfolios when the risk aversion degree is at the highest level

Young (1998) a=0.1 a=0.2 a=0.3 a=04 a=0.5 a=0.6
AKSEN 0.7141 0.6448 0.5339 0.3920 0.2419 0.0898 0
BIMAS 0.0156 0.1096 0.2369 0.3847 0.5380 0.6928 0.8742
DOAS 0 0.0808 0.1262 0.1305 0.1239 0.1145 0.0517
ENJSA 0.0446 0 0 0 0 0 0
MAVI 0 0.0176 0.0233 0.0146 0.0020 0 0
MPARK 0.1362 0.0720 0.0125 0 0 0 0
PGSUS 0.0895 0.0752 0.0672 0.0781 0.0941 0.1030 0.0742
THYAO 0 0 0 0 0 0 0

Table 11 shows the results when w = 0. The weight of
BIMAS (AKSEN) increases (decreases) with the increase
in a. Young’s (1998) optimal portfolio has a sustainability
score of 0.0104 in this case. BIMAS has the maximum
sustainability score when w = 0. In this case, we derive
more diversified optimal portfolios due to fuzzy standard

deviation orientation.

Table 12 shows the results for training and testing
periods respectively, when w = 1. WCR is the worst-case
return, and AR is the average return. Young’s portfolio
selection model in Expression 8 and its extension in
Expression 9 minimize the risk (the absolute value of
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WCR) for the training period. AR is the natural return
measure. If portfolio A has lower risk and higher return
than portfolio B, then we say that A is superior to B, or
equivalently B is inferior to A. Table 12 also shows the
inferior or superior portfolios to Young’s (1998) optimal
portfolio when w = 1. This portfolio is generally superior
to others in the training period. On the other hand, this
information is not valid for the testing period.

Table 13 shows the inferior or superior portfolios to

Young’s (1998) optimal portfolio when w = 0.5. This
portfolio is generally superior to others in the training
period. On the other hand, this information is not valid
for the testing period.

Table 14 shows the inferior or superior portfolios to
Young’s (1998) optimal portfolio when w = 0. This
portfolio is generally superior to others in the training
period. The opposite is true for the testing period.

Table 12. The risk-return analysis for the risk-neutral investors

Young (1998) a=0.1 a=0.2 a=0.3 a=0.4 a=0.5 a=0.6
Tra-WCR -0.0262 -0.0307 -0.0419 -0.0570 -0.0722 -0.0873 -0.1024
Tra-AR 0.0305 0.0304 0.0306 0.0299 0.0291 0.0284 0.0277
Training P. N/A Inferior N/A Inferior Inferior Inferior Inferior
Test-WCR -0.1117 -0.1156 -0.1214 -0.1242 -0.1279 -0.1316 -0.1353
Test-AR 0.0034 0.0035 0.0046 0.0074 0.0103 0.0131 0.0159
Testing P. N/A N/A N/A N/A N/A N/A N/A
Table 13. The risk-return analysis when the risk aversion degree is at a medium level

Young (1998) a=0.1 a=0.2 a=0.3 a=04 a=0.5 a=0.6
Tra-WCR -0.0262 -0.0312 -0.0437 -0.0597 -0.0757 -0.0917
Tra-AR 0.0305 0.0304 0.0305 0.0297 0.0290 0.0282
Training P. N/A Inferior Inferior Inferior Inferior Inferior ~ No feasible
Test-WCR -0.1117 -0.1160 -0.1209 -0.1249 -0.1288 -0.1327 solution
Test-AR 0.0034 0.0035 0.0049 0.0079 0.0109 0.0139
Testing P. N/A N/A N/A N/A N/A N/A
Table 14. The risk-return analysis when the risk aversion degree is at the highest level

Young (1998) a=0.1 a=0.2 a=03 a=04 a=05 a=0.6
Tra-WCR -0.0262 -0.0282 -0.0315 -0.0349 -0.0384 -0.0421 -0.0544
Tra-AR 0.0305 0.0300 0.0285 0.0265 0.0243 0.0220 0.0192
Training P. N/A Inferior Inferior Inferior Inferior Inferior Inferior
Test-WCR -0.1117 -0.1057 -0.0985 -0.0901 -0.1041 -0.1372 -0.1758
Test-AR 0.0034 0.0049 0.0073 0.0104 0.0138 0.0172 0.0199
Testing P. N/A Superior Superior Superior Superior N/A N/A
Since the integrated approach adds a sustainability increase the relative importance of the integrated

constraint to Young’s minimax portfolio selection model,
we expect an inevitable increase in the risk (the absolute
value of WCR) and a potential decrease in the return (AR)
for the training period due to the nature of the
optimization. On the other hand, this expectation is not
valid for the future (testing period). That is, sustainable
investment does not necessarily lead to performance
loss. It is compatible with the results given by Hilario-
Caballero et al. (2020), Utz et al. (2014), Utz et al. (2015),
and Qi and Li (2020). Furthermore, it may increase
performance in some cases, as in this study. It is
compatible with the results given by Pedersen et al.
(2021) and Xidonas and Essner (2022). On the other
hand, Ballestero et al. (2012) find that sustainable
investment increases the risk, whereas Gasser et al.
(2017) find that it decreases the return. The models in
the studies mentioned above are not intended for
conservative investors except for the model proposed by
Xidonas and Essner (2022). This information may

approach intended for conservative investors.

4. Conclusion

Game theory is a widely used decision-making tool. Since
two-player depend on minimax
optimization problems, it is convenient for conservative
decision-makers. Sustainability is a nonnegligible
concept for socially responsible investors. ESG criteria
are accepted as important indicators of sustainability.
Thus, this study proposes an integrated approach using
ESG criteria and two-player zero-sum games for
conservative investors' sustainable portfolio selection.
We also illustrate the integrated approach with a real-
world example. Our findings show that sustainable
investment does not necessarily lead to performance loss
than conventional investment. Furthermore, it may result
in increased performance in some cases. These results
are compatible with the many studies in the literature.

Zero-sum games
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Socially responsible investors can prefer the integrated
approach to Young’s minimax model, which is one of the
key models in deterministic portfolio selection. This is
because the integrated approach's second stage is formed
by only adding a sustainability constraint to Young's
minimax portfolio selection model. The fundamental
analysis could be combined into the integrated approach
in future research.
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Abstract: Barley stands as a cornerstone in agricultural landscape of Kazakhstan, weaving through diverse climate zones, and annually
gracing over 1.5 million hectares. The intricate interplay between climate and food systems necessitates thorough analysis and
strategic measures to food safety and nutritional security, as the evolving climate significantly influences both the quantity and quality
of our food resources. This study aims to employ the LINTUL-MULTICROP Model to assess how spring barley adapts to both today’s
climatic conditions and potential climate change scenarios to elevated levels of carbon dioxide and temperature under the specific
conditions of southeast of Almaty. Three different global climate change models were studied (GCMs); i) GFDL-ESM2M], ii) HadGEM2-
AO, and iii) MPI-ESM-MR for historical period (1986-2005) under RCP 4.5 and RCP 8.5 during the periods of i) 2040-2059 years
scenarios, ii) 2060-2079 years scenarios, and iii) 2080-2099 years scenarios. Overall, the HADGEMAO and MPIESMMR models
exhibited promising results in simulating yield, projecting an increase in spring barley yield for both RCP4.5 and RCP8.5 scenarios in
GFDL-ESM2M model case also demonstrated stable increase in rainfed conditions. In conclusion, it should be noted that in the
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1. Introduction

Climate change, a consequence of human activities,
unfolds the profound transformation of our planet's
climatic dynamics (Gergis, 2023). The existence of
radioactively active substances in the atmosphere of the
Earth global average layer
temperature by 30 °C, creating our world livable for life.
From the time of the Industrial Revolution, man-made

increases the outer

activities have led to a rise in carbon dioxide and other
trace gases, ended up in approximately 2 W m-2 of
radiative heating in the troposphere and surface. This
warmth is anticipated to be compounded by altering in
snow, clouds, water vapor, and sea ice (Gergis, 2023).
The elevated concentrations of atmospheric carbon
dioxide (CO2) contribute significantly to the greenhouse
gas effect, exerting profound consequences on the Earth's
climate and ecosystems. As a major greenhouse gas,
increased CO:z concentrations lead to enhanced heat
retention within the atmosphere, contributing to global
warming including fluctuations in temperature,
alterations in precipitation patterns, and the melting of

glaciers (Van der Werf and Petit, 2002). With
temperatures already on the ascent by approximately
1°C, our world is witnessing the repercussions -
heightened heat waves, unpredictable floods, and
prolonged droughts that pose significant challenges to
our collective well-being (Reddy and Reddy, 2015;
McMichael, 2017). In this intricate interplay between
humanity and the environment, agriculture assumes a
pivotal role, grappling with an array of challenges that
strain global food security (Van der Werf and Petit, 2002;
Gregory et al., 2005).

As per the 2022 IPCC Sixth Assessment Report, there is a
strong consensus indicating that climate change, as it
stands, has predominantly resulted in adverse effects on
both crop yields and crop quality in agriculture. The
impact of heightened CO: levels extends to terrestrial
ecosystems, influencing plant physiology and altering
photosynthetic processes (Fleming et al, 2018). While
some plants may benefit from increased CO: in the short
term through enhanced growth (Kizildeniz, 2024;
Kizildeniz et al, 2021) and water-use efficiency, the
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overall ecological balance is at risk due to potential
disruptions in nutrient cycling, changes in species
composition, and increased susceptibility to pests and
diseases (Kizildeniz et al., 2021). Climate change exerts a
multifaceted and severe impact on various crops, with
barley being no exception. The influence of weather
change impact on barley growth manifests in diverse
developmental stages, introducing complexities and
challenges for agricultural systems, with differences in
temperature impacting tiller number, plant height, and
dry aboveground plant parts (Gray and Brady, 2016).
Barley plants respond to elevated temperatures by
promoting
inflorescence development, which can impact canopy
architecture and grain production (Zhu et al, 2021).
Elevated temperatures resulting from climate change
affect the expansion and development process of barley
leads to alterations in morphological and developmental
traits (Raza et al,, 2019).

Kimball et al. (2002) and Long et al. (2005) were
revealed that rising carbon dioxide has been shown to
directly alter plant photosynthesis and, as a result, the
development of plants. Climate change affects seasonal
precipitation patterns and raises mean temperatures,
causing a detrimental impact on agricultural output
(Meehl et al,, 2007). Barley is the 4th foremost crop with
regard to of worldwide productivity (Giraldo et al,
2019). Photosynthesis of individual barley leaf enhanced
with rising COz (Ford and Thorne, 1967; Pettersson et al.,
1993), however in various investigations, the processes
of photosynthetic was solely intermittently enhanced
(Hibberd et al, 1996; Sicher and Bunce, 1997). Barley
leaves development responded differently to CO2
advancement, with an advantageous result (Ford and
Thorne, 1967) and a lack of reaction (Bunce, 2004),
whereas stem height increased with CO; rise (Weigel et
al, 1994; and Mortensen, 1996). Two
investigations demonstrated an enhancement in harvest
index with CO: rise (Pettersson et al, 1993).
Nevertheless, in numerous additional studies, an absence
or reduction was seen (Weigel et al,, 1994). Drought and
high temperatures throughout seed formation can
diminish productivity and quantity while also affecting
seed quality features including dormancy and robustness

elongation growth and accelerating

Saebo

(Sehgal et al, 2018). Overall, climate change poses
challenges to barley crops, but understanding these
impacts can inform breeding efforts to develop climate-
resilient varieties (Zenda et al,, 2021).

Crop models, ranging from empirical to optimizing types,
are essential for understanding intricate interactions
among atmosphere, crops, and soil. These models, based
on physiological knowledge, efficiently simulate various
scenarios, aiding agriculture in pest management,
breeding, and climate change impact assessment (Boote
et al, 2013; Oteng-Darko et al, 2013; Craufurd et al,
2013; Reynolds et al, 2018; Asik et al, 2021;
Akhavizadegan et al, 2021; Wajid et al, 2021). Crop
models which have been applied in barley include deep

neural network (DNN) and machine learning (ML)
regression approaches (Jeong et al, 2022). Models for
two- and multi-row spring barley cultivars have been
developed, considering factors such as yield structure,
plant density, and root characteristics (Newton et al,
2012). However, there are already applied crop models
for barley, but they are either tailored for specific
yield
components. More to the point, these existing models
may not be suitable for application when crop production
and quality attributes vary due to unique processes that
are not mandated in the model (Tao et al., 2018).

In addition to assessing the adaptability of product to the
current climatic conditions, there is a curiosity about its
potential yield in the event of climatic changes in the
upcoming years. As a result, climate change
consequences on altering planting periods and
accessibility to water, which may lead to yield decreases,
should be examined in order to provide policymakers
with credible data in relevant locations. Leveraging the

environmental conditions or focused on

capabilities of the LINTUL model enables the simulation
of barley production, allowing for the optimization of
land use, streamlining technological operations, and
judiciously allocating mineral fertilizers to enhance both
yield and profitability. Therefore, beyond evaluating the
adaptability of the product to existing climatic conditions,
it becomes imperative to ascertain potential yields in the
event of climate variations in the upcoming years.
Therefore, it is crucial to investigate how climate change
may impact shifts in planting seasons and affect water
availability, potentially resulting in decreased yields. This
research aims to provide policymakers with reliable data
in relevant areas. In this research, the LINTUL-
MULTICROP Model was employed to scrutinize the
habituation of barley to prevailing climatic conditions
and anticipated climate change scenarios, elucidating its
response to elevated carbon dioxide levels and increased
temperatures.

2. Materials and Methods

2.1. Model Explanation

Linus Franke of the University of Bloemfontein adapted
the earliest versions of the LINTUL-MULTICROP Model,
which had been developed in Fortran, into Microsoft
Excel (Franke et al, 2013). Franke et al. (2013) and
Haverkort et al. (2013) conducted the initial research
study employing this approach. The model demands
three major data sets as input: climate, crop and soil data.
Spitters (1989) and Spitters and Schapendonk (1990)
established a mechanistic model known as LINTUL (Light
Interception and Utilization) that calculates dry matter
buildup employing solar radiation absorption and
radiation addition efficiency ratios. LINTUL is an
important tool to evaluate the difference between
current and projected crop yield. In addition, by entering
precise meteorological factors, the model may compute
the amount of grain that could be generated in a
particular setting compared to agricultural productivity
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under existing ecological conditions (Farré et al.,, 2000).
Farré et al. (2000) examined and validated LINTUL for
the forecasting of timing of flowering, leaf area index, and
production, and agreed that the model correctly
estimated outcomes for all maize characteristics.

LINTUL might be utilized for investigating the effects of
various irrigation systems on productivity in diverse
regions for crop sustainability. The model is also valuable
for researchers in identifying carbon dioxide fixation
during photosynthesis (Yetik et al, 2023). LINTUL may
evaluate light absorption and utilization rates throughout
photosynthetic. It may develop the accumulation of dry
mass in the presence of appropriate nutrients and
moisture, pest, disease, and
environments, and current weather
(Spitters and Schapendonk, 1990). Dry mass is mostly
the result of light interception (Shibu et al.,, 2010). The
versatile LINTUL model not only aids in assessing soil
water mechanism like drainage, evapotranspiration, and
runoff, but also facilitates the adaptation of cropping

without weeds

circumstances

patterns and management practices based on the
anticipated availability of soil water, generating a diverse
set of outputs through its simulation equations (Ahmed
etal,, 2013). Furthermore, the model's versatility extends
to its seamless integration with remote sensing images,
facilitating the monitoring of spatiotemporal barley
growth patterns and yield dynamics (Gimplinger and
Kaul, 2012).

The first of these inputs is climatic data including
precipitation (mm), averages of temperature minimum

Figurel. The location of study area

Soil cover of the experimental is represented by irrigated
light chestnut soils with deep groundwater (more than
10 meters), characteristic of the foothill plain of the
Trans-Ili Alatau. According to the classification principles
reported by Dokuchaev (1899), the soil of the stationary
site belongs to the light brown subtype. Light-brown and
dark chestnut soils of upland agricultural landscapes,
developed on loess-like loams of medium loamy
mechanical composition, are situated on the foothill-
inclined plain of the northern slope of the Trans-Ili
Alatau. Generally, the relief of this territory is
distinguished by a fairly significant degree of horizontal
dissection by a network of branched logs with gentle and
sloping slopes used in irrigated agriculture. In general, it

and maximum (°C), solar radiation (M] m2 day-!) and
monthly evapotranspiration values (mm). The additional
input agricultural dataset contains the dates of radiation
use efficiency (RUE, g MJ1), sowing and harvest (day),
planting, and effective rooting depth (cm), sprout growth
rate (Extension of the below ground sprout per day-
degree, mm degree day-!), harvest index (%), dry matter
concentration (%), effective temperature sum between
emergence and 100% ground cover (GC) (0-100% GC,
degree day), Lowest and highest temperatures for the
photosynthetic as well as optimal photosynthetic (°C).
Ultimately, the model provides a default selection for
nine distinct kinds of soil with various water capacity,
bulk densities, accessible water contents, and wilting
points, that the user can simply choose. The LINTUL-
MULTICROP Model produces various results. The model
might provide climate change adaptation strategies by
determining the days between planting and emergence,
the duration of growth time (days), the days between
100% GC and harvest and the days between emergence
and 100% GC. The model may determine the need for
irrigation water using precipitation and ETP data. In
addition to that, the model can forecast yield in both
irrigated and non-irrigated conditions.

2.2, Study Site

The research was performed in 2023. Field trials were
undertaken on the experimental land of for the KazNIIZiR
LLP 43°13'10"N 76°41'06"E 803m in southeast of
Almaty, located in Kazakhstan (Figure 1).

is a moderately arid zone with a pronounced continental
climate, with large daily fluctuations in air temperatures
and annual precipitation.

The soil is marked by relatively low humus content (2.20-
2.45%), due to high carbonation, the response of the soil
mixture is almost alkaline 7.5-7.8. The uptake capacity
does not exceed 15.5 mg /eq., the main part of the
absorbed bases is calcium, the amount of absorbed
magnesium is not extremely high. Total nitrogen contains
0.20%, total phosphorus - 0.25%. According to the
degree of supply of batteries, the experimental site is
characterized as poorly provided with phosphorus and
high potassium. Weather conditions of the southeast of
Almaty and the mean climate data from 2000 to 2023
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and the monthly crop evapotranspiration data (ETP)
were calculated as Yagiz et al. (2020) are given in Table
1.

2.3. Plant Material

Barley (Hordeum vulgare L. spp vulgare) is vital crop in
Kazakhstan’s agriculture, and it grows various climatic
areas covering more than 1.5 million hectares every year.
At the moment, it is the nation's 2nd most extensively
produced grain crop following wheat, yielding a mean of
2.0 million tons each year (Genievskaya et al., 2018). The
ultimate outcome of barley in the nation is feed for
livestock in Kazakhstan, with a mean output of 1.5 tons
per hectare (Genievskaya et al, 2018). Because of the

nation's long, harsh winters and frequently dry summers
of Kazakhstan, two-row spring barley is the dominating
variety in all major barley growing locations. Summer is a
particularly challenging season in two out of three years,
with drought and heat resulting in an enormous decline
in grain production (Genievskaya et al., 2018).

Spring barely, which is well suited to the ecological
environmental circumstances in the area and barley is a
strategically important crop for Kazakhstan, was used as
plant material. The input crop data of LINTUL-
MULTICROP model achieved from various sources was
examined and given in Table 2.

Table 1. The long-term annual climate data of Southeast of Almaty from 2000 to 2023

Months AT min (°C) AT max (°C) AT mean (°C) AP (mm) R (M] m2 day-1) ETP (mm)
January -8.20 0.78 -4.57 34.67 5.72 28.6
February -5.60 3.18 -1.96 42.87 8.67 43.4
March 1.29 12.01 6.15 76.91 12.24 61.2
April 7.69 19.24 13.18 102.73 16.41 82.1
May 12.71 24.68 18.59 95.86 19.29 96.5
June 17.59 29.71 23.60 57.07 21.56 107.1
July 19.96 32.33 26.04 36.92 21.27 106.4
August 18.54 31.30 24.71 33.45 20.05 100.3
September 13.12 25.94 19.27 29.00 16.27 81.4
October 5.82 17.52 11.10 56.91 10.94 54.7
November -0.74 8.04 293 59.19 6.98 34.9
December -5.92 1.76 -2.85 39.05 4.86 24.3
Average 6.36 17.21 11.35 55.38 13.68 68.4

AT min= average temperature minimum, AT max= average temperature maximum, AT mean= average temperature mean, AP= average

precipitation R= radiation ETP= evapotranspiration data.

Table 2. Input parameters of LINTUL Model obtained from the field experiment

Parameters Values
Sowing date (days) 14/04
Planting depth (cm) 5
Harvest date (days) 5/08
Effective rooting depth (cm) 7
Dry matter concentration* (%) 40
Harvest index (%) 25
Sprout growth rate (mm degree day-1) 1.4
0-100% GC (degree day) 736
RUE** (g MJ-1) 1.48
Temperature for the photosynthesis (°C) Mini.mum >
Maximum 35
Temperature for the optimum photosynthesis (°C) Mini'mum 15
Maximum 25

*Dry matter concentration (%) of barley data was referred as Stacey et al. (2006). **RUE (g MJ1) of barley data was referred as Goyne

etal. (1993).

2.4. Climate Change Scenarios

In the study, yield calculations for three distinct future
periods, namely 2040-2059 (F1), 2060-2079 (F2), and
2080-2099 (F3), were conducted to assess the impacts of
climatic variations, excluding the reference period (RF)
covering the years 1986-2005. The computed yield
values were obtained using climate data from three

different models. In the process of model selection, three
widely utilized models in academic literature were
chosen: HADGEM-AO, GFDL-ESM2M, and MPI-ESM-MR,
their accurate and
representation of complex processes. To
encompass a diversity of potential future emission
scenarios, two distinct Representative Concentration

each recognized for reliable

climatic
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Pathways (RCPs) were considered. RCP 4.5, representing
stabilization, and RCP 8.5, representing high emissions,
were employed to project potential climate conditions.
This approach facilitates a comprehensive examination of
comparative future trajectories and allows for an in-
depth exploration of potential future scenarios. The
climate parameters for the reference and future periods
presented in this study were derived from scaled
projections obtained from the WorldClim database.
These projections Coupled Model
Intercomparison Project Phase 5 (CMIP5) models with a
(100km x 100km), as
documented in WorldClim (2023). These models serve as
fundamental tools in simulating future climate conditions
based on different greenhouse gas emission scenarios,
contributing to the robustness of the study.

utilized

resolution of 1.0¢ x 1.0¢

3. Results

The simulated barley yield in rainfed agricultural
systems exhibited a substantial increase across all
climate change scenarios, reflecting an evaluation of
climate forecasts for precipitation conditions (Table 3) to
gauge their impact on spring barley crop yield. Separate
assessments were conducted for four distinct periods
(1986-2005, 2040-2059, 2060-2079, and 2080-2099) for
two scenarios, namely RCP4.5 and RCP8.5, for each

model. The historical period (1986-2005) simulations
using the LINTUL model revealed barley yields of 6.7 t ha-
1 for HADGEMADO, 3.8 t ha'l for GFDLESM2M, and 3.5 t ha-
1 for MPIESMMR. Moving into the future under different
RCP scenarios, distinct patterns emerged. Under the
RCP4.5 scenario for 2040-2059 (F1), HADGEMAO
projected an increase to 7.7 t hal, while GFDLESM2M
and MPIESMMR showed yields of 4.4 and 4.2 t hatl,
respectively. In the same period under the more severe
RCP8.5 scenario, HADGEMAO exhibited higher yields at
8.3 tha1, while GFDLESM2M and MPIESMMR showed 4.2
and 4.8 t hal, respectively. Transitioning to 2060-2079
(F2), HADGEMAO, GFDLESM2M, and MPIESMMR under
RCP4.5 yielded 8.1, 4.3, and 5.3 t hal, respectively.
Meanwhile, under RCP8.5, HADGEMAQO yielded 7.8 t ha-l,
GFDLESM2M yielded 3.9 t ha'l, and MPIESMMR yielded
4.4 t ha'l. In the final projection period (2080-2099, F3),
RCP4.5 showed HADGEMAO, GFDLESM2M, and
MPIESMMR yields of 8.9, 4.1, and 4.4 t hal, respectively.
Contrastingly, under RCP8.5, the yields were 8.2 t ha1 for
HADGEMADO, 4.2 t ha'! for GFDLESM2M, and 3.8 t ha'! for
MPIESMMR. The results underscore the variability in
simulated barley yields across different climate models,
scenarios, and time periods, with RCP8.5 consistently
projecting higher yields compared to RCP4.5, and model-
specific responses to changing climate conditions.

Table 3. Yields (t ha-1) and yield changes (%) of different scenarios for spring barley

1986-2005 . 2040-2059 2060-2079 2080-2099
Model . . RCP scenarios
(Historical) (F1) (F2) (F3)
b
HADGEMAO 6.7 4.5 7.7 (14.9v) 8.1 (20.9) 8.9 (32.8)
8.5 8.3(23.9) 7.8 (16.4) 8.2 (22.4)
CFDLESMZM - 4.5 4.4 (15.8) 4.3 (13.2) 4.1(7.9)
' 8.5 4.2 (10.5) 3.9 (2.6) 4.2 (10.5)
MPIESMMR . 45 4.2 (20.0) 5.3 (51.4) 4.4 (25.7)
8.5 4.8 (37.1) 4.4 (25.7) 3.8 (8.6)

aSimulated yields (t ha'1), bYield changes (D, %) D= [(Yield-Historical yield) + Historical yield] x 100.

The HADGEMAO model, under the RCP4.5 scenario,
demonstrated a consistent upward trend across three
future periods. The percentage increase was 14.9% in the
2040-2059 periods, escalating to 20.9% in the 2060-
2079 period, and reaching 32.8% in the 2080-2099
periods. In the case of the HADGEMAO RCP8.5 scenario, a
projected profitability increase of 23.9%, 16.4%, and
22.4% was forecasted for the respective periods of 2040-
2059, 2060-2079, and 2080-2099. The second model,
GFDL-ESM2M, with RCP4.5, indicated a 15.8% increase in
yield during the 2040-2059 periods. In the middle future
period (2060-2079) was observed with an increase of -
13.2%. The model projected an increase of -7.9% in the
2080-2099 periods. For the GFDL-ESM2ZM model with
RCP8.5, a mixed trend emerged, showcasing increases of
10.5%, 2.6%, and 10.5% in the periods 2040-2059, 2060-
2079, and 2080-2099, respectively. The MPIESMMR
model, under the RCP 4.5 scenario, displayed substantial
increases in barley yield during the periods 2040-2059

(20.0%) and 2060-2079 (51.4%), with a subsequent
increase of 25.7% in 2080-2099. Under the RCP 8.5
scenario, stable percentage was (37.1%), (25.6%),
(8.6%) increase in barley yield were observed across the
periods 2040-2059, 2060-2079 and 2080-2099.

Overall, the HADGEMAO and MPIESMMR models
exhibited promising results in simulating yield,
projecting an increase in spring barley yield for both
RCP4.5 and RCP8.5 scenarios in GFDL-ESM2M model
case also demonstrated stable increase in rainfed
conditions.

4. Discussion

Climate change, particularly the rise
temperatures, is anticipated to exert a considerable
impact on agricultural yields (Wang et al, 2018). The
future yield estimations of barley were conducted
through the application of the LINTUL Model to create a
strategy to the critical threshold imposed by this

in ambient
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phenomenon. On the other hand, Gardi et al. (2022)
utilization of the DSSAT-CERES-Barley model for
Ethiopian barley production reveals potential yield
increases despite climate change. Projections suggest a
consistent temperature rise of up to 5 °C and variable
rainfall patterns. Despite a simulated significant decline
in production, up to 98 and 63% for Traveller and EH-
1493, respectively, adaptation strategies involving early
sowing, an increase in both density (25%), and fertilizer
rate (50%) counteract these negative effects. The study
highlights the efficiency of the model in assessing the
influence of climate change on rainfed barley yield in
Ethiopia and suggesting measures for adaptation,
providing a parallel perspective to our investigation
utilizing the LINTUL model. Mirgol et al. (2020) found
that, under certain climate scenarios, the irrigation water
requirements (IR) for winter wheat and barley in Iran's
semi-arid Qazvin Plateau are projected to increase
significantly by 38%-79% highlighting the critical
importance of water resource management under the
climate change conditions. In our study, we focus
different point, highlighting that our observed increase in
potential yield is attributed to our precise management
of irrigation, maintaining soil water level at the optimal
threshold for crop needs. Bento et al. (2021) examined
the influence of climate change on production of barley in
the Iberian Peninsula, revealing a projected increase in
the northern regions due to early winter warming
stimulating earlier growth, while the southern regions
face potential severe yield losses primarily attributed to
rising spring maximum temperatures. Ko et al. (2019)
assessed geospatial variations in South Korean barley
production under climate change scenarios (RCP 4.5 and
8.5) using the CERES-barley model. Projected yields for
four barley cultivars demonstrated moderate rises under
RCP 4.5 and rapid enhancement under RCP 8.5, revealing
regional Trnka et al. (2004)
demonstrated that the combined effects of direct and
indirect impacts of doubled CO: on potential yields

notable variation.

resulted in a substantial 19-30% increase in barley yields
across various localities. The observed increase in barley
yields with rising temperatures can be attributed, in part,
to the potential of photosynthetic
processes. Warmer temperatures may
enzymatic reactions associated with photosynthesis,
leading to carbon assimilation
subsequent positive impact on crop yield. This
experience is particularly relevant to C3 crops like barley.
However, it is crucial to note that while elevated
temperatures effects, the
relationship between temperature and yield is nuanced.
There exists a threshold beyond which the positive
effects may turn detrimental due to heat stress. In

enhancement
stimulate

increased and a

may have beneficial

regions where water resources are limited, the potential
impact of increased temperatures on barley yields should
be carefully considered (Al-Bakri et al.,, 2011).

4. Conclusion

The optimization of yields is the critical determinant the
improvement of the quality and economic value of crops.
In recent years, the landscape has undergone significant
changes to achieve optimal cultivation efficiency, due to
alterations in precipitation patterns as an outcome of
climate change, as well as an increase in air temperature
and atmospheric CO: levels. In this current research, the
reaction of spring barley harvested in southeast of
Almaty to explored various climatic scenarios and
assessed optimal growth conditions for adaptation. The
analysis of three models of global climate change and
various scenarios shows a significant a rise in spring
barley yield under different climate change scenarios.
Particular emphasis should be given to the positive
trends observed in the HADGEMAO and MPIESMMR
models predicting an increase in spring barley yield for
both RCP 4.5 and RCP 8.5 scenarios. These data open up
valuable prospects for making informed decisions that
climate change in the southeast of Almaty practically
does not threaten the barley harvest, highlighting the
critical importance of water resource management in
response to the challenges posed by climate shifts.
However, it is crucial to note that while elevated
temperatures may have effects, the
relationship between temperature and yield is nuanced.
There exists a threshold beyond which the positive
effects may turn detrimental due to heat stress. In
regions where water resources are limited, the potential
impact of increased temperatures on barley yields should

beneficial

be carefully considered.
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Ozet: Hayvan 1slahinin en 6nemli adimlardan biri de damizlik degeri en iyi hayvana lireme sansi verilmesidir. Ayni zamanda kii¢iikbag
hayvancilikta stirdiiriilebilirlik i¢in biiylime, tireme ve siit verimi gibi ekonomik 6zellikler agisindan daha verimli hayvanlarin segilmesi
gereklidir. Hayvanlarin verimlerine iliskin damizlik degerlerini tahmin etmek i¢in kullanilan yontem ve modeller nispeten karmasik
yapidadir. Cogu kere yetistiricilerin kendi baslarina uygulamalar1 gii¢ olmaktadir. Bu nedenle iyi hayvanlarin se¢imi igin basit
modellere ve pratik uygulamalara gereksinim duyulmaktadir. Bu ¢alismanin amaci, koyun yetistiricilerinin en iyi kuzularini se¢meleri
icin pratik bir yéntemi tamitmak ve bu sekilde kullanilacak damizliklar1 belirlemektir. Bu hedefle Ivesi kuzularina ait érnek bir veri seti
ile “Damizlik Asistan1” adli bilgisayar yazilimi kullanilmistir. Veri seti 2016-2018 yillar1 arasinda 49 siirii ve 12 410 bas kuzudan elde
edilen dogum agirlhigi (DA), siitten kesim agirligi (SKA) ve bu iki 6zellikten hesaplanan giinliikk canl agirlik artislarindan (GCAA)
olugmaktadir. Damizlik Asistan ile Ivesi kuzularinin biiyiime 6zelliklerine énemli cevresel faktorlerin etkisi giderilmis ve daha sonra
kolay indeks yontemi kullanilarak diizeltilmis verilerle degerli hayvanlar tespit edilmistir.
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1. Giris

ivesi, yetistiriciligi Akdeniz'in dogusunda o6zellikle
Mezopotamya bolgesinde yaygin olarak yapilan kurak ve
yar1 kurak cevre kosullarina uyum saglayabilen yagh
kuyruklu bir koyun irkidir. Bu 1rk ekstansif
yetistiricilikten entansif yetistiricilige kadar genis cevre
kosullarina uyum saglamaktadir. Ivesi koyunlarinin
verim performansi yetistirildigi cevre ve yetistirme
amacina gore degisiklik gostermektedir. Sekil 1'de gorseli
yer alan Ivesi koyun irkinda yapilan arastirmalar,
genellikle biliylime ve siit verimini genetik olarak ]
iyilestirme amaci tasimaktadir (Galal ve ark., 2008). $ekil 1. Ivesi koyunu ve kuzusu.

Bu verimler bakimindan damizhk degeri yiiksek
hayvanlarin dogru yéntemlerle belirlenmesi, ivesi koyun
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yetistiriciliginde gelir artis1 ve siirdiiriilebilirligin
saglanmas1 agisindan faydali olacaktir. Hayvan
yetistirmede gercek damizlik degerlerinin tahmininde
genellikle karma modellerden yararlanilmakta ve bunu
¢ozmeye yonelik farklh ydntem ve programlar
kullanilmaktadir (Pollotta ve Gootwineb, 2001; Karabulut
ve Tekin 2009; Kaplan ve Tekerli, 2020; Jawasreh ve ark.,
2021). Hayvanlarin verimlere iliskin damizlik degerlerini
tahmin etmek icin kullanilan yéntem ve modeller
nispeten karmasik yapida ve bu konuda uzmanlik
gerektirmektedir. Bu nedenle yetistiriciler kendileri
uygulamak giicliklerle
karsilagmaktadirlar. ivesi koyun irkin1 da kapsayan ve
Tarimsal Arastirmalar ve Politikalar Genel Midirligi
(TAGEM) tarafindan 2005 yilindan bu yana yiiriitiilen
tilkesel hayvan 1slah1 projesinde damizliklar proje
liderleri tarafindan segilmektedir. Bu noktada proje
liderleri yaninda konuya ilgi duyan ziraat miihendisi,
veteriner hekim ve yetistiricilerin kog, koyun ve kuzu
seciminde kullanimi kolay yontemlere ihtiya¢ duyduklar:

istediklerinde baz1

goriilmektedir (Kaplan ve ark, 2019). Yogun istatistik
bilgisi gerektiren karma modeller kurulmadan da
ekonomik 0Ozellikleri 6nemli seviyede etkileyen cevre
faktorleri etkisinin tespit edilmesi ve bu etkilerin nasil
elemine edilmesi gerektigi gibi konular baz
arastirmacilar (Harvey 1960; Vanl ve ark., 2005; Dogan
ve ark, 2019) tarafindan farkli irklarda 6érnekleriyle
bildirilmistir. Bu ¢alismanin amaci, Halk Elinde Hayvan
Islah1  Ulkesel  Projesinde
gelistirilmekte olan Damizlik Asistani yazilimi yardimiyla
Adiyaman (Sekil 2) yetistirilen ivesi 1rki
koyunlarda biiyiime verilerinde kolay indeks (Arpacik,
1982; Kaplan ve ark,, 2019) isimli pratik damizlik segme
yontemini tanitmak ve damizliklarin bu yo6ntemle

kullanilmak lizere

ilinde

belirlenebildigini gostermektir.
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Sekil 2. Adiyaman ili.

2. Materyal ve Yontem

Adiyaman ili, Dogu ve Giineydogu Anadolu bélgeleri
arasinda bir koprii vazifesi géormekte ayni zamanda
Akdeniz bolgesinin 06zelligini de tasimaktadir. Genel
olarak kislar 1lik ve yagish yazlar ise sicak ve kurak
gecmektedir. Bu nedenle bitki ortiisiinde li¢ bolgenin de
ozellikleri goriilmektedir. Ivesi siiriileri, Nisan-Ekim
aylar1 arasinda sabahin erken saatlerinden aksama kadar
koylere yakin mera ve anizlarda otlatilmaktadir.

Meralarda genellikle ¢ali tipi ve mevsime bagh olarak
yetisen otlar mevcuttur. Striler, kisin hava sartlarinin
uygun oldugu gilinlerde disarida otlatilmakta ve meraya
ek olarak giinde yaklasik 0,5-0,6 kg/bas karma yem
(arpa, bugday ve kepek) ve 1-2 kg/bas saman
verilmektedir. Hava sartlarinin uygun olmadig giinlerde
ise agillarda barindirilarak; arpa kirmasi, kuru ot ve
bugday samani ile beslenmeleri ekstansif yetistirme
sistemine 6rnek teskil etmektedir. Bu tarz yetistirme
sistemlerinde cesitli cevre sartlarina maruz kalan Ivesi
kuzularinda verim ozellikleri icin pratik ve kullanish
yontemlerle cevre faktorlerinin etkisini belirlemek ve
gidermek, daha sonra yapilacak olan damizlik se¢iminin
O6nemini daha da artirmaktadir. Calismada 49 farkl
stirtide, 2016-2018 yillar1 arasinda 3 yillik bir siirede
dogan ve siitten kesime ulasabilen 12410 bas kuzunun
dogum agirhigr (DA), siitten kesim agirhign (SKA) ve
giinlik canli agirhik artisi (GCAA) verileri kullanilmistir.
Bolgede kog¢ katimi dénemi olan 15 Agustos ile 15 Ekim
tarihleri arasinda 20 koyuna 1 kog¢ karsiik gelecek
sekilde serbest asim sistemi uygulanmistir. Sezonda
dogan kuzular 50 kg kapasiteli, 10 gr hassasiyete sahip
dijital terazi ile 24 saat igerisinde tartilarak dogum kayit
bilgileri kaydedilmistir. Kuzular geleneksel olarak 90.
giinde siitten Kkesilmis ve bu silire zarfinda sabah ve
aksam emzirmeleri i¢in analariyla birlikte tutulmustur.
Siitten kesim agirlig belirli giinlerde tartildig igin siitten
kesim yas1 41 ile 136 giin arasinda degismektedir. Bu
nedenle hem giinliik canli agirlik artist hem de 90 giin
agirhk enterpolasyon metodu kullanilarak
hesaplanmistir. Bu veriler Excel'e aktarildiktan sonra
yapilacak islem ve analizler i¢in diizenlenmistir. Sekil 3’te
gorseli yer alan damizlik asistani kullanilarak c¢alisma
konusu biiyiime o6zelliklerini etkileyen 6nemli g¢evresel
faktorler bakimindan diizeltilen veriler, kolay indeks adli
yonteme gore islenmistir. Calismada ¢evresel faktor
olarak alinan siirt, y1l, cinsiyet, dogum tipi ve dogum ay1
etki paylar1 Damizlik Asistam1 kullanilarak yapilan en
kiiciik kareler analizi ile belirlenmistir. Bu ¢alismanin ana
fikri geregi modelde sadece bu bes faktor yer alirken
hassasiyeti azaltmamak kaydiyla ana yasi ve benzeri
baska faktorlerde modele eklenip ¢ikarilabilir. Bu durum
farkli calismalarda aragtirmanin hedefine gore degisiklik
gosterebilir. Calismamizda damizlik asistaniyla yapilan
analizler Mitinab istatistik yazilimiyla dogrulanmistir. Bu
calismada oOzellikler icin kullanilan istatistik model
asagidaki gibidir (esitlik 1).

Yijkimn = P+ Si + Yj+ Ck + DT1+ DAm + €ijkimn (1)
Modelde;

Yijkmn = farkll yaslarda gozlenen biiyiime o6zelligini (DA,
SKA, GCAA)

u = populasyon ortamalasini

Si = {'inci slriiniin etkisini (i = 1'den 49’a; birinci siird,
ikinci strt, ..., kirk dokuzuncu siirii)

Yj = j’inci yilin etkisini (j = 1'den 3’e; 2016, 2017, 2018)
Ck = K'1nal cinsiyetin etkisini (k = 1’den 2’ye; erkek, disi )
DTi = I'inci dogum tipinin etkisini (I = 1’den 2’ye; tekiz,
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ikiz)

DAm = m’inci dogum ayinin etkisini ( m = 1’den 3’e; Ocak,
Subat, Mart)

ejkmn = her gozlemle iliskili rastgele hatay1 ifade
etmektedir.

Sekil 3’te gorseli verilen programdaki islemler dort
asamada oOzetlenebilir. Birincisi verilerin bulundugu
sekmenin secilerek onaylanmasi, ilgili 6zelligin veri
sayfas1 silitunundan isaretlenerek secili ozelligi getir
diigmesine basilmasi ve ¢evre faktorlerinin eklenmesidir.
ikinci asamada ise varyans analiz secenegi kullanilarak
en Kkiiciik kareler analizi yapilir. Ugiincii asamada ise
etkisi onemli goriilen faktorlerin etki paylarini bulmak
icin aritma katsayilarini bul islemi gergeklestirilir. Son
asamada ise veriyi ¢evre etkilerinden arindirmak i¢in en
kiiclik kareler sabitleri, eklemeli diizeltme faktorii olarak
kullanilmistir. Diizeltme faktoriiniin 6niindeki art1 ya da
eksi degere gore toplama ya da ¢ikartma islemi damizlik
asistani tarafindan otomatik olarak gergeklestirmis ve
biiyiime o6zellikleri ¢evre faktorlerine gore sirasiyla
diizeltilmistir (Vanli ve ark, 2005). Her bir bireyin
gozlem degeri ilgili 6zellik icin etkisi 6nemli goriilen
cevre faktorlerinden arindirildiktan sonra Damizhik

Asistani gbrevini tamamlamaktadlr Ardindan incelenen
bulunan diizeltilmis veri setinde yukarida anlatilan
islemler sirasiyla  uygulandiktan  sonra = 6zellik
situnlarinin yanina bos birer siitun daha acilir. Bu
stitunlarin bashigina 6zellik adi ile birlikte indeks degeri
ismi verilir. Diizeltilmis birinci o6zellik, yani DA
situnundan baslamak iizere biitliin sltun segilerek
biiylikten kii¢iige siralanir. Daha sonra bos olan indeks
degeri siitununa gecilerek hiicreler birden baslamak
uzere 1, 2, .. 12 410 olacak sekilde asag1 dogru
doldurulur. Aymi islemler, sirasiyla diger ozellikler
(diizeltilmis SKA ve GCAA) i¢in de uygulanir. Diizeltme ve
siralama islemi bittikten sonra, ayni veri setinin son
slitunu “toplam indeks puani” bashgiyla isimlendirilir ve
tim ozelliklere ait indeks degerleri bu siituna toplanir.
Toplam indeks stitunu Excel’de kii¢iik degerden biiylik
degere olacak sekilde se¢imi genisleterek siralama islemi
tekrarlanir. (Arpacik, 1982). Bu asamadan sonra ¢alisma
konusu ii¢ 6zellik bakimindan Ivesi kuzularinin damizlik
degerleri en iyiden en koétiiye dogru siralanmis olur.
Yukarida anlatilan ydntemin nasil uygulandigina dair
kisa bir 6rnek, Sekil 4’te verilmistir.
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Sekil 3. Damizlik asistani versiyon 1.0 ile ve varyans analiz sonucu etkisi 6nemli bulunan cevre faktorleri.

3. Bulgular ve Tartisma

Teknolojinin de gelismesiyle birlikte, Ivesi 1irkinda
damizlik degeri hesaplamak i¢in karma model
¢ozlimlerini  yapabilen program ve  yoOntemler
kullanilmaktadir (Pollotta ve Gootwineb, 2001; Karabulut
ve Tekin 2009; Jawasreh ve ark., 2021). Bu program ve
yontemlerin; hayvan 1slah;, hayvan yetistirme ve
populasyon  genetigi  alanlarinda  yeteri kadar
uzmanlagsmamis kisiler tarafindan uygulanmasi, damizlik
degeri diisik oldugu halde yanhshkla secilen
hayvanlarinda yetistirilmede kullanilmasina neden
olabilir. Boylece seleksiyonla saglanacak ilerleme
yavaslayabilir. Bu durumda, &zellikle temel yetistirme
bilgisine sahip ve bilgisayar kullanabilen yetistiriciler,
ziraat miithendisleri ve veteriner hekimlerin damizhk
hayvanlar1 kolay ve isabetli secebilmeleri i¢in kullanici
dostu ve uygulanabilir program ve yontemler dnermek

gerekebilir. Damizlik Asistani, temel prensipler esas
aliarak, damizlik degeri yiiksek hayvanlarin tespiti i¢in
gerekli olan istatistik hesaplamalar1 yapan ve pratik
kullanima sahip heniiz yayinlanmamis bir yazilimdir. Bu
yazillm Dogan ve arkadaslari (2019) tarafindan
gelistirilen benzeri LSM-ex (Damizlik Se¢imi) yazilimdan
ANOVA ve veri diizeltme opsiyonu bakimindan yontem
ve kullamim farkhliklar1 géstermektedir. Ayrica mevcut
cakismamizda yukarida ifade edilen kolay indeks
yontemiyle bir hayvanin birden ¢ok 6zelliginin
katilimiyla olusturulan indeks degerini
hesaplanabilmesidir. Bu ydntemde seleksiyon indeksi
olusturmak i¢in kullanilan karmasik metotlar yerine
excel programinin yeteneklerinden yararlanan bir teknik
kullanilmistir. Nitekim seleksiyon indeks yontemlerinde
temel amac, teksel seleksiyon ve bagimsiz ayiklama
sinirlari yontemlerinin sakincalarini ortadan
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kaldirmaktir. Her bir ivesi kuzusu icin ilgilenilen biitiin
ozellikler ve ekonomik agirliklar1 dikkate alinarak, bir
degeri hesaplanmasi gerekmektedir. Ancak

indeks yonteminde kuzularin  biiyiime
ozellikleriyle bu o0zelliklere ait kalitm dereceleri,

indeks
normal

ozellikler arasi genetik korelasyonlar ve her bir 6zelligin
ekonomik 6nemi dikkate alinarak hesaplanmis ekonomik
agirlik katsayilarinin kullanilmasinin yararhigl olacagi
ifade edilmektedir (Ertugrul, 1997; Diizgiines ve ark.,
2003). Ancak bunlarinda ayr1 ve detayll hesaplama
yontemleri Kolay indeks yontemi
ozelliklere esit agirlik veren, genetik parametre hesabina
gitmeden ve ekonomik agirhklarin hesaplanmasina da
gerek kalmadan pratik damizlik segimine
saglamaktadir. Calismanin metot kisminda agiklanan
islemler tamamlandiginda, farkli c¢aglarda olgiilen
biiyiime oOzelliklerini 6nemli diizeyde etkileyen cevre
faktorlerinin etkileri diizeltilmis ve kolay indeks yontemi

bulunmaktadir.

imkan

uygulanarak kuzularin damizlik degeri puanlari elde
edilmistir. Bu puanlarin kullanilmasiyla, biiyiime
bakimindan daha istiin damizlik adaylarinin se¢imi
imkani ortaya ¢ikmistir. Bu ¢alismada uygulanan kolay
indeks yontemi sonucunda, li¢ farkli biiyiime o6zelligi
bakimindan 12410 bas kuzunun kendi aralarinda indeks
degerleri belirlenmistir. indeks 663 ile 35491 arasinda
degisen bir skor araligina sahiptir. Liste 12410 satirdan
olustugu icin ilk 22 kuzuya ait degerler Sekil 5'te
verilmistir. Bu liste kullanilarak basit ve pratik bir sekilde
degerli damizliklar belirlenebilir. Bu ¢alisma kolay indeks
yonteminin, giinlimiiz yetistiricileri, veteriner hekimleri
ve ziraat mithendisleri tarafindan rahatlikla kullanilabilir
oldugunu gostermistir. S6z konusu yontemin avantaji,
yaygin bir sekilde bilinen ofis uygulamasi Excel ile
kullanilabilir olmasidir. Diger 6nemli bir avantaji ise ¢ok
saylda veri olmasi durumunda manuel olarak islem
yapmaktan dogabilecek riskleri en aza indirmesidir.

Kolay Indeks Ydntemi:

.
degen olusturulur.
Ormegin:

Bu ii¢ karakter;
1. Dogum agurhigs (DA),
2. Sotten kesim afirlii (SKA),

Damuzhik olacak hayvanlar ilgili karakterler vontinden karsilastinlarak bir indeks

Elde 5 bag ives: kuzusu bulunsun (A, B,C,D.E). Bu bes bas kuzu arasindan ii¢ karakter
bakimindan endeks yontemi ile en iyi damizhik olabilecek kuzuyu segmeye ¢aligalim.

3. Dogum ile siitten kesim arast giinlilk canli agirhik artisidir (GCAA),

Her bir karakterin verim degen birden bese kadar (kuzu sayis: kadar) puan verilerek siralanir
ve bu degerler toplam indeks puam stitununa toplanur.

tvesi DA DA SKA R4 GCAA | SCAA Toplam
bk xg) Indeks (kg) fndeks s indeks fndeks Prans
. Degerl Degeri Degeri !
Kuzu A s 1 3 2 0.40 2 5
Kuzu B 39 5 31 3 025 3 12
Kuzu C 42 3 30 f 035 3 10
Kuzu D 43 2 35 1 .50 1 3
Kuzu E 11 3 3 5 030 5 14

Listede en diigiik endeks degerini (4) alan D kuzusu en yiiksek danuzhk degere sahiptir, En
yitksek endeks degerini (]4) alan E kuzusu da en distk damuzhik degere sahiptir. isletme
bakumndan ekonomik 6nemi viksek olan dzellikler énemli gevre faktdrleri bakimindan
dtizeltildikten sonra basit bir gekilde bu yontem uygulanabilir.

Sekil 4. Ornek kolay indeks yontemi.

24 TE
A ) ¢ o € Moot G
Kuzrn Numarav surt Vit |Clastyer| PoRnm | Dogum | DA
1 x a tph (kg
2 TRO2000885460 Soleyman Akay 2017 |ERKEK| Subm | TEK | 9,
3 TRO2000995193 3018 | ERKEK| Subm | TEK |
4 TRO2000995186 2018 |ERKEK| Subat | TEK |
5 TRO200099%140 e 01s DISE | Subat TEK | 575
6 TRO2000852876 Mebanet Kaya K| Ocak | TEK | 485059
7 TRO2000992919 Hidu Onlo | Subm | TEK |
B TRO200109999% Faruk ERTURK K| Subat | TEK |
9 TRO2000893104 Hamit AVC] Subm | TEK |
10 TRO2000901431 | Abdusralusan KOYUNCU | Subm | TEK |
11 TRO2000873939 Siddik VILNIAZ | ] | Subm | TEK | S1$4
12 TRO2000901464 | Abdusralusan KOYUNCU | 3 | Ocak | TEK |
13| TRO2000994223 Sabri Kaya TEK |
14 TRO200099482% Mustafs Alskuy ¢ TEK |
15 TRO2000995214 Sabet Kaya 3 TEK |
16 TRO2000994568 Mustafa Alafasy 3 TEK |
17 TRO20009933%6 Aziz Gokdemir |3 1 TEK |
18 TRO2000901370 | Abdumralusan KOYUNCU | 2017 | DISI | Ocak | TEK | 465030
19 TRO2000993536 Aziz Gokdeusir 2018 ) IKIZ | 386017
20 TRO2000882564 Sait Ertoek 2017 TEK | $248.03
21 TRO2000885595 Fabui DEMIR 2017 TER | 371607
22 TRO2000798801 Rasnnzsn Koyuncu 2016 TEK | $200.03
23 TRO2000995579 Mehmict Sarusak 2018 TEK | 459495
T OusihDeienialrialoss  OunbOmeniiatis | Dws i VertSayfast = Dessrttaslykngyasl

Sekil 5. Kolay indeks sonuglarina iligkin Excel siralamasi

3

) L
SKA Indeks | GCAA Indeks

[
SKA

DA Indeks [ GCAA
degert | 2 degert
305 | 3 28187 | 304
68 | 339 35988 | 28
666, 3s01 |
189 29198 |
384 27448
695 0387 |
678 30012 |
290 48 ]
30872
296.16
28547
a8 |
300.70 |
34084 | 1052
35871 | 1120
25998 | N _u2a_ J
28054 | s
26062 1 [y iy gl
35631 R a
192 28564
sy | 3206 | &1
L 162 i 27490 i A
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4. Sonug¢
Bu ¢alismada aciklanan kolay indeks yontemi, adindan da
anlasilacagl izere yetistiriciler, ziraat miihendisleri ve
veteriner hekimler tarafindan pratik olarak kuzu se¢mek
amaciyla kullanilabilir. Kaplan ve arkadaslarinin (Kaplan
ve ark, 2020) Anadolu mandalarinda uyguladiklarini
bildirdikleri bu yontem mevcut calismada koyunlara
uyarlanmis ve olumlu sonu¢ elde edilmistir. Excel'e
yonelik gorsel ortam araci eklentisi olarak gelistirilmekte
olan Damizlik Asistani yazilimi da hesab1 hizlandirmakta
ve basitlestirmektedir. Bu nedenle yo6ntemin alanin
ilgilenenleri tarafindan koyun yetistiriciliginde bilhassa
yiksek karakterlerde kullanish
bunun 1slah g¢alismalarina ivme

kalitm  derecesi
olabilecegi ve
kazandiracagi kanaatine varilmistir.

Katki Orani1 Beyam
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

Y.K. I.G. KA. M.T.

K 40 10 10 40
T 100

Y 30 70
VTI 50 50

VAY 70 30
KT 30 30 20 20
YZ 40 15 15 30
KI 30 20 20 30
GR 30 20 20 30
PY 30 20 20 30
FA 25 25 25 25

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazarlar bu ¢alismada higbir ¢ikar iligkisi olmadigini
beyan etmektedirler.

Etik Onay Beyani

Bu arastirmada hayvanlar ve insanlar tizerinde herhangi
bir g¢alisma yapilmadigi igin etik kurul onay1
alinmamugtir. Calismada, Adiyaman ilinde
TAGEM/02IVES2014-01 numarasiyla
sartlarinda uygulanan Ivesi alt projesinden saglanan
veriler kullanilmistir.

yetistirici

Destek ve Tesekkiir Beyanm

Yazarlar, Halk Elinde Hayvan Islah1 Ulkesel Projesine
verdikleri destekten dolay1 T. C. Tarim ve Orman
Bakanligi Tarimsal Arastirmalar ve Politikalar Genel
Midiirligii'ne tesekkiir eder. Bu ¢alisma kismen 2019
yilinda Antalya’da gergeklestirilen 1th International
Livestock poster  olarak

Science  Congress ‘de

sunulmustur.
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1. Introduction

Aviation has a pivotal role as the sole worldwide
transportation network, serving as a vital catalyst for the
advancement of global commerce and the enrichment of
tourism. Air transportation plays a pivotal role in
providing substantial social and economic advantages. By
facilitating tourism and trade, it plays a significant role in
fostering Additionally, it
contributes to employment creation and augments tax

economic  expansion.
income. The aviation industry plays a crucial role in
facilitating the efficient transportation of individuals and
goods around the globe. Aviation plays a crucial role in
facilitating global commerce and tourism due to its
unparalleled ability to create a speedy international
transportation network. Facilitating economic progress,
especially in emerging nations, is a crucial function that it
performs. There are three distinct classifications for the
economic impact: direct, indirect, and induced. Primary
economic activity conducted by a particular industry
within the immediate vicinity results in direct economic
impacts. The presence of aviation operations leads to
economic activity occurring beyond the immediate
vicinity, resulting in indirect impacts. Induced impact
refers to the multiplier effects resulting from the
augmentation of employment and revenue, which stem
from the direct and indirect economic consequences of
the aviation industry (Acar and Karabulak, 2015; Vasigh
etal, 2018).

Airlines are intricate entities, and the deeply ingrained

which
within a

production  orientation, from

monopolistic activities

originated
regulated
presents significant challenges to overcome. However,

sector,

the airline industry widely recognizes that effective
marketing, in its various manifestations, increasingly
plays a pivotal role in achieving competitive success.
Competition operate
environmental framework characterized by

within an
limited

continues to

access to transportation channels and the restricted
availability of free market alternatives (Driver, 1999).
The correlation between the quality of customer service
and the degree of passenger demand is a crucial concern
for air carriers, as it empowers airline executives to make
strategic determinations on the necessary level of service
and associated resources required to attain market share
objectives (Suzuki et al.,, 2001).

Recent research on airports has highlighted the need to
consider strategic interactions between airlines and
market power when analyzing airport economics and
policy. This necessitates a comprehensive assessment of
both airports and airline services using an integrated
approach. This stands in opposition to the conventional
methodology wherein an airport directly encounters the
needs of ultimate customers (passengers and shippers),
therefore circumventing the involvement of airlines that
operate within the airport. Alongside the carrier market
structure, the contractual connection between an airport
and its airlines is a significant element of the interaction
between airports and airlines, wherein airlines, as
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downstream customers, possess the ability to impact the
operation of the airport (Ha et al,, 2013).

The core of contemporary marketing practice revolves
around comprehending, generating, conveying, and
providing client value and pleasure. In contemporary
business philosophy, the focal point is the client, as
opposed to marketing, with the primary objective being
the attainment of customer service satisfaction. In
service-oriented sectors such as the aviation business, it
is imperative for managers to possess a comprehensive
understanding of customer demands and expectations, as
well as to uphold commitments to effectively address the
unique characteristics of services (Aksoy et al., 2003).
The prevalence of air travel has increased, leading to a
wide range of options for customers and placing
considerable strain on airline businesses. In order to
thrive in a very competitive industry, the airline firm
must comprehend client demands and satisfy them by
providing top-notch services (Law et al, 2022). The
airline business serves as a catalyst for economic growth,
international commerce, tourism, and worldwide
investments. Typically, this expansion benefits a range of
industries that rely on airplanes, including hotels, retail,
and transportation. The method by which airlines
provide services to their clients with the aim of
enhancing their pleasure has consistently been a critical
concern for the organizations. Many authors have
proposed a significant correlation between several
elements of service quality and customer happiness
(Tahanisaz and Shokuhyar, 2020).

There have been very few studies on the aviation market
and planning in the literature. Schneider et al. (2013)
attempted to improve knowledge of the causes, aspects,
and forms of business model innovation, with an
emphasis on the aviation sector. They employed an
inductive, theory-building methodology that allowed
patterns of business model innovation to emerge across
several case studies of maintenance, repair, and overhaul
(MRO) businesses in the aviation sector. Lytvyn et al.
(2019) intended to research aviation aircraft flight
planning. Their research topic is the creation of an
aviation aircraft planning informational system project.
Holland et al. (2020) used market-level data to analyze
the relative performance of firms compared to specific
competitors. Their demonstration highlighted the
capability of utilizing consumer clickstream data, a
significant form of big data, to establish a fresh collection
of B2B analytical frameworks.

Ciliberto et al. (2021) presented an econometric model
that enables the estimation of a game, including
simultaneous entrance and price choices, while also
accounting for  potential
unobservable cost and demand shocks. The researchers

correlations  between
employed our framework to incorporate selection in the
pricing phase and conducted an estimation of the model
using data from the US airline sector. Their findings
indicate that failure to consider endogenous entry results
in an estimation bias for demand elasticities. Zhang et al.

(2021) obtained data on fly passengers from TravelSky in
the Chinese market. In addition to aggregate passenger
flow patterns, they investigated changes in airline
passenger travel behavior, such as ticket booking time,
passenger age distribution, refunds and ticket
adjustments, and passenger arrival time at airports.
Rizky (2023) aimed to determine whether B2B (Business
to Business) and B2C (Business to Customer) marketing
strategies affect the way students purchase airline
tickets.

In addition, research that has been published in the
academic literature and that has an emphasis on digital
technology
investigated (Karaagaoglu and Cicek, 2019; Stone et al,,
2020; Huang and Rust, 2021; Nalbant and Uyanik, 2021;
Singh, 2021; Nalbant and Uyanik, 2022; Aydin et al,
2023; Aydin and Nalbant, 2023; Nalbant and Aydin,
2023; Nalbant et al. 2023; Nalbant and Aydin, 2024).
These studies have investigated the significance of
various digital technologies, such as the metaverse,

and marketing strategies was also

artificial intelligence, augmented reality, virtual reality,
and metahuman, in the context of digital marketing.

2. Materials and Methods

For investigating airline marketing, this study utilized the
document analysis methodology. The graphs that were
gathered from the different sources pertaining to airline
marketing were studied by the
examination of the graphs reveals that there is a positive
influence that airline marketing has on businesses.

researcher. The

Document analysis is a research methodology that
involves  the collection,
interrogation, and interpretation of diverse documents as
the principal source of empirical data for scholarly
investigation.

systematic examination,

The acronym SWOT, which stands for "strengths,
weaknesses, opportunities, and threats," is a crucial tool
in strategic planning that both individuals and
organizations can use. A procedure that includes
detecting the possible flaws that an organization or
corporation may possess is called
identification.” By utilizing a SWOT analysis, it is possible
to assist in the identification of internal strengths and
weaknesses, external opportunities to exploit, and
prospective hazards to investigate, which in turn enables
the creation of appropriate risk mitigation measures.
Figure 1 illustrates the distribution of marketing budgets
dedicated to social media marketing throughout the
global airline industry as of September 2017. According
to the study findings, a notable proportion of
respondents, specifically nine percent, reported
allocating almost a quarter of their marketing budget on
social media marketing (Statista-1, 2023).

"weakness
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60%

50%

of respondents

9%

Less than 10%

10% to 25% More than 25%

Figure 1. Social media marketing budget share for airlines worldwide in 2017.

The market for passenger air transportation is a thriving
sector that transports people to destinations around the
world. With operational revenue of approximately 50
billion U.S. dollars in 2022, American Airlines ranked as
the second largest airline in North America. Passenger
airlines may be subject to significant scrutiny regarding
the comfort and satisfaction of their passengers. In terms
of domestic market share in 2022, United Airlines, Delta
Air Lines, American Airlines, and Southwest Airlines are
the top-ranked airlines (Statista-2, 2023). During this era,
American Airlines held a dominant position as the
primary airline in the United States, commanding a 17.5
percent share of the domestic market. Delta Airlines
followed suit with a market share of 17.3 percent (Figure
2).

+ Hawailan 1.9%

« SkyWest 2.8% A « American Airlines 17.5%

+ Frontier 3.3%
- Spirit 4.9%
« JetBlue Airways 5.5%

Alaska Airlines 6.2%

« Delta Air Lines 17.3%

+ Other 8.1%

« United Airlines 15.6%
Southwest Airlines 16.9%
Figure 2. Domestic market share leaders in the United
States from February 2022 to January 2023.

Figure 3 indicates that the worldwide aviation analytics
market is expected to experience substantial growth,
with its value projected to increase from USD 3.5 billion
in 2022 to approximately USD 10.75 billion by 2032.
Experts anticipate a significant growth in the worldwide
aviation analytics market from 2023 to 2032, driven by a
notable compound annual growth rate (CAGR) of 11.86%

(Precedence Statistics, 2023).

The exponential expansion of electronic commerce has
significantly shifted consumer behavior towards digital
platforms. In contemporary times, there is a prevailing
expectation among consumers for expedited delivery
durations and seamless delivery experiences. To fulfill
these requirements, e-commerce enterprises depend on
the expeditiousness and effectiveness of cross-border air
transportation. Air cargo plays a significant role in
facilitating these strategies by effectively facilitating the
prompt transportation of products, enabling enterprises
to maintain minimal inventory levels while efficiently
meeting customer demands. The express air cargo
market reached USD 90 billion in 2022 and is projected
to grow at a compound annual growth rate (CAGR) of
around 5.5% throughout the forecast period (Figure 4).
The proliferation of electronic commerce has resulted in
a substantial increase in the need for air freight services
(Gminsights, 2023).

Based on the evaluation of the papers provided, it can be
concluded that airline marketing plays a significant role
in the aviation industry. Businesses should invest
resources in the aviation industry sector to increase their
market shares. Businesses can accomplish this by
increasing their market share. It is essential for the
company to place a priority on the satisfaction of their
customers and to improve the overall quality of the
services they provide.
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Figure 3. Global aviation analytics market size from 2023 to 2032 (USD billion).
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2021 2022 2023 2024 2025 2026

B Express Air Cargo

2027 2028 2029 2030 2031 2032

B General Air Cargo

Figure 4. Market Size for Air Cargo Worldwide, By Service Type, 2021-2032 (USD billion).

2.1. Sustainable Airport Management and Business
The air transport industry is a
macroeconomic sector. In the aviation industry, a diverse
range of activities are being carried out by a collaborative

multifaceted

network of various entities. These entities include

passenger and cargo airlines, integrators, airport
authorities, handling agents, in-flight catering firms,
general sales agents, car rental companies, air brokers,
hardware providers such as aircraft manufacturers and
air terminal building firms, as well as tour operators and
travel agents. The primary objective of this network is to
fulfill, to some extent, the demands of end consumers
(Jarach, 2001).

Airports have a crucial role in stimulating the economic

vitality of a certain region. Hence, important performance
and economic indicators are indicative of the quality of
airport policies, infrastructure, amenities, multi-modal
link development, quality assurance, and customer
satisfaction. The consortiums accountable for the
competitive administration of airports have seen gradual
development over the past three decades, with a notable
acceleration since 2010. These consortiums demonstrate
a commitment to sustainable business practices and
contribute to the growth of local economies (Zaharia et
al.,, 2021).

Noncompeting airlines within a network of hub locations
successfully transferred costs without facing opposition,

despite the expectation of price rivalry among airlines.
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The ability to transfer cost increases to non-competing
airlines facilitated the management of airports.
Established airlines acquired dominance over hub
airports by utilizing the slot system due to airports' lack
of proactive management and the perception that airlines
with higher operating costs provide a more stable and
reliable income compared to a landscape of intense
competition among airlines and airports. In the realm of
non-competing airlines, airport administrators perceived
airports as a subsidiary aspect of public service rather
than seeing them as a significant component of the
burgeoning aviation industry (Barrett, 2000).

The development of airports
sustainability involves the delicate task of managing and
reconciling several aspects of sustainability, including
economic, social, environmental, and ecological
considerations. The notion aligns with the broader
framework of sustainable transportation and may be
specifically characterized as the endeavor to fulfill
present transportation and mobility requirements while

with a focus on

safeguarding the capacity of future generations to fulfill
their own demands in this regard. The topic discussed
here pertains to the comprehensive management of an
airport, which includes finance, operations, human
resources, community and investor relations, and
environmental considerations, among others. To achieve
its objectives, sustainability in transportation must
adhere to prerequisites: (1)
renewable resource consumption should not surpass
their generation rates; (2) non-renewable resource
consumption should not exceed the rate at which
sustainable renewable alternatives are developed; and
(3) pollutant should not surpass the

environment's capacity for assimilation (Amaeshi and

three fundamental

emissions

Crane, 2006; Durmaz, 2011).

2.2. B2B Analytics in the Airline Market

The impact of the pandemic on air freight markets was
evident, albeit to a lesser extent. The reduction of
passenger flights on international routes has resulted in a
decrease in cargo capacity, as belly capacity typically
accommodates around 50% of the cargo. Consequently,
there has been an increase in demand for freighters. It is
probable that this trend will persist in the forthcoming
months, mostly attributable to the relaxation of laws
governing cargo flights, encompassing cargo-only
services operated by passenger aircraft. Nevertheless, it
is imperative for airlines to exercise prudence when
placing a substantial number of freighter conversion
orders, particularly if they have the belief that the revival
of passenger flights will eventually lead to an increase in
belly capacity. Consequently, airlines may establish
competitive pricing strategies for their cargo hold
capacity. Furthermore, it is probable that airline
bankruptcy and liquidation will lead to a decrease in the
price of aircraft capacity in the short term. To make
informed decisions on the expansion of freighter
capacity, airlines must consider many criteria, such as
their financial stability, the cost of freighters, the demand
for cargo transportation, and the development of their
network (Czerny et al., 2021).

The COVID-19 pandemic has significantly affected airline
operations, hence impacting worldwide aviation supply
and demand. Airlines themselves or authorities have
cancelled numerous flights due to the closure of airports
or routes (Mhalla, 2020). Table 1 presents the qualitative
relationship between the positioning of each airport and
its corresponding key market behaviors (Jarach, 2001).

Table 1. Five distinct airport market positioning strategies (Jarach, 2001)

The airport serves as a central point for the operations of one or more airlines. Typically
constructed in prominent economic hubs that have the potential to independently produce
substantial origin and destination (OandD) activities, encompassing both business and tourism

As a result of the collaboration between the airport authority and a regional airline, the location
has transformed into a central hub for a network of commercial routes characterized by high

Type Market Positioning
Primary hub

sectors,
Secondary hub

Regional airport

Low-cost airport

Cargo airport

frequency and low population density. The development of a flag carrier can also be facilitated by
the establishment of one or more major hubs that are strategically focused on short-haul
operations.

The airport prioritizes point-to-point services, with a particular emphasis on flight segments
catering to business-oriented clientele. Within this cluster, city airports can be considered a sub-
categorization.

The primary objective of the airport is to recruit low-cost carriers, which necessitates a
comprehensive reengineering of its whole production chain. This strategic initiative intends to
minimize costs across the chain, ultimately resulting in reduced pricing for airline operators.

The airport primarily focuses on attracting cargo operators and integrators as its primary business
segment. The website offers a diverse range of technical infrastructures to support the operational
needs of the freight company.

One reason for the growth of global aviation is the
increasing ease with which individuals can plan and
arrange their trips.

facilitate the distribution of available tickets; however,
several airlines have their own specialized city retail

Travel agents predominantly locations and are increasingly using direct selling
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organizations via telephone. Airlines or groups of airlines
play a crucial role in the efficacy of this intricate sales and
booking system, particularly through the acquisition of
computerized systems  (CRS). The
proprietors of CRS impose subscription fees for agency

reservation

utilization and levy booking fees on tickets sold by
airlines. eventually contribute to the
distribution cost associated with promoting and selling
tickets by appearing in the airfares. The reliance of both
agencies and airlines on CRS has brought attention to the
rising significance of distribution costs, particularly the
margins charged for the services provided. Additionally,
the utilization of data obtained via this method has
become increasingly significant (Driver, 1999).

In the realm of e-commerce marketplaces, where several

These fees

company rivals and search intermediaries compete for
the attention of customers, the search patterns exhibited
by consumers who link a price comparison engine with a
competitor might serve as an indicator of a business-to-
business (B2B) connection. The examination of search
flows between two rival firms provides insights into the
competitive dynamics and the level of rivalry between
the organizations, as shown by the search behaviors
exhibited by their respective customer bases. In the
context of e-commerce marketplaces, it is crucial to
comprehend how customers allocate their attention
when navigating between the websites of different
commercial organizations. This understanding serves as
a significant performance indicator. Hence, the search
patterns exhibited by consumers may be utilized to
deduce the presence of business-to-business (B2B)
connections as well as evaluate the effectiveness of rivals
and search intermediaries (Holland et al., 2020).

During the latter part of the 1990s, there was a growing
emphasis on B2B e-business as a key component of
organizations' strategic
notable proliferation of B2B e-marketplaces occurred.
One notable recent advancement in the industry is the
establishment of strategic alliances, partnerships, and
These initiatives not only facilitate the
coordination of schedules and fares but also seek to
achieve cost reductions by using joint procurement
opportunities. In recent times, airlines have conducted
thorough investigations into the possibility of joint

initiatives. Concurrently, a

mergers.

procurement opportunities and have
strategies to establish consortium-led e-marketplaces as
intermediaries  for  consolidating demand and
streamlining  transactions. The emergence and
development of virtual B2B e-marketplaces, facilitated by

Internet-based

implemented

information and communication
technologies (ICT), is a significant innovation that

transcends the limits of individual organizations and

industries. This innovation generates value by
introducing novel exchange mechanisms, distinct
transaction techniques, and innovative forms of
cooperation among participating firms (Wagner et al,

2004).
2.3. SWOT Analysis of Airline Marketing

Strengths, Weaknesses, Opportunities, and Threats
(SWOT) analysis is a strategic framework that is used to
identify and evaluate the internal opportunities and
threats given by a firm, as well as the internal strengths
and weaknesses that are inherent to the organization.
This framework is also used to discover and analyze the
external strengths and weaknesses that are inherent to
the organization. SW.0O.T. statements are another name
for this type of analysis.

Table 2. SWOT Analysis of Airline Marketing

Strengths Weaknesses
a) Insufficient levels of
satisfaction amon
a) Travel for commercial 5
customers.

. . hich
purposes s —in ‘6 b) Insufficient allocation of

demand. f il
resources for commercia
b) High demand for the )
. strategy and marketing.
service. . ]
. c) Operating in markets
c¢) Rapid and secure . ]
) where prices are subject to
transportation.

fluctuation.
d) An enormous number of

clients that use the services
provided by the aviation
sector.

e) Operating in markets

d) A significant amount of
competition is focused on
pricing.

e) Inadequate
participation on social

that are expanding. media platforms

Opportunities Threats

. a) Increased air services
a) Fresh airplanes and

. are available at other
emerging markets. .
X . , airports.
b) The tourism industry's . . .
. ) b) Rise in gasoline
continued expansion.
surcharges.

c) Achieve the position of

c) Key competitors are
the airline brand as the ) y p

getting a larger proportion
of the market.
d) Insufficient funding for

most powerful player in
the market.
d) The advancement of the

. the airport's construction
technological

current

hinders its upkeep.
status. .
. . e) Insufficient
e) Collaboration with other .
. ) compatibility of the brand
organizations working to . .
. with the worldwide
advance economic growth.
market.

It is necessary to undertake a comprehensive SWOT
analysis to carry out an in-depth examination of the use
of airline marketing within the context of digital
transformation (Table 2). In recent years, there has been
considerable growth in the application of this model in
the process of making strategic plans for businesses
operating on a local, national, and worldwide scale, as
well as for a wide variety of governmental organizations.

2.4. Customer Satisfaction and Experience

The airline sector has long been renowned for its ongoing
problems, which encompass cost reduction, the
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management of shifting demand, adherence to stringent
quality standards, the provision of exceptional services,
and the fulfillment of diverse client expectations. The
subject of the airline customer experience garners
significant attention due to its significance, intricacy, and
considerable deficiencies. It is imperative for airlines to
prioritize the customer experience and strive for
excellence. Since the "customer service revolution" began
some decades ago, extensive business research has
examined customer satisfaction and the establishment of
customer-centric firms. Various stakeholders, including
business consultants and companies, have endeavored to
ascertain the attributes exhibited by firms that
continuously achieve customer pleasure. In addition,
they have strived to devise mechanisms for effectively
monitoring client contentment and establishing
continuous quality improvement systems that are
responsive to consumer input (Baker, 2014).

Assessing customer satisfaction serves as a valuable
means of gauging if consumers have received service that
aligns with their expectations. Building
relationships is a crucial element in business operations.
Businesses frequently evaluate customer happiness by
comparing their experiences with their pre-existing
expectations. To achieve and generate

client

success
profitability for a business, it is imperative to effectively
meet the needs and expectations of consumers. Airlines
are a subset of commercial enterprises that place a
significant emphasis on ensuring the contentment and
allegiance of their passengers.
managers tend to approach passenger requirements
primarily from their own subjective standpoint.
Nevertheless, the wants and expectations of customers
are undergoing transformation in contemporary times.

Numerous airline

Hence, it is imperative for airlines to consider customer
relationship management (CRM) as a strategic
investment, yielding substantial advantages via the
establishment and maintenance of lucrative, enduring
customer relationships. CRM encompasses the process of
acquiring and implementing customer knowledge to
enhance the airline's ability to offer its services with
greater efficiency. Moreover, CRM is a fundamental
element of airlines' business strategy, serving to
distinguish themselves from other companies. Airlines
employ CRM as a strategic approach to personalize
services and establish
channels with consumers (Ahadmotlaghi and Pawar,
2012; Salah, and Abou-Shouk, 2019).

Now, it has become convenient for all individuals to

enhanced communication

readily use air transportation services from their
designated air terminals. The provision of superior
services to consumers within a fiercely competitive
landscape is the primary factor that confers a competitive
edge, leading to the triumph and enduring expansion of
an airline. In response to heightened competition within
the air transport industry over the past decade, several
airlines have shifted their focus towards enhancing
airline service quality as a means of enhancing customer

satisfaction. The competitive advantage of a firm is
influenced by the conditions of service quality, since it
plays a crucial role in fostering client loyalty and
therefore, market share. Ensuring the provision of
superior service to customers is crucial for the long-term
viability of airlines. Consequently, airlines must consider
the preferences and expectations of passengers in
relation to their services. Service quality may be defined
as the comprehensive perception that a client holds on
the relative effectiveness and provision of services by an
organization (Agarwal and Gowda, 2021).

Leisure travelers show a strong and positive correlation
between customer satisfaction and customer loyalty.
However, business travelers do not show increased
customer loyalty despite receiving satisfactory service.
This finding holds significant implications for airline
operators, particularly considering the crucial role of
business passengers in contributing to the profitability of
airlines. In the examination of factors influencing
customer happiness and loyalty, it is imperative to
establish clear delineations between business and
pleasure travelers. This is due to the evident divergence
in their choices pertaining to airfare and service quality.
For instance, the study found that the cost of tickets had a
statistically significant and positive influence on the
overall happiness of leisure travelers. This, in turn, had a
reinforcing effect on their loyalty to the airline. However,
the research did not find any significant relationship
between ticket price and contentment or loyalty among
business passengers. The probit models computed
indicate that some demographic factors, including
gender, and education,
significance for one set of passengers but not for another.
To enhance consumer loyalty, companies must employ

income, exhibit statistical

diverse marketing methods tailored to target distinct
market groups (Jiang and Zhang, 2016).

3. Results

Industry experts project substantial expansion of the
global aviation analytics market between the years 2023
and 2032. Industry experts project that the global
aviation analytics market will experience substantial
expansion between the years 2023 and 2032, propelled
by a noteworthy compound annual growth rate (CAGR)
of 11.86%. The rapid growth of electronic commerce has
brought about a notable transformation in consumer
behavior, leading to a substantial shift towards digital
platforms. In the present era, there is a dominant
expectation among customers for accelerated delivery
timeframes and flawless delivery encounters. To meet
these stipulations, e-commerce firms rely on the
promptness and efficiency of
transportation. Air cargo plays a crucial role in
supporting these initiatives by successfully facilitating
the timely shipment of goods, allowing businesses to
maintain low inventory levels while efficiently satisfying
consumer requirements.

It has been concluded, based on the findings of the SWOT

cross-border air
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analysis, that the selling of airline tickets has a
substantial number of prospective advantages and
benefits that are due to materialize in the future. The fact
that this idea is still in its infancy is given a positive
aspect because of this. The area of airline marketing
studies, on the other hand, lays a substantial amount of
attention on the major contributions that have been
made by researcher. In the not-too-distant future, it is
anticipated that there will be an increase in the number
of individuals who use the airline for the sake of
marketing and promotional reasons.

4. Discussion

The allocation of marketing funds specifically designated
for social media marketing within the worldwide airline
business has significant importance. The passenger air
transportation market is a robust industry that facilitates
the global movement of individuals to various locations.
In the year 2022, investors made significant investments.
Experts anticipate growth for this
investment in the subsequent years. Industry experts

considerable

project significant expansion in the global aviation
analytics industry.

The process of building airports with a focus on
sustainability calls for the meticulous management and
coordination of numerous aspects of sustainability. These
aspects include economic, social, environmental, and
ecological considerations. The COVID-19 pandemic has
had a significant impact on the day-to-day operations of
airlines, which has had a knock-on effect on the supply
and demand dynamics of the aviation sector on a
worldwide scale.

When engaging in strategic planning, it is imperative to
conduct a comprehensive analysis of the client's
requirements and expectations. This is done to ensure
the efficacy of the planning process. To successfully
formulate a comprehensive strategic plan for a
corporation, it is crucial to gather a significant quantity of
information. To obtain this information, one can utilize
analytical approaches such as SWOT analysis and other
similar procedures. Strategic marketing planning
empowers organizations to sustain their operations and
efficiently handle market risks. As a result, this provides
them with a distinct advantage over their competitors.
Companies can achieve both of these qualities by
implementing strategic marketing planning, which is the
main factor responsible for enabling them.

5. Conclusion

The attainment of higher market shares in the civil
aviation transportation sector and the formulation of
effective competitive strategies are contingent upon a
multitude of elements. When competing for a larger piece
of the expanding aviation industry, airlines must place a
big emphasis on airline marketing if they wish to be
successful. Airline firms need to implement successful
marketing strategies, precisely segment their customers,

and make good use of marketing mix apps to achieve
success and acquire a competitive edge. Airlines must
conduct necessary
adjustments to the marketing methods they employ to
satisfy the requirements of their clientele. By using this

routine reviews and make

strategy, individuals will have the chance to build a firm
foundation, which will enable them to take advantage of a
predicted portion of the rising market for air
transportation in the years to come. This opportunity will
arise because individuals will adopt this technique.

In the context of e-commerce marketplaces, in which
different businesses compete with one another for the
attention of customers, the search behaviors exhibited by
customers who use a price comparison engine in
combination with a rival might possibly signal a B2B
association. This is because customers in this scenario
are more likely to be looking for a better deal. Because of
its significance, complexity, and glaring deficiencies, the
subject of the airline customer experience has garnered a
significant amount of attention in recent years. Airlines
are required to place an emphasis on the whole customer
experience and strive toward excellence.

Based on an analysis of the available literature, it is
possible to deduce that the significance of airline
marketing holds considerable weight in the domain of
the aviation sector. When considering strategies for
market expansion, organizations should prioritize the
allocation of resources to the aviation industry sector.
One potential strategy for a corporation to attain its
objective is by enhancing its market share. Ensuring
client satisfaction and enhancing service quality are
crucial for the company's success. Furthermore, it is vital
for the organization to augment the general caliber of the
services they provide.
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a detected device such as a smartphone or a smartwatch
may also result in a privacy violation (Kroger, 2018).
Similarly, the smoke sensor information can be used to

1. Introduction

The use of Internet of Things (IoT) devices is higher than
it has ever been, and it is expanding rapidly. The number

of cyber threats has increased considerably with the
widespread use of these IoT devices. In particular,
devices such as cameras, sensors, smartphones, smart
clocks, heat meters that are connected to the Internet
create various security problems. These devices create
data traffic when communicating with each other. If the
security and privacy of this data traffic cannot be ensured
sufficiently, threats may occur. Attackers who observe
data traffic can infer highly confidential information from
that traffic (Erglin and Can, 2022a). For this purpose,
machine learning algorithms are used to classify the IoT
devices and also the type of these devices. Thus, devices
that are used in the traffic can be detected and their
device models or manufacturer information can be
identified. Thereupon, attackers gain large amounts of
sensitive information as IoT devices collect significant
amount of data. For example, the privacy of personal
health information may be violated by detecting
wearable devices that measure blood pressure and
pacemakers. Also, the location information tracked from

obtain the smoking habit of the individual.

The machine learning techniques used by the traffic
observer extract packet features from encrypted IoT
device traffic as The encrypted packets’
transmission time and packet size characteristics are

input.

visible to the observer. Additionally, the observer uses
them to categorize IoT devices and anticipates having a
high probability of success in accessing accurate data
about different device types in the traffic. The
fundamental concept behind deploying machine learning
is the attacker capacity to
characteristics like packet size and transmission time,
even when the traffic is encrypted. As a result, privacy
leakage occurs. Therefore, obfuscating the traffic is
needed to falsify the machine learning algorithms.
Enhancing communication privacy without degrading
network performance is crucial. For this purpose, the
padding method is used to prevent traffic classification,
to improve the communication privacy and preserve user

model’s learn data

privacy.
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The goal of the packet padding mechanism is to mitigate
the challenges in preserving privacy in IoT (Pinheiro et
al,, 2020). Thus, padding is applied to the packet size to
disguise the packet size. The goal of this study is to
present the privacy threats in loT traffic, privacy attacks
against internet-connected devices, the padding method
that is widely used against these attacks, and an
evaluation based on Random Forest, Decision Tree and k-
NN classification algorithms that are widely used in
attacks. For this purpose, the experimental results are
compared by the device type number and the related
machine learning algorithms that are used for the
classification. Thus, the study shows the effect of the
number of device types and the chosen machine learning
method on the accuracy rates. The organization of this
study is as follows: In Section 2, the commonly used
machine learning methods, the padding method used to
preserve privacy, and attacks on machine learning
methods are explained. In Section 3, Random Forest,
Decision Tree and k-NN algorithms are evaluated to infer
device type. Results and the accuracy rates are presented
in Section 4. Finally, Section 4 concludes and outlines the
future work.

2. Materials and Methods

2.1. Machine Learning Methods Commonly Used in
Attacks

Machine learning methods can be used for inferences
made from the traffic of devices connected to the
Internet, and the rate of inference can vary according to
the selected algorithm. Machine learning algorithms
commonly used in attacks on privacy are Random Forest,
Decision Tree, and k-NN. Random Forest, as the name

Observer

Victim Data

Figure 1. Attack model

2.2. Padding Method

An attacker watching the traffic can make inferences
about the traffic even though the traffic is encrypted. This
can create serious threats to privacy. The attacker can
optimize the packet sizes in the traffic using machine
learning algorithms. Packet sizes can cause information
leakage about the device type. Therefore, these packets
appear as larger bytes than they originally were, thanks
to the padding method based on changing traffic packet

suggests, consists of a large number of individual
decision trees that work as a community (Abdulkareem
and Abdulazeez, 2021). Each tree in the Random Forest
predicts a class and the class with the most votes
becomes the model’s prediction. Using the Random
Forest algorithm, in the work of (Dogru and Subasi,
2018), they reached 92% accuracy. Decision Tree
algorithm deals with developing decision making models
based on the true values of data features (Alghuried,
2017). These algorithms work by teaching the system
how to classify and predict data (Charbuty and
Abdulazeez, 2021). The algorithms look for the tree
structure until a selection is made. (Aksoy and Gunes,
2019) used the Decision Tree algorithm to identify 33 IoT
devices with a high accuracy of 98%. k-Nearest Neighbor
(k-NN) algorithm is a widely used non-parametric
classification method (Wang et al., 2021). It is used for
classification and regression of data. An important
feature of any kNN technique for Cclassification or
regression is to find the k-NN that allows us to estimate
the value or class for a given point (Gawri et al,, 2022).
Pinheiro et al. (2020) has achieved 94% accuracy rate by
using the k-NN algorithm in their studies.

The model in which the traffic observer (attacker)
observes the data transmission between the victim and
the IoT device and obtains data after taking the resulting
data into the machine learning process is shown in Figure
1. The attacker first gathers encrypted data and analyzes
traffic using packet sent times and packet sizes. The
attacker classifies the data with machine learning
algorithms, allowing him/her to infer the types of devices
the victim uses.

Data Machine

Learning
Process

sizes. It is a very effective method in reducing the
accuracy of the attacker’s machine learning. Adding the
least amount of padding while determining the amount of
padding is extremely important for the utility of traffic.
Therefore, the amount of pad should be the minimum
required. Strategies aiming to maintain the privacy-
utility trade-off against different scenarios and data types
have been discussed in the literature (Ergiin and Can,
2022b). But, despite these various strategies aiming to
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maintain the privacy-utility trade-off against different
scenarios and data types, there is no single optimal
padding strategy in the literature that can be applied for
every scenario and data type. The visualized version of

Oviglnal Packet Size

Original Packet Size

the model in which the size of the original packet is
increased in the padding method is shown in Figure 2.
Packet size may vary depending on the determined
padding strategy.

Pad Size

Pad Size

Padded Packet Size p,

Figure 2. Padding model.

2.3. Attacks against Machine Learning

As the opposite of the scenario in Section 2.1, the roles of
attacker and victim are reversed. In this situation, the
attacker represents the person owning IoT devices, while
the victim is the one aiming to deceive the attacker's
machine learning-based classification system. The victim
uses techniques to mislead the attacker's model, causing
misclassification or a drop in performance. In Adversarial
Examples, also known as Evasion Attack, the attacker can
mislead the victim’s machine learning model with
incorrect training data (Kwon et al,, 2018). The correct
prediction percentage of the machine learning model,
which uses adversarial examples in the training data, is
reduced. In order to carry out this attack, the attacker
trains his own Generative Adversarial Network with the
victim’s model. It then corrupts the inputs at the time of
the test, allowing the victim model to make the wrong
decision (Biggio et al., 2013).

Poisoning Attack increases the errors in the testing phase
of the machine learning model with the training data
produced by the attacker (Biggio et al,, 2012). Tolpegin et
al. (2020) are used data poisoning attack against
federated learning systems. They also proposed defense
system against this attack. In the work of Yerlikaya and
Bahtiyar (2022), various machine learning algorithm’s
and performance against
examples are analyzed. In their work, for almost all
datasets, some machine learning algorithms exhibit

robustness adversarial

superior robustness and performance results against
adversarial attacks.

3. Results
In this section, the findings obtained by using commonly
used machine learning algorithms and the dataset of

Sivanathan et al. (2018) are evaluated. In the work of
(Alex et al, 2023), it is shown that Sivanathan et al.
(2018) dataset large in terms of size, with tens of millions
of records, while the others remained in the hundreds of
thousands. It was observed in which algorithm the
attacker achieved higher results. Experiments were
carried out on the data set that Sivanathan et al. (2018)
created in his study. From this data set, 3 different
experiments were carried out using 2, 4 and 6 IoT
devices. 80% of the data was used as training data and
20% as test data. Sivanathan et al. (2018) dataset
consists of 10 attributes, one of which is the target
attribute. Since encrypted IoT traffic contains only time
and packet size features to predict target attribute, our
results are lower than those in Sivanathan et al. (2018)
work. The test results are shown in Table 1. In the first
experiment in which 6 devices were used, 84% accuracy
rate was obtained with the Random Forest algorithm,
which is widely used in classification, 84% with the
Decision Tree algorithm, and 71% with the k-NN
algorithm. In the second experiment, 4 devices were used
and it was observed that the accuracy rates increased for
all 3 algorithms. In the experiment with 4 devices, 88%
accuracy rate was obtained with the Random Forest
algorithm, 88% with the Decision Tree algorithm, and
85% with the k-NN algorithm. In the third experiment, 2
devices were used. In Random Forest and Decision Tree
algorithms, 98% accuracy rate, and 95% accuracy rate in
k-NN algorithm has been achieved. The devices used in
the experiments are 'Amazon Echo’, 'Belkin wemo
switch’, ’Insteon camera’, 'Netatmo welcome’, 'Smart
things’, 'Withings smart baby monitor’.

In Figure 3, the device types and packet numbers in the
experiment in which 2 devices were used are shown. The
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device types and packet numbers in the experiment in
which 4 devices were used are shown in Figure 4. In
Figure 5, the types and numbers of devices in the
experiment in which 6 devices were used are shown. In
three different scenarios, IoT devices with the data
numbers closest to each other in Sivanathan et al. (2018)
dataset were selected. Having data numbers close to each
other during the classification process allows more
reliable inferences to be made about the performance
and accuracy of machine learning algorithms.

The confusion matrices of Random Forest, Decision Tree
and k-NN algorithms in experiments using 2, 4 and 6
device types are shown in Figure 6, 7, 8. These matrices
showcase the accuracy of each algorithm by showing the

numbers of true and predicted labels for each type of
device. The results show that the number of accurate
predictions declines with increasing device kinds. In
particular, confusion increases with four and six device
types, indicating that these circumstances involve more
complexity and uncertainty in prediction, but confusion
decreases and classification accuracy increases with only
two devices.

As seen in Table 1, the accuracy rates of the Random
Forest and Decision Tree algorithms are higher than the
k-NN algorithm in experiments where 2, 4 and 6 devices
are used. As the number of devices increases, accuracy
decreases as the diversity in classification increases.

Device type and number of packets sent
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Figure 3. 2 device types and number of packets sent.
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Device type and number of packets sent
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Table 1. Number of device types and accuracy rate of the algorithms

Number of device types Random Forest Decision Tree k-NN
2 devices 98% 98% 95%
4 devices 88% 88% 85%
6 devices 84% 84% 71%

According to the findings obtained from the experiments,
it has been observed that the Random Forest and
Decision Tree algorithms are more effective than the k-
NN algorithm. For all three machine learning algorithms,
it has been observed that the accuracy rates increase as
the number of device types decreases. In the experiment
in which two device types were used, the highest
accuracy rate was obtained as 98% with Random Forest
and Decision Tree algorithms.

4. Discussion

The use of technological devices in all areas of our lives is
increasing and provides convenience to human life.
However, bring
communicating with each other. For this reason, it is
essential to take security measures while adapting these
devices to our lives. It is possible to obtain extremely
confidential information from the communication traffic
created by the devices. Even if the traffic is encrypted,
inferences for the traffic and devices can be made from

these devices some risks when

this data flow. An attacker who observes the traffic can
classify these devices using attributes such as time and
packet size using machine learning methods. The
accuracy of this classification may vary depending on the
selected machine learning method and data set. Likewise,
this accuracy rate may vary depending on the number of
devices in the data set. For attackers, high accuracy rate
means self-confidence to classify a device and learn
device type of victim uses. That may cause privacy issues
for the victim side. As machine learning can be used in
attacks, attacks on machine learning models are also
discussed in this study. In this study, machine learning
algorithms that are widely used to classify devices are
explained and experiments are carried out. Padding
method, which is widely used to reduce the attacker’s
accuracy rate and to provide security, is explained. In
addition, attacks on machine learning models are
mentioned. In the experiment in which six type of devices
were used, it was observed that the Random Forest and
Decision Tree algorithms, which achieved 84% accuracy,
were more effective than the k-NN algorithm, which
achieved 71% accuracy. In the experiment where the
number of device types was four, it was observed that the
Random Forest and Decision Tree algorithms, which
achieved 88% accuracy, were more effective than the k-
NN algorithm, which achieved 85% accuracy. The highest
accuracy was found in experiments using two device
types. An accuracy rate of 98% was obtained in the
Random Forest and Decision Tree algorithms, and 95%

in the k-NN algorithm. Especially for the k-NN algorithm,
it was observed that the accuracy rate increased as the
device type decreased. In future studies, it is aimed to
develop an effective and optimal defense method for all
kinds of machine learning methods used in attacks and to
develop a secure framework against attacks on machine
learning models.
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1. Introduction

The phylum Actinobacteria, currently referred to as
Actinomycetota, is a common group of gram-positive
microorganisms found in both terrestrial and aquatic
environments. Although Actinobacteria are frequently
found in both terrestrial and aquatic habitats, they can be
found in a variety of harsh environments, including deep
seas, deserts, hot springs, salt lakes, and caves (Barka et
al.,, 2016; Hui et al,, 2021). Actinobacteria, by producing a
variety of compounds, play an important role in the
bioremediation of pollutants, the degradation of
lignocellulosic biomass, and the promotion of plant
development (Saini et al, 2015; Mawang et al, 2021;
Faddetta et al.,, 2023).

Actinobacteria's primary and secondary metabolites have
been identified as significant industrial compounds.
Although rare Actinobacteria, which are crucial for the
production of novel secondary metabolites, have been
discovered in a variety of soil types, volcanic regions are
still a relatively unexplored resource for the detection of
chemicals with industrial significance (Miao and Davies,
2010; Tiwari and Gupta, 2012).

Geographical areas referred to as UNESCO Global
Geoparks are those where landscapes and places of
global geological significance are managed using a
comprehensive concept of conservation, education, and
sustainable development. Currently, there are 213
UNESCO Global Geoparks in 48 countries. Tiirkiye's first
and only UNESCO-registered geopark, Kula-Salihli

UNESCO Global Geopark, is located in Manisa province.
The geopark, which has a rich geodiversity, is one of the
youngest volcanic areas in Tiirkiye (UNESCO, 2024).

The purpose of this study is to determine the diversity of
Actinobacteria found in the Kula-Salihli Geopark's soils.
Thus, with this study, we aim to both contribute to the
biological diversity of our country and contribute to the
stock of microorganisms that have the potential to be the
source of various metabolites that can be used in
biotechnological applications.

2. Materials and Methods

2.1. Collection of Soil Samples

In August 2023, soil samples were collected from four
distinct locations inside of Kula Geopark (Figure 1). After
being tagged and put in sterile plastic bags, the soil
samples were transported to the actinobacterial soil
research laboratory and stored there for analysis at 4 °C.
By
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Figure 1. Location of Kula-Salihli Geopark.
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2.2.Isolation of Actinobacteria from Geopark Soils
Ten different media were made to isolate the
Actinobacteria members. Nalidixic ~ acid  and
cycloheximide were added to each medium to prevent
the growth of gram-negative and fungal species. Then,
soil samples were first put on a sterile petri plate and
allowed to dry at room temperature for 14 days. In a
mortar, dried soil samples were pounded into a powder
without being mixed. Each of the prepared solutions was
then shaken for half an hour. One gram of soil sample
was transferred into vials containing 9 milliliters of
Ringer's solution and ten-to-one dilution ratio tubes
were prepared. Dilutions of 10-2 and 10-3 were obtained
via repeated dilution. 200 microliter suspensions were
inoculated onto different medium surfaces using an
automated pipette, and they were subsequently cultured
for 21 days at 28 °C. Table 1 shows the medium used.

2.3. Selection, Purification, and Storage of Strains
Among the incubated colonies, isolates thought to be
Actinobacteria were selected based on characteristics
such as spore production and morphology. These
cultures were cultivated on the surface of International
Streptomyces Project Medium No. 2 (ISP2; Shirling and
Gottlieb, 1966) agar using a sterile loop. After incubating
at 28 °C for 14 days, pure isolates were obtained from
transferred plates. Pure cultures were transferred to
20% v/v glycerol stock solution and stored at -80 °C until

use.
2.4. Genomic Extraction of DNA and 16S rRNA
Amplification

The PureLink® Genomic DNA Isolation Kit (Invitrogen,
USA) was used for obtaining the isolates genomic DNA.
Then DNA was detected using 1% agarose gel
electrophoresis. Polymerase reaction (PCR)
amplifications of the 16S rRNA gene region were
performed on a MyGenie-96 Gradient Thermal Cycler

chain

Table 1. List of selective media used and antibiotics

(Korea) using universal primers 27F and 1525R (Table
2). A 50-pl reaction mixture was made for the 16S rRNA
amplification of each test isolate. This mixture contains
deionized water, extracted genomic DNA, 27F and 1525R
primers, and Promega's GoTaq® Hot Start Colorless
Master mix. There are 22 pl, 1 pl, 1 pl, 1 pl and 25 pl of
these compounds in the mixture, in that order. The
following parameters are used in PCR amplification
(MyGenie-96 Gradient Thermal Cycler, Korea): pre-
denaturation for two minutes at 95 °C; denaturation for
one minute at 95 °C, comprising thirty cycles; bonding for
1.5 minutes at 55 °C and elongation for three minutes at
72 °C; final stage for ten minutes at 72 °C; and four
storage stages at 4 °C. The amplification products were
subsequently detected using 1.5% agarose gel
electrophoresis (Merck).

2.5.16S rRNA Gene Analysis

ABI-format chromatogram files resulting from the
sequencing of PCR products were examined using the
Chromas version 1.7.6 program (C. McCarthy, School of
Health Sciences, Griffith University, Queensland,
Australia). Each organism's 16S rRNA gene nucleotide
sequence was then obtained in FASTA format by
overlapping the primer reads. In the EzBioCloud
database, every sequence was compared to other
sequences (Yoon et al., 2017). ClustalW was used to do
multiple sequence alignments in the MEGA 11 software
(Tamura et al,, 2021). Phylogenetic trees of the alignment
sequences were constructed using the neighbor-joining
method (Saitou and Nei, 1987), the Jukes-Cantor model
(Jukes and Cantor, 1969) and bootstrap analyses based
on 1000 resampling (Felsenstein, 1985) using MEGA 11
software. The 16S rRNA gene sequences of the
Actinobacteria isolates used in this study were stored in
the NCBI GenBank database.

Name of medium

Antibiotics

Reference

Actinomycete Isolation Agar
Gause No.1 Agar

Nocardia Agar

Humic Acid Vitamin Agar
R2A Agar

Oligotrophic Agar
Starch-Casein Agar
Hickey-Tresner Agar
Modified Soil Agar

ISP-2 Agar

Nalidixic acid (10 ug/ml) and cycloheximide (50 pg/ml)
Nalidixic acid (10 pg/ml) and cycloheximide (50 pg/ml)
Nalidixic acid (10 pg/ml) and cycloheximide (50 pg/ml)
Nalidixic acid (10 pg/ml) and cycloheximide (50 pg/ml)
Nalidixic acid (10 ug/ml) and cycloheximide (50 ug/ml)
Nalidixic acid (10 ug/ml) and cycloheximide (50 ug/ml)
Nalidixic acid (10 pg/ml) and cycloheximide (50 pg/ml)
Nalidixic acid (10 pg/ml) and cycloheximide (50 pg/ml)
Nalidixic acid (10 pg/ml) and cycloheximide (50 pg/ml)
Nalidixic acid (10 pg/ml) and cycloheximide (50 pg/ml)

Kumar et al, 2012
Tan et al.,, 2006
Sanglier et al., 1992
Hayakawa and Nonomuraea, 1987
Reasoner and Geldreich, 1985
Jiang et al., 2016
Kuester and Williams, 1964
Hickey and Tresner, 1952
Sadoway et al,, 2013
Shirling and Gottlieb, 1966

Table 2. Oligonucleotide primers used for 16S rRNA PCR amplification and sequencing

Primer code Sequences (5’-3") Base length References

27F AGAGTTTGATCMTGGCTCAG 20 Weisburg, 1991

518F CCAGCAGCCGCGGTAAT 17 Buchholz-Cleven et al, 1997
800R TACCAGGGTATCTAATCC 18 Chun and Goodfellow, 1995
MG5F AAACTCAAAGGAATTGACGG 20 Chun and Goodfellow, 1995
1525R AAGGAGGTGWTCCARCC 17 Lane, 1991

*M= adenine or cytosine, R= adenine or guanine, W= adenine or thymine.
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3. Results

3.1. Morphological Analysis of Actinobacteria

In the Kula-Salihli Geopark (2,320 km2), which is located
inside the boundaries of the province of Manisa, soil
samples were collected using a GPS device at four distinct
places (Table 3).

Table 3. Locality and geographical coordinates of soil
samples

Soil No. Locality Geographical coordinates
1 Kula Fairy Chimneys 38,60760°N 28,80798°E
2 Kula Fairy Chimneys 38,60809°N 28,80753°E
3 Kula Divlit 38,56023°N 28,66096°E
4 Kula 38,56192°N 28,66048°E

By using the dilution plate method for soil isolation, 469
Actinobacteria were isolated in total. A total of 152
different strains, which were selected by eliminating
similar ones according to their macroscopic and
microscopic images, were divided into 27 color groups
according to their colony morphology and pigmentation
characteristics (Kelly, 1964). Following color grouping,
34 strains were chosen for 16S rRNA gene region
analysis, with consideration given to characteristics such
as phylogenetic analyses, ten different selective media,
substrate mycelium and air mycelium. When the
distribution of actinobacteria according to the media is
examined, it is seen that 8 isolates were obtained from
starch casein agar, 5 isolates from R2A agar, 9 isolates
from humic acid vitamin agar, 1 isolate from Gause agar
and 11 isolates from ISP-2. The results showed that ISP-
2, starch casein agar and humic acid vitamin agar media
were the best media for isolating Actinobacteria from
Geopark soil. Figure 2 shows the distribution of the
number of isolates according to the media used.

11
9
8
5
1
[ ]
c G H R S

Figure 2. Media distribution of Actinobacteria isolates
(C= Starch-Casein agar, G= Gause agar, H= Humic acid
vitamin agar, R= R2A agar, S= ISP-2 Agar).

3.2. 16S rRNA Gene
Actinobacteria

According to the results of the nucleotide sequence
analysis of the 16S rRNA gene region using universal
primers (518F, 800R, and MG5F; Table 2), 34 isolates
were recognhized as members of the Actinobacteria
phylum.  These
predominantly belong to the genera Amycolatopsis (8
isolates), Kribbella (7 isolates), and Streptomyces (7
isolates). The remaining strains were from the genera
Nonomuraea (4 isolates), Micromonospora (2 isolates),
Pseudonocardia (2 isolates), Nocardia (2 isolates),
Actinomadura (1 isolate), and Saccharothrix (1 isolate). In
conclusion, nine different Actinobacteria genera were
obtained from Kula-Salihli Geopark in this study. Figure 3
shows the distribution of the genus.

Sequence Analysis of

isolates were determined to

Streptomyces Iy
Saccharothrix wH 1
Pseudonocardia . 2
Nonomuraea — )
Nocardia a2
Micromonospora I 2

Kribbella
Amycolatopsis

)
)

Actinomadura w1

Figure 3. Genus distribution of Actinobacteria isolates.

3.3. Phylogenetic Analysis of the Actinobacteria
To explore the links between the
Actinobacteria isolates in this study and their closest

evolutionary

taxonomic relatives, phylogenetic trees based on 16S
rRNA sequences were created. The phylogenetic tree was
constructed using the neighbor-joining method. After
phylogenetic  analysis, the predominant
Actinobacteria genus in this members of

most
study,
Amycolatopsis, have a 99.28% similarity with the closest
type strain. Kribbella, the other major genus with seven
isolates, has a similarity between 99.45% and 99.93%
with its closest type
Streptomyces, the other dominant genus, have similarity
between 99.17% and 100.0% with their closest type
strain. A similarity of the 16S ribosomal RNA gene
sequences of each isolate and its closest relatives is
shown in Table 4. Phylogenetic trees of the isolates based
on the neighbour-joining method are also given in Figure
4-11.

strain. Seven isolates of
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Table 4. Summary of information on 16S rRNA sequence determination of isolated strains

Strain Closest type strain Similarity Nucleotid difference
KC28 Streptomyces thinghirensis DSM 419197 100.00 0/1449
KC37 Kribbella albertanoniae BC640T 99.79 3/1440
KC40 Micromonospora orduensis S2509T 99.65 5/1437
KC48 Streptomyces xanthophaeus NRRL B-5414T 99.93 1/1447
KC66 Streptomyces cellostaticus DSM 40189T 99.52 7/1448
KC83 Kribbella jejuensis DSM 17305T 99.45 8/1447
KC93 Nocardia sp. 100.00 0/1449
KC97 Micromonospora fulviviridis DSM 439067 99.44 8/1436
KG3 Amycolatopsis lurida DSM 431347 99.28 10/1386
KH2 Nonomuraea turkmeniaca DSM 439267 99.01 14/1416
KH8 Amycolatopsis lurida DSM 43134T 99.28 10/1386
KH9 Amycolatopsis lurida DSM 431347 99.28 10/1386
KH16 Nonomuraea polychroma DSM 43925T 98.48 22/1443
KH19 Nonomuraea antri NN258T 98.75 18/1441
KH50 Saccharothrix espanaensis DSM 442297 99.72 4/1438
KH76 Nocardia sp. 100.00 0/1449
KH104 Pseudonocardia cypriaca KT21427 100.00 0/1442
KH114 Pseudonocardia zijingensis 63307 99.51 7/1418
KR1 Amycolatopsis lurida DSM 431347 99.28 10/1386
KR2 Amycolatopsis lurida DSM 431347 99.28 10/1386
KR3 Amycolatopsis lurida DSM 43134T 99.28 10/1386
KR6 Amycolatopsis lurida DSM 431347 99.28 10/1386
KR12 Amycolatopsis lurida DSM 431347 99.28 10/1386
KS12 Streptomyces canus DSM 400177 100.00 0/1448
KS15 Streptomyces aureocirculatus NRRL ISP-5386T 99.52 7/1450
KS37 Actinomadura hibisca NBRC 151777 98.96 15/1446
KS52 Kribbella karoonensis Q41T 99.93 1/1447
KS86 Kribbella karoonensis Q41T 99.93 1/1447
KS88 Kribbella karoonensis Q41T 99.86 2/1447
KS95 Kribbella speibonae YM55T 99.72 4/1447
KS96 Kribbella karoonensis Q41T 99.86 2/1447
KS97 Streptomyces canus DSM 400177 100.00 0/1448
KS108 Nonomuraea helvata IFO 146817 99.43 8/1409
KS109 Streptomyces pseudovenezuelae DSM 402127 99.52 7/1450
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Figure 4. Phylogenetic tree showing the relationship of the actinobacterial isolates in group Pseudonocardia and related
type strains. Phylogenetic tree was based on the Neighbor-joining method using MEGA 11 software. Bootstrap values
above 50% (for 1000 replications) are shown. The scale bar indicates 0.01 substitutions per nucleotide position.
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Figure 5. Phylogenetic tree showing the relationship of the actinobacterial isolates in group Saccharothrix and related
type strains. Phylogenetic tree was based on the Neighbor-joining method using MEGA 11 software. Bootstrap values
above 50% (for 1000 replications) are shown. The scale bar indicates 0.01 substitutions per nucleotide position.
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Figure 6. Phylogenetic tree showing the relationship of the actinobacterial isolates in group Nonomuraea and related
type strains. Phylogenetic tree was based on the Neighbor-joining method using MEGA 11 software. Bootstrap values
above 50% (for 1000 replications) are shown. The scale bar indicates 0.01 substitutions per nucleotide position.
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Figure 7. Phylogenetic tree showing the relationship of the actinobacterial isolates in group Actinomadura and related
type strains. Phylogenetic tree was based on the Neighbor-joining method using MEGA 11 software. Bootstrap values
above 50% (for 1000 replications) are shown. The scale bar indicates 0.01 substitutions per nucleotide position.

BS] Eng Sci / Betiil BAYRAKTAR and Kamil ISIK 502



Black Sea Journal of Engineering and Science

.
A. umgeniensis UM16 (DQ110876)

94 L A thailandensis JCM 16380 (NMQT01000085)
T
U A. coloradensis DSM 4422 (MQUQO01000038)
70 L A. alba DSM 44262T (KB913032)
T
t A. speibonae JS72 (KF771257)
A. roodepoortensis M29T (KF771262)
T
|A. decaplanina DSM 44594  (AJ508237)
3 [ A. keratiniphila subsp. nogabecina DSM 44586T (AJ508238)
T
ol A. keratiniphila subsp. keratiniphila DSM 44409 (LQMT01000206)
T
A. azurea DSM 43854 (ANMG01000133)
T
A. lurida DSM 43134 (AJ577997)
T
A. oliviviridis SCM MK2-4 (LC225637)

.
\; A. japonica MG417-CF17 (CP008953)

Amycolatopsis sp. KR12 (PP704688)
Amycolatopsis sp. KR6 (PP710827)
Amycolatopsis sp. KR3 (PP704686)

Amycolatopsis. sp. KR2 (PP704680)

94 | 100 |Amycolatopsis sp. KR1 (PP704656)
Amycolatopsis sp. KH9 (PP704627)

Amycolatopsis sp. KG3 (PP704603)

Amycolatopsis sp. KH8 (PP704602)

’7 A. regifaucium GYOS()T (LQCI101000022)
96 L : . U
A. orientalis DSM 40040 (ASJB01000052)
A. sulphurea DSM 46092T (PDJK01000002)

95

T
A. benzoatilytica AK 16/65 (ARPK01000002)

50

.
A. albidoflavus IMSNU 22139 (AJ252832)
T
70 Ui A. australiensis DSM 44671 (FPJG01000006)
T
A. rhabdoformis SB026 (KF779477)
57
A. eburnea GLM-lT (MH598363)
90
.

55 A. tolypomycina DSM 44544 (FNS001000004)

L A butiisr2r’ (HQB51730)

:
57 ( A. lexingtonensis NRRL B-24131 (MUMJ01000484)

98 L I T
A. pretoriensis DSM 44654 (jgi.1085903)

.
Streptomyces avermitilis MA-4680 (BAO00030)

0.01

Figure 8. Phylogenetic tree showing the relationship of the actinobacterial isolates in group Amycolatopsis and related
type strains. Phylogenetic tree was based on the Neighbor-joining method using MEGA 11 software. Bootstrap values
above 50% (for 1000 replications) are shown. The scale bar indicates 0.01 substitutions per nucleotide position.
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Figure 9. Phylogenetic tree showing the relationship of the actinobacterial isolates in group Kribbella and related type
strains. Phylogenetic tree was based on the Neighbor-joining method using MEGA 11 software. Bootstrap values above
50% (for 1000 replications) are shown. The scale bar indicates 0.01 substitutions per nucleotide position.
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Figure 10. Phylogenetic tree showing the relationship of the actinobacterial isolates in group Streptomyces and related
type strains. Phylogenetic tree was based on the Neighbor-joining method using MEGA 11 software. Bootstrap values
above 50% (for 1000 replications) are shown. The scale bar indicates 0.01 substitutions per nucleotide position.
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Figure 11. Phylogenetic tree showing the relationship of the actinobacterial isolates in group Micromonospora and
related type strains. Phylogenetic tree was based on the Neighbor-joining method using MEGA 11 software. Bootstrap
values above 50% (for 1000 replications) are shown. The scale bar indicates 0.01 substitutions per nucleotide position.
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4. Discussion

To date, Actinobacteria members have been found in a
wide variety of environments. Among these
environments, extreme habitats such as hot springs,
volcanic areas, deserts, deep-sea sediments, caves and
salt lakes are particularly important. Following a
literature review, actinobacteria have also been found in
different volcanic regions of the world. These include
lava tubes, lakes, caves, sediments, rocks and soils.
Studies in volcanic regions have shown the presence of
actinobacteria belonging to the following genera:

Brevibacterium, Dietzia, Micromonospora, Nocardia,
Nocardiopsis, Rhodococcus, Saccharomonospora,
Saccharopolyspora,  Salinospora, Streptomyces, etc.

(Riquelme et al,, 2015; Meena et al, 2019; Sottorff et al,,
2019).

Meena et al. reported in their study in 2019 that deep-sea
sediment samples were collected from Barren Island,
Andaman and Nicobar Islands. A total of 123 cultivable
marine actinobacteria were isolated and identified.
Isolates were categorized under 10 genera, of which
Brevibacterium, Dietzia and Streptomyces are the
dominant genera (Meena et al,, 2019).

In another study conducted by Sottorff et al. (2019), it
was determined that most of the species isolated from
volcanic Easter Island were actinobacteria belonging to
the Dietzia, Micromonospora,  Salinispora and
Streptomyces genera, according to the 16S ribosomal
RNA gene sequence analysis.

Phylogenetic analysis of 34 isolates obtained in this study
revealed that they belong to nine different genera. Five of
these isolates are thought to be new species when the
nucleotide similarity rates of the 16S rRNA gene region of
the closest type strains are compared. The five isolates
belong to Actinomadura, Amycolatopsis and Nonomuraea
genera known as rare actinobacteria.

According to a study conducted by Penkhrue et al. in
2018, Amycolatopsis oliviviridis SCM_MK2-4T
showed the highest sequence similarity with the closest
species, Amycolatopsis azurea JCM 3275T with 99.4%,
according to 16S rRNA gene sequence analysis results
(Penkhrue et al,, 2018). Strains KG3, KH8, KH9, KR1, KR2,
KR3, KR6, and KR12 obtained from this study show
99.28% sequence similarity with Amycolatopsis lurida
DSM 431347, the closest species according to 16S rRNA
gene sequence analysis results. Based on this
information, KG3, KH8, KH9, KR1, KR2, KR3, KR6, and
KR12 strains are thought to be new species. Representing
Amycolatopsis lurida strains, isolate KH8 was selected as
a strain with high potential to become a novel species.

In the research of Saricaoglu et al. in 2020 based on
phylogenetic analysis of 16S rRNA gene sequences
revealed that Nonomuraea basaltis 160415T has 99.1%
similarity with the closest type species Nonomuraea zeae
NEAU-ND5T (Saricaoglu et al., 2020). The KH2, KH16 and
KH19 strains isolated in our study have 99.01, 98.48 and
98.75 similarity with the closest type strains,
respectively. According to this information, KH2, KH16
and KH19 may be new species.

strain

In accordance with the results of phylogenetic analysis of
the 16S rRNA gene sequence in the study conducted by
Songsumanus et al. in 2021, Actinomadura decatromicini
CYP1-57 showed 99.5% similarity with Actinomadura
syzygii GKU1577, the closest type species (Songsumanus
et al, 2021). According to the 16 rRNA sequence analysis
of the KS37 strain obtained in this study, it was
determined that it showed 98.96 similarity with
Actinomadura hibisca NBRC 151777, the closest type
species. In the light of this information, KS37 strain is
thought to be a novel species.

5. Conclusion

To date, no study has been conducted on the
actinobacterial diversity of Kula-Salihli Geopark, one of
the youngest volcanic regions in Tiirkiye. Our research
focused on the diversity of actinobacteria found in the
soil of Kula-Salihli Geopark in Manisa. A total of 34
isolates were determined to belong to nine genus,
including Actinomadura, Amycolatopsis, Kribbella,
Micromonospora, Nocardia, Nonomuraea,
Pseudonocardia, Saccharothrix and Streptomyces by
phylogenetic analysis based on 16S rRNA gene
sequencing. Based on the nucleotide difference and
percentage similarity of the 16S rRNA gene region, it is
probable that the isolates of Actinomadura sp. KS37,
Amycolatopsis sp. KH8, Nonomuraea sp. KH2,
Nonomuraea sp. KH16, and Nonomuraea sp. KH19
represent novel species. With this study, in addition to
determining the new species potential of the Kula
Geopark, we contribute to the biodiversity of our country
and the stock of microorganisms that have the potential
to be a source of various metabolites that can be used in
biotechnological applications.
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GEBELIKTE ANNE SAGLIGI RiSK GRUPLARININ TAHMININE
YONELIK MAKINE OGRENMESi TABANLI BiR KARAR DESTEK
SISTEM TASARIMI
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Ozet: Gebelik déneminde anne saghigi risklerinin erken tespiti ve uygun miidahalelerin yapilmasi, anne ve bebek saghg agisindan
hayati bir 6nem tasimaktadir. Bu siirecte, biiytik veri kiimelerinden elde edilen karmasik iliskileri ve desenleri otomatik olarak analiz
edebilen makine égrenme (MO) algoritmalarinin kullamimi son derece Kritik bir rol oynamaktadir. MO algoritmalari, bilyiik veri
setlerindeki gizli bilgileri agiga ¢ikararak, gebelikle iliskili risk faktorlerini daha dogru bir sekilde belirleme imkani sunmaktadir. Bu
baglamda gerceklestirilen bu ¢alismada, gebelik silirecinde anne saghg risk seviyelerinin ozellikle yiiksek riskli hamileliklerin
tahmininde basarinin arttirilmasina odaklanilmistir. Bunun i¢in 6ncelikle basarimi artiracak 6nemli (kritik) 6zellikler belirlenmis ve
alt1 farkli makine 6grenme algoritmasi kullanilarak en etkili bilgisayar temelli karar destek sistemi tasarlanmaya ¢alisilmistir. Ki-Kare
testi SelectKBest yontemiyle birlikte uygulanarak, veri setindeki en kritik 6zelliklerin yas, sistolik kan basinci ve diyastolik kan basinci
oldugu tespit edilmistir. Yan1 sira veri setindeki dengesizligi gidermek i¢in sentetik azinlik asir1 érnekleme tekniginden (SMOTE)
yararlanilmistir. Onerilen modelde kullanilan MO algoritmalarinin basarimlari hold-out performans degerlendirme ydntemiyle analiz
edilmistir. Elde edilen bulgular 1s18inda, SMOTE tekniginin kullanilmasinin gebelikteki risk seviyelerinin tahmininde model
basarimlarini artirmada olumlu bir etkiye sahip oldugu belirlenmistir. Onerilen modelde her bir siniflandirma algoritmasi icin en
yliksek siniflandirma basarimi yiiksek risk sinifi icin elde edilmistir. Kullanilan algoritmalar arasinda, %97 basari oraniyla en istiin
performansa sahip olaninin ekstrem gradyan arttirma algoritmasi oldugu tespit edilmistir. Genel olarak elde edilen sonuglar, énerilen
modelin yiiksek risk tasiyan gebeliklerin tespitinde son derece etkili oldugunu dogrulamaktadir. Bu bulgu, énerilen MO temelli karar
destek sisteminin uzman hekimlere gebelik siirecinde daha dogru teshisler koyma ve gerekli miidahaleleri daha hizl bir sekilde
gergeklestirme konusunda 6nemli bir destek saglama potansiyeline sahip oldugunu gostermektedir.

Anahtar kelimeler: Gebelik risk siniflari, Anne sagligi, Makine 6grenmesi, Ozellik se¢imi, SMOTE

A Machine Learning-Based Decision Support System Design to Predict Maternal Health Risk Groups during
Pregnancy

Abstract: Early detection of maternal health risks during pregnancy and appropriate interventions are vital for maternal and infant
health. In this process, the use of machine learning (ML) algorithms that can automatically analyze complex relationships and patterns
from large datasets plays a critical role. By revealing hidden information in large data sets, ML algorithms offer the opportunity to
more accurately identify pregnancy-related risk factors. In this context, this study focuses on increasing the success of predicting
maternal health risk levels during pregnancy, especially in high-risk pregnancies. For this purpose, firstly, important (critical) features
that will increase the success are identified and the most effective computer-based decision support system is designed by using six
different machine learning algorithms. By applying the Chi-Square test in combination with the SelectKBest method, it was determined
that the most critical characteristics in the dataset were age, systolic blood pressure and diastolic blood pressure. In addition, synthetic
minority oversampling technique (SMOTE) was utilized to address the imbalance in the dataset. The performance of the ML algorithms
used in the proposed model is analyzed by hold-out performance evaluation method. In the light of the findings, it was determined that
the use of the SMOTE technique has a positive effect on improving model performance in predicting risk levels in pregnancy. In the
proposed model, the highest classification performance for each classification algorithm was obtained for the high risk class. Among
the algorithms used, the extreme gradient boosting algorithm was found to have the best performance with a 97% success rate.
Overall, the results confirm that the proposed model is highly effective in detecting high-risk pregnancies. This finding shows that the
proposed ML-based decision support system has the potential to provide significant support to specialist physicians in making more
accurate diagnoses and performing the necessary interventions more quickly during pregnancy.
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1. Giris
Giiniimiizde tip ve saglik alaninda saglik hizmetlerinin
hastalik 6nleme konusunda kisi merkezli bir yaklasim
benimsemesi gerektigi kabul edilmektedir. Bu baglamda,
hastalik sekilde
degerlendirilmesine olanak taniyan makine 6grenimi
(MO) tekniklerinin tip ve saghk alanindaki kullanim
giderek MO’nin
miidahalesinin minimum diizeyde oldugu ya da hig
olmadigl mevcut verilerden 6grenmeyi otomatik olarak
gerceklestiren 6grenme algoritmalarinin gelistirilmesidir
(Diamantoulaki ve ark., 2022). Literatiirde, tibbi tam
stireclerinde uzman hekimlere yardimci olmak amaciyla
gelistirilen cok sayida MO temelli karar destek sistemleri
bulunmaktadir.

risklerinin daha  hassas  bir

artmaktadir. temel amaci, insan

Anne  saghgimnin  izlenmesi ve
gelistirilmesinde karar destek sistemlerinin kullanimy;
hamilelik, dogum ve dogum sonrasi dénemlerde annenin
ve bebegin sagligini korumak adina olduk¢a 6nem arz
etmektedir. Anne sagligi, hamilelik, dogum ve dogum
sonrasl dénemde annenin fiziksel ve psikolojik sagligini
kapsayan bir kavramken; anne saghgi riski ise bu
slireclerde anne ve bebegin saghgini olumsuz
etkileyebilecek potansiyel riskleri ifade etmektedir. Bu
riskler, anne adayinin veya bebegin sagligini olumsuz
yonde etkileyebilecek c¢esitli durumlar1 icermekte olup,
gebelik siirecinde veya dogum sonrasi déonemde ortaya
cikabilmektedir. Ornegin, yiiksek tansiyon, diyabet,
enfeksiyonlar, gebelik zehirlenmesi gibi saglik sorunlari
anne sagligl riski olarak degerlendirilmektedir. Ayrica,
gebelik komplikasyonlarl, dogum sonrasi depresyon,
dogum sonrasi kanamalar gibi durumlar da anne saghgi
riski olarak kabul edilmektedir. Bu baglamda gebelik
stirecinde yiiksek riskli gebeliklerin saptanmasi anne ve
fetiis saglhiginin korunmasi agisindan hayati bir rol
oynamaktadir. Bu riskler o6ngoriildiigii veya teshis
edilebildigi takdirde gerekli onlemler alinabilmekte ve
uygun tedavi yontemleri planlanabilmektedir. Boylelikle
anne ve fetiis olimleri kismen engellenebilmektedir.
Gebelikteki risk faktorlerine gore gebelik siireci diisiik,
orta ve yiliksek risk diizeyi olmak iizere ti¢ smifa
ayrilmaktadir. MO algoritmalar1 sayesinde, genis veri
setleri lizerinde analizler yaparak gebelik siirecinde etkili
olan risk faktdrleri tanimlanabilmekte ve bu bilgiler
kullanarak da gebeligin risk diizeyleri
siniflandirilabilmektedir. Bdoylelikle, uzmanlara gebelik
siirecini daha yakindan takip ederek olasi riskleri daha
erken asamada teshis etmelerinde ve uygun tedavi
siireclerini planlamalarinda destek olunmaktadir. Bu
baglamda literatiirdeki ¢alismalar incelendiginde, MO
algoritmalarinin gebelikteki risk
belirlenmesinde ve risk diizeylerinin siniflandirilmasinda
oldukca basarili oldugu gorilmektedir (Al-Hindi ve ark,
2020; Finlayson ve ark., 2020; Macrohon ve ark.,, 2022;
Togunwa ve Babatunde, 2023; Tokmak, 2023). Ornegin,
Rai ve arkadaslar1 (2018), gebelik komplikasyonlari
sonucu artan anne ve bebek odlim risk seviyelerinin
parametrelerini
aracilifiyla uzmanlardan alinan bilgilere dayanarak yeni

faktorlerinin

degerlendirmek amaciyla anketler

bir model gelistirmislerdir. Gelistirilen modelin basarimi
117 hamile kadindan alinan verilerden 14 o6zellik
secilerek, yapay sinir ag1 (YSA) ve Naive Bayes (NB)
algoritmalar1 kullanilarak analiz edilmistir. Analizler
sonucunda YSA ile %80’lik bir basarim elde edilirken, NB
ile %70 dogruluk oranina ulagilmistir. Ahmed ve ark.
(2020) tarafindan anne saglhk risk faktorlerini tespit
etmek i¢cin bulut tabanlh bir anne saglik sistemi
onerilmistir.  Onerilen
analizinde, riskin yogunluguna gore kategorize etme ve
siniflandirma  yaklasimlart kullamlmustir.  Farkh MO
algoritmalar1 yapilan  karsilastirmalar
sonucunda, gebelik risk seviyesinin siniflandirilmasi ve
tahmin edilmesi durumunda modifiye karar agaci (KA)
algoritmasinin en yiikksek dogrulugu verdigi tespit
edilmistir. Ahmed ve Kasem (2020) ¢alismalarinda risk
faktorlerine dayali olarak gebelikteki risk diizeyini
kesfetmek icin MO algoritmalarindan yararlanmuslardir.
Calismada Pima-Indian-diyabet veri seti kullanilarak risk
faktérleri analiz edilmis ve cesitli MO algoritmalari

sistemde risk faktorlerinin

arasinda

karsilastirllmistir. Yapilan analizler sonucunda gebelik
risk seviyesini siniflandirilmasinda ve tahmininde lojistik
model agaci algoritmasinin en yliksek dogrulugu verdigi
tespit edilmistir. Buna ek olarak, secilen birka¢ gebe
kadinin verileri IoT (nesnelerin interneti) o6zellikli
cihazlar aracihigiyla toplanarak, aymi islemler bu veri
kiimesine de uygulanmistir. Karsilagtirmalar sonucunda,
risk tahmininin mevcut Pima-Hint diyabet veri kiimesi ve
gercek veri kiimesi i¢in ayni oldugu gosterilmistir. 2022
yilinda yapilan bir ¢alismada, hamilelik sirasinda anne
sagliginda ortaya c¢ikabilecek riskleri erken evrede teshis
etmek i¢in rasgele orman (RO) algoritmasi kullanilmistir.
KA, k-en yakin komsu (KNN), NB gibi algoritmalarin da
karsilastirildigt makalede, RO algoritmas1 %73,37’lik
dogruluk oram ile en yiiksek basarimi verdigi tespit
edilmistir. Ayrica ¢alismada modelin genetik algoritmayla
optimize edilmesi durumunda basarimin daha da
ylukseldigi gosterilmistir (Ramdhani ve ark., 2022). 2022
yilinda yapilan bagka bir ¢alismada 6zyinelemeli 6zellik
secimi  yapilarak  hamilelik
faktorlerinin simiflandirilmasinda lojistik regresyon (LR),
NB ve RO algoritmalarinin aymi basarimi verdigi
gosterilmistir (Edayath, 2022). Umoren ve ark. (2022)
anne Olimlerine dair risk

dénemindeki risk

tahmin  modellerini

inceleyerek, risk tahminlerini uygulanabilir hale
getirmek icin KA algoritmasina dayali bir model
gelistirmislerdir. Gelistirdikleri modelin basarimi, destek
vektdr makineleri (DVM) dayali modelle kiyaslanmis ve
KA yaklasiminin daha ytiksek bir basarima sahip oldugu
ortaya koyulmustur. Pawar ve ark. (2022) ¢alismalarinda
anne saghgi risk tahmini icin sekiz farkli MO algoritmasi
kullanmiglardir. Ozellik seciminin Gini indeksine gore
yapildig1 c¢alismada en yiiksek basarim RO (%70,21)
algoritmasiyla elde edilmistir. Mutlu ve ark. (2023) IoT
tabanli risk izleme sistemleri araciligiyla toplanan bir
veri seti lizerinde anne saghigi riskini belirlemek icin alt1
farkli MO algoritmas1 kullanmiglardir. Yas, sistolik kan
basinci, diyastolik kan basinci, solunum hizi ve kalp atis
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hiz1 gibi 6zellikler géz oniinde tutularak gelistirdikleri
modelin basarimini farkli performans metriklerine gére
degerlendirmislerdir. Yapilan analizler sonucunda en
yliksek basarima KA  algoritmasiyla (%89,16)
ulasilmistir. Sahin ve ark. (2023) anne saghgi riski
tahmininde sekiz farkh MO algoritmasinin basarimi
temel bilesenler analizi (PCA) ve lineer diskriminant
(LDA) wuygulanmasi
edilmistir. ~ Yapilan
siiflandirictc  basarimlari

analizi durumlar1 i¢in analiz
LDA’nin

etkiledigi

analizler sonucunda
pozitif yonde
gosterilmistir.

Yukarida bahsedilen ¢alismalar, hamilelik sirasinda anne
saglig1 risklerinin tahmin edilmesinde MO ve yapay zeka
etkin bir sekilde uygulanabilecegini
gostermektedir. Ancak, hangi teknigin daha etkili oldugu
konusunda kesin bir cevap bulunmamaktadir. Ciinkii her
bir teknigin avantajlar1 ve dezavantajlar1 bulunmakla
birlikte, sonuglar birgok faktére bagh
degisebilmektedir. Ornegin, baz1 durumlarda bir teknigin
basarisi veri setinin 6zelliklerine, boyutuna ve kalitesine

tekniklerinin

olarak

bagliyken, diger durumlarda kullanilan 6znitelik se¢imi,
model hiperparametrelerinin ayarlanmasi veya egitim
siirecindeki diger faktorler belirleyici olabilmektedir.
Dolayisiyla, en etkili teknigi belirlemek i¢cin daha fazla
arastirma yapilmasi ve farkli yontemlerin kapsamh bir
sekilde Kkarsilagtirilmasi gerekmektedir. Bu baglamda
gerceklestirilen bu calismada aln farkh MO
algoritmalarini gebelik sirasinda
olusabilecek riskler siniflandirilmistir. Calismanin temel

kullanilarak

—— L i s S

Isleme

Veri Sets

Ho\E A

l-llII 6 Ly

Hold-Out
Performans Yontemi

Degerlendirme

Sekil 1. Onerilen modelin blok diyagramu.

hedefi, yiiksek riskli gebeliklerin tespitinde MO
algoritmalarinin ne kadar etkili
degerlendirmek ve en uygun modeli belirlemektir. Bu
calismanin, anne saghgl risklerinin o6zellikle yiiksek
gebelik risk seviyesinin erken teshisinde ve uygun

oldugunu

onlemlerin alinmasinda uzman hekimlere ve anne
adaylarina 6nemli bir katki saglayacagi diisiiniilmektedir.

2. Materyal ve Yontem

Bu bolimde, gebelik siirecinde anne saghgi risk
seviyesinin tahmine yonelik onerilen bilgisayara destekli
karar destek sisteminde kullanilan veri seti, 6n isleme,
ozellik c¢ikarma yoéntemleri ve kullanilan MO
algoritmalan detayll bir sekilde aciklanmistir. Onerilen
sistemin genel blok diyagrami Sekil 1'de gosterilmistir.
2.1. Veri Seti

Calismada, acgik erisimli UCI Learning
Repository veri tabaninda yer alan “Maternal Health
Risk” bashkl veri seti kullanilmistir (Ahmed, 2023).
Banglades'in farkli bolgelerindeki saglik kuruluslarindan
toplanan veri seti, [oT tabanl bir risk izleme sistemi

Machine

araciligiyla elde edilmis olup, 1014 o6rnek ve 7 ozellik
icermektedir. Tablo 1'de veri setindeki ozellikler ve
bunlarin agiklamalar1 detaylariyla sunulmustur. Veri seti,
Sekil 2'de gosterildigi gibi 272 ytiksek risk (%26,82), 336
orta risk (%33,14) ve 406 diisik risk (%40,04)
siniflarina ait 6rnekler icermektedir. Tablo 2’ de veri
setine ait 6rnek bir gériiniim verilmistir.

Ozellik
Cikanm

Kaex Ao
ﬁ X 6n Yokon Kompe
] @
’
fastem Gradyan
Rasgele Orman
Gradyse Amrmy
Dewtek Vektor
Uarrean

Makine Ogrenme
Algonitmalan
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406

Ornek Sayisi

Disitk Risk

Orta Risk
Gebelik Siirecinceki Risk Smiflar

Yiksek Risk

Sekil 2. Kullanilan veri setindeki 6rneklerin risk siniflarina gére dagilimi.

Tablo 1. Veri setinde yer alan dzelliklerinin tanimi ve 6l¢ii birimleri

Ozellik Tanimi Olcii Birimi

Yas Anne hamilelik yas1 Niimerik (Y1)

Sistolik Kan Basinci Kalbin kasilmasi sirasinda arterlerdeki maksimum basing Niimerik (mmHg)

Diyastolik Kan Basinci Kalbin gevsemesi sirasinda arterlerdeki minimum basing Niimerik (mmHg)

Kan Sekeri Kandaki glukoz miktari Niimerik (mmol/L)

Viicut Sicakligl Annenin viicut sicakligl Niimerik (°F)

Kalp Atis Hiz1 Normal dinlenme durumunda dakikadaki kalp atis hizi Nimerik (BPM)

Risk Seviyesi Hamilelik risk diizeyi Kategorik

Tablo 2. Kullanilan veri setindeki gebelik doneminde anne saghig risk siniflarina ait drnek

Yas Sistolik Kan Diyastolik Kan Kan Sekeri ~ Viicut Sicaklig1 Kalp Atis Hiz1 Risk Seviyesi
Basinci Basinci

48 120 80 11 98 88 Yiiksek Risk

17 90 63 6.9 101 70 Orta Risk

33 120 75 10 98 70 Yiiksek Risk

30 120 80 7.8 98 70 Diistik Risk

40 140 100 13 101 66 Yiiksek Risk

20 120 75 7.5 98 70 Diisiik Risk

17 110 75 12 101 76 Yiiksek Risk

34 120 75 8 98 70 Diisiik Risk

25 140 100 7.01 98 80 Yiiksek Risk

2.2. Ozellik Segimi SelectKBest veya benzeri bir yo6ntemle birlikte

Ongoriicii bir modelin gelistirilmesinde 6zellik secimi, kullanilmaktadir (Kirh ve ark., 2023). Bu baglamda

veri kiimesinden tahmin degiskenine veya ¢iktisina en gerceklestirilen bu c¢alismada Ki-Kare SelectKBest

¢ok Kkatki saglayan oOzelliklerin belirlenmesi siirecidir. yontemiyle  birlikte  kullanilarak  uygulanmistir.

Veri setindeki 6zelliklerin dogru secimi modelin daha SelectKBest, bir smiflandirici igin veri setindeki en

hizlh ve daha dogru sonuglar iiretmesine yardimci anlamli ve etkili olan ozellikleri se¢mek i¢in

olurken, glirtltili ozelliklerin
¢ikarilmasiyla genelleme yetenegini
arttirmaktadir. Boylelikle daha etkili ve giivenilir bir
o6grenme siireci saglanmaktadir (Selvakuberan ve ark.,
2008; Jahan ve ark., 2021). Smiflandirma tekniklerinde
uygulanan farkl 6zellik secim yontemleri bulunmaktadir.
Bunlardan biri Ki-kare yontemi, Kkategorik
degiskenler arasindaki iliskiyi istatistiksel agidan
degerlendirmektedir. Bu yodntemde 0Ozelliklerin hedef

gereksiz  veya

modelin

olan

degiskenle bagimsizligin1 incelenerek, degiskenler
arasindaki  iliskinin  anlamh olup  olmadigini
belirlenmektedir. Uygulamalarda genellikle, Ki-kare,

kullanilmaktadir. Yontem veri setindeki her bir 6zelligin
siniflandiricidaki 6nemini belirlemek i¢in Ki-kare testini
kullanarak, en yiliksek skora sahip olan ozellikleri
se¢mektedir. Boylelikle, verilerin siniflandirilmasinda
gereksiz veya az katki saglayan ozellikler elimine
edilerek siniflandirma dogrulugu artirilmaktadir.

2.3. Sentetik Azinlik Asir1 Ornekleme Teknigi
(SMOTE)

Sentetik Azinhk Asir1 Ornekleme Teknigi (SMOTE),
dengesiz veri setlerinde sinif dengesini saglamak i¢in
kullanilan bir yéntemdir. Bu teknik, azinlik sinifina ait
orneklerin sentetik olarak olusturulmasini saglayarak,
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veri  setindeki smiflar arasindaki  dengesizligi
azaltmaktadir. SMOTE, azinhk smifindaki 6rnekler
arasinda benzerlik 6lciisiine dayali olarak yeni sentetik
ornekler olusturmaktadir. Bu sekilde, azinlik sinifi daha
dengeli bir sekilde temsil edilerek, siniflandirma
performanslari artirtlmaktadir (Abaci ve Yildiz, 2023).
2.4. Smiflandirma Algoritmalar:

Siniflandirma; veri noktalarinin belirli 6zelliklerine gore
analiz edilerek, bunlar1 6nceden tanimlanmis siniflara
veya Kkategorilere atama siirecidir. Bu siireg, MO
algoritmalari gerceklestirilmekte  ve
genellikle bir modelin egitilmesiyle saglanmaktadir.
Calisma kapsaminda hamilelik siirecinde anne saghgi
risklerinin simflandirilmasinda alti farkli MO algoritmasi

kullanilmistir (Sekil 3).

kullanilarak

Karar Agaci
. .-+ KEn Yakin Komsu
L ]
]
Ekstrem Gradyan
Artirma

Rasgele Orman

Gradyan Arttirma
Destek Vektor

Makineleri

Sekil 3. Kullanilan makine 6grenme algoritmalari.

k en yakin komsu (KNN) algoritmasi, siniflandirma ve
regresyon problemleri icin kullanilan popiiler bir
denetimli MO algoritmasidir. Ozellikle kii¢iik boyutlu veri
kiimelerinde ve siniflar arasindaki ayrimin belirgin
oldugu durumlarda etkili bir sekilde ¢alismaktadir. Bu
algoritmada yeni bir veri noktasi siniflandirilirken, k en
yakin komsusu dikkate alinmaktadir. Bunun igin
genellikle Oklid, Manhattan veya Minkowski gibi uzaklik
olctimleri kullanilarak yeni veri noktasi ile en yakin k
komsulari hesaplanmaktadir.
Hesaplama isleminden sonra k komsunun etiketlerine
gore test drneginin siifini belirlemektedir (Hacibeyoglu
ve ark., 2023).

Karar agact (KA), bir veri kiimesindeki 6zelliklerin
degerlerine gore siniflandirma veya regresyon yapmak
icin kullanilan bir algoritmadir. Algoritmada veri
kiimesini en iyi sekilde bdlmek i¢in bir dizi karar kural
olusturulmakta ve bu kurallar kullanilarak veri daha
homojen alt kiimelere ayirmaktadir. Boylelikle, basit
kararlarla karmasik iligkileri agiklama ve yorumlama
kolaylig1 saglanmaktadir (Yakut ve Bolat, 2020).

Rasgele Orman (RO), bir¢ok karar agacimin bir araya
gelerek olusturdugu bir ensemble (topluluk) dgrenme
algoritmasidir. Algoritmada her bir karar agaci, rastgele
ozellikler kullanilarak egitilmekte ve ardindan bunlarin
sonuglarini bir araya getirilerek hem daha kararli hem de

arasindaki mesafeler

genellestirilebilir bir tahmin yapilmaktadir (Yildiz ve
ark,, 2023).

Destek vektér makineleri (DVM), veri noktalarini
siniflandirmak veya regresyon yapmak igin kullanilan
parametrik giicli  bir denetimli MO
algoritmasidir. Algoritma; veri noktalarini ayiran en iyi
hiperdiizlemi
problemlerinde optimum ayrimi saglamaktadir (Elen ve

olmayan

bulmaya ¢alisarak, siniflandirma

ark.,, 2022).
Gradyan arttirma (Gradient Boosting, GB) zayif
tahmincileri (genellikle karar agaclar1) bir araya

getirerek giiclii bir tahminci olusturan MO algoritmasidur.
Bu algoritma, tahmin edilen ve gercek deger arasindaki
hatay1 en aza indirmek icin ardisik 6grenme adimlari
kullanmaktadir. Her adimda, 6nceki modelin hatalarina
odaklanarak yeni bir tahminci ekleyerek modelin
performansini Algoritmanin
prensibi, modelin dogru tahmin edemedigi veya
tahminde zorlanilan oOrnekler {izerine odaklanarak
performansi iyilestirmektir (Friedman, 2002).

artirmaktadir. temel

Ekstrem gradyan arttirma (Extreme Gradient Boosting,
XGBoost), GB algoritmasinin optimize edilmis ve
performanst artirilmis bir versiyonudur. Blyiik veri
kiimeleriyle etkili bir sekilde ¢alisabilen bu algoritma,
paralel hesaplama yetenekleri ve diisiik bellek
kullanimiyla 6ne g¢ikmaktadir. Ayrica 6zellestirilebilir
kayip fonksiyonlar1 ve diizenlilestirme teknikleri gibi
gelismis 6zelliklere sahip olmasi, modelin performansini
artirirken asir1 uyumu azaltmaktadir (Giindogdu, 2023).
2.5. Performans Metrikleri

Karmasiklik matrisi (confusion matrix), bir siniflandirma
modelinin performansinin degerlendirmesinde siklikla
kullanilan bir yontemdir. Karisikhk matrisi, bir
siniflandiricinin bazi test verilerine gore siniflandirma
performansini tanimlayan N*N boyutlu bir matristir. Bu
matris gercek ve tahmin edilen siniflar arasindaki iliskiyi
gostermektedir. Bu matris modelin tahminlerinin gercek
siniflarla kargilastirilmasini vermekte olup, genellikle
doért ana kategoriyi icermektedir: Dogru pozitif (DP),
Dogru negatif (DN), Yanhs pozitif (YP), Yanlis negatif
(YN). Bu kategoriler; modelin dogrulugunu, hassasiyetini,
geri c¢agirma, F1 puanim1 ve diger performans
metriklerini hesaplamak i¢in kullanilmaktadir. Calismada
gebelik
siniflandirilmasi amaciyla énerilen MO temelli modelin
performans1  asagida denklemlere  gore
hesaplanan dogruluk, kesinlik, geri ¢agirma ve F1 skor
metriklerine gore degerlendirilmistir (Esitlik 1-4).

sirecinde anne saghg risk seviyesinin

verilen

5 DP + DN
Dogruluk (Accuracy, ACC) = DP YDN +YP+ TN @)
. o DP
Kesinlik (Precision, Prec) = DPIVP (2)
L DP
Geri ¢cagirma (Recall) = DPFTYN 3)

F1— Sk 5 Recall * Prec @
_ - "
or Recall + Prec
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3. Bulgular ve Tartisma

Yapilan bu calismada, MO algoritmalarinin gebelik
siirecinde anne saghgl risk durumlarinin (6zellikle
ylksek riskli hamilelik geciren annelerin) tespitindeki
basarimlari ele alinmistir. Bunun i¢in 406 "diisiik risk”,
336 "orta risk" ve 272 "yiiksek risk" olmak iizere toplam
1014 érnek iceren bir veri seti kullamlarak alt1 farkhh MO
algoritmasinin basarimlar1 arastirilmistir. Bu dogrultuda
calismada ilk olarak, algoritmalarin
basarimlarini artirmak amaciyla gebelik siirecinde etkili
olan major risk faktorleri tespit edilmistir. Bu amag

siiflandirma

dogrultusunda Ki-Kare testi SelectKBest yontemiyle
uygulanarak, veri setindeki gereksiz bilgi iceren (etkisiz,
anlamsiz) ozellikler ¢ikartilmistir. Analizler sonucunda
gebelik siirecinde anne saghgr risk durumlarinin
tespitinde yas, sistolik kan basinc ve diyastolik kan
belirleyici (etkili) oldugu tespit
edilmistir. Daha sonra bu ii¢ 6zellik kullanilarak alt1 farkl

MO algoritmasinin simflandirma basarimlari hold-out

basincinin  daha

performans degerlendirme yontemiyle analiz edilmistir.
Bununla  birlikte  ¢alisma  kapsaminda MO
algoritmalarinin basarimlari, hold-out yénteminin veri
setindeki dengesizlikleri elimine etmek amaciyla SMOTE
tabanli 6rnekleme yodntemiyle birlikte uygulanmasi
durumu i¢in de degerlendirilmis sonuglar
karsilastirmali olarak verilmistir. Hold-out yonteminde

ve

Tablo 3. KNN algoritmasina ait performans metrikleri

veri seti %80’1 egitim %20’si test verisi olacak seklinde
bélinmiistiir. Calismada kullanilan MO algoritmalari,
gebelik saghigl

tespitine yonelik yapilan c¢alismalar
incelenerek sec¢ilmistir. Bu dogrultuda, K-en yakin komsu

literatiirde siirecinde anne risk

durumlarinin

(KNN), karar agac1 (KA), rasgele orman (RO) , gradyan
arttirma (GB), ekstrem gradyan arttirma (XGBoost) ve
destek (DVM)  algoritmalari
kullanilmistir. Phyton programinda yapilan analizlerin
sonuglar1 karmagiklik matrisiyle incelenerek, modellerin
performanslarin1  karsilastirmak karmasiklik
matrisi ile hesaplanan dogruluk, duyarhlik, 6zgiilliik ve F-
skoru degerleri birlikte sunulmustur. Bu baglamda
calismada ilk olarak KNN algoritmasina ait performans
metrikleri elde edilerek, Tablo 3’ de verilmistir.

Tablo 3 incelendiginde; SMOTE uygulanmayan veri
setinde en yiiksek dogruluk oran1 %92 ile “yiiksek risk”
seviyesinde, en diisiik dogruluk orani ise %70 ile “orta
risk” seviyesinde elde edilmistir. Veri setine SMOTE
uygulanmasi durumunda da benzer sekilde en yiiksek

vektor  makineleri

adina

(%93) ve en diisiik (%72) dogruluk oranlari sirasiyla
“yiiksek risk” ve “orta risk” seviyelerinde elde edilmistir.
Elde edilen sonuglar igerisinden en yiiksek siniflandirma
oraninin elde edildigi yani hold-out yonteminin SMOTE
ile birlikte uygulanmasi durumu i¢in KNN algoritmasina
ait karisiklik matrisi Sekil 4’de verilmistir.

Risk Sinifi
(%) Diisiik Orta Yiiksek
ACC 73 70 92
Prec 89 38 79
Hold-out Recall 61 69 84
F1-skor 72 49 81
ACC 80 78 93
Hold-out & SMOTE Prec 77 72 78
Recall 70 66 98
F1-skor 73 69 87

Diisuk risk

Orta risk

Gergek Sinif

Yuksek risk

Dusuk risk

Sekil 4. KNN algoritmasina ait karmasiklik matrisi.

Orta risk
Tahmini Sinif

Yuksek risk
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Sekil 4'de verilen KNN algoritmasina ait karisiklik matrisi
incelendiginde, test verilerinin siiflandirilmasinda
%75.41'lik bir dogruluk orani elde edilmistir. Yani KNN
algoritmasiyla 244 adet test verisinin 184’ dogru 60
tanesi yanlis smiflandirilmis  olup, en yiiksek
siniflandirma bagarimi “yiiksek risk” simifi icin elde
edilmistir. Tablo 4’de KA algoritmasina ait performans
metrikleri verilmistir.

Tablo 4’de sunulan KA algoritmasina ait performans
metriklerine gore; SMOTE uygulanmayan veri seti icin en
yiiksek siniflandirma basarim orani %93 ile “ytiksek risk”
seviyesinde, en diisiik siniflandirma basarim orani ise
%67 ile “orta risk” seviyesinde tespit edilmistir. Veri
SMOTE uygulandiginda yliksek
siniflandirma basarimina %93'lik bir oranla “yiiksek
risk” seviyesinde, en diisiik siniflandirma basarimina da
%70'lik bir oranla “diisiik risk” seviyesinde ulasilmistir.
Her iki icin de en yiiksek
basarimlarinin esit oldugu ve bunlarin “yiiksek risk”
seviyesinde elde edildigi tespit edilmistir.
dayanarak Sekil 5’de her iki durum i¢in ayr1 ayr1 KA
algoritmasina ait karmasiklik matrisleri verilmistir.

setine ise; en

durum siiflandirma

Buna

Tablo 4. KA algoritmasina ait performans metrikleri

Sekil 5’den de acikea gortldiigi iizere, veri setine SMOTE
uygulanmadiginda 244 tane test verisinin 173’0 dogru
71'i yanhs smiflandirilirken; SMOTE uygulanmasini
durumda ise 165 tanesi dogru ve 79 tanesi yanlis
simiflandirilmistir. Veri setine SMOTE uygulanmamasi
durumunda %71'lik, SMOTE uygulanmasi durumunda ise
%68lik  bir En
siniflandirma basarimlari her iki durum iginde “yiiksek
risk” sinifinda edilmistir. Tablo 5’'de DVM algoritmasina
ait performans metrikleri verilmistir.

DVM algoritmasina performans
metrikleri  incelendiginde, SMOTE
uygulanmamasi halinde en yiiksek dogruluk orani %92
ile “yiiksek risk” seviyesinde, en diisiik dogruluk orani ise
%67 ile “orta risk” seviyesinde elde edilmistir. Veri setine
SMOTE uygulanmas1 durumunda ise en yiiksek dogruluk
degeri %93 ile “yiiksek risk” seviyesinde iken, en diisiik
dogruluk orani1 %73 ile “diisiik risk” seviyesindedir. En
ylksek siniflandirma oraninin elde edildigi durum (yani
hold-out yonteminin SMOTE ile birlikte uygulanmasi

bagsarima  ulagilmistir. ytuksek

ait  smiflandirma

veri setine

durumu) icin algoritmaya ait karisiklik matrisi Sekil 6’da
verilmistir.

Risk Sinifi
(%) Diisiik Orta Yiiksek
ACC 70 67 93
. Prec 50 70 83
Hold-out Recall 67 55 85
F1-skor 67 55 85
ACC 70 72 93
Prec 99,4 23 79
Hold-out & SMOTE
Recall 54 76 98
F1-skor 70 36 88
Duslk risk 1
g
n
%  Ortarisk 61 19 1
O
©
O]
Yiksek risk 1 5
Dusuk risk Orta risk Yuksek risk
Tahmini Sinif

Sekil 5. KA ait karmasiklik matrisi (a) Hold-Out, (b) Hold-out+SMOTE.

BSJ Eng Sci / Irem SENYER YAPICI ve Rukiye UZUN ARSLAN

515



Black Sea Journal of Engineering and Science

Tablo 5. DVM algoritmasina ait performans metrikleri

Risk Sinifi
(%) Distik Orta Yiiksek
ACC 68 67 92
Prec 95 21 79
Hold-out Recall 55 70 86
F1-skor 70 32 82
ACC 73 74 93
Prec 64 68 78
Hold-out & SMOTE
Recall 62 59 98
F1-skor 63 63 87

Dusuk risk

Orta risk

Gergek Sinif

Yuksek risk

Dusuk risk

Orta risk

Yuksek risk

Tahmini Sinif

Sekil 6. DVM algoritmasina ait karmasiklik matrisi.

Sekil 6'de gosterilen DVM algoritmasina ait karisiklik
matrisi incelendiginde test verilerinin
%70’lik  dogruluk elde
edilmistir. Yani DVM algoritmasiyla 244 tane test verinin
170’1 dogru, 74’i yanhs tahmin edilmis olup, en yiiksek

siiflandirilmasinda orani

siniflandirma bagarimi “yiiksek risk” smifi icin elde
edilmistir. Tablo 6’da RO algoritmasina ait performans
metrikleri sunulmustur.

RO algoritmasina ait siniflandirma performans metrikleri
incelendiginde, setine SMOTE uygulanmamasi
halinde en yiiksek dogruluk orani %93 ile “yiiksek risk”

veri

seviyesinde, en disiik dogruluk orani ise %83 ile “orta
risk” seviyesinde elde edilmistir. Veri setine SMOTE
uygulanmasi durumunda ise en yiliksek dogruluk degeri
%95 ile “yiiksek risk” seviyesinde iken, en diisiik
dogruluk oram1 %87 ile “diisiik risk” ve “orta risk”
seviyelerindedir. Analizlerde en yiiksek siniflandirma
oraninin elde edildigi durum (yani hold-out+SMOTE
durumu) i¢in RO algoritmasina ait karisiklik matrisi Sekil
7’de verilmistir.

Sekil 7'de verilen karisiklik matrisi incelendiginde; RO
algoritmasiyla test
%85’lik bir siiflandirma bagarimi elde edilmistir. Yani
test icin ayrilan 244 verinin 207’si dogru tahmin

verilerinin  siniflandirilmasinda

edilirken, 37’si yanhs tahmin edilmistir. En ytksek
siniflandirma  basarimina “yiiksek risk” sinifinda
ulasilmistir. Tablo 7’de GB algoritmasina ait performans
metrikleri sunulmustur.

Tablo 7’de sunulan GB algoritmasina ait siniflandirma
performans metrikleri incelendiginde, veri setine SMOTE
uygulanmamasi halinde en yiiksek dogruluk orani %93
ile “ytiksek risk” seviyesinde, en diisiik dogruluk orani ise
%78 ile “orta risk” seviyesinde oldugu goriilmektedir.
Veri setine SMOTE uygulanmasi durumunda en yiiksek
dogruluk degeri %95 ile “yiiksek risk” seviyesinde, en
distik dogruluk degeri ise %82 ile “diisiik risk” ve “orta
risk” seviyelerindedir. En yiiksek siniflandirma oraninin
elde edildigi durum (yani hold-out+SMOTE durumu) i¢in
algoritmaya ait karisiklik matrisi Sekil 8’de verilmistir.
Sekil 8'deki GB algoritmasina ait karisiklik matrisi
incelendiginde, test verilerinin simiflandirilmasinda
%79’luk bir dogruluk orani elde edilmistir. Yani GB
algoritmasiyla 244 tane test verisinin 193'li dogru, 51'i
yanlis smiflandirilmis olup, en yiiksek smiflandirma
bagarimi “yiiksek risk” sinifi i¢in elde edilmistir.
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Tablo 6. RO algoritmasina ait performans metrikleri

Risk Sinifi
(%) Distik Orta Yiiksek
ACC 85 83 93
Prec 85 76 79
Hold-out Recall 78 78 88
F1-skor 81 77 83
ACC 87 87 95
Prec 86 81 87
Hold-out & SMOTE
Recall 80 80 99
F1-skor 83 80 92

Duasuk risk

=
=
n
< Orta risk
IS
o)
O]
Yuksek risk

Dusuk risk Orta risk YUksek risk
Tahmini Sinif

Sekil 7. RO algoritmasina ait karmasiklik matrisi.

Tablo 7. GB algoritmasina ait performans metrikleri

Risk Sinifi
(%) Diigiik Orta Yiiksek
ACC 80 78 93
Hold-out Prec 75 72 81
Recall 74 70 88
F1-skor 75 71 84
ACC 82 82 95
Prec 75 77 87
Hold-out & SMOTE
Recall 75 70 96
F1-skor 75 73 91
Tablo 8. XGB algoritmasina ait performans metrikleri
Risk Sinifi
(%) Diigiik Orta Yiiksek
ACC 88 85 95
Hold-out Prec 86 79 87
Recall 83 81 89
F1-skor 85 80 88
ACC 89 88 97
Hold-out & SMOTE Prec 85 85 1
Recall 84 80 99
F1-skor 84 83 95

BSJ] Eng Sci / irem SENYER YAPICI ve Rukiye UZUN ARSLAN 517



Black Sea Journal of Engineering and Science

Dusuk risk

Orta risk

Gercek Sinif

Yiuksek risk

Dusuk risk

Orta risk

Yuksek risk

Tahmini Sinif

Sekil 8. GB algoritmasina ait karmagiklik matrisi.

Dusuk risk

Orta risk

Gergek Sinif

Yuksek risk

Dustk risk

Orta risk

Yiksek risk

Tahmini Sinif

Sekil 9. XGB algoritmasina ait karmasiklik matrisi.

XGB algoritmasina ait performans metrikleri Tablo 8'de
verilmistir. Tablodan da acik¢a gorildigi tlizere, veri
setine  SMOTE uygulanmamasi halinde en yiiksek
dogruluk oram %95 ile “yiiksek risk” seviyelerinde, en
diisiik dogruluk orani ise %85 ile “orta risk” seviyesinde
elde edilmistir. Veri setine SMOTE uygulanmasi
durumunda ise en yiikksek dogruluk degeri %97 ile
“yiiksek risk” seviyelerinde iken, en diisiik dogruluk
degeri %88 ile “orta risk” seviyesindedir. Analizler
sonucunda en yiiksek siniflandirma oraninin elde edildigi
durum (yani hold-out+SMOTE) i¢in algoritmaya ait
karisiklik matrisi Sekil 9’da verilmistir.

Sekil 9'deki XGB algoritmasina ait karisiklik matrisi
incelendiginde test siniflandirilmasinda
%87’lik  dogruluk edilmistir.  XGB
algoritmasiyla test icin ayrilan 244 verinin 212’si dogru,

32’si yanhs tahmin edilmistir. En yiiksek siniflandirma

verilerinin
oran1  elde

basarimi “yiiksek risk” sinifi icin elde edilmistir.

Elde edilen bulgulara dayanarak genel anlamda gebelik
slirecinde anne saghig: risk tahminde SMOTE 6rnekleme
tekniginin kullanimi énerilen modelin basarimini 6nemli
olclide arttigl belirlenmistir. Bu baglamda anne saghgi
risk veri setinden elde edilen t¢ farkll kosulun (disiik,
orta ve yiiksek) siniflandirma siirecinde, kullanilan MO
algoritmalar1 arasindan en yiiksek basarim %87 ile XGB
algoritmasiyla elde edilmistir. Bu simiflandirma
basarimini sirasiyla %85 ile RO, %79 ile GB, %75 ile
KNN, %70 ile DVM ve %68 ile KA siniflandiricisi takip
etmistir. Bununla birlikte dnerilen modelde risk gruplari
arasinda en yiiksek siniflandirma basarimi her bir
algoritma icin yiiksek risk sinifinda elde edilmistir. Bu
baglamda, elde edilen yiiksek risk grubuna ait
siniflandirma bagarimlar:t kNN, KA ve DVM algoritmalar1
icin %93 iken, RO ve GB algoritmalari iginse %95 olarak
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hesaplanmistir. Bu gruba ait en yiiksek basari oram ise
%97 ile XGB algoritmasiyla elde edilmistir.

4. Sonu¢

Gebelik, anne ve bebegin saglig1 lizerinde dnemli etkilere
sahip olan karmasik bir siirectir. Anne adayinin gebelik
siirecinde karsilasabilecegi cesitli saglik riskleri, hem
anne hem de bebegin saghigl acisindan ciddi sonuglar
dogurabilmektedir. Bu nedenle, gebelik siirecindeki
risklerin erken asamada taninmasi ve etkili bir sekilde
yonetilmesi biiyiik 6nem tasimaktadir. Ancak, gebelik
sirasinda ortaya ¢ikabilecek potansiyel saglik risklerinin
erken asamada teshis edilmesi ve etkin bir sekilde
yonetilmesi, bircok saglik sistemi i¢in hala bir zorluktur.
Bu baglamda son yillarda, gebelik siirecinde uzman
hekimlerin karar alma siirecine yardimci olmak igin
bilgisayar destek
gelistirilmesine verilen o©6nem giderek artmaktadir.
Gebelik ortaya c¢ikabilecek cesitli risk
faktorlerini degerlendirmek ve siniflandirmak, uzman
hekimlerin erken miidahalelerde bulunmasini saglayarak

tabanh karar sistemlerinin

sirasinda

olas1 komplikasyonlari en aza indirebilir.

Bu c¢alismada, gebelik silirecinde anne saghgi risk
seviyelerinin siniflandirilmasinda farkli MO
algoritmalarinin bagarimlari analiz edilmistir. Bunun i¢in
K-NN, G-NB, KA, RO, LR, XGBoost ve GB algoritmalari
kullanilmistir.  Algoritmalarinin basarimlar1 hold-out
performans degerlendirme kriterine gore elde edilmistir.
Yani sira MO algoritmalarimin bagarimi ayni performans
degerlendirme  kriterine  gore  veri  setindeki
dengesizlikler SMOTE o6rnekleme teknigiyle giderilmesi
durumu i¢in de incelenmistir. Bununla birlikte ¢alismada
Chi-kare testi SelectBest 0Ozellik secim yontemlerine
dayanarak gebelik siirecinde anne sagligi lizerinde en
etkili (anlaml1) 6zelliklerin yas, sistolik kan basinci ve
diyastolik kan basinc oldugu tespit edilmistir. Bu
ozelliklere dayali onerilen modelin basarimi, tim
ozelliklerin kullanildig1 durumla karsilastirildiginda daha
ylksek bulunmustur. Elde edilen bulgular 1s181nda hem
ozellik seciminin hem de SMOTE tekniginin gebelik
slirecinde anne saghig risk seviyesinin (6zellikle yiiksek
risk grubunun)
performanslarini

tahmininde siniflandiricilarin
Olgiide arttirdigl  tespit
edilmistir. Literatiirde ayni veri setini kullanilarak daha
ylksek basarimlarin elde edildigi calismalar mevcuttur.

onemli

Bunun temel nedeni egitim ve test verilerinin
boéliinmesindeki ayrimlarin yani sira, simniflandirici
performans degerlendirme yontemlerindeki

farklilarindan kaynaklanmaktadir.

Ancak, bu ¢alismanin bazi sinirlamalar1 bulunmaktadir.
Ornegin, veri setimizdeki eksiklikler ve kisitlamalar,
makine O0grenmesi algoritmalarinin
genellestirilebilirligini etkileyebilmektedir. Bu baglamda
gelecekte daha genis ve cesitli veri setleri kullanilarak,
modelin performansini arttirmaya yonelik calismalarin
yapilmasi planlanmaktadir. Bununla birlikte, daha
karmasik MO tekniklerinin yani sira, modelin klinik
uygulamalarda  kullanilabilirligini artirmak  igin

anlasilabilirlik
arastirilacaktir.

acisindan daha seffaf yaklasimlar

Katki Oran1 Beyani
Yazar(lar)in katki yilizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistur.

is.y. RUA.

K 50 50
T 50 50
Y 30 70
VTI 60 40
VAY 60 40
KT 60 40
YZ 50 50
KI 50 50
GR 100

PY 40 60

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi.

Catisma Beyani
Yazarlar bu c¢alismada hig¢bir ¢ikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyam
Bu arastirmada hayvanlar ve insanlar tizerinde herhangi
bir ¢alisma etik  kurul onayl

alinmamistir.

yapilmadigl igin
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Abstract: Antibiotics are widely utilized for a variety of medical conditions. Antibiotic residues in wastewater are dangerous to all
living beings. Antibiotics remain in the wastewater environment when general treatment plant technologies are employed. The
literature has numerous techniques for getting rid of antibiotics. Compared to other techniques for removing contaminants in the
solution environment, the adsorption method is preferred due to its benefits, such as ease of use, high efficiency, and low cost. The
study investigated using the green walnut shell (GWS), a natural sorbent, as an adsorbent to discharge roxithromycin (ROX) antibiotics
from the solution medium. Adsorption conditions were studied in batch and continuous systems. pH, adsorbent amount, interaction
time, sorbate concentration, and salt effect parameters were investigated in the batch system. The data obtained were calculated with
kinetic and isotherm models. The adsorption process has been based on the so-called pseudo-second-order kinetic model. GWS was
characterized using SEM and FTIR techniques. The amount of absorbent, flow rate, and breakdown in the continuous system were
explored. In the batch system, the adsorption equilibrium was set up at the solution's original pH with 0.1 g of adsorbent in 40 minutes,
and 79% ROX removal was achieved. The optimum flow rate and adsorbent amount in the continuous system were determined as 0.1

mL/min and 0.3 g, respectively.
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1. Introduction

Antimicrobial treatment studies started in the late 19th
century. Since the first day of its production, antibiotics
have attracted a lot of attention all over the World (Li et
al,, 2019). Antibiotics are widely used in a wide variety of
treatment modalities in humans and animals. Antibiotics
are excreted through the feces and urine; 50-80% of
them are not metabolized after being taken into the body
(Yang et al, 2016). Therefore, antibiotics pollute the
environment by mixing into municipal wastewaters in
unchanged form or using animal fertilizers as fertilizers.
Contamination of wastewater with antibiotics poses a
problem and poses a significant risk for all living things
(Bai etal, 2015; Yin et al., 2016).

Recently, increased medication and especially antibiotic
consumption has been a concern for both environmental
protection and human health (Sharma et al., 2019). Since
antibiotics cannot be removed with conventional aerobic
sludge systems, the treatment plant is located in the
outlet waters and receiving environments. Therefore,
permanent concentrations of therapeutic antibiotics exist
in the environment. High antibiotic concentration in the
ecosystem creates toxicity for organisms and disrupts
ecological balance (Topal et al,, 2013).

Antibiotics contained in waste from animals or humans
can be mixed into the environment through municipal
wastewater treatment or land irrigation with recycled
water. Similarly, animal and poultry manure may contain
antibiotics that remain mostly unchanged. Antibiotics in
these fertilizers have the potential to switch to the
adjacent surfaces of the application point and application
point to agricultural lands or to shallow groundwater
(Topp et al,, 2016). In these ways, antibiotics can reach
the surface and groundwater (Rivera-Utrilla et al., 2013).
Macrolide group broad-spectrum
synthetic antibiotics that are widely used in medicine to

antibiotics are

treat humans and animals. Macrolide antibiotics have low
water solubility. These reasons are found in low
concentrations in the aqueous solution medium (Yang
and Carlson, 2004). Roxithromycin (ROX), one of the
macrolide antibiotics, is widely used in treatments and is
produced in large quantities. It also has a long half-life.
Considering all these reasons, their concentration in
wastewater sources is significant, and treatment should
be provided (Liu, 2018).

Various methods such as chemical precipitation,
ultrafiltration, reverse osmosis, ion exchange, adsorption,

solvent extraction and biological processes are applied to
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remove pollutants in water (Mahmoud et al, 2012;
Mitrogiannis et al,, 2015). Since many of these methods
have disadvantages, such as high investment, operating
cost, high energy consumption, complex process steps
and ineffectiveness, more economical methods should be
designed to remove pollutants from water (Salazar-
Rabago et al, 2017; Tunali Akar et al.,, 2021). Among the
methods used for treatment processes, adsorption has
recently been preferred because of its high removal
efficiency and usefulness compared to other methods. In
addition, with the adsorption method, it is possible to use
adsorbents, which are abundant and waste in nature
(Zafarani et al., 2015; Tunali Akar et al., 2021).

A limited number of studies were found in the literature
review on the discharge of ROX from the wastewater
environment by adsorption method. In a study in which
lake sediments were used as adsorbents, the adsorption
efficiency with ROX of samples taken from 12 different
lake regions was investigated (Huang et al, 2020).
According to the results obtained, the adsorption
efficiency was found to be low in the removal of ROX
from the solution medium. In another study encountered
in the literature, porous
nanosheets were used as an adsorbent in the removal of
ROX. Two types of porous boron-nitride-carbon
nanoplates (BCN and MBCN) with different pore
distributions were synthesized, and their adsorption
efficiencies were compared. The maximum adsorption
capacity for ROX was 575.78 mg/g (Wang et al., 2020).

In this work, the removal of ROX, which is one of the
macrolide group antibiotics, from the adsorption method
from the wastewater environment, was investigated. For
this purpose, Green walnut shell (GWS), an agricultural
waste, was determined as an adsorbent. Adsorption

boron-nitride-carbon

studies were applied in batch and column systems. In the
batch system; solution pH, adsorbent amount, interaction
time, concentration, and adsorption-
desorption cycle tests were performed. Flow rate,
adsorbent amount, and breaking point were investigated

adsorbate

in the column system.

GWS is waste biomass that is abundant in nature and is
not used in any process. Due to these properties, it is very
economical to use in the adsorption process. In addition,
according to the results obtained, high adsorption
efficiency was obtained in the discharge of ROX from
aqueous solutions with a short contact time and low
adsorbent amount. According to all these results, we can
say that it is a highly efficient and low-cost adsorbent in
removing ROX with GWS.

2. Materials and Methods

2.1. Preparation of GWS

The green walnut shells used were taken from
Bafra/Samsun/Tiirkiye province. The GWS was rinsed
with distilled water to remove impurities and then oven-
dried at 50 °C. Then, GWS was ground with a laboratory
grinder and sieved to obtain a particle size of 150 um
(Zafarani et al,, 2015).

2.2. Preparation of Roxithromycin Solution

ROX (Figurel) was purchased from Sigma-Aldrich and
prepared by dissolving a 100 mg/L stock solution in
methanol. The stock solution was stored at + 4 °C in a
refrigerator. To be used in the adsorption study, 4 mg/L
of ROX solutions were prepared.

0 0
NN ‘\kx/\“\”cmA

H;C l“\‘\f_' H,

HO OH

HyC 1;C
3 -"m.,, "‘"”L'”; \N""'-CH‘
O,
CH A CH,4
e,
o ) OCH,
cll
CHj; 3
O OH
CH;

Figure 1. Molecule structure of ROX.

2.3. Instrumentation

Shimadzu model HPLC was used for the quantitative
analysis of Roxithromycin. The system includes a system
control unit (CBM 20A), pump (LC 20 AD), detector
(SPDM 20A Photodiode Array), column oven (CTO 20
AC), and degassing unit (DGU 20 A). In the study, an
Intertsil® ODS-4V (5um, 4.60 x 250 mm) column was
selected, and the temperature of the column was
adjusted to 35 °C. The wavelength in the detector was
chosen as 210 nm.

Human Corp. Zeneer Power I brand device was used for
the ultrapure water required during the preparation of
the solutions. Adsorption studies were carried out with
Ismatec (Wertheim, Germany) brand peristaltic pump,
WiseClean brand ultrasonicator, Memmert UN110 model
oven, Retsch MM 400 model grinder, Hettich Rotofix 32 A
model centrifuge, and Bio RS-24 model rotator.

The surface morphology of GWS was examined using Carl
Zeiss AG - EVO® 50 Series, Germany brand SEM. With the
help of double-sided carbon tape, GWS was placed on the
SEM sample holder surface. It was then coated with a
thin layer of gold under a vacuum and examined for
surface morphology. The chemical structure analysis of
GWS was performed using an FTIR spectrometer
(Thermo Nicolet iS10 FTIR Spectrometer, USA).

2.4. Chromatographic Conditions

The mobile phase was prepared as a 40-60% (v/v)
acetonitrile-water mixture (20 mM ortho-phosphoric
acid), and the pH of the mobile phase was adjusted to pH
2.8 with 1 M NaOH solution (Prats et al., 2002; Zhang et
al, 2019). The mobile phase's flow rate in the HPLC
system was 1 mL/min, and the column temperature was
set at 35 °C. The mobile phase was prepared daily and
degassed by an ultrasonicator before each use. The
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injection volume was determined as 20 pL.

2.5. Adsorption Experiments

Adsorption conditions in batch and column systems were
studied. In the batch system, 10 mL antibiotic solutions
and GWS absorbents were mixed with Bio RS-24 model
rotator in the falcon tube. The pH of the ROX solutions
was adapted with 0.1 M NaOH and 0.1 M HCI solutions.
The kinetic studies were performed using 6 mg/L ROX
solution at 25 °C. To determine the batch system
conditions in the adsorption of GWS and ROX the effects
of pH adsorbent amount, interruption time, adsorbate
concentration ad, salt effect. In the continuous (column)
system, flow rate, adsorbent amount, and breaking point
were determined. Continuous system adsorption studies
were prepared by filling GWS between two glass cotton
in 5 mL injectors. The amount of biosorbent filled in the
column was 0.30 g. The solution flow direction was
adjusted from bottom to top. ROX solutions at a
concentration of 6 mg/L and a volume of 10 mL were
passed through the column at the adjusted flow rate
through the prepared column system. ROX solutions
were passed through the column designed with the flow
direction upwards with a peristaltic pump (Akar et al,,
2009).

The adsorption performance (q) of the adsorbent is
expressed as the amount of antibiotic adsorbed (mg) per
unit mass (g) of the GWS. q is calculated with Equation1.
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here, g= adsorption capacity (mg/g), Co= concentration of
antibiotic ion (mg/L), Ce= concentration of antibiotic ions
remaining in the equilibrium solution (mg/L), m=
adsorbent dose (m), and V= solution volume (L).

3. Results and Discussion

3.1. Characterization of GWS

FT-IR spectra of the GWS before and after adsorption
were taken to determine the functional groups of GWS.
Figure 2 and Figure 3 show the spectra of GWS before
and after adsorption, respectively. It belongs to the peak
O-H stretch vibration observed at 3335 cm! in both
spectra. The peak at 2916 cm-1 and 2850 cm-1 is for the
aliphatic C-H stretching, which shows that CH2 and or
CHs group may involve in ROX adsorption as peak shifts
to 2920 cm-1. In addition, the increase in peak intensity at
2850 cm'! may indicate the presence of adsorption. The
peak at 1236 cm! is for C-O stretching, which suggests
the ester group's presence and shifts to 1234 cm-! after
adsorption. A sharp peak at 1027 cm-!, showing the
glycosidic link between cellulose and glucose, belongs to
the glycosidic C-H deformation with ring vibration and
OH bending (Banerjee et al., 2018).
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Figure 2. FTIR spectrum of GWS before adsorption.
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The surface morphology of GWS (Figure 4 a and b) was
detected using SEM techniques. When the figures were
examined, it was seen that there were rough and porous
areas on the surface of KWH to which ROX molecules
could bind. After ROX adsorption on GWS, it was seen
that the binding sites were coated with ROX molecules.
The surface area (BET multipoint surface area - m2/g) of
the GWS is 10.82 m2/g.

W
X5, 686 | LS m
y’ /

Figure 4. SEM pictogram of GWS a) before adsorption
(scale bar-5 pm, X 5.000) b) after adsorption (scale bar-5
um, X 5.000).
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3.2. Batch System Studies

The effect of the pH of the ROX was analyzed. pH-
dependent variation of the adsorption efficiency was
investigated in the range of pH 2.5-3.5. The pH-
dependent change of the adsorption efficiency for the
ROX discharge by GWS was given in Figure 5. The figure
shows that the adsorption capacity increased to pH 5.5,
but there was no significant change at higher pH values.
The dose of GWS was explored at the optimum pH and in
the range 0.02-0.20 g (Figure 6). As the amount of GWS
increased, the adsorption efficiency increased. The
adsorption efficiency remained constant after 0.1 g of the
adsorbent amount. The optimum adsorbent amount was
determined as 0.1 g.

Interaction time is an important parameter that should
be examined in adsorption studies. Therefore, it was
studied at a time interval of 5-90 minutes and at room
temperature. As seen in Figure 7, the adsorption

efficiency increased until 40 minutes, and no change was
seen after this time point. The equilibrium time was
determined as 40 minutes, and subsequent studies
continued using this time point.
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Figure 5. Effect of initial pH.
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Figure 7. Effect of interaction time.

The effect of ionic strength (salt effect) on distillation
water by GWS was realized in the batch system under
optimum operating conditions determined by previous
studies. For this purpose, NaCl was added to the medium
at concentrations ranging from 0.01-0.15 M.ROX removal
decreased from 79.79% to 54.80% when the NaCl
concentration in the environment was increased from
0.01 to 0.1 M (Figure 8). According to these data, it is
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seen that ionic strength slightly decreases the adsorption
performance of GWS. Based on these data, it can be said
that the ion exchange mechanism may be slightly
effective in the adsorption of ROX dye to the GWS surface.
In other words, the ionic strength in the concentration
range studied did not dramatically affect the adsorption
performance of ROX. Considering the high salt content of
actual wastewater environments, this is an advantage.
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Figure 8. Salt effect.

3.3. Kinetic Parameters

Experimental data obtained from the interaction time
study were evaluated using 3 kinetic models. The
equation was first assessed with the first-order kinetic
model equation (Equation 2) (Lagergren, 1898).

In(qe — q¢) = Inqe — kyt (2)

here; ge= amount of substance adsorbed in equilibrium
(mg g1), qt= adsorption capacity at time t (mg/g), t= time
(min.), k1= pseudo-first-order rate constant (1/min).

The data obtained from the experimental study were
applied to the so-called first-order kinetic model, and the
results were presented in Table 1. The value of r2 was
found to be 0.780. It was seen that the change in this
result was not linear. Also, it was determined that the ge
values calculated using the cut-off points were not within
acceptable limits. These data showed that the adsorption
process did not occur with a so-called first-order
reaction.

Table 1. Kinetic parameters

The pseudo-second-order kinetic model equation (Ho
and McKay, 1999) is expressed by Equation 3.
1 1 1

—= +—t 3
qc k297 Qe 3)

here; gqe= amount of substance adsorbed in equilibrium
(mg g1), qt= adsorption capacity at time t (mg/g), t= time
(min.), k2= pseudo-second-order rate constant (g/mg
min).

In the graph of t vs t / qt, according to Equation 3, the
slope is 1 / ge, and the ordinate axis cut-off point is
1/k2qe2. The pseudo-second-order kinetic model plot is
given in Fig.9. When the data in Figure 9 and Table 2 (r2 =
0.991) were examined, linearity was observed. Also, the
ge value calculated from the kinetic model was in
agreement with the experimental data.

120

100

60

g, (min. g mg™")

t (min.)

Figure 9. Pseudo-second-order model graphics.

The intraparticle diffusion model proposed by Weber and
Morris (Weber and Morris, 1963) is expressed by
Equation 4. The r2 value of the intraparticle diffusion
model was calculated as 0.881. When all results were
evaluated, it was seen that chemical adsorption was
effective.

qe= kpt/2+C 4)

here; q+= adsorption capacity at time t (mg/g), t= time
(min.),kp= Intraparticuler diffusion rate constant (mg/g
min), and C= constant value.

Pseudo-first-order

Pseudo-second-order

Intraparticle diffusion

ge (mg g 1) 0.205 ge (mg g1) 0.423 C(mgg1) 0.295

ki (min-1) 7.9x 102 kz (g mg! mint) 0.346 Kp (mg g-1.min-1/2) 1.44 x10-2

r2 0.780 r2 0.991 r2 0.881

Table 2. [sotherm parameters

Langmuir Freundlich D-R

(max (mol g-l) 9.206 x10-7 n 3.23 (max (mOl g-l) 3.786 x10-6

Qmax (Mg g'1) 0.443 3 (mol? kJ-2) 2.65x10°
Kr (L g? 2.247 x105

Ki (L mol) 3.62x105 Flegh) X E (k] mol!) 1.337 x10¢

r2 0.987 r2 0.768 r2 0.810
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3.4. Isotherm Parameters

The equation showing the relation of the amount of a
substance bound to the adsorbent surface at a constant
temperature with its concentration in solution is called
the adsorption isotherm. In this study, the initial
adsorbate experiment data
investigated with 3 different isotherm models.
The Langmuir adsorption isotherm refers to single-layer

concentration were

homogeneous adsorption. Each molecule has a fixed
enthalpy and absorption energy. Langmuir adsorption
isotherm is given in Equation 5 (Langmuir, 1916).

1 1 1 1

i (R P 5
de Amax dmax KL) Ce (>)

Figure 10 shows the Langmuir isotherm plot of the ROX
molecule adsorbed on the GWS adsorbent. When the
isotherm data given in Table 2 were examined, the r2
value of this isotherm was 0,987. Also, the theoretically
calculated gmax value was 0.443 mg g1, and it was similar
to the experimentally obtained q value. When all results
were evaluated, it was seen that the adsorption data fit
the Langmuir isotherm model.

5e+6

4e+6 4

1/g, (gmg")

2e+6

1e+6 -

00 20e+5 40e+5 60et5 80e+5 1006 12e+6 14e+6

1/C_(Lmol™)

Figure 10. Langmuir isotherm model graphics.

Freundlich isotherm model explains multi-layer,
irregularly distributed adsorption on a heterogeneous
surface (Freundlich, 1906). The adsorbed amount is the
sum of the adsorption in all regions, and when the
adsorption is completed, the adsorption energy
decreases exponentially (Roginsky and Zeldovich, 1934).

This isotherm model is expressed by Equation 6.
1
Inqe = InKp + o InC, (6)

The D-R adsorption isotherm is an isotherm model
developed by Dubinin (Misra, 1969) for the
interpretation of the adsorption equilibrium of organic
compounds in the gas phase in mostly porous solids.
However, it has also been applied for adsorption from the
solution phase in many studies. In this isotherm model, it
gives information about the binding pattern for the
adsorption mechanism.

Isotherm was given in Equation 7:

Ing, = Ingy, — B €2 (7

here: ge= Amount of substance adsorbed on unit
adsorbent at equilibrium (mol/g), gqmax= Maximum
adsorption capacity (mol/g), Ce= The molarity of the
substance remaining in solution at equilibrium (mol/L),
K= Langmuir isotherm constant (L/mol), Kr=
Freundlich isotherm constant (L/g), n= Freundlich
isotherm constant (unitless), €= Polanyi potential, and =
Constant related to the mean free energy of adsorption
per 1 mole of adsorbate (mol2/J2).

The r2 values of Freundlich and D-R isotherm equations
(Table 2) were calculated as 0.768 and 0.810,
respectively. The order of suitability for the isotherm
models was obtained in Langmuir/ D-R / Freundlich. It
was seen from these data that ROX adsorption on GWS
was realized in a single layer.

3.5. Column Adsorption Studies

Continuous system adsorption studies were carried out
with GWS filled between two glass cotton in 2.5 ml
injectors. The solution inlet was adjusted to the bottom of
the column and was studied with ROX solution at a
volume of 10 mL and a concentration of 6 mg/L.

The sorbate solution's flow rate is a necessary parameter
affecting the adsorption performance in continuous
system adsorption studies. For this purpose, 5 different
flow rates were investigated. It was observed that the
adsorption capacity decreased at speeds higher than 0.50
mg/min (Figure 11). The optimum flow rate was
determined to be 0.5 ml min.

90
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%Adsorption

50 A

40 , ; ; . . .
0,0 05 1,0 15 20 25 3.0 35

Flow rate (ml min™)

Figure 11. Effect of flow rate in a column system.

The amount of adsorbent filled in the column was
changed in the range of 0.025-0.4 g, and ROX adsorption
was investigated in the continuous system. The study
was carried out with 6 mg/L ROX solutions at a 0.5
mL/min flow rate. The data obtained were given in
Figure 12. As the GWS amount increased, the bed height
of the column increased, so the contact time with the ROX
solution increased, and thus the adsorption efficiency
increased. The adsorption yield is fixed after 0.30 g.

A breakthrough was determined in the continuous
system. Continuous monitoring of the output ROX ion
concentration is given in Figure 13. In this figure, a
characteristic S shape curve was observed, which is
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favourable for continuous mode sorption applications.
The breakthrough was determined around 20 minutes,
and almost 87% of the ROX has been removed by this
point. These results revealed that ROX adsorption with
GWS could be a potential alternative for continuous
system processing applications.

80

75 4 - »

70 +

65 A

60

%Adsorption

55 4

50 4

45 . ‘ ; ,
00 0,1 02 03 04 05

Adsorbent amount (g)

Figure 12. Effect of adsorbent dose in a column system.
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Figure 13. Breakthrough curve for ROX onto GWS.

4. Conclusion

In this study, the removal of green walnut shells, a
natural adsorbent, and roxithromycin, one of the
macrolide group antibiotics, by adsorption method was
investigated. For this purpose, in the batch system,
starting solution pH, amount of adsorbent, temperature,
time, initial antibiotic concentration, ionic strength;
solution flow rate, adsorbent amount, and breakthrough
parameters in the column system was examined. It was
observed that when the pH of the ROX solution changed
in the range of 5.5-9.5, it did not cause a significant
change in the adsorption efficiency. According to these
results, the optimum pH was determined as the original
pH (pH 6.26) of the ROX solution. It is very advantageous
not to adjust the pH in the removal of antibiotics from the
wastewater environment by the adsorption method. In
the batch system, the adsorption equilibrium was
established in the amount of 0.1 g adsorbent and in a
short time, like 40 minutes. Maximum adsorption
efficiency was obtained in the column system at a flow

rate of 0.5 mL/min and an amount of 0.3 g adsorbent. In
the batch system optimum conditions, 79% removal was
achieved, and 87% removal was completed in the column
system.

ROX adsorption by GWS was studied with pseudo-first-
order, pseudo-second-order, and intraparticle diffusion
models, and the data were found to fit the pseudo-
second-order kinetic model. Also, adsorption data were
examined with the Langmuir, Freundlich, and D-R
isotherm models, and the most suitable model was
determined as the Langmuir isotherm model. As a result,
the green walnut shell, which is abundant in our country,
has a natural adsorbent potential that is highly effective,
highly efficient, economical, and easily obtainable for
ROX removal from the wastewater environment.
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HANONU (KASTAMONU) GUNES ENERJISI SANTRALININ
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Ozet: Elektrik iiretimi icin kullanilan fosil yakitlarin ¢evreye olan olumsuz etkilerinden dolay1 son donemlerde yenilenebilir enerji
kaynaklarinin kullanininda hizla artis yasanmaktadir. 2015 yilinda Paris’te diizenlenen BM iklim Degisikligi Zirvesi’nde alinan en
onemli kararlardan biri olarak kiiresel 1sinmanin 2 °Cnin altinda tutulmasina yonelik bir eylem planinin uygulanmasi konusu
goriisiilmiis olup bu konuda tilkeler arasinda mutabakata varilmistir. Bu baglamda diinya genelinde yenilenebilir enerji liretiminde
kapsamli ¢alismalar yapilmaktadir. Ulkemizde Enerji ve Tabii Kaynaklar Bakanlig1 tarafindan yiiriitiilen calismalar neticesinde 2011
yilinda Enerji Piyasasi Diizenleme Kurulu (EPDK) tarafindan yayimlanan yonetmelik ile kii¢lik dl¢ekli iiretim tesislerinin lisans alma ve
sirket kurma yikimliliigii ortadan kaldirilmistir. Lisanssiz elektrik liretim yonetmeliginin uygulanmaya baslamasiyla birlikte
tilkemizde gilines enerjisinden fotovoltaik sistemler ile elektrik tiretimi hiz kazanmistir. Giines enerjisi santrallerinin kurulumundan
onceki tetkik ve fizibilite ¢alismalarinin yani sira simiilasyon programlarindan elde edilen detayl analiz raporlari sayesinde saghikli
veriler elde edilebilmektedir. Fotovoltaik sistem simiilasyonu iizerine PVsyst ve PV*SOL programlari detayl veri girisi olanag1 sunmasi
ve bu veriler iizerinden olumlu analizler yapabilmesi nedeniyle benzetim programlari arasinda 6n plana ¢ikmaktadir. Bu ¢alismada
Hanénti (Kastamonu) Belediyesine ait 2021 yilinda kurulumu yapilmis 276 kWp giiciinde fotovoltaik glines enerji santralinin PVsyst ve
PV*SOL programlar: kullanilarak simiilasyonlar1 olusturulmus ve performans analizleri gerceklestirilmistir. Tesisin isletmeye alindig:
tarihten itibaren trettigi elektrik enerjisi miktar1 benzetim sonuglari ile karsilastirilarak benzetim programlarinin dogruluklar: ve
performanslari degerlendirilmistir.

Anahtar kelimeler: Fotovoltaik, Glines enerjisi, Simiilasyon programlari, PVsyst, PV*SOL

Design of Handnii (Kastamonu) Solar Power Plant with Different Simulation Programs and Evaluation of
Electrical Energy Production Results

Abstract: Due to the negative environmental impacts of fossil fuels used for electricity generation, renewable energy sources have
increased rapidly in recent years. In 2015, the implementation of an action plan to keep global warming below 2 degrees Celsius, which
was one of the most important decisions taken at the UN Climate Change Summit held in Paris, was discussed and an agreement was
reached between countries on this issue. In this context, extensive studies have been carried out in renewable energy production
worldwide. As a result of the efforts carried out by the Ministry of Energy and Natural Resources in our country, the obligation to
obtain a license and establish a company for small-scale generation facilities was eliminated with the regulation published by the
Energy Market Regulatory Board in 2011. With the implementation of the unlicensed electricity generation regulation, electricity
generation from solar energy with photovoltaic systems has gained momentum in our country. Before installing solar power plants,
reliable data can be obtained through detailed analysis reports obtained from simulation programs as well as on-site surveys and
feasibility studies. PVsyst and PV*SOL programs on photovoltaic simulation stand out among simulation programs because they offer
detailed data entry and can perform positive analysis on the data. In this study, the performance analysis of the 276 kWp photovoltaic
solar power plant of Hanénili (Kastamonu) Municipality, which was installed in 2021, was simulated with PVsyst and PV*SOL
programs. The performance of the simulation programs was also evaluated by comparing the amount of electricity generated by the
plant since its commissioning with the simulation results.
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1. Giris devriminden sonra diinya genelinde yiikselen enerji
Enerji kaynaklar iilkeler agisindan ekonomide ve sosyal talebi; gelisen teknoloji, agir sanayi ve artan diinya
kalkinmada ¢ok 6nemli bir rol oynamaktadir. Sanayi niifusu sebebiyle ortaya ¢ikan enerji ihtiyaglarindan
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dolay1 her gecen giin daha da artmaktadir. Diinya
lizerinde ihtiya¢ duyulan enerjinin biiytik bir kismi fosil
(komiir, petrol ve dogal gaz)
(Aktacir ve Yesilata, 2011). Fosil
yakitlarin ¢evreye vermis oldugu zararlar ve tiikenen bir

kaynaklardan
saglanmaktadir

enerji tiirii olmasi sebebiyle kullanimi her gegen giin
azalmaktadir. Fosil yakitlarin kullaniminin azalmasi ile
ortaya ¢ikan enerji liretim agig1 temiz ve yenilenebilir
enerji kaynaklar1 ile kapatilmistir. Fosil kaynaklar
bakimindan fakir olan Avrupa Birligi tilkeleri ve Uzak
Dogu'nun sanayilesmis iilkeleri ile enerji tiiketimi ¢ok
yliksek olan Amerika Birlesik Devletleri yenilenebilir
enerji kaynaklarinin gelistirilmesinde ve
yayginlastirilmasinda 6nciiliik etmislerdir. Aralik 2015’te
Fransa’nin bagkenti Paris'te diizenlenen B.M. iklim
Degisikligi Zirvesi'nde kiiresel sicaklik artisinin 2 °C
altinda amaclanarak ilkelerin
stratejik calismalar 1s181nda gelistirici politikalar izlemesi
genel anlamda kabul edilmistir (UNFCCC Conference of

siirinin kalinmasi

Sekil 1. Tiirkiye gilines enerjisi potansiyeli haritasi.

the Parties (COP) (Bali, 2015). Bu ¢ergevede bircok iilke
yenilenebilir enerji alaninda iyilestirici
politikalar izlemeye baslamistir.

Tiirkiye yenilenebilir enerji kaynaklar1 agisindan zengin
bir cografyaya sahiptir. Diinya {izerinde bulundugu

ve yapicl

jeopolitik konumundan ve iilkenin cografik yapisindan
dolay1 Tiirkiye siirdiiriilebilir enerji tiirlerinden gilines
enerjisi ve riizgdr enerjisinde 6n plana g¢ikmaktadir.
Tiirkiye cografi olarak 36°-42° kuzey enlemleri ile 26°-
45° dogu boylamlar1 arasinda bulunmaktadir. Tiirkiye
Giines Enerjisi Potansiyeli Atlasindan (GEPA) yapilmis
olan calismalar neticesinde Tiirkiye'nin ortalama yilhk
toplam giineslenme siiresi 2.741 saat olarak elde edilmis,
ortalama yillik toplam 1s1n1m degeri ise 1.527,46 kWh/m?2
olarak degerlendirilmistir (ETKB - Bilgi Merkezi, 2023).
Sekil 1'de Tiirkiye’'nin giines enerjisi potansiyel haritasi
gosterilmistir. Sekil 2’de Tiirkiye'nin global radyasyon
verileri ve gilineslenme periyot siireleri gosterilmistir.
(GEPA - Glines Enerjisi Potansiyel Atlasi, 2023).
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Sekil 2. Tiirkiye global radyasyon verileri (KWh/m2*giin) ve giineslenme periyotlar (saat).
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Ulkemizde oldukga iyi seviyede bulunan giines enerjisi
potansiyelinin degerlendirilmesi i¢in Bakanlk diizeyinde
ylriitillen calismalar son yillarda giderek artmistir. Bu
kapsamda iilke genelinde 6zel sirketler, kamu kurumlari,

Belediyeler,  kiiciik-orta-bliyiikk  isletmeler  giines
enerjisinden elektrik uretimi konusunda
bilinclendirilerek  maddi  destek  (kredi, hibe)
saglanmistir. Ayrica glines enerjisinden elektrik

tretiminin kiiciik 6lcekte bile olsa yararlanilabilmesi
amaciyla 2013 yilinda “Yenilenebilir Enerji Kaynaklari
Kanunu” kapsaminda “Elektrik Piyasasinda Lisanssiz
Elektrik Uretimine iliskin Yonetmelik” yiirirliige
girmistir. Bu yonetmelik ile glines enerjisinden elektrik
lireten santrallerin sayisi hizla artmistir.

Haziran 2022 sonunda, giines enerji sistemlerine bagh
elektrik kurulu giiciimiiz 8,479 MW'tir ve toplam kurulu
giiclin %8,35'ini olusturmaktadir. Sekil 3’te yillara gére
kurulu gii¢ degerleri ve toplam kurulu giiclin yiizdesel
karsihiklar1 gésterilmistir. (EIGM - Enerji Isleri Genel
Midurligi, 2023).

Diinyada  gilines  enerjisinden  elektrik
gerceklestirebilmek icin fotovoltaik
gelistirilmistir. Glines panelleri, Fotovoltaik sistemlerin
merkezi olmasina ragmen, ¢alisma diizeni igerisinde
baska bilesenlere de ihtiya¢ duyulmaktadir. Fotovoltaik

uretimi
sistemler

Fotovoltaik sistemler elektrik sebekesine bagl olup
olmamasina veya bagimsiz bir sistem olarak tasarlanip
tasarlanmamasina bagh farkhiliklar
gostermektedir. Fotovoltaik sistemlerin baslica temel
bilesenleri ve gorevleri asagida verilmistir.

olarak

e Fotovoltaik sistemlerde PV modiillerini sabitlemek
ve glinesi dogru yonlendirmek amaciyla montaj
yapilar1 kullanilmaktadir.

e Enerji depolama, bagimsiz sistemler i¢in kritik bir
bilesen olarak kabul edilmektedir. Clinkii bu yapi,
fotovoltaik sistemin gece saatlerinde ve kotii hava
kosullarinda  dahi  elektrik  saglayabilmesini
miimkiin kilmaktadir. Akiiler enerji depolama
birimleri olarak tercih edilmektedir.

e DC-DC donistiriiciiler, modiil ¢ikisinin zamana ve
hava kosullarina bagh olarak degisecek gerilim
seviyelerinde olmasini saglamaktadir.

e Sebekeye bagh sistemlerde, PV modiillerinden elde
edilen dogru akim elektrik enerjisini, alternatif akim
elektrik enerjisine doniistiirmek igin invertorler
veya DC-AC doéntstiriiciiler kullanilmaktadir.

e Kablolar, fotovoltaik sistemlerin farkli bilesenlerini
birbirine veya elektrik yiikiine baglamak igin
kullanilmaktadir. Direng kayiplarini en aza indirmek
icin uygun kalinlikta kablolarin secilmesi son derece

sistemler gilines panelleri ile akii, solar invertdr, sarj dnemlidir.
regiilatorii gibi baska bilesenlerden de olusmaktadir.
KURULU GUC

{MW)

TOPLAM KURULU GUC ICERISINDEKI ORANI

Sekil 3. Tiirkiye'nin yillara gére kurulu gii¢ degerleri ve yiizde degisimleri.
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Giines enerjisi santrallerinin amortisman siirelerini

belirlemek icin, kurulum ©6ncesi detayl fizibilite
calismalarinin  yapilmasi  gerekmektedir.  Yatirim
oncesinde gerceklestirilen bu c¢alisma, yatinmin

uygulanabilirligini degerlendirmek ve projenin ekonomik
acidan basarili olup olmadigini belirlemek adina biiytik
bir 6neme sahiptir.

Bu c¢ercevede, yatirimcilar, yapilmasi diisliniilen giines
enerjisi
kapasitesini ve amortisman siiresini analiz etmektedirler.
Bu analizler gerceklestirilirken cesitli
programlarindan faydalanilmaktadir. Bu programlar,
sistemin kurulum maliyetini, enerji liretim potansiyelini
ve amortisman siliresini hesaplamak i¢in kullanilir. Bu
analizler, gerceklestirilecek olan yatirimin ne kadar
siirede geri 6denecegini ve projeden ne kadar siirede kar
saglanacagini belirlemek acgisindan olduk¢a 6nemlidir.

Bu benzetim programlari, yatirimcilarin dogru kararlar
alabilmeleri icin giicli bir veri analizi sunmaktadir.
Ayrica farkli senaryolari degerlendirmek ve projenin

sisteminin masraf analizini, uretim-verim

benzetim

cesitli degiskenlere nasil tepki verecegini anlamak i¢in
kullanilabilirler. Fotovoltaik sistemlerin enerji tretim
degerlerini etkili bir sekilde tahmin edebilmenin yani
sira, sistemlerin c¢alisma davramsini  6ngorebilme
konusunda da 6nemli bir rol oynamaktadir. 3D sistem
tasarimini benzetim programlari lizerinde
gerceklestirerek giines panellerine diisen golgelenmeleri
gercek zamanl olarak gézlemleme imkani saglamaktadir.
Benzetim programlari, fotovoltaik sistem tasarimcilarina
kurulumun yapilacag: cografi bolgeye, enerji talebine ve
sistem giivenilirligi gibi parametrelerle uyumlu ¢alisacak
farkli bilesenleri en uygun sekilde se¢cme 0Ozgilrliigi
saglamaktadir (Kiyangicek, 2013). PVsyst ve PV*SOL
benzetim programlar: fotovoltaik sistem tasarimcilarina,
sistem bilesenlerini en uygun sekilde se¢gme ve enerji
liretimi tahminlerini yapma konusunda gelismis araglar
sunmaktadir.

Her iki program da cografi bolgeye 6zgii parametrelerle
calisabilme yetenegine sahiptir, bu da sistemin
kurulacagi konumun iklim kosullarini ve giines 1sinimini
dikkate alarak daha gercek¢i benzetim sonuglari elde
etmeyi saglamaktadir. PVsyst ve PV*SOL'un detayli analiz
ozellikleri, enerji talebine,
giivenilirlige ve bolgesel 6zelliklere bagh olarak en uygun

sistem tasarimcilarina
bilesenleri se¢me konusunda o6nemli bir rehberlik
sunmaktadir (Ay ve Pamuk, 2023).

Bu benzetimler, sistemin kurulumu sirasinda olasi
maliyetleri minimize etmeye ve enerji liretimini optimize
etmeye yonelik stratejiler gelistirmeye
tanimaktadir. Ayrica, gercek ortam verilerine daha yakin
benzetim sonuglar: elde etmek i¢in programlarin giincel
tutulmasi ve teknik 6zelliklerinin laboratuvar testlerine
dayandirilmasi gibi faktorlere dikkat edilmesi, sistemin

olanak

performansin iyilestirmeye yonelik daha kesin bilgiler
saglanmasina olanak tanimaktadir. Akademik alanda,
glines enerji santralleriyle ilgili yapilan c¢alismalar

Bu arastirma, 276 kWp kurulu giiciine sahip giines enerji
santralinin faaliyete alinmasi sonrasi elde edilen iiretim
degerlerini benzetim programlarindan elde edilen veri
analizleri ile Kkargilastirmayr amaglamaktadir. Bu
cercevede, Uretim gilicli, yapilan tesislerin etkinligi,
verimliligi ve maliyet analizi gibi konulara odaklanan
calismalar incelenmistir. Bu konuda daha o6nceden
yapilmis bilimsel ve akademik c¢alismalarin bazilar:
asagida tarihsel sira ile sunulmustur.

(Celebi, 2002), "Bina Diisey Kabugunda Fotovoltaik
Panellerin Kullanim ilkeleri" baglikh calismasinda, giines
enerjisi sistemlerinde kullanilan fotovoltaik panellerin
O6nemi lizerinde durmus olup fotovoltaik sistemleri tercih
edecek kullanicilarin panellerin yerlestirilmesindeki
egim acis1 ve giines 1sinlarinin en elverisli sekilde
kullanilmasinin énemi vurgulanmaktadir. (Tozlu, 2004),
tarafindan gergeklestirilen calisma kapsaminda Mugla
Sitki Kogman Universitesi biinyesinde kurularak faaliyete
gecen glines enerji sisteminin gercek liretim verileri ile
benzetim programindan elde edilen benzetim sonuclari
karsilastirmistir.  Ortaya ¢ikan veriler, benzetim
programinin sundugu degerlere yakinlk gostermektedir,
bu durum benzetim programinin tutarlilhifini ortaya
koymaktadir. (Lalwani, ve ark, 2010) tarafindan
gerceklestirilen ¢alismada ise, glines enerji sistemlerinde
fizibilite amaciyla kullanilan fotovoltaik sistem benzetim
programlarindan RET Screen, PV F-Chart, Solar Design
Tool, INSEL, TRNSYS, NREL Solar Advisor Model, ESP-r
11.5, PVSYST 4.33, Solar Pro, PV Design Pro-G, PV*SOL
Expert, HOMER gibi 12 farkli benzetim programy, isletim
maliyeti, kolay kullanim, platform uyumlulugu, verimlilik,
icerik ve gilincellenebilirlik  kriterleri agisindan
incelenmistir.

Keskin (2012) tarafindan yapilan ¢alisma ile sebekeden
bagimsiz (Off Grid) 5 kW kapasiteli bir fotovoltaik sistem
modellemesi Calisma  kapsaminda
ylriitillen model PYsyst programu ile olusturularak panel
tiirlerinden
verimlilik elde

olusturmustur.

modiillerden daha fazla
tespit edilmektedir.
(Sekcguloglu, 2012) tarafindan gerceklestirilen ¢alisma ile
yenilenebilir enerji tiirlerinden olan giines enerjisi
sistemi, riizgar enerjisi sistemi ve hibrit sistemlerden
elektrik enerjisinin iretimi detayll olarak incelenmis,
sistemlerin tasarimlar1t HOMER Pro (Pamuk, 2024) ve
PVsyst benzetim programlari ile gerceklestirilerek tiirler
arasinda elde edilen veriler karsilastirilmis ve ekonomik
parametreler cercevesinde incelenmistir. (Haydaroglu,
2017) tarafindan gergeklestirilen c¢alismada, Dicle
Universitesi tarafindan kurulumu yapilarak enerji
iretimine baslayan 250 kWp kurulu giiciine sahip giines
enerjisi santralinin PVsyst benzetim programi ile
benzetimi gerceklestirmistir. Santralin uluslararasi
standart olan IEC 61724 (Fotovoltaik Enerji Sistemleri
Performansi

monoKristal
edilebilecegi

Monitoérleme - Genel Prensipler ve
Olgiimler) kapsaminda belirtilen performans kriterlerine

uygun olup olmadif1 incelenmistir. Santralin gercek

genellikle cevresel ve/veya maliyet analizlerine lretim degerleri ile benzetim sonuglar1
odaklanmaktadir. karsilastirildiginda Aralik ve Ocak aylarinda uyumsuzluk
BS] Eng Sci / Sefa KIRNAPCI ve Nihat PAMUK 532



Black Sea Journal of Engineering and Science

goriilmustir. Ancak finansal inceleme kapsaminda
s0z
konusu projenin ekonomik ag¢idan uygulanabilirligini
desteklemektedir.

Ciftci (2016) tarafindan yapilan ¢alismada, fotovoltaik
sistemlerin en Onemli parametrelerinden santral giicti,

maliyet analizi ve

kar/yatirnm dengesinin olumlu sonu¢ vermesi

sistem tasarimi {izerine farkl
senaryolar elde
karsilastirilmistir. asamasindaki
verilerin santral kurulmadan elde edilebildigi ve dngori
olusturabildigi kanitlanmistir. Bu ¢alismada PVSOL
programi ile tasarimlarin analizi gergeklestirilmistir.
Aldudak (2018) tarafindan gergeklestirilen ¢alismada ise,
PVsyst benzetim programi ile cesitli illerde faaliyet
gosteren glines enerjisi
degerleri incelemistir. Benzetim sonuglar1 ile gercek
sonuglar1 karsilastirildiginda 6nemli
birbirine yakin degerler elde edilmistir.

Simsek (2018), tarafindan yapilan ¢alismada, Ankara’nin
Golbasi ilcesinde ve Izmir’in Torbal ilcesinde kurulan

kurulmus ve edilen  sonuglar

Tasarim onemli

santrallerinin reel {retim

lretim olciide

Giines Enerji Santralleri icin PVsyst benzetim programi
araciligy gercek
degerler ile karsilastirllmistir. Benzetim sonuglarinin
gercek iiretim degerlerine yakin
gosterilmistir. (Bolat ve ark., 2020) tarafindan yapilan

ile hazirlanan benzetim sonuglarl

sonuglar verdigi

calismada ise, Lebit Giines Enerji Santralinin benzetim
programlarindan elde edilen benzetim sonuglarn ile
gercek santral enerji liretim degerleri karsilastirilmistir.
PVsyst program sonuglarinin uygunluk degerlendirilmesi
yapilmistir. Benzetim sonuglari ile elde edilen tretim
degerleri arasinda neredeyse hicbir fark olusmadig:
gosterilmistir. Bu baglamda,
gercege yakin veriler elde edildigi kanitlanmistir.

Bu c¢alismada, Hanoénii (Kastamonu) Belediyesine ait

PVsyst programindan

Giines Enerjisi Santralinin fotovoltaik sistem tasarimi,
PVsyst ve PV*SOL benzetim programlari kullanilarak
analiz edilmistir. Benzetim sonuclarl, Hanonii giines
enerjisi santralinin isletmeye baslayarak tiretim yaptig
2021, 2022, 2023 yillarina ait tiiretim verileri ile
her iki
yaklasimlari

karsilastirilmis,
verilerine

programin gercek lretim

karsilastirllmistir. Tim bu

|

analizler 1s181nda, Hanonii (Kastamonu) Belediyesine ait
Giines  Enerji  Santralinin  performans degerleri
incelenmistir.

2. Hanénii (Kastamonu) Belediyesi Giines
Enerji Santralinin PV*SOL ve PVsyst

Benzetim Programlari ile Enerji Analizi

Giines  enerjisi  santrali ~Hanéni  (Kastamonu)
Belediyesinin elektrik ihtiyacinin karsilanmasi amaciyla,
Kastamonu ili, Hanént ilgesi Bagdere Mevkii 262 ada 1
parsel 41.6197° enlem, 34.4710° boylam cografi
koordinatlarinda kurularak faaliyete gecirilmistir. Tesisin
maksimum gii¢ Giretim Kkapasitesi 276 kWp'dir. Uretim
santralinin kurulu olmus oldugu bolgede yillik en diisiik
ve en yliksek hava sicaklig1 ortalamalar1 28.1 °Cile - 4.5
°C arasinda degismektedir (CSIDB - Meteoroloji Genel
Midurligi, 2023).

Santralde 690 adet yerli tretim yapan Alfa Solar
firmasina ait A3S72M400 marka monokristal gilines
panelleri tercih edilmistir. 400 Wp giiclinde 690 adet
panel iceren bu fotovoltaik sistem 30° egim acisi ile
giiney yoniinde konumlandirilarak imalati yapilmistir.
Santral 3 tane 72 kWp ve 1 tane 60 kWp giiclerinde 4
diziden olusmaktadir. 72 kWp giiciindeki dizilerde 12
adet panel dizisi bulunmaktadir. Her iki dize 72 kWp’lik
inverterlerin maksimum gili¢ noktasi takip girisine
baghdir. 60 kWp'lik dizide ise 10 adet panel dizisi
bulunmaktadir. Bu dizilerin de her biri 60 kWp'lik
inverterlerin maksimum giic noktas1 takip girisine
baghdir. Her dizede 15 adet fotovoltaik modil seri
sekilde baglanmistir. Santralde Growatt New Energy
firmasinin MAX 60KTL3 LV modeli kullaniimistir.
Hanonii (Kastamonu) Belediyesi Glines Enerji Santrali
31,5 kV hat gerilimine sahip sebeke hatt1 ile
enterkonnekte sisteme irtibatlandinlmustir. Inverter
cikislarindaki algak gerilim, ii¢ fazhh 0,4/31,5 Kv 50 Hz,
250 kVA'lik direk tipi transformator aracilifiyla orta
gerilim dagitim sebekesine baglanmistir. Sekil 4’te
Hanoénii (Kastamonu) Belediyesi Glines Enerji Santralinin
tek hat semasi gosterilmistir.
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Sekil 4. Hanonii (Kastamonu) giines enerji santralinin tek hat baglant1 semasi.
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2.1 PV*SOL Benzetim Programi

PV*SOL benzetim programi yardimiyla 5000 adet
fotovoltaik modiil icerecek sekildeki sistem tasarimlari
golgelenme bicimleri de dikkate alinmak kaydiyla
hesaplanabilmektedir. Program sayesinde giines enerjisi
sistemlerinin tasarimi, optimize edilmesi ve ekonomik
degerlendirme saglanmasi olmak tizere birgok calisma
yapilabilmektedir. Detayll analiz yapabilme yetenegi
programin veri tabani genisligi ile ilgilidir. PV*SOL
benzetim programi giines 15181 agilar1 ve siiresi, iklim
verileri, gélgelenme durumlari, modiil, inverter ve diger
montaj ekipmanlarina ait genis bir veri tabanina sahiptir.
Bu durum program kapasitesini ve
arttirmaktadir. Calismada iklim veri tabami olarak
MeteoSyn ile entegre olacak sekilde calisma yapilmis
olup, analizler detayli olarak gerceklestirilmistir.

PV*SOL programi, giines 1sinimi, sicaklik ve golgelenme
etkileri gibi degiskenleri dikkate alarak fotovoltaik
sistemin ¢ikis giiclinii ve enerji verimini tahmin
etmektedir. Program, tasarimcilara PV sistemlerinin
beklenen performansini farkh iklim kosullar1 ve cografi
konumlarda degerlendirme imkadni1 saglamaktadir
(Dondariya ve ark. 2018; Milosavljevi¢ ve ark., 2022).
PV*SOL programi, fotovoltaik sistemin en uygun
tasarimini ve konfiglirasyonunu gergeklestirmektedir. Bu

verimini

durum, panel modiillerinin boyutlandirilmasi, se¢imi,
inverterler, bataryalar ve diger bilesenlerin se¢imi gibi
unsurlar1 icermektedir (Mohanty ve ark., 2016; Alsadi ve
Khatib, 2018; Abo-Khalil ve ark., 2023).

PVSOL, diinya ¢apinda miihendisler, planlamacilar,
mimarlar, montaj uzmanlari ve nitelikli teknisyenler
tarafindan yaygin olarak kullanilan bir yazilimdir. PVSOL
Premium ile fotovoltaik performans {zerindeki
golgeleme etkilerini dogru bir sekilde degerlendirmek
icin 3D nesneler yerlestirmek ve tahmin etmek
miimkiindiir (Cavalcante ve ark, 2019). PV*SOL
sayesinde, birkag olusan kiigik cat1
sistemlerinden ticari catilardaki orta dlgekli sistemlere ve
100.000 modiile kadar olan biiyiik giines parklarina
kadar farkh biytklikteki modern gilines enerjisi
sistemleri tasarlanabilmekte ve simiile edilebilmektedir.

modiilden

2

"
A
- " N
T e

A
2%

2.2 PVsyst Benzetim Programi

PVsyst, Isvicre'nin Cenevre Universitesi tarafindan
gelistirilen bir fotovoltaik sistem benzetim programidir.
Bu program, sebekeye baglantih veya sebekeden
bagimsiz fotovoltaik sistem tasarimlarinin sonuglarini
iretmeye ve incelemeye yardimci olmaktadir. Bu
program, On Grid (sebeke baglantih) veya Off Grid
(sebekeden bagimsiz) gilines enerjisi sistemleri ve glines
enerjili sulama sistemlerinin tasarimini gerceklestirmek
icin kullanilmaktadir (Yadav, 2015). PVsyst gilines
enerjisi benzetim programi, 3 boyutlu modellemeler
olusturarak golgelenme durumlarim analiz etme imkani
sunmaktadir. Tasarlanan giines enerji sisteminde, glines
panellerine diisen golgeleri gercek zamanli olarak
gozlemleme olanagl saglamaktadir. Ayrica, cesitli gic,
gerilim ve markalardaki inverterler ile panel bilgilerini
ara yliziinde bulundurarak kurulmasi planlanan sistemin

yil  icerisindeki ortalama performans g¢ikarimin
gerceklestirmektedir. (Bouzguenda ve ark, 2014;
Freeman ve ark., 2014; Fisher ve ark., 2014).

PVsyst, benzer  programlardan daha  detayh

hesaplamalara ve farkli parametrelerin kullanimina
imkan tamimaktadir. PVsyst, iklim verilerini bir diizine
farkli  kaynaktan ve  Kkisisel  verilerden ice
aktarabilmektedir (Azam ve ark., 2024).

3. Bulgular
Hanonii (Kastamonu) Belediyesi Giines Enerjisi
Santralinin uygulama projesi Haziran 2021 yilinda
tamamlanmistir. Santralde kullanilan tiim ekipmanlarin
teknik ve fiziki 6zelliklerine bagh kalinarak PVSOL ile
PVsyst programlarinda modellemesi yapilarak sistem
simiile edilmistir. Benzetim sonuglarindan sisteme ait
elektrik enerjisi iiretim degerleri, enerji kayip degerleri
ve bu sonuglara bagl olarak performans parametreleri
elde edilmistir. Sekil 5te Hanoni (Kastamonu) gilines
enerjisi santralinin kuruldugu alan gosterilmistir. Sekil
6’da Hanoénii (Kastamonu) gilines enerjisi santralinin
gosterilmistir. Tablo 1’de
(Kastamonu) giines enerjisi santraline ait aylik elektrik

kurulu hali Hanoni

enerjisi liretim degerleri gosterilmistir.

Sekil 5. Hanonii (Kastamonu) glines enerjisi santralinin kuruldugu alan.
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Sekil 6. Hanonii (Kastamonu) giines enerjisi santrali kurulu hali.

Tablo 1. Hanoni glines enerji santralinde {iretilen .
elektrik enerjisinin aylik dagilimi

Fotovoltaik panellerin montaji zemine sabit montajl
olacak sekilde 30° montaj egimi ve 0° yatay azimut
acist ile tam gliney yoniinde konumlandirilmistir.

Dénem Uretim Degeri (kWh) 7 ) o
Ocak 10122 Tablo 2’te Hanoni (Kastamonu) giines enerjisi
Subat 15.362 santralinin PVsyst programi yardimiyla simiile edilen
Mart 24.096 aylik elektrik enerjisi tiretim degerleri gosterilmistir.
11:141;;11'; zgzg: Tablo 2. PVsyst programi lizerinde lretilen elektrik
Haziran 36.914 enerjisinin aylik dagilimi
Temmuz 38.711 Dénem Uretim Degeri (kWh)
Agustos 33.266 Ocak 22.199
Eylul 31.175 Subat 23.923
Ekim 31.868 Mart 30.204
Kasim 15.637 Nisan 35.308
Aralik 11.301 May1s 39.249
Haziran 39.779
Proje kapsaminda her iki benzetim programinda sahada Temmuz 37.569
imalati tamamlanarak gecici kabulii gerceklestirilmis Agustos 38.136
olan ekipmanlarin marka, model ve teknik verileri ayni Eyliil 36.285
olan malzemeler tercih edilmistir. Boylelikle ekipman Ekim 28.284
ozellikleri ve liretim kalitesinden dogabilecek olan verim Kasim 21.321
kayiplar1 ve olusacak olan farklar ortadan kaldirilmistir Aralik 19.908
(Pamuk, 2023).
Pvsyst 7.4.4 programinda yapilan benzetim c¢alismasi PVSOL programinda yapilan benzetim ¢alismasi
kapsaminda; kapsaminda;
e Program icerisinde bulunan harita veri tabanindan e Program igerisinde bulunan harita veri tabanindan

projenin  koordinatlandirilmas:  yapilarak hem
lokasyon se¢imi hem de lokasyona ait yillik hava
durumu verileri (Meteonorm) secilmistir.

e 276 kWp kurulu gilici kapsaminda 690 adet .
monokristal panel kullanilmistir.

e Handnii (Kastamonu) Giines Enerjisi Santralinin
uygulamasinda kullanilan Alfa Solar firmasina ait °
A3S572M400 modeli program veri tabaninda mevcut
olmadigindan aymi teknik oOzelliklere sahip CW .
Enerji firmasina ait 400 Wp giicinde CWT400
model 690 adet monokristal FV panel kullanilmistir.

o Sistemde Growatt New Energy markasina ait 60 kW
nominal glice sahip MAX 60KTL3 LV model 4 adet
invertor kullanilmistir.

projenin  koordinatlandirilmas:1 yapilarak hem
lokasyon se¢imi hem de lokasyona ait yillik hava
durumu verileri (Meteonorm) segilmistir.

3D gorsellestirme 0Ozelligi sayesinde sistemin
planlanmasi gergeklestirilmis ve giines santralinin 3
boyutlu tasarimi yapilmistir.

276 kWp kurulu giic kapsaminda 690 adet
monokristal panel kullanilmistir.

Hanonii (Kastamonu) Giines Enerjisi Santralinin
uygulamasinda kullanilan Alfa Solar firmasina ait
A3S572M400 modeli program veri tabaninda mevcut
olmadigindan ayni1 teknik 0&zelliklere sahip CW
Enerji firmasmna ait 400 Wp giicinde CWT400
model 690 adet monokristal panel kullanilmistir.
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o Sistemde Growatt New Energy markasina ait 60 kW
nominal glice sahip MAX 60KTL3 LV model 4 adet
invertor kullanilmistir.

e Fotovoltaik panellerin montaji zemine sabit montajl
olarak 30° montaj egimi ve 0° yatay azimut agisi ile
tam giiney yoniinde konumlandirilmistir.

Tablo 3’te (Kastamonu) gilines enerjisi
santralinin PVSOL programi yardimiyla simiile edilen
aylik elektrik enerjisi liretim degerleri gosterilmistir.

Hanonu

Tablo 3. PVSOL programi lizerinde {iretilen elektrik
enerjisinin aylik dagilimi

Dénem Uretim Degeri (kWh)
Ocak 11.658
Subat 15.744
Mart 21.741
Nisan 26.484
May1s 36.520
Haziran 40.003
Temmuz 40.669
Agustos 35.011
Eyliil 25.081
Ekim 18.466
Kasim 12.822
Aralik 8.584

4. Sonuglar ve Oneriler

Bu arastirma kapsaminda giines enerjisi ile enerji liretimi
kapsaminda projelendirilmis ve devreye alinmis olan bir
santralin gergek verileri ile benzetim programlarindan
elde edilen sonuglar degerlendirilmistir. Hanonii
(Kastamonu) Giines Enerji Santrali’nin tiretime basladig1
tarih olan Temmuz 2021 ile Ekim 2023 yillar1 arasindaki

tretim verileri ayhk bazda kayit altina alinmistir. S6z

Tablo 4. Aylik bazda toplam enerji tiretim miktarlari

konusu aylik iretim verilerinin aym doénemlerdeki
iretim degerlerinin ortalamast alinarak benzetim
sonuglari ile karsilastirilmasi yapilmistir.

Aylik tretilen enerji miktarlar1 karsilastirildiginda direkt
giines agisinin azaldig1 ve giineslenme siiresinin kisaldig1
kis ve PVsyst
programinin sonuglari gercege uzak, PV*SOL benzetim
programinin sonuclar1 gergege daha yakin oldugu
gorilmektedir. Glines agisinin ve giineslenme siiresinin
arttigl  yaz
programinin gergek iiretim degerlerine daha yakin sonug
verdigi tespit edilmistir. Tablo 4’te Hanoni (Kastamonu)
giines enerjisi santralinin gercek, PVSOL ve PVsyst
programlar1 yardimiyla simile edilen aylik elektrik
enerjisi tiretim degerleri karsilastirilmistir.

Tablo 5te Hanoni (Kastamonu) gilines enerjisi
santralinin gercek, PVSOL ve PVsyst programlari
yardimiyla simiile edilen yillik elektrik enerjisi iiretim
degerleri gosterilmistir.

Benzetim programlarindan elde edilen yillik toplam

sonbahar donemlerinde benzetim

donemlerinde ise her iki benzetim

enerji iretim degerleri ile gercek ftretim degerleri
karsilastinldiginda % 6.15 sapma orani ile PV*SOL
gercek lretim degerine daha yakin sonuglar vermistir.
PVsyst programinda ise %19,3 sapma orani ile gergek
degerlere uzak sonuglar elde edilmistir.

Giines enerji sistemlerinin planlanmasi ve
degerlendirilmesinde benzetim programlarinin kullanimi
biiytik  bir sahiptir.  Fotovoltaik
tasarimcilari, cografi bolge, enerji talebi ve sistem
giivenilirligi gibi faktorlere bagh olarak, sistem
bilesenlerini en uygun sekilde se¢mek icin benzetim
programlarindan  faydalanabilirler. Bu  yaklasim,
maliyetleri disilirerek fazla masraftan kaginmayr ve
sistem tasarimini optimize etmeyi mimkiin kilmaktadir
(Raj ve ark., 2016).

Oneme sistem

Hanénii GES Uretim Degeri

PVsyst Programi Benzetim Degeri

PVSOL Programi Benzetim

bonem (KWh) (KWh) Degeri (kWh)
Ocak 10.122 22.199 11.658
Subat 15.362 23923 15.744
Mart 24.096 30.204 21.741
Nisan 30.286 35.308 26.484
Mayis 33.205 39.249 36.520
Haziran 36.914 39.779 40.003
Temmuz 38.711 37.569 40.669
Agustos 33.266 38.136 35.011
Eyliil 31.175 36.285 25.081
Ekim 31.868 28.284 18.466
Kasim 15.637 21.321 12.822
Aralik 11.301 19.908 8.584

Tablo 5. Yil boyunca liretilen toplam enerji liretim miktarlari

Hanéni GES Uretim
Degeri (kWh)

PVsyst Programi Benzetim Degeri

PVSOL Programi Benzetim

(kWh) Degeri (kWh)

Toplam 311.943

372.165 292.783
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Ayrica, benzetim programlarinin detayl  analiz
yetenekleri sonraki bilimsel ¢alismalar
detaylandirilabilir. Gergeklestirilen analizler ile, secilen
parametrelerin  enerji

incelenerek, sistem performansi

sayesinde

lizerindeki etkisini

arttirilabilir.  Ayni

uretimi
zamanda, benzetim programlarinin gercek ortam
verilerine daha yakin sonuglar iiretebilmesi icin, enerji
lretimi sapma oranlar1 azaltilabilir. Bu baglamda,
benzetim programlarindaki parametre secgenekleri
arasinda, glines enerjisi sisteminin haftalik, aylik ve yillik
bakimlarin1 dogrudan etkileyen sekmelerin bulunmasi,
harita veri tabanlarinin siirekli gelisim icinde tutulmasi
ve fotovoltaik sistem ekipmanlarinin laboratuvar
testlerine tabi tutularak teknik o6zelliklerinin saglamasi
gibi detaylar, gercek ortam enerji iiretimi verilerine daha

yakin benzetim sonuglari elde etmede yardimci olacaktir.

Katki Orani1 Beyam
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

SK. N.P.
K 50 50
T 50 50
Y 50 50
VTI 50 50
VAY 50 50
KT 50 50
YZ 50 50
KI 50 50
GR 50 50
PY 50 50
FA 50 50

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazarlar bu ¢alismada higbir ¢ikar iligkisi olmadigini
beyan etmektedirler.

Etik Onay Beyam

Bu arastirmada hayvanlar ve insanlar tizerinde herhangi
bir g¢alisma yapilmadigi igin etik kurul onay1
alinmamuistir.
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1.Intr0ducti0n natural environment from conventional wastewater

Antibiotics, which have a wide range of uses, are drugs treatment plants (Van Doorslaer etal, 2015).

used in the treatment of infectious diseases caused by Antibiotics, ~which  have high production and
microorganisms and improve the quality of life consumption rates, are not easily biodegradable.
(Kovalakova et al, 2020; Phoon et al, 2020). Therefore, cost-efficient methods are needed to
Considerable quantities (30 to 90 %) of the antibiotics effectively remove antibiotics from  wastewater

used to enter the waste stream together with their (Shoorangiz et al, 2019). As conventional treatment

metabolic products without being metabolized in the
body (Carvalho and Santos, 2016). It can be found in
surface waters and groundwater due to the widespread
use of antibiotics and their inadequate removal in
conventional wastewater treatment plants (Kiimmerer,
2009; Li et al,, 2015; Ngigi et al, 2020; Anh et al,, 2021).
Therefore, the presence of antibiotics in the aquatic
environment leads to a disturbance of flora and fauna
and risks to human health (Tiwari et al, 2017).
Moxifloxacin (MOX), a third-generation fluoroquinolone,
belongs to a group of antimicrobial agents with a broad
spectrum of activity and increasing consumption (Van
Doorslaer et al,, 2011). MOX is widely used against both
gram-positive and gram-negative bacteria by inhibiting
DNA activity and for the treatment of skin infections
(Guay, 2006; Nguyen et al., 2023). However, due to its
low biodegradability, it is constantly discharged into the

processes are not sufficient to remove wastewater
containing antibiotics, advanced oxidation processes
(AOPs) should be preferred to support them or be used
as an alternative (Oturan and Aaron, 2014; Ganzenko et
al,, 2020; Taoufik et al., 2021). AOPs are methods of great
interest for the removal of recalcitrant organics and toxic
compounds (such as diclofenac and levofloxacin) (Jia et
al, 2024; Qiu et al, 2024). AOPs such as Fenton,
ozonation, photocatalysis, activated persulfate, and
electrochemical processes have been used to remove
toxic and/or recalcitrant organic pollutants (Degermenci
et al, 2014; Cobanoglu and Degermenci, 2022; Li et al,
2023). Among AOPs, Fenton oxidation attracts attention
due to its simplicity, which does not require special
equipment, and its high efficiency in removing organic
pollutants (Arnold et al., 1995; Degermenci, 2023). To
avoid disadvantages such as potential risks and loss of
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reactive activity during transportation and storage of
H20; used in Fenton oxidation, the electro-Fenton
process was developed in combination with Fe2+ addition
and in situ electro-generated H202 (Zhou et al,, 2007).
The electro-Fenton process is considered an
environmentally friendly and promising method for the
effective removal of target pollutants from water (Olvera-
Vargas et al,, 2021; Liu et al,, 2022; Yang et al,, 2023; de
Oliveira Santiago Santos et al., 2023). In the electro-
Fenton process, H202 production is based on the
electrochemical reduction of molecular oxygen (02) at
the cathode (Equation 1) by introducing air or high-
purity Oz into the electrolysis cell, and hydroxyl radicals
are formed by the electrochemically assisted Fenton
reaction (Equation 2) (Brillas et al., 2009). This process,
hydrogen peroxide is continuously generated in situ,
which allows better control of the oxidation process
(Garcia-Segura et al, 2011; Bensalah et al., 2013). The
hydroxyl radical and the hydrogen peroxide produced in
the process have a strong oxidative potential (Eo=2.80 V
and 1.78 V) (Lucas and Peres, 2006). Non-selective
hydroxyl radicals are responsible for the
oxidation/mineralization of  persistent organic
substances that are in the same environment (Olvera-
Vargas et al,, 2021).

0, + 2H* + 2¢™ - H,0, (1)
H,0, + Fe?* - HO® + Fe3* + OH™ 2)

The performance of the electro-Fenton process depends
largely on the electrode materials used during
electrolysis (Guinea et al, 2010; Bensalah et al, 2013;
Midassi et al., 2020). The type of cathode used influences
the amount of H202 produced by the reduction of
molecular oxygen (Brillas et al., 2009; Olvera-Vargas et
al, 2021). Materials such as carbon brush, carbon felt,
stainless steel, carbon sponge etc. were used as cathodes
(Sopaj et al., 2020; Olvera-Vargas et al., 2021). Although
H20: production in the electro-Fenton process depends
on the cathode type, the structure of the anode material
also plays an important role in the overall performance
(Sopaj et al., 2016; Yang et al., 2020). Depending on the
anode type, heterogeneous hydroxyl radicals are formed

ARRERRRARRRAS
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Figure 1. Schematic diagram of electrochemical cell.

on the anode surface by the oxidation of water (Titchou
et al, 2021; Yang et al,, 2023). The use of different types
of anodes such as Pt, Ti/RuO2-IrOz, Tis07, boron doped
diamond (BDD), and graphite felt (GF) in the electro-
Fenton process has been investigated in the literature
(Sopaj et al., 2016; Zwane et al., 2021). This increases the
overall efficiency of the electro-Fenton process, as both
the cathodic and anodic reactions contribute to the
degradation/mineralization of the organic pollutants
(Oturan et al., 2012; Olvera-Vargas et al.,, 2021). The BDD
anode is characterized by a high Oz evolution overvoltage
(around 2.2 V vs SHE for BDD). BDD has proven to be the
most effective material for the anodic oxidation of
refractory organic pollutants (Panizza and Cerisola,
2009; Olvera-Vargas et al., 2021; Oturan, 2021), and the
use of BDD as an anode in the electro-Fenton process has
been shown to significantly improve the efficiency of the
process (Oturan et al., 2012; Ridruejo et al., 2018; Olvera-
Vargas etal., 2021).

In the first part of the study, the effects of different
operating variables, such as cathode type, Oz flow rate,
and applied current on H:02 accumulation were
discussed. In the second part, the removal of MOX by the
electro-Fenton process using a BDD anode and a GF
cathode was investigated. The effects of current intensity
and Fe2+ concentration, which are among the parameters
affecting the electro-Fenton process, on MOX removal
were investigated.

2. Materials and Methods

2.1. Chemicals

All chemicals and reagents used in this study were used
without further purification. Moxifloxacin hydrochloride,
potassium hydrogen phthalate, potassium iodide, sodium
sulfate, hydrogen peroxide, ammonium heptamolybdate

tetrahydrate, sodium hydroxide, and sulphuric acid were
purchased from the Merck. All solutions were prepared
with distilled water at room temperature.

2.2. Experimental Setup

A scheme of the electrochemical cell used is presented in
Figure 1.

J
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Electrochemical H202 production and MOX removal by
the electro-Fenton process were carried out in an
undivided cylindrical glass reactor with a diameter of 7.5
cm and a solution capacity of 400 mL. BDD electrode
(DiaCCon GmbH, Germany) was used as an anode for
H202 production and the electro-Fenton process. GF,
BDD, stainless steel (SS), and graphite plate (GP)
electrodes were used as cathodes. All electrodes are 5 cm
x 10 cm in size. The wall thickness is 3 mm for BDD, SS
and GP and 12 mm for GF. The temperature of the
solution was kept constant at 20°C using a temperature-
controlled cooling/heated circulator (LABO, C200-H13).
Sodium sulfate (Naz2SO4) was used as a supporting
electrolyte to increase the conductivity of the solution.
The aqueous solution was stirred continuously at 700
rpm with a magnetic stirrer (IKA, RCT basic). A power
supply unit (GW Instek, PSW 80-40.5) was used in all
experiments to ensure constant current operation. This
device also displayed the cell voltage during the
treatments. Without adding a buffer solution, the pH of
the solution was adjusted to the desired value only once
at the beginning of the experiment with 1 M H2S04. The
pH value of the solution was measured using the portable
WTW  Multi-Parameter (Xylem  Analytics,
MultiLine® Multi 3620 IDS).

2.3. Analytical Procedures

The H202 and MOX concentration were measured using a
UV-Vis spectrophotometer (HachLange, DR 6000). The
H202 concentration was measured at 352 nm by the
iodometric method (Klassen et al., 1994). To measure the
MOX concentration, a MOX stock solution was prepared
and known MOX concentrations were determined by
dilution. These solutions were used to create a
calibration curve at 290 nm, and the unknown MOX

meter

concentrations were measured by prepared calibration
The MOX efficiency and energy
consumption were calculated using Equation 3 and
Equation 4, respectively:

curve. removal

MOX removal, (%) = (1 — C;/Cy) X 100 3)
W,(kWhm™3)=V xIxt/Vs (4

where Cy is the initial MOX concentration (mg L-1), C: is
the MOX concentration at given time t (mg L-1), V is mean
cell voltage (V), I is electrolysis current (A), t is
electrolysis duration (h), and Vs is solution volume (L).

3. Results and Discussion

3.1. Electrochemical Hz20z Production

The reactant required for the Fenton reaction to form
strong oxidative free radicals is H202 (Degermenci et al.,
2019). The efficiency of the electro-Fenton process
depends largely on the amount of H202 produced in the
system (Zhao et al., 2018). In the electro-Fenton process,
H202 can be formed under acidic conditions by the
electrochemical reduction of oxygen at the cathode
(Equation 1) (Brillas et al,, 2009; Midassi et al,, 2020). In
this context, the effects of current intensity, cathode type,

and Oz flow rate, which are among the parameters
affecting electrochemical H202 production,
examined using the BDD anode.

3.1.1. Effect of cathode type on H202 production
H202 production varies depending on the cathode
material (Oturan et al, 2021). Therefore, the H:02
production performance of different cathode types using
BDD as anode material was investigated. H202 formation

were

in the experimental system was measured in a solution
saturated with Oz under acidic conditions (pH = 3) and in
the absence of pollutants and Fe2*. H20; production was
monitored for 60 min by continuously supplying O: to
the cathode; the results are shown in Figure 2. The H202
production during 60 min electrolysis is 42.7, 28.1, 15.4,
and 11.1 mg L-1 for GF, BDD, SS, and GP, respectively. The
highest H202 production was achieved with GF. The H202
production during 30 min electrolysis is 36.4, 20, 14.1
and 10.0 mg L-! for GF, BDD, SS and GP, respectively.
These results show that the H:0:2 production rate
depends significantly on the cathode type. However, it
can be said that the electrochemical reduction of
molecular oxygen (Equation 1) occurs faster when GF is
used as the cathode. The type of cathode promotes
oxygen adsorption and transfer, electron transfer and
provides more active sites, thereby promoting the
production of H202 (Feng et al.,, 2021). Since the highest
H20: production was obtained with GF, it was used as the
cathode in the following studies.

50

-8-BDD

4 |
——S$

30 | @-GF

20

H,0, concentration (ing/L)

10

T T T T T

0 10 20 30 10 S0 60
Tune (mun)

Figure 2. Effect of cathode type on the H202 generation
(Conditions: Current intensity= 1 A, Na2S04= 50 mM, T=
20°C, initial solution pH= 3, and Oz flow rate= 1 L min-1).

3.1.2. Effect of applied current on H202 production

The applied current is one of the most important
parameters for electrochemical H202 production (Koéktas
and Gokkus, 2022). The cathodic production of H202 via
the reaction given in Equation 1 drives the production of
hydroxyl radicals in the electro-Fenton process via the
reaction given in Equation 2. Therefore, the H20:
accumulation in the electrolysis reactor with BDD anode
and GF cathode was investigated. Figure 3 shows the
H202 accumulation at different current values during the
60 min electrolysis at an initial solution pH of 3, an
electrolyte concentration of 50 mM NazSOs4+ and an
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oxygen flow rate of 1 L min-1. The H202 concentration is
23.6 mg L-1 after 60 min of electrolysis at a current of
0.05 A. When the current was raised from 0.10 to 0.25 A,
the H202 concentration increased from 53.8 to 95.7 mg
L-1. The reason for this increase is that an increase in the
applied current supports the oxygen reduction reaction
specified in equation 1. However, a further increase in
the applied in H202
accumulation. H202 concentration decreased from 66.8 to
42.7 mg L-1 when the current was increased from 0.50 to
1.00 A, respectively. This is because the competitive
reactions increase with increasing applied current, which
leads to a depletion of H202. These are explained by the
reduction of H202 to H20 at the cathode (Equation 5) and
the oxidation of H20: at the anode (Equation 6). Similar
results have been reported regarding the effect of applied
current on H202 production (Zhou et al,, 2019; Midassi et
al, 2020; Olvera-Vargas et al, 2021). Subsequent
experiments were carried out at 0.10 A in order to
determine the effect of other operating parameters and

current led to a decrease

for cost effectiveness.

H,0, + 2H" 4+ 2™ > 2H,0 (5)
H202 d 02 + 2H+ + 2e” (6)
100
005 A
. -a8-010A
01 0254
-0-0.50 A
60

-@0-100 A

10 4

20 4

H,0, concentration (mg/L)

0

T T T

0 10 20 30 40 S0 60
Tume (mm)

Figure 3. Effect of applied current on the H202
generation (Conditions: NazSO4= 50 mM, T= 20°C, initial
solution pH= 3, and Oz flow rate= 1 L min-1).

3.1.3. Effect of Oz flow rate on H202 production

The 02 flow rate supplied to the system is one of the
parameters that influence electrochemical H20:
production (Midassi et al., 2020). Figure 4 shows the
effects of Oz flow rate on H202 production when using a
BDD anode and a GF cathode. In the experiments, the
effect of different Oz flow rates (0-1 L min-1) on H202
production was studied for electrolysis time of 60 min.
While H20: production is 14.9 mg L-1 when no gas is
added to the reactor, H202 production increases when 0>
is introduced. At an O: flow rate of 0.1 L min-, H202
accumulation reached the highest value of 61.3 mg L-1 in
60 min. A further increase in the gas flow rate reduced
H202 production to 53.9 mg L-1 at 0.2 L min-! and 53.8
mg L-1 at 1.0 L min-% Increasing the Oz flow rate can

increase the concentration of dissolved Oz and promote
the mass transfer rate of dissolved Oz in the solution,
which supports electro-generated H202 production. At
flow rates greater than 0.1 L min-1, excessively large
bubbles covering the surface of the gas diffusion
electrode lead to reduced H202 production. Similar
results regarding the effect of O: flow rate on H20:
production have been reported in some studies (Xia et al.,
2019; Koktas and Gokkus, 2022). A flow rate of 0.1 L
min! Oz is sufficient to generate a high H20:
concentration. These results show that adjusting the
optimal Oz flow rate in the system can not only promote
H202 production but also reduce costs (Zhou et al., 2013).

70

—&—0 L'mun

~@-0.1 L/'min
50 4 =—0.2 L'min
~0~-1.0 L/nun

o0 4

10

20 4

H,0, concentration (mg/L)

10 4

0 10 20 30 10 S0 60
Tune (min)

Figure 4. Effect of the 0: flow rate on the H:0:
generation (Conditions: NazSO4= 50 mM, T= 20°C, initial
solution pH= 3, and current intensity= 0.10 A).

3.2. Effect of Different Processes on MOX Removal

In the system in which the highest H202 production was
achieved, graphite felt was used as the cathode and BDD
as the anode. In the electrolytic cell, MOX can be removed
by adsorption and anodic oxidation together with the
electro-Fenton process. A comparison of the MOX
removals achieved with these treatment methods is
shown in Figure 5. In the experiment to determine the
amount of MOX adsorbed on the anode and cathode in
the electrolytic cell, no current was applied to the cell and
02 and Fe2* were not supplied. It was determined that the
removal of MOX by adsorption was 11.7% in 10 min and
27.5% in 60 min. Then the removal of MOX by anodic
oxidation was determined by applying current (0.10 A)
to the electrolytic cell without 02 and Fe2+. While MOX
removal by anodic oxidation was 30.9% at the 10 min
electrolysis, it increased to 87.7% after 60 min. Finally,
MOX removal was determined by the electro-Fenton
process by adding Oz and Fe2* to the electrolytic cell at a
certain current value (0.10 A). MOX removal by the
electro-Fenton process increased from 67.3% in 10 min
to 89.0% after 60 min. From these results, it was
concluded that the electro-Fenton process is the
treatment process with the highest removal rate.
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Figure 5. Comparison between electro-Fenton, anodic
oxidation and adsorption (Conditions: MOX= 5 mg L-1,
Naz2S04= 50 mM, initial solution pH= 3, T= 20°C, current
intensity= 0.10 A, Oz flow rate= 0.1 L min-l, Fe2+=
0.01mM).

3.2.1. Effect of applied current on MOX removal in the
electro-Fenton process

The applied current considerably influences on the
electro-Fenton process and is the most important
parameter for controlling the reaction rate (Gormez et al.,
2022). The effect of the applied current on the removal of
MOX by the electro-Fenton process using a GF cathode
and a BDD anode is shown in Figure 6. In the electro-
Fenton process, MOX removal efficiencies at 60 min
electrolysis time were 86.4%, 89.0%, 93.6%, 95.2% and
95.6% at applied currents of 0.05, 0.10, 0.25, 0.50 and
0.75 A, respectively. During the 10 min electrolysis time,
MOX removal was 59.6%, 67.3%, 78.5%, 84.6% and
88.5%, respectively, depending on the increasing current
value applied. From these results, it can be concluded
that the MOX removal rate increases with the increase of
the applied current. Comparing these results with H202
production, the highest H202 accumulation was obtained
at 0.25 A (Figure 3), which does not correspond to the
optimum current value for MOX removal. The decreasing
H202 accumulation at high current values does not mean
that H202 production is low. It means that the rate of
competitive reactions (Equations 5 and 6) leading to
H202 depletion is high, so the rate of H202 decomposition
is faster than the formation of H202 (Olvera-Vargas et al.,
2021). The H202 produced in the electrolytic cell reacted
with Fe2* via the Fenton reaction (equation 2) before
being destroyed via equations 5 and 6. It should be noted
that increasing the applied current value increases
electrical energy consumption and operating costs.

The change in energy consumption in the experiments
conducted at different current values was calculated
using equation 4, and the results are shown in Figure 7.
As the current value applied to the system increases, the
energy consumption increases along with the increase in
voltage. The energy consumption for currents of 0.05,
0.10, 0.25, 0.50 and 0.75 A was calculated to be 0.38,
0.86, 2.53, 6.59 and 12.0 kWh m-3, at the end of 60 min,

respectively. Increasing the applied current can lead to
chemical changes on the electrode surface and shorten
the service life of the electrode (GilPavas et al, 2017).
However, a further increase in the applied current can
have a negative effect on MOX removal due to side
reactions (hydrogen evolution and water electrolysis)
(Qiu etal,, 2024).

100
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Figure 6. Effect of applied current on the MOX removal in
the electro-Fenton process (Conditions: MOX= 5 mg L-1,
NazS0s= 50 mM, initial solution pH= 3, T= 20°C, Oz flow
rate= 0.1 L min-?, Fez*= 0.01mM).
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Figure 7. Variation of energy consumption with applied
current (Conditions: MOX= 5 mg L-1, Na2SO4= 50 mM,
initial solution pH= 3, T= 20°C, Oz flow rate= 0.1 L min-1,
Fe2+= 0.01mM).

3.2.2. Effect of Fe2* concentration on MOX removal in
the electro-Fenton process

The catalyst concentration is one of the important
parameters affecting the removal of pollutants in the
electro-Fenton process (Wang et al., 2021; Karatas et al.,
2022). The effect of Fe2+ concentration on MOX removal
is shown in Figure 8. While in the absence of Fe2+ ions the
MOX removal in 10 min was about 30.9 %, a significant
increase in MOX removal was observed with the addition
of Fe2+ ions. At an electrolysis time of 10 min, the Fe2+
concentration for MOX removal increased to 63.4 % at
0.005 mM and to 67.3 % at 0.010 mM. This increase in
MOX removal can be explained by the contribution of the
generated hydroxyl radicals (Equation 2). Increasing the
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Fe2+ concentration to 0.020 mM led to a slight decrease in
MOX removal. This negative effect of the high Fe2+
concentration can be explained by the increased rate of
the parasitic reaction (Equation 7) that occurs between
hydroxyl radicals and excess Fe2+ (Ozdemir et al,, 2011;
Xia etal, 2019).

Fe?t + HO® - Fe3t + OH™ (7

100

80 4

E 60 A

3

; 40 —0-Fe*=0mM

= ~&=Fe*= 0,005 mM
20 -@-Fe>= 0.010 mM

——Fe= 0,020 mM

() T v Al 1

0 10 20 30 40 50 60
Time (min)

Figure 8. Effect of Fe2+ concentration on MOX removal in
the electro-Fenton process (Conditions: MOX= 5 mg L-1,
NazS04= 50 mM, initial solution pH= 3, T= 20°C, current
intensity= 0.10 A, Oz flow rate= 0.1 L min-1).

4. Conclusion

In this study, electrochemical H202 production and MOX
removal were successfully performed with a BDD anode.
It was found that the electrochemical H202 production
rate was significantly dependent on the cathode type.
H:02 production increased with the use of a GF cathode,
it was also observed that the applied current and oxygen
flow rate also had significant effects on H202 production.
The effects of applied current and Fe2+ concentration on
MOX removal in the electro-Fenton process were
investigated. It was found that the MOX removal rate in
the process with BDD anode and GF cathode increased
with the increase of the applied current. However, it was
found that increasing current was accompanied by a
corresponding increase in energy consumption due to
the increased voltage. From the findings, it was
concluded that the electro-Fenton process could be an
effective method for reducing antibiotic contamination in
wastewater.
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Abstract: Nowadays, competition between cities for super tall buildings is increasing. These buildings exceed the 300-meter height
threshold, reaching enormous dimensions and playing a decisive role in the iconic character, visual impact, and prestige, and economic
growth, technological and architectural progress of cities. In this context, the aim of the study is to formally analyze super tall buildings
inspired by nature. In the study, which is evaluated according to two variables, super tall buildings are analyzed within the scope of the
search for inspiration from nature in their form and interior formations. The study involves a content analysis of the ten tallest
buildings in the Council on Tall Buildings and Urban Habitat (CTBUH) database. The formal analysis of the buildings revealed that the
nature-inspired approach significantly influenced the design of the super tall buildings. This study emphasizes that combining super-
tall designs with nature-inspired principles can create a new paradigm in architectural design. This combination improves the quality
of life of individuals living in urban areas by enabling them to establish a closer relationship with nature. In this context, nature-
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1. Introduction

There is no universally valid definition for tall buildings
(Yildiz and Kalayci, 2022). Definitions and height limits
vary across countries, cities, specializations, regulations,
relevant legislation and standards. The Council on Tall
Buildings and Urban Habitat (CTBUH) has proposed a
methodology and classification to establish a standard
definition for tall buildings. According to this proposal,
contextual data determines whether a building can be
classified as a tall building.

A building is considered a tall building if it meets one or
more of the criteria of context, proportion and
technological sophistication (Figure 1). While the
number of storeys is a poor indicator to identify a
building due to varying height, a building over 14 storeys
and 50 meters high is used as the threshold for a tall
building. Furthermore, the CTBUH has created two
categories for structures that reach significant heights:
mega and super tall buildings. A super tall building is a
structure with a height of 300 meters or more. A mega-
tall building is used to characterize buildings with a
height of 600 meters or more. In this context, since there
are only four mega-tall buildings in the world (Burj
Khalifa, Merdeka 118, Shanghai Tower and Mecca Royal
Clock Tower) (CTBUH, 2023), the scope of the study is
limited to super-tall buildings. The design of tall
buildings draws inspiration from a variety of sources and

processes. Nature-inspired approach is frequently
preferred in tall building design. This is the process of
transferring biological knowledge from nature to
different disciplines through analysis, interpretation and
abstraction (Mutlu Aving, 2023). The systems in nature
offer many strategies, systems and mechanisms that can
be transferred to nature-inspired design (Badarnah and
Kadri, 2015). This approach includes significant
opportunities in terms of structural durability, high-
quality indoor environment, resource-energy efficiency
and morphology (Cruz et al., 2021).

The nature-inspired approach is applied in building
design at three levels: organism, behavior and ecosystem.
The organism level refers to imitating part or all of an
organism/phenomenon such as an animal or plant. The
behavior level involves being inspired by the behavior of
an organism/phenomenon. Finally, the ecosystem level
refers to transferring the ecosystem process and its logic
as a solution to the problem. Each level has five possible
imitation dimensions: form, material, construction,
process and function (Zari, 2007). In this study, super tall
buildings are analyzed in the context of form. In other
words, the formal similarities with nature in the form
formations and interior designs of the buildings were
investigated. In this way, the study
morphological approaches as well as natural elements
such as plants, natural light and water in interior and
exterior spaces.

evaluates
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Shanghai Tower
Shanghal, China
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632m /2073 ft

Figure 1. Types of tall buildings according to their height (CTBUH, 2023)

When the studies conducted so far with the keywords
"tall building" and "nature-inspired building" are
searched in the literature, it is seen that there is a limited
number of studies on the subject. In the study by Altinéz
et al. (2017), tall buildings designed with a biomimetic
approach were analyzed. In the study, the energy
consumption of the buildings was analyzed and the
energy gains obtained were investigated (Altinéz et al,
2017). In Al-Sehail's (2017) study,
Structural Form" was developed as a sustainable
paradigm. The design of a sustainable super high-rise

"Biomimetic

building is examined as an application example of
(Al-Sehail, 2017).
Mirniazmandan and Rahimianzarif (2018) examined
different approaches and levels of biomimicry in tall
buildings. In this study, it is discussed that the use of
different biomimicry principles can lead to different
results regarding the sustainability of tall buildings
(Mirniazmandan & Rahinianzarif, 2018). In a study
conducted in 2018, Al-Kodmany evaluated 30 tall
buildings in different parts of the world in terms of

"Biomimetic  Structural Form"

sustainable design features and strategies (Al-Kodmany,
2018). The study identified design approaches that can
bring sustainability and iconicity together. In the study
conducted by Yetkin in 2020, the ecological gains
provided by the biomimicry approach in architecture to
tall buildings were classified (Yetkin, 2020). In another
study by Contreras et al. (2023), the effects of biomimicry
and biophilic design approaches in tall buildings were
examined. It was determined that these concepts are
very important in achieving a sustainable and healthy
built environment (Contreras et al, 2023). Although
there are many studies in the literature on the use of
nature-inspired approaches in tall buildings, there is no
research examining the relationship between nature-

inspired design and super tall buildings. In this context,
the study investigates the phenomenon of being inspired
by nature in the form of super tall buildings. By their very
nature, super-tall buildings stand out with their
technological sophistication, construction
earthquake and wind resistance, and functionality. This
study contributes to the related literature by evaluating
super tall buildings in terms of their relationship with
nature.

systems,

2. Materials and Methods
In this study, super tall buildings in the CTBUH (2023)
database are analyzed within the scope of nature-
inspired design approaches. The study was limited to 10
buildings whose construction was completed until 2024.
General information about the buildings (building name,
city, and year of construction, height, number of floors,
material and function) is presented in Table 1.

The super tall buildings are evaluated according to the
relationships they establish with nature in their building
form and interior design. The design inputs of the
buildings were obtained from literature studies and
websites sharing information about the buildings and the
formal similarities with nature were analyzed. Formal
similarities consist of plant and animal morphologies as
well as various sources of inspiration that can be
associated with nature. In the interiors, the use of natural
elements such as materials, plants, trees and water, as
well as the use of parameters such as color, texture and
form that emulate nature were also taken into
consideration. In this way, it has been revealed how the
buildings establish a connection with nature both in their
form shaping and interior design. Figure 2 shows the
flow chart of the study.

Phytomorphic approach means

having or being
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represented by the qualities of a plant that give
information about its anatomy, forms and structure
(Merriam-Webster, 2023). While the zoormorphic
approach is the transfer of animal characteristics to
inanimate beings, the anthropomorphic approach is the
transfer of human characteristics to inanimate beings
(Suyabatmaz and Sever, 2023). Abiotic embodiment, on

Table 1. List of super tall buildings

the other hand, is defined as being influenced by non-
living features that are part of the physical or chemical
environment that affect the functioning of living things
and ecosystems (Chapin, et al, 2002). Therefore, ten
super-high with zoomorphic,
anthropomorphic, phytomorphic and abiotic morphology
were analyzed in this study.

structures

Building Name City Year Height  Floor Malzeme Function

Burj Khalifa Dubai 2010 828 m 163 Steel + Concrete Offlce+l_111(;et5é{ience+

Merdeka 118 Kuala Lumpur 2023 678 m 118 Concrete+$teel+Co Office+Residence+
mposite Hotel

Shanghai Tower Shanghai 2015 632 m 128 Concrete+S_teel+Co Office+Hotel
mposite

Ping An IFC Shenkron 2017 599 m 115 Concrete+S_teel+Co Office
mposite

Tianjin CTF Tianjin 2019 530 m 97 Concrete+S_teel+Co Office+Residence+
mposite Hotel

Taipei 101 Taipei 2004 508 m 101 Composite Office

Laktha Center St. Petersburg 2019 462 m 87 Concrete+S'teel+Co Office
mposite

VincomLandmark 81 HoChiMinh 2018 461m g1  concretesSteeltCo p ) pesidence
mposite

Suzhou IFS Suzhou 2019 450 m 95 Concrete+S'teel+C0 Office+Residence+
mposite Hotel

Al Hamra Tower Kuveyt 2011 413 m 80 Concrete Office

Research Problem

Literature Search

Sample Analysis

Criteria for Analysis

Conclusion

Nature-inspired CTBUH data analysis Burj Halife Form Configurations Interpretation of
forms in super tall analysis results
bullding desiens Detection of Merdeka 118 Zoomorphic' | i eesssssssssssesssssassseseeedt
................................ AT 3 formations
super-structures Shanghai Tower
................................. Ping an IFC thtomqrphlc
formations
Tianjin CTF FC
Abiotic
Taipei 101 formations
Laktha Center Anthropomorphic
formations
Vicom Milestone 81
Natural elements in
Suzhou IFS the interior

Al Hamra Tower

Figure 2. Method flowchart

3. Results

In this part of the study, descriptive information about
each building is presented regarding the interiors'
nature-inspired design approach and biophilic features.

The buildings were analyzed from the highest to the least
high building.

3.1. Burj Khalifa

The building, completed in 2010, is 828 meters high with
163 floors and currently holds the title of the tallest
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building in the world. The architectural and structural
design of the building in Dubai was carried out by
Skidmore Owings and Merrill. The structure generally
consists of a hexagonal core in the center and units
connected to it. The starting point of the design is the
Spider Lily (Hymenocallis), a flower that grows in the
desert. The flower's tri-axial structure and spiral growth
pattern have been crucial in shaping the tower's form. In
addition, traditional Islamic forms and intertwined
geometries are other references used to enrich the
design. As the building gets higher, its narrower form
both emphasizes the height effect of the building and
reduces the effect of wind loads. The building's facades
are intentionally designed with non-planar surfaces,
specifically avoiding flat surfaces and employing circular
corners to minimize wind loads on the building's exterior
(Figure 3) (Ilgin and Giinel, 2008).

This desert flower-shaped triaxial plan has many

advantages for the building. The first advantage is that it

Figure 4. Burj Khalifa office designs (URL-3); (URL-4)

3.2. Merdeka 118

The building, completed in 2023, is 678 meters high and
has 118 floors. The civil and structural engineer of this
building is Arup. The building serves as a hotel,
residence, and office. It is the tallest building in Malaysia
and Southeast Asia and the second tallest in the world.
The form of the building is based on the posture of Tunku
Abdul Rahman's speech on 31 August 1957 when he
declared Malaysia's independence (Arup, 2023) (Figure
5).

The design of the building incorporates biophilic
elements in its overall design and interior spatial
composition. In order to break the cold and hard
appearance of concrete curtain walls and beams in semi-
open spaces, the spaces are enriched with soft floors and
landscape elements that emulate nature (Figure 6). In the

offers an ideal solution for residential units. It provides
both privacy and access to the panorama between the
units. Another advantage is that it allows the building to
be designed with a buttressed core system. The
decreasing profile of the building's plan section along its
height accentuates the tower's ascent to the sky, giving
the impression of a structure perpetually rising with
increasing momentum. This phenomenon highlights the
tower's height, simultaneously reducing the wind load on
the upper levels of the building. As the tower ascends, the
variation in the plan section minimizes the impact of
wind forces. The distinct design of each new layer
prevents the formation of wind vortices (Weismantle et
al.,, 2007).

Biophilic elements are also included in the interior
design of the building. More bright and spacious interiors
were obtained with perennial trees in the lobby spaces.

Natural elements were used in the offices to comfort the
employees, especially in the resting areas (Figure 4).

landscape design of the building, interaction with nature
is strengthened with water and green elements.

3.3. Shanghai Tower

The building, completed in 2015, is 632 meters high and
has 128 floors. The building serves as a hotel and office.
Shanghai Tower is located in Pudong, the business and
commercial center along the east bank of the Huangpu
River on the Lujiazui peninsula, the financial center of
Shanghai. It is the second-tallest building in the world
and the tallest building in China. The decisive factors in
the design of the structure include its location in an area
with strong air flows, its positioning in an active seismic
zone, its foundation on weak soil, and its candidacy for
LEED Gold certification. The spiral transparent form of
latest

the tower serves as a showcase for the

technologies and exemplifies targeted sustainability
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strategies and emerging standards in public spaces (Xia
et al, 2010). Additionally, rainwater harvesting has been
considered in the Shanghai Tower (Lau, 2015).

The building's form was inspired by the spiral movement
of the wind, and the form was shaped with vertically
displaced sky gardens (Xia et al., 2010; Ali and Kodmany,
2012). Analyses conducted on wind and airflow patterns
led to the preference for a form that offers optimal

N\ X
\. ,‘l;l

Figure 8. Shanghai Tower interior design (URL-11).

resilience and resistance against the prevailing winds
(Figure 7).

Biophilic elements are included in the interior landscape
designs of the building. The building, which consists of
two shell surfaces, is enriched with natural landscape
elements to break the cold and soulless effect between
the glass spaces (Figure 8).
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3.4. Ping An International Finance Centre

The building, completed in 2017, is 599 meters high and
has 115 floors. Designed by Kohn Pedersen Fox, the
building serves as offices. The tower has a distinctive,
futuristic design that combines various sustainable
features such as a double skin facade, rainwater
harvesting system, and energy-efficient HVAC system.
The building has a square plan and is designed
considering earthquake and wind loads (Poon et al,
2011). The building form resembles a stretched cable.
With its sharp corner lines and pointed endpoint design,
the building resembles precious stones (diamonds, etc.)
that are rare in nature (Figure 9).

Biophilic elements are included in the interior design of
the building. Nature-inspired design elements are

frequently used in the shared areas of the building to
enrich the interiors. The roof gardens of the building also
feature natural elements (Figure 10).

3.5. Tianjin CTF Finance Centre

The building, completed in 2019, is 530 meters high and
has 97 floors. The convex and concave surfaces of the

structure, along with its conical form, are designed to
reduce wind loads. The architectural form of the building
exhibits biomorphic characteristics, resembling the
pistils of greenhouse flowers. The building combines
residence, office, and hotel programs under a single roof
and is an important center at the intersection of
transportation axes (Lee et al,, 2016) (Figure 11).

Green elements are included in the interior design of the
building. More interesting and spacious interiors have
been obtained by breaking the monotony of the corridor
spaces with live plant walls. Natural wood surfaces and
wave-shaped lighting elements in the corridor spaces
have a biophilic character (Figure 12). In addition to the
interior spaces, the building establishes a visual
connection with the natural landscape in the exterior
spaces.

Figure 11. Tianjin CTF Design Concept (URL-15), (URL-16)
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Figure 12. Tianjin CTF Indoor and Outdoor Spaces (URL-17), (URL-18), (URL-19)

3.6. Taipei 101

The building, completed in 2004, is 508 meters high, 101
stories, and is used as offices. The design of the building
is based on wind and earthquake loads. It is risky to
build high-rise buildings in the Taipei region, which is
shaken by earthquakes twice a year. Therefore, the
building has a flexible design (Chang, 2012). From the
main facade, the eight-section building resembles a
Chinese or Japanese Pagoda (Buddhist temple). The form
of the pagoda, inspired by the pagoda flower, and the thin
and delicate cross-section of the bamboo plant have
shaped the design of the building. The division of the
structure into eight segments is rooted in the Chinese
belief that the number 8 brings good luck. The windows
of the building are blue-green, and motifs found in
Chinese temples are placed at all corners of the facade.
The building forms an inverted cone by narrowing 5
degrees in the first 25 stories. Afterward, it widens by 7
degrees in every nine stories upwards. The mobility in
the form and the high rate of delicacy reveal the elegance
of the building (Figure 13).

The building overlooks the natural landscape of Taipei
City and has Biophilic features in its interior design.

N
h

k..-...

Figure 13. Taipei 101 Design Concept (URL-20), (URL-21).

Artificial and natural landscape elements and water pools
in the atrium spaces create warmer and more spacious
interiors (Figure 14).

3.7. Laktha Center

Lakhta Centre is 462 meters high and has a total rotation
angle of 90 degrees. The rotation angle for each floor is 1
degree. A circular form at the center and five additional
conical volumes surrounds this central form in a spiral
movement. Built-in 2019, the building has 87 floors and
is used as an office. It has a five-pointed star-like floor
arrangement and a conical twisted form. While the
conical form contributes positively to its aerodynamic
performance, the twisted form reduces the wind load on
the structure (Askarinejad, 2014). The form of the Lakhta
Centre is inspired by the geometry of the ice crystal
(Figure 15).

The building is located on the shore of the Baltic Sea, and
biophilic elements are prominent in landscape and
interior design. The atrium spaces are enriched with
perennial trees, shrubs, and grasses. In addition to
landscape elements, flexible and fluid spaces were
achieved with natural and organic forms (Figure 16).

Figure 14. Taipei 101 indoor and outdoor spaces (URL-22).
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Figure 16. Laktha Center indoor and outdoor spaces (URL-24; URL-25; URL-26).

3.8.Vincom Landmark 81

Completed in 2018 in Ho Chi Minh City, Vietnam, the
461m high Vincom Landmark 81 is a hotel and
residential building. It is the tallest building in Vietnam.
The shape of the building is inspired by the traditional
bamboo bundle, representing strength and unity in
Vietnamese culture (Truong et al, 2020). The blue glass
facade of the building is covered with colored lights to
make it stand out both day and night (Figure 17).

Figure 17. Vincom Landmark 81 design concept (URL-
27).

Located on the periphery of Vinhomes Central Park, the
building establishes a panoramic visual connection with
the Saigon River. The building has biophilic features in its
interior and landscape designs. Natural elements are
frequently used in the interiors, semi-open, and open
spaces to break the hard and cold glass-steel material
effect. The use of water and plant elements together in

the landscape design of the building emphasizes the
integrity of natural and built elements (Figure 18).

3.9. Suzhou IFS

Suzhou IFS is 450 meters high and functions as a hotel,
office, and apartment building. The form of the tower is
designed inspired by a fish. The tower is planned to
interact with the surrounding bodies of water. The tower
form and orientation reduce heat and glare while
bringing more natural daylight into the interior spaces
(Bao et al., 2015) (Figure 19).

The tower moves towards Lake Jinji, opening up towards
the water. More than a mere architectural ornament, it
maximizes the water view for the serviced apartments
within the expanded base. Natural elements and vegetal
forms are indirectly included in the interior design of the
building. Natural materials and textures are preferred in
the living areas, and warmer, more comfortable spaces
have been created (Figure 20).

3.10. Al Hamra Tower

The building, also known as Firdous Tower, is the tallest
in Kuwait. The building, completed in 2011, was designed
by Skidmore, Owings and Merrill (SOM). The 80-storey,
413m (371m used) tall Al Hamra Tower is an example of
a helix-shaped super-tall building with an office function.
Since the office tenants wanted to see the golf view, the
architects designed the building so that they could see
the golf as they went up to the upper floors. The north,
west, and east sides of the building form are transparent,
while the south side is opaque against the harsh desert
sun. The building form resembles a curved metal plate as
a source of inspiration (Figure 21).

Biophilic elements such as natural landscapes, geometric
patterns, and plants are used in the interior design of the
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building. Nature-inspired elements are frequently used in
and offices to create spacious and
comfortable spaces for employees. The building also has
a natural sea view. The large glass windows provide a
direct visual connection with the sea view. The natural

workspaces

light coming in through the large glass windows creates a
dynamic and diffused light effect (Figure 22).

The nature-inspired approaches seen in the form and
interior design of ten (10) super tall buildings are

presented in Table 2. Accordingly, formal similarities are
established with biotic and abiotic natural concepts such
as desert flower, human pose, wind vortex, precious
stones, greenhouse flower, bamboo plant, snow crystal,
and fish. In addition, in the interior spaces of these
buildings, recreation areas, visual connection with the
landscape, the use of live plants and trees in the atrium
and corridor spaces, and the use of natural materials are
observed.

Figure 20. Suzhou IFS indoor and outdoor spaces (URL-31; URL-32; URL-33).
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Figure 22. Al Hamra Tower indoor and outdoor spaces (URL-36; URL-37).

4. Discussion

In super tall buildings, design inspirations are partially in
the background compared to low-rise buildings due to
structural system requirements and height limits. In the
examples, the focus is on super tall buildings that are
inspired by nature. In this way, the potentials of super
tall buildings in terms of design are revealed. The search
for inspiration from nature has been identified in both
the interior design and the form shaping of the buildings.
At the same time, while the examples have natural
inspirations in terms of form, there are also forms of
learning from nature such as collecting rainwater,
shaping the form against wind and earthquake loads.
Integrating nature-inspired elements into tall building
designs has positive effects on the physical and mental
well-being of the occupants. The buildings analysed in
this study have integrated principles and elements from
nature into their design. In the analysed examples,
organic and inorganic natural forms such as bamboo
plant and bundle, wind vortex, diamond, desert flower,
human posture, ice crystal, pagoda flower, greenhouse
flower and fish were found to be the inspiration for super
tall building designs. In addition, it has been found that
all the buildings analysed have given elements such as
landscape, plant and water elements, natural patterns in
their interior and exterior designs. In general, common
areas such as atriums, lobbies, corridors, seating and
resting areas are the spaces where nature-inspired
approaches come to the fore. These spaces create larger,
spacious and comfortable areas for the building users.

5. Conclusion

In conclusion, super tall buildings by their very nature
are characterised by technological sophistication,
construction systems, earthquake and wind resistance,
and functionality. This study contributes to the related
literature by evaluating super tall buildings in terms of
their relationship with nature, which is often ignored. As
super tall buildings get higher, their connection with
nature and the ground decrease. On the other hand, in
order to re-establish interaction with nature, natural
elements are used more in the interior spaces. Analogical
inspirations from nature are widely used in the interior
and exterior designs of the super tall buildings. This
study is limited only to the form and interior design of
the buildings in their relationship with nature. However,
nature-inspired design is also used as a data source in
many aspects such as structural lightness, durability,
responsiveness, adaptability and sustainability. In future
studies, the scope of the study can be expanded by adding
these criteria.
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Table 2. Nature-inspired approaches to super tall buildings
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view/
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Ozet: iki halkah antideprasan ilag olan norfluoksetin ve fluoksetinin sentezi icin, baslangic materyali olarak kolayca bulunabilen
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way. Additionally, the antioxidant activity of these two compounds given in the title was evaluated by the CUPRAC (copper-reducing
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method provides advantages in terms of percentage yield, reaction conditions and shortness of the reaction step. Characterization of
the synthesized compounds was made by 'H-NMR, 13C-NMR IR and MS-mass spectroscopy.

Keywords: Prozac, Antidepressant, Antioxidants, Fluoxetine, Epoxidation

*Sorumlu yazar (Corresponding author): Tekirdag Namik Kemal University, Faculty of Arts and Sciences, Department of Chemistry, 59030, Tekirdag, Tiirkiye
E mail: uludag99@yahoo.com (N. ULUDAG)

Nesimi ULUDAG https://orcid.org/0000-0002-2819-3612 Gonderi: 26 Mart 2024 Received: March 26, 2024
Kabul: 06 May1s 2024 Accepted: May 06, 2024
Yayinlanma: 15 Mayis 2024 Published: May 15, 2024

Cite as: Uludag N. 2024. Studies on the synthesis of fluoxetine and norfluoxetine and investigation of their antioxidant properties. BS] Eng Sci, 7(3): 560-
565.

1. Giris Farmakolojik dzellikleri g6z 6niline alindiginda, fluoksetin
Yiiksek talep nedeniyle antidepresan ilag bilesikleri ~ Ve ticari adiyla prozac su anda rasemik formda
pazarlanmaktadir, insan metabolizmasi lizerinde farkl
etkileri vardir (Robertson ve ark. 1988a; Robertson ve
ark. 1988b) ve anti inflamatuar ve agr Kkesici etkileri
oldugu gosterilmistir (Bianchi ve ark. 1994; Bianchi ve

sentetik organik kimyacilarin biiyiik ilgisini ¢ekmistir.
Fluoksetin ve analoglari, ilk secici inhibitorlerden biri
olarak ortaya ¢kan ve psikiyatrik bozukluklarin
tedavisinde kullanilan bir ilagtir (Rossi ve ark. 2004;
Lapis ve ark, 2005). Fluoksetin ve benzerleri, ark.,, 1995). Ketonlarin enzimatik indirgenmesi (Kumar
norfluoksetin ilk olarak Wonh ve meslektaslari ve ark, 1991), a- ve B-Hidroksi Amidler (Kakeive ark,
tarafindan ilk serotonin inhibitérii olarak ortaya 2005), epoksidatin reaktinler [Gao ve ark, 1988] ile

akmistir (Wirth ve ark, 1995; Wong ve ark., 1995). kimyasal ve enzimatik reaksiyonlar dahil olmak tizere

Temsil edici biyolojik dzellikleri, anksiyete ve depresyon birgok sentetik yaklasim denenmistir (Bracher ve ark,

tedavisinde biiylik 6zelliklere sahip olmalarini saglamis, 1996; Korey ve ark, 1989; Caiaffo ve ark, 2016).

sonugta psikiyatrik bozukluklarin tedavisinde Farmakolojik potansiyelleri géz ontine alindiginda ve
yeni yontemden cesaret alarak, rasemik fluoksetin ve

norfluoksetin igin stiren epoksidasyonunu iceren ve

kullanilmasi nedeniyle, hazirlanmalari i¢in yeni sentetik
yontemlerin gelistirilmesinde siirekli cabalara neden

olmustur. Fluoksetin (Prozac), norfluoksetin, nisoksetin, bilesen olarak ucuz olan yeni ve kisa bir sentetik yol
tomoksetini iceren bu ilag grubu, genellikle depresyon ve oneriyoruz  (Sekil 1) ve etkinligini gosteriyoruz.
anksiyete bozukluklarinin tedavisinde ilk tercihtir (Sekil Fluoksetin ve rasemik formunun metabolik davranista
1). yiiksek oranda arzu edilir oldugu ve rasemik fluoksetinin
BS] Eng Sci / Nesimi ULUDAG 560
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etkinligi iyi belgelenmis bir antidepresan, depresyon,
alkolizm, depresyon, obezite ve bulimia oldugu genel
olarak kabul edilmektedir (Stark ve ark., 1985; Zerbe ve
ark.,, 1985). Bilindigi {izere, fluoksetin ve tiirevlerinin
antioksidan enzimler iizerindeki etkisinin yani sira si¢an
karaciger mitokondrisindeki enerji metabolizmasi
izerinde potansiyel olarak toksik coklu etkileri olduguna
dair bilgiler de mevcuttur (Djordjevic ve ark. 2011).
Fluoeksetinin antioksidan tzerindeki bir diger etkisi,
fluoksetinin karacigerdeki antioksidan kapasiteyi geri
kazanmasidir (Zafir ve Banu, 2007). Bu nedenle, CUPRAC
kullanarak bilesiklerin
kapasitesini belirlemeyi amacladik. Norfluoksetin ve
fluoksetin icin belirlenen antioksidan o6zellikler Tablo

1'de  sunulmustur. arastirma  sonuglari,

yontemini antioksidan

Mevcut

antioksidan calismalarda giiclii olan yeni ila¢ sinifinin
tasarlanmasi fluoksetin ve
norfluoksetinin antioksidan potansiyeli de ilgi konusu

icin  disiintlebilir ve

olmustur (Kohen ve Nyska, 2002; Serdaroglu ve ark,
2021; Uludag ve Metin, 2021; Uludag, 2023).

Bu nedenle, fluoksetin ve norfluoksetin bilesiklerinin her
iki enantiyomerinin asimetrik sentezi son yillarda artan
bir ilgi gérmiistiir (Piparaki ve , Parissi-Poulou, 1993;
Kumar ve ark., 2004). Tip ve ila¢ alaninda biiyiik bir yere
sahip olan bu yapilar, fluoksetin ve norfluoksetinin
sentezine Sema 1'de gosterildigi gibi ticari olarak temin
edilebilen stiren 1'den baslanmistir. Stiren, ilag
endiistrisi ve polimer teknolojisinde giderek genisleyen
bir uygulama yelpazesinde en 6nemli yapilardan biridir

(Gruttes ve ark., 2006; 2006; Wang ve ark., 2009).

R
o]
o) CF
: oOcFa @@ 3 NHCH;
NHCH, NH,
fluoxetine norfluoxetine R =CHs- tomoxetine

R = CH;0O- nisoxetine

Sekil 1. Fluoksetin, norfluoksetinin, tomoksetin ve nisoksetinin kimyasal yapisi.

o HO
— CN
{ i ii fii
—_— B _—
3
HQ NH, NHCH,
g : 5/
—_—

vi O@CF
NH,

Sekil 2. Reaktifler ve kosullar: i. Bisdioksomolibden, TBHP, oda sicakligy, ii. KCN, rt, iii. BH3.Mez2S, 0 0C, iv. Metil
kloroformat, LiAlH4, 0 °C, v. NaH, 4-klorobenzotrifloriir, vi. NaH, 4-Kklorobenzotrifloriir.

M

NHCH;

Tablo 1. Test edilen bilesiklerin dogrusal kalibrasyon denklemleri, dogrusal araliklari ve TEAC katsayilari ile CUPRAC
yontemine gore toplam antioksidan kapasitesi

Bilesikler Molekil Agirligi(Mw) Dogrusal l.(a.lik.)rasyon Dogrusal Calisma Aralig TEAC
(g/mol) Esitligi (M)

Fluoksetin (6) 309.13 A=27658 c + 0.045 1.77x105- 6.28x10-5 191

Norfluoksetin (7) 295.12 A=679 c+0.05 3.13x10-4- 12.43x10-4 1.24

DCM de troloksun dogrusal esitligi A=16300 c + 0.02. A= absorbans, C= konsantrasyon.
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2. Materyal ve Yontem

1H ve 13C NMR spektrumlari bir Bruker cihazi DPX-400
MHz Yiiksek Performansl Dijital FT-NMR spektrometresi
CDCl3 ile tetrametilsilan (sirasiyla H ve 13C icin 400 ve
101 MHz) kaydedilmistir. IR spektrumlar1 1000 FT-IR

spektrometresinde ve KBr pellet teknigi ile
kaydedilmistir. Kiitle spektrumlar1 GEC-21 100B
Finnigan @ Mat 1210  kiitle  spektrometresinde

kaydedilmistir. ince tabaka kromatografisi (silika jel 60
F254) teknigi. Bilesikleri izole etmek ve saflastirmak i¢in
silika jel 60 (230-400 mesh, Merck) kullanilmistir.
Deneylerde kullanilan ¢6ziiciiler uluslararasi standartlara
gore saflastirilmistir.

2.1. Materyal

2.1.1. 2-Feniloksiran (2)
Bis(asetilasetonato)dioksomolibden(VI)'nin (4,0 g, 12,2
mmol) 30 ml CH2Clz igindeki manyetik olarak karistirilan
bir c¢ozeltisi stiren (1,2 g, 12,2 mmol) ve di-tert-butil
peroksit (TBHP) (1,6 g, 12,2 mmol) ile muamele edildi ve
ardindan karisim 12 saat boyunca oda sicakliginda
karistirildi.  Coziicii buharlastirildi ve ardindan iriin
kolon kromatografisi (hekzan) ile saflastirilarak renksiz
bir yag olarak 2-feniloksiran (2) (1,2 g, %87) elde edildi.
1H NMR (CDCls), é: 2,81 (dd, 1H, CH, ] = 7,2, 3,6 Hz), 3.17
(dd, 1H, ] = 6,8, 5,6 Hz, CH), 3,89 (t, 1H, ] = 4,4 Hz, CH),
7,32-7,40 (m, 5H, ArH).13C NMR (CDCls), 6: 51,3 (CH2),
58,1 (CH), 96,2 (CH), 128,3 (Ar C), 130 1 (Ar C), 130,8 (Ar
C), 138,3 (Cq). IR (KBr), v/cm1: 3089, 2937, 2914, 1497,
1466, 1452, 1381, 1254, 1202, 983, 874, 755, 695, 573.
MS (m/z, bagil yogunluk): 120 (M+, 100), 91 (100), 65
(18),51 (12), 39 (14).

2.1.2. 3-Hidroksi-3-Fenilpropanenitril (3)

Manyetik olarak karistirilan 2-feniloksiran'in (1,0 g, 8,3
mmol) 30 mL etanol i¢indeki ¢ozeltisine 30 mL su ilave
edildi ve ardindan potasyum siyaniir (1,6 g, 24,9 mmol)
ile tek parcada eklendi. Karisim oda sicakhiginda azot
altinda 24 saat karistinildi. Reaksiyon
tamamlandiktan sonra TLC kontrol edilerek EtOAc
ekstrakte edildi ve organik tabaka MgSO4 {izerinde
kurutularak stiziildi. Coziicii buharlastirildi ve kalinti
silika jel (hekzan-aseton, 4:1)
kromatografide 3-hidroksi-3-fenilpropanenitril 3 (1,0 g,
%83) soluk sar1 olarak elde edildi. tH NMR (CDClz), &:
2,48 (brs, 1H, OH), 2,73-2,80 (m, 2H, CH2CN), 5,11 (t, 1H,
] = 6,2 Hz, CHOH), 7,23-7,51 (m, 5H, ArH). 13C NMR
(CDCI3), 6: 26,9, 68,3,116,8,125,3,128,9,129,2,175,3. IR
(KBr), v/cm-1: 3432, 3043, 2951, 2927, 2817, 2234, 1604,
1493, 1458, 1412, 1223, 1078, 1053. MS (m/z, bagil
yogunluk): 147 (M+, 100), 147 (0,8), 121 (11), 107 (24),
105 (100), 91 (14), 77 (36).

2.1.3. 3-amino-1-Phenylpropan-1-ol (4)

BHz.MezS kompleksinin (1,1 g, 1,4 mL 13,6 mmol) 20 mL
susuz THF icindeki manyetik olarak karistirilmis bir
¢ozeltisi, 3-hidroksi-3-fenilpropanenitril 3'in (1,0 g, 6,8
mmol) kuru 20 mL THF i¢indeki ¢ozeltisine °C'de 3 saat
boyunca damla damla ilave edildi. Reaksiyon karisimi 80
°C'de 6 saat boyunca 1s1tild1. 0 °C'ye sogutulduktan sonra,
reaksiyonu sondiirmek i¢in 30 mL su ilave edildi. EtOAc

atmosferi

kullanilarak

(3 x 20 mL) ile ekstraksiyondan sonra, birlestirilmis
organik faz MgSO4 iizerinde kurutuldu, siiziildi ve
¢ozilicii beyaz bir kati (966 mg %94) vermek iizere
vakumda uzaklastirildi, erime noktasi 55-57 °C ((Keoning
ve ark.,, 1994) 56 °C). tH NMR(CDCI3), 6: 1,71-1,83 (m,
2H, CH2NH?2), 2,88-3,11 (m, 2H, CH2CH), 5,06 (dd, 1H, J =
8,5, 3,0 Hz, CHOH), 7,29-7,63 (m, 5H, ArH). 13C NMR
(CDCI3), &6: 40,4, 40,8, 73,8, 124,7, 127,3, 128,1, 146,2. IR
(KBr), v/cm-1: 3342, 3278, 3155, 2931, 2866, 1552, 1467,
1429, 1317, 1044. MS (m/z, relative intensity): 152 (M+,
100), 151 (14), 132 (0,8), 115 (34), 106 (11), 84 (54), 77
(100).

2.1.5. 3-(Metilamino)-1-fenilpropan-1-ol (5)

4 numarall bilesik (500 mg, 3,3 mmol) ve
metilkloroformatin (500 mg, 5,0 mmol) 20 mL CH:Clz
icindeki ¢ozeltisine 20 mL H20 iginde K2CO3 (1,8 g, 13,2
mmol) 0 °C'de 2 saat karistirilarak ilave edildi. Reaksiyon
tamamlandiktan sonra TLC kontrol edilerek 20 mL su
ilave edildi, EtOAc ekstrakte edildi ve organik tabaka
MgSO4 Cozicu
buharlastirildi ve kalint1 20 mL susuz THF i¢inde ¢oziildii.
Elde edilen ¢ozelti 0 °C'de 500 mg (13,5 mmol) LiAlH4 ile
birka¢ porsiyon halinde muamele edildi ve ardindan
reaksiyon karisimi 12 saat boyunca isitildi. 0 °C'ye
sogutulduktan sonra, reaksiyona 3 mL su ilave edildi.

tizerinde kurutuldu ve siizildii.

Elde edilen siiziildii ve organik tabaka ayrild1 ve siiziild{,
MgS04 iizerinde kurutuldu. Céziicii buharlastirildi ve
kalan kisim silika jel (EtOAC-CH:Clz, 4:1) kullanilarak
kromatografi yapildi ve renksiz bir yag olarak 5 (433 mg,
%87) elde edildi. tH NMR (CDCl3), 6: 1,87-1,96 (m, 2H,
CH2NH), 2,38 (s, 3H, CH3), 2,85-2,94 (m, 2H, CH2CH), 4,93
(dd, 1H,] = 8,3, 3,1 Hz, CHOH), 7,34-7,46 (m, 5H, ArH). 13C
NMR (CDCI3), &: 33,7, 36,2, 47,2, 70,3, 124,7 (2C), 126,3,
128,1 (2C), 144,5. IR (KBr), v/cm1: 3431, 2934, 1657,
1593, 1451, 1244, 1089, 788, 693, 524. MS (m/z, bagil
yogunluk): 165 (M+, 100), 133(11), 133 (28), 117 (56),
104 (68),91 (14), 77 (100), 43 (14).

2.1.6. Fluoksetin (N-Metil-3-fenil-3-(4-
(triflorometil)fenoksi)propan-1-amin) (6) Sentezi
3-(metilamino)-1-fenilpropan-1-ol 5'in (200 mg, 1,2
mmol) 30 mL DMF icindeki ¢dzeltisine sodyum hidriir
(267 mg, %60 dispersiyon yag, 6,0 mmol), azot
atmosferi altinda birkag¢ porsiyon halinde ilave edildi,
karisim 3-(metilamino)-1-fenilpropan-1-ol (5) anyonunu
olusturmak icin 0 °C'de 1 saat karistirildi. Daha sonra 393
mg (2,4 mmol) 4-klorobenzotriflorir siringa ile
eklenerek karisim 4 saat boyunca kaynatildi kuvvetli
karistirma ile 1sitildi. Reaksiyon tamamlandiktan sonra
TLC kontrol edilerek oda sicakligina sogutuldu ve suya
dokiildii, EtOAc (3 x 25 ml) ile ekstrakte edildi ve
organik tabaka toplandi ve magnezyum siilfat {izerinde
kurutuldu, filtre edildi ve ¢o6ziicii indirgenmis basing
altinda uzaklastirildi. Ham yag, saf fluoeksetin elde etmek
icin eluent olarak kolon kromatografisi (EtOAc-n-hekzan,
5: 1) ile saflastirildi ve daha sonra ¢oziicii ¢ikarildiktan
sonra elde edilen iiriin, beyaz bir kati olarak 326 mg
(%88) elde etmek icin dietil eterden yeniden
kristallestirildi, flueksetinin erime noktasi 158-160 °C'dir
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((Wei ve ark., 2018)157-159 °C). 1H NMR (CDCl3), 6: 2,24
(d, 1H,] = 6,3 Hz, CH), 2,38 (dd, ] = 13,4, 6,1 Hz, CH), 2,54
(s, 3H, CH3), 2,91 (s, 2H, CH2), 5,73 (s, 1H, CH), 6,81 (d,
2H,] =8,6 Hz, ArH), 7,19-7,22 (m, 1H, ArH), 7,29-7,33 (m,
4H, ArH), 7,41 (d, 2H, ] = 8,5 Hz, ArH). 13C NMR (CDCl3), &:
161,3, 142,2, 128,9 (2C), 127,4, 126,8 (2C), 125,3, 124,7
(2C), 121,8 (2C), 115,4, 78,9, 47,6, 38,7, 36,2). IR (KBr),
v/cml: 3334,3021, 2964,2937, 2781, 2735, 2444, 1617,
1523, 1324, 1235, 1159, 1101, 1061. MS (m/z, bagil
yogunluk): 309 (M+), 164 (12), 162 (0,6), 148 (20), 104
(18),91 (32), 77 (100).

2.1.7. Norfluoksetin (3-fenil-3-(4-
(triflorometil)fenoksi)propan-1-amin) (7) sentezi
Benzer sekilde, 3-amino-1-fenilpropan-1-ol'iin (4) (200
mg, 1,3 mmol) arilasyonu, yukaridaki prosedir
kullanilarak sar1 bir yag olarak norfluoksetin 7 %91 (390
mg) elde etmek icin DMF icinde baz olarak NaH ve 4-
klorobenzotrifloriir kullanilarak niikleofilik aromatik yer
degistirme ile gergeklestirilmistir. 1H NMR (CDCl3), &:
1,58 (bs, 2H, NHz), 1,92-2,01 (m, 1H, CH), 2,11-2,23
(m,1H, CH), 2,78-291 (m, 2H, CHz), 5,29 (dd, 1H, ] = 8,6,
4,8 Hz, CH), 6,87 (d, 2H, ] = 8,7 Hz, ArH), 7,21-7,27 (m,
1H, ArH), 7,31-7,38 (m, 4H, ArH), 7,41 (d, 2H, ] = 8,7 Hz,
ArH). 13C NMR (CDCI3), &: 161,8, 142,3, 129,3, 128,7,
127,4, 126,5, 124,9, 121,5, 117,2, 77,3, 41,2, 37,5. IR
(KBr), v/cm-1: 3328, 2971, 2834, 1617, 1523, 1344, 1231,
1143, 1113, 1058. MS (m/z, bagil yogunluk): 295 (M+,
100), 278 (0,3), 251 (2), 197 (22), 162 (15), 134 (100).

3. Bulgular ve Tartisma

Sentetik  yaklasimlarda,  baslangic  materyalinin
hazirlanmasi, stiren oksit 2 literatiire gore sentezlendi,
ilk adimda epoksidasyon yoluyla fluoksetin ve

norfluoksetin sentezleme prosediirii (Wang ve ark,
2009). nedeni, stirenden  3-hidroksi-3-
fenilpropanenitril 3 iretmek icin niikleofilik ataklarin
olusumunda stiren oksidin biiyliik 6nem tasimasidir. Bu
nedenle, bu calismada stiren oksidasyonu i¢in oksidant
olarak TBHP (tert-Biitil hidroperoksit) kullandik. Sekil
1'de gosterildigi gibi, oda sicakliginda potasyum siyaniir
varliginda siyaniiriin 1,2-epoksitlere 2 eklenmesi i¢in cok
basit ve verimli bir yontem rapor ederek %83 gibi
yiiksek bir verimle 2-feniloksiran 3'ii elde ettik. Uriin 3,
siyaniirin daha az
saldirmasindan elde edilmistir. KCN ile gergeklestirilen
acllma reaksiyonu, epoksitlere eklenerek reaksiyon
kosulu hafif ve verim yliksektir (Chini ve ark., 1991).
Daha sonra bilesik 3, kuru THF icinde BH3z.Me:S ile
indirgenmeye tabi tutularak %94 verimle amino alkol 4

Bunun

siibstitiie karbon atomuna

elde edilmis, bu da metil kloro format ve indirgenmis
lityum aliiminyum hidrir ile ardigik islemle N-
metillenmis 5'e dontstirilmistir [Li ve ark., 2005]. Son
olarak, N-metilamino alkoliin arilasyonu 120 °C'de DMSO
icinde NaH ve 4-klorobenzotrifloriir ile muamele
edilmistir (Koenig ve ark., 1994; Hilborn et al,, 2001). Bu
prosediirle, rasemik fluoksetin (5) bes adimda %60
toplam verimle kat1 olarak elde edilmistir. Ote yandan,
rasemik norfluoksetin sentezi icin, amino alkol 4, DMSO

icinde 120 °C'de 4-klorobenzotrifloriir ile muamele edildi
ve sar1 bir yag olarak %62 verimle karsilik gelen rasemik
norfluoksetine 7 doniistiiriilebildi.

Sonug olarak, epoksidasyon yoluyla yeni farkli bir yolla
rasemik fluoksetin ve norfluoksetin icin kisa ve
operasyonel olarak basit bir yontem gelistirilmistir. Bu

yontem diger ila¢ endiistrisinin sentezine genisletilebilir.

4. Antioksidan Arastirmalar

Serbest radikaller, eslesmemis elektronlara sahip
oldukga reaktif yapilardir. Bu kararsiz yapilar -OH ve -NO
ile temsil edilir. Bunlar canli organizmalari etkileyen bazi
oksidatif stresler olarak bilinir. Bu siire¢ normal hiicre
metabolizmasini degistirir ve hatta hiicre 6liimiine yol
acabilir. Bu nedenle, radikal inhibitérleri saglik i¢in
O6nemlidir. Bu amagla yeni bilesiklerin arastirilmasi
o6nemlidir. Devam etmekte olan ¢alismalarimizin devami
olarak, burada fluoksetin ve norfluoksetinin sentez
antioksidan potansiyelini arastirdik.

Fluoksetin ve norfluoksetinin antioksidan aktivitelerinin
degerlendirilmesi metanolde TEAK "Trolox equivalent
antioxidant capacity" ile gercgeklestirilmistir. Fluoksetin
kalibrasyon egrileri CUPRAC
yontemine gore olusturulmus ve dogrusal kotasyonlar
elde edilmistir. Antioksidan potansiyelin genel sonuglari
Tablo 1'de Sonuglar, fluoksetinin
norfluoksetin antioksidan aktivitesinden daha yiiksek bir
antioksidan aktiviteye sahip oldugunu ortaya koymustur.
Fluoksetinin antioksidan aktivitesi, nitrojenin metil
grubuna bagh olarak varligindan kaynaklanmaktadir.

ve norfluoksetinin

ozetlenmistir.

NCHs siibstitiient grubunun varhgindan farkli olarak.
Diger bir etki antioksidan aktivite, (4-
(triflorometil)fenil)-1-oksidan fragmanlarinin
varligindan kaynaklanmaktadir (Kolla ve ark., 2005;
Juarez-Luna ve ark., 2019).

5. Sonug

Bu calismada fluoksetin ve norfluoksetinin sentezi farkl
bir yontemle gerceklestirilmistir.
bilesigin antioksidan 6zelligi de arastirildi bu yéntem ile
literatiirde ilk defa bu o6zelligi de arastirildi. Sentez

Sentezlenen iki

yontemi ile uygulanabilir bir yontem olarak ila¢ sanayisi
icin farkh bir akisi gelistirilmistir. Ara basamakta
uygulanan sentez yontemleriyle diger buna benzer
calismalar icin farkl bir bakis agis1 getirmistir.
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Katki Orani1 Beyam
Yazar(lar)in katki yilizdesi asagida verilmistir. Yazar
makaleyi incelemis ve onaylamistir.

N.U.
K 100
T 100
Y 100
VTI 100
VAY 100
KT 100
YZ 100
KI 100
GR 100
PY 100
FA 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= gdnderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazar bu ¢alismada higbir ¢ikar iligkisi olmadigini beyan
etmektedirler.

Etik Onay Beyani
Bu arastirmada hayvanlar ve insanlar tizerinde herhangi
bir ¢alisma yapilmadigr igin etik kurul onay:

alinmamugtir.

Destek ve Tesekkiir Beyani

Calisma Tekirdag Namik Kemal Universitesi, Kimya
Boliimii, Organik Kimya Arastirma Laboratuvari’nda
yapilmis olup, mevcut olanaklar1 saglayan Tekirdag
Namik Kemal Universitesi'ne tesekkiirii borg bilirim.
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Abstract: Porous silicon is very important for integrated technology because of its many superior properties, such as suitability for
mass production, easy and controlled production, and adjustable electrical and optical properties. Semiconductors with metal oxides,
such as indium oxide, indium tin oxide, tin oxide, and zinc oxide, are highly preferred in optical devices. Among these metal oxides, zinc
oxide is preferred for photodetectors because of its stable crystal structure and large exciton binding energy of 60 meV. Researchers
have conducted studies on photodetectors with porous silicon-zinc oxide heterojunction structures. The importance of the stable
operation of devices has been emphasized. Therefore, in this study, a porous silicon-based zinc oxide heterojunction structure suitable
for photodetector production was formed, and the effect of aging on zinc oxide was investigated over time. As a result of the
investigation, it was observed that the intensity decreased approximately 2.5 times at the end of 365 days owing to the aging of zinc
oxide. In addition, UV spectroscopy measurements were performed to investigate the optical properties that affect their operation as
photodetectors. Because the PS-ZnO heterojunction functions as a detector in the UV region, the absorption and reflectivity of the PS-
ZnO heterojunction were investigated, especially in the UV region. From the measurements, it was observed that aging decreased

absorption and increased reflectance. These findings underscore the negative impact of aging on photodetector performance.
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1. Introduction

Silicon plays a central role in integrated circuit
technologies and informatics, and serves as a primary
material extensively employed for the production of
various devices. These devices range from complex
integrated circuits to economical solar cells. Silicon forms
the basis of integrated circuits found in electronic
devices. As complementary metal-oxide semiconductor
(CMOS) production  lines
manufacturing, silicon-on-insulator (SOI) technology has
emerged as a crucial platform for integrated photonics
(Bloem, 1979; Mayer, 1984; Sieval et al, 2000; Guo et al,,
2002; Shuchen et al.,, 2008; Cui et al,, 2009; Westerveld et
al, 2012; Garvey et al.,, 2020; De Matteis et al., 2020).
Silicon has a wide range of applications in integrated
technology. They are utilized in the fabrication of thin-
film transistors (TFTs), solar photovoltaic (PV) cells,
peripheral circuits of liquid crystal displays (LCDs), and

enable  large-scale

electrodes in Si integrated circuits (Periasamy et al,
2017). In contemporary settings, silicon plays a crucial
role in various device applications and remains an
integral component of the silicon integrated circuit
technology (Lioudakis et al, 2008).

Photonics based on silicon and silicon nitride (SizN4) are

now employed for sensing assignments, encompassing
tasks ranging from refractive index measurements to
spectroscopic sensing (Subramanian et al.,, 2015). Silicon-
on-insulator-based devices continue to be utilized in
niche market applications, including high-temperature
and radiation-hard integrated circuits (Colinge, 1998;
Won et al,, 2007; Zhong and Bernasek, 2011)

Silicon has been extensively incorporated into
Application-Specific Integrated Circuit (ASIC) technology,
particularly in designing readout electronics for silicon
sensors in particle physics experiments (Won et al,
2007). The use of silicon-integrated circuits and
micromachining technology enables the creation of
microelectrode arrays and intricate electrical systems.
There are several reasons for using silicon as a substrate
in integrated technology. Silicon is a well-known and
mature technology that is widely used in industry,
making it a cost-effective option (Yusoff et al, 2012).
Second, silicon has a low thermal expansion coefficient,
which makes it a suitable substrate for high-temperature
applications (Gomes et al., 2011). Third, silicon has a high
level of compatibility with other materials, such as I1I-V
materials, making it a suitable substrate for hybrid

integration (Gomes et al, 2011). Fourth, silicon-on-
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insulator (SOI) wafer technology, which uses a layered
silicon-insulator-silicon substrate, can reduce parasitic
capacitance and improve performance (Bacquian and
Gomez, 2019). Fifth, the tight regulation of the size and
chemical composition of III-V nanowires has the
potential to be used in upcoming silicon technologies and
employed as the active element in optoelectronic devices
(Bakkers et al., 2007). Sixth, the use of a high-resistivity
silicon substrate along with a grounded Faraday cage can
suppress coupling in high-frequency
applications (Sharifi and Mohammadi, 2008; Peng et al,,
2010). Finally, the development of silicon carbide
substrates has allowed the organization of integrated
group production of devices, making it a suitable
substrate for electronic components.

Zinc oxide (ZnO) has various properties that make it
range of applications. It has
antimicrobial, anti-inflammatory, healing,
catalytic, magnetic, optical, and electronic properties
(Kaningini et al., 2022). ZnO is also used in piezoelectric

substrate

useful in a wide

wound

gadgets, semiconductors, sensors, and for antimicrobial
functions (Wasim et al, 2020). It has extraordinary
physical and chemical properties that make it an
important material for electrical, optical, mechanical, and
scientific research. ZnO thin films have emerged as new
and interesting materials owing to their electrical,
optical, and piezoelectric properties (Rodriguez-Baez et
al,, 2007). Owing to their remarkable characteristics and
unique physical and chemical properties, including
remarkable chemical stability, anti-corrosiveness, low
electron conductivity, broad radiation absorption, high
photostability, and tremendous heat resistance, ZnO and
metal-doped oxides are widely employed in the Nano
World. (Mishra et al., 2022).

ZnO has good optical properties with respect to UV
absorption (Weichelt et al, 2010; Zuo and Erbe, 2010).
ZnO exhibits an optical transmittance of greater than
70% in the visible region. The optical band gap of ZnO is
around 3.7 eV (Czekalla et al, 2010). The optical
properties of ZnO nanoparticles have also been studied,
and they were found to exhibit nonlinear optical
properties. The structural, morphological, and optical
features of the ZnO nanoparticles were determined using
X-ray diffraction, scanning electron microscopy, and
ultraviolet-visible spectroscopy.

Properties of ZnO UV photodetectors include: - Wide
bandgap of approximately 3.37 eV [34] - High radiation
endurability (Tian et al., 2014) - Low visible absorption
(Guo et al,, 2023) - High transmittance in the ultraviolet
(UV) region (Guo et al., 2023) - Excellent environmental
stability (Guo et al,, 2023) - Excellent photoresponse in
the UV regime (Gebrehiwot, 2017) - Can be synthesized
using a room ambient sonochemical process (Nayak et
al, 2012)- Can be synthesized using a UV-assisted
photochemical synthesis method (Chen et al.,, 2018) - Can
be synthesized as a composite with reduced graphene
oxide (rGO) (Chen et al., 2018; An et al,, 2018) - Can be
synthesized as a composite with single-walled carbon

nanotube (SWNT) thin films (Ates et al,, 2012) - Can be
synthesized as a composite with zinc gallium oxide
(ZnGaz04) for deep-ultraviolet (DUV) photodetectors
(Gebrehiwot, 2017) - Can be used to construct flexible
and wearable photodetectors (An et al, 2018) - Can be
integrated with other materials, such as lead sulfide
(PbS) quantum dots, to induce a photoconductive gain
(Dong et al,, 2014) - Can be used in outdoor applications,
such as wood coatings (Boruah et al, 2015) - ZnO
nanowires (ZNWs) have a weak photon absorption and
high recombination rate of electron-hole pairs, which
limits their application in UV photodetection (Chen et al.,
2018). However, this limitation can be overcome by using
ZnO in composites with other substances, such as
graphene (Yedurkar et al., 2016).

ZnO finds a wide range of applications across various
fields. In electronics, it is used in piezoelectric devices, UV
absorbers, and sensors. Additionally, it plays a role in
communication, solar panel devices, and environmental
protection. In the medical industry, ZnO is employed in
drug delivery, nanomedicine, and gene delivery. Notably,
ZnO nanoparticles show promise in biological sensing,
biological labeling, and as antibacterial agents. In
cosmetics, ZnO is utilized in sunscreens, whereas it
serves as a food additive in the food industry. ZnO also
to biosensors, material sciences, and
environmental remediation.

The synthesis of ZnO employs various methods, including
chemical approaches, such as the sol-gel method,
solvothermal and hydrothermal methods, and emulsion
and microemulsion environment methods. Despite their
potential applications, a significant hurdle in the
development and utilization of ZnO-based materials for
electrical and photonic purposes is the complexity of the

contributes

carrier doping. The introduction of extra zinc or doping
Zn0 with elements like Al, Ga, or In simplifies the
creation of ZnO (Piticescu et al, 2006; Amara et al,, 2014;
Mohsenzadeh and Moosavian, 2017; Nazir et al, 2018;
Chikkanna et al, 2019; Dheivamalar and Banu, 2019;
Khan et al,, 2018).

Aging in ZnO thin films refers to the changes occurring in
the properties of the films over time due to exposure to
environmental factors such as humidity and temperature
(Yaklin et al, 2010). This process can lead to the
formation of surface films primarily composed of
hydrated tin and zinc oxy-hydroxide (Hanawa et al,
1987). The key characteristics of ZnO thin films include
low electrical resistivity, excellent thermal stability, high
optical transparency in the visible spectrum, and
nontoxicity (Devasia et al, 2021; Amudhavalli et al,
2023). Defect sites in the microstructure, such as oxygen
vacancies or zinc interstitials, play a crucial role in
controlling the charge carrier mobility in thin-film
transistor devices (Matysiak et al,, 2018; Hoffman et al,,
2021). Prolonged soft annealing times can induce an
increase in the oxygen vacancy concentration in zinc tin
oxide thin-film transistors. Additionally, when heated to
350 °C, the electrical conductivity of ZnO thin films doped
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with aluminum deteriorates rapidly and unevenly. ZnO
thin films are renowned for their advantageous
characteristics, including low resistivity,
excellent thermal stability, great optical transparency in
the visible spectrum, and non-toxicity (Konstantinidis et
al, 2007; Huang et al, 2011; Nayak et al, 2013;
Widyastuti, et al,, 2022).

According to the available literature, there is no specific
information on the causes of aging in ZnO UV
photodetectors. However, some studies have mentioned
that the high radiation endurance and low visible
absorption of ZnO make it a promising material for UV
photodetector applications. Moreover, some commercial
UV photodetectors made of silicon or gallium arsenide
semiconductors require a filter to block visible and
infrared light, and they may also be harmed by strong UV
light because of aging faults that are created. (Sirkeli et
al.,, 2018). Therefore, it can be inferred that aging of ZnO
UV photodetectors may be related to the intensity and
duration of UV radiation exposure. However, further

electrical

research is required to determine the specific causes of
aging in ZnO UV photodetectors.

There are several advantages and disadvantages to aging
ZnO thin films. They are also non-toxic, inexpensive, and
abundant in materials (Sellers et al.,, 2000). In addition,
thin films of ZnO exhibit piezoelectric capabilities (Kuo et
al, 2009). Thus, the use of ZnO thin films is growing in
fields such as photovoltaic cells, photocatalytic materials,
and poisonous gas sensors (Konstantinidis et al., 2007).
However, there are also some disadvantages to aging ZnO
thin films. For example, the concentration of mercury in a
thin surface film is depleted after aging (Amudhavalli et
al,, 2023). Overall, the advantages and disadvantages of
aging in ZnO thin films depend on their specific
applications and desired properties.

There is limited information on how the aging of ZnO thin
films affects UV photodetector performance. However,
several studies have investigated the performance of ZnO
thin film-based UV photodetectors. For example, one
study reported the use of solution-based synthesis to
create transparent and flexible ZnO nanowire UV
photodetectors (Chen et al, 2018). Another study
reported the performance enhancement of ZnO UV
photodetectors using surface plasmons (Gebrehiwot,
2017). Additionally, UV photodetectors using thin sheets
of indium ZnO with a binary cation exhibited a significant
improvement in performance over their single-cation
equivalents (He et al, 2022). Other studies have
investigated the use of amorphous indium gallium ZnO
film transistors for UV photodetector applications (Chang
et al, 2012), p-n junctions of NiO thin films for UV
photodiode characteristics, and the effect of the oxygen
vacancy ratio on GaZTO solar-blind photodetectors.
Furthermore, the thermal stability of the aluminum-
doped ZnO thin films was found to be significantly
improved when exposed to UV ozone for a short time
before heating. The oxygen plasma surface activation of
electron-depleted ZnO nanoparticle films was also found

to enhance the performance of the UV photodetectors.
Finally, slightly doped ZnO films with manganese were
found to exhibit increased photocatalytic performance
compared to pure ZnO semiconductor thin films. Overall,
although there is limited information on how aging
specifically affects UV photodetector performance,
several studies have investigated the performance of UV
photodetectors based on ZnO thin films (Habibi and
Askari, 2011; Tyagi et al,, 2012; Liu et al,, 2017; Syu et al,,
2018).

These studies provide information on various aspects of
ZnO thin films, but only one study (Yaklin et al,, 2010)
has specifically noted accelerated aging studies. A prior
study (Yaklin et al, 2010) investigated the effects of
humidity and temperature on the performance of
transparent conducting ZnO and included accelerated
aging studies to determine the reliability factors and
kinetic parameters.

ZnO thin films have been extensively studied because of
their advantageous characteristics, which include their
lack of toxicity, low electrical resistivity, high thermal
stability, and high optical transparency. However, aging
of ZnO thin films has been a topic of interest in recent
studies. Yaklin et al. (2010) observed the electrical
characteristics of conducting ZnO using an in situ
electroanalytical technique under controlled air
conditions, and discovered that one of the main causes of
cell/module failure is water seeping into the modules in
the field. Amudhavalli et al. (2023) studied the
conduction mechanism of ZnO nanoparticles deposited
using a low-cost nebulizer spray method. Kim et al.
(2009) examined the optical and electrical properties of
amorphous hafnium-indium-ZnO semiconductor thin-
film transistors for thin-film transistor applications.
Kappertz et al. (2002) investigated the correlation
between the structure, stress, and deposition parameters
of direct-current sputtered ZnO films. Indluru and Alford
(2009) investigated how the thickness of Ag affects the
optical and electrical characteristics of indium tin oxide-
Ag-indium tin oxide multilayers. Park et al. (2021)
investigated the antimicrobial effect of ZnO thin films
formed by atomic layer deposition and evaluated their
applicability to membrane surfaces. Konstantinidis et al.
(2007) studied the deposition of ZnO layers using high-
power impulse magnetron sputtering. Overall, the
literature suggests that aging of ZnO thin films can affect
their electrical, optical, and structural properties, and
further research is needed to fully understand the aging
mechanisms and develop strategies to mitigate their
effects.

The integration of ZnO thin film-silicon heterojunctions
has been a topic of interest in recent years owing to its
potential applications in various electronic devices. A
heterojunction is formed by combining two different
materials with different electronic properties, which can
lead to unique electronic properties at the interface. In
this essay, we discuss the development of ZnO thin film-
silicon heterojunctions and their potential applications.
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One approach to forming a ZnO thin film-silicon
heterojunction is by depositing indium tin oxide (ITO)
and indium zinc oxide (IZO) thin films on vertically
aligned silicon nanowire (SiNW) arrays (Chang et al,
2016). Another method involves depositing an 1ZO thin
film on a p-type porous silicon (PS) substrate to obtain an
n-1Z0/PS/p-Si heterojunction diode (Belaid et al.,, 2015).
To create a heterojunction interface structure, reactively
sputtered transparent and conductive Al-doped ZnO
(AZO) films can be deposited on a macroporous silicon
(MPS) substrate (Mendoza-Aguero et al, 2015). These
methods demonstrate the potential of ZnO thin films in
combination with silicon to create heterojunctions with
unique electronic properties. ZnO thin film-silicon
heterojunctions have potential applications in various
electronic devices. For example, in photovoltaics, if
titanium oxide is produced using a metal-organic
chemical vapor deposition technique at substrate
temperatures of only 80-100°C, a wide-bandgap
heterojunction between crystalline silicon and titanium
oxide can be employed (Avasthi et al, 2013). ZnO thin
film-silicon heterojunctions can also be used in the
production of thin metal oxide films by spray pyrolysis
using supercritical COz-assisted nebulization of aqueous
solutions (Sellers et al, 2000). In conclusion, the
integration of ZnO thin film-silicon heterojunctions has
shown potential for unique electronic properties and
applications in various electronic devices. These
heterojunctions have been developed through various
methods, including depositing ITO and 1ZO thin films on
vertically aligned SiNW arrays, depositing 1ZO thin films
on p-type PS substrates, and reactively sputtering AZO
films onto MPS substrates. The potential applications of
ZnO thin film-silicon heterojunctions include tuning the
accumulated  electron  concentration in  TFTs,
photovoltaics, and the production of thin metal oxide
films. Further research is required to explore the full
potential of ZnO thin film-silicon heterojunctions in
electronic devices.

Competing evidence for an integrated technology
composed of ZnO thin films and silicon heterojunctions
has been found in various studies. For instance, Schlupp
et al. (2013) suggested that, unlike the well-studied
indium gallium ZnO, zinc-tin oxide is a promising n-type
channel material for thin-film transistors and is
composed solely of many components. Similarly, Masaud
et al. (2011) proposed that materials suitable for the
silicon process, such as thin-film ZnO, are still largely
unexplored despite their potential to enhance the
functioning of integrated silicon photonic devices. In
addition, Ciolan and Motrescu (2022) claimed that as a
first step toward creating an n-ZnO/p-Si heterojunction,
ZnO thin films were produced at a comparatively low
deposition temperature using pulsed laser ablation, a
straightforward and non-toxic technique. Furthermore,
Lee et al. (2016) suggested that because of its high
mobility value, zinc oxynitride, a mixture of ZnO and zinc
nitride, has been acknowledged as a potent replacement

for traditional semiconductor films such as silicon and
indium gallium ZnO. Finally, amorphous indium-gallium-
ZnO thin-film transistors (a-IGZO TFTs) can be viewed as
a replacement for amorphous
temperature polycrystalline silicon in high-resolution

silicon and low-

liquid crystal displays for mobile applications and in
organic light-emitting diode TVs in the display industry.

2. Materials and Methods

2.1. Formation of Porous Silicon

Boron-doped p-type silicon with a resistivity of 0.001-
0.005 Qcm and thickness of 200 pm was preferred as a
silicon wafer. Electrochemical anodic etching was
performed using a double-tank Teflon cell to create pores
in silicon (Gor and Karacali, 2017). The solution was
prepared as (1:2 (v / v) HF (40%) / EtOH (99%))
because the most controlled and smooth pore formation
was observed in this ratio (Karacali, 2003). In the
electrochemical anodization method, a current density of
10 mA/cm? was applied to the silicon for 5 min. The
structure proposed in this study is suitable for use in
photodetectors. For this reason, a 650 nm PS layer was
formed to reduce the recombination risk of the electron-
hole pair. A scanning electron microscopy (SEM) image of
porous silicon is shown in Figure 1.

Figure 1. SEM image of the pores obtained by applying
10 mA/cm? current density for 5 min.

2.2. Synthesis of ZnO

During the preparation of the ZnO solution, zinc acetate
dihydrate [Zn(CH3C00)2.2H20] was used as the starting
material. In addition, monoethanolamine (C2H7NO, MEA)
and 2-methoxyethanol (C3HsO2) were used as the
stabilizer and solvent, respectively. The solution was
stirred at 60 °C for 2 hours to obtain a homogeneous and
clear solution (Keskenler et al.,, 2017).

2.3. The Deposition of ZnO Thin Film

ZnO thin films were produced on the PS using the spin
coater technique. For this process, the PS to be used as a
substrate was first placed in a rotary coating device
(Laurell WS-650MZ-23NPPB) and the prepared ZnO
solution was applied to the surface. The sample was then
rotated at 3000 rpm for 25 seconds and the coating was
applied. The coated film was sintered at 250 °C for 10
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minutes to evaporate the solvent. This process was
repeated nine times. Finally, the sample was annealed in
air at 500 °C for 30 minutes (Keskenler et al., 2017).

3. Results and Discussion

3.1. Thin Film Characterization

As a result of this process, we observed the production of
130 nm thick ZnO thin films through the SEM images
presented in Figure 2(a). Additionally, we performed
energy-dispersive spectroscopy (EDS) using a Quanta
FEG 250 and X-ray diffraction (XRD) measurements for
characterization after producing the thin film on PS. It
was confirmed that the ZnO thin film was successfully
coated onto the silicon. The EDS and SEM results are
shown in Figure 2(b), and Figure 3, respectively.

The SEM image of the ZnO thin film heterostructure on
PS is shown in Figure 2. a. When the porous layer
thickness was ~650 nm, the thickness of the ZnO thin
film was measured to be ~136 nm. Figure 2.b shows the
EDS results of the ZnO thin-film heterostructure on the
PS. In the EDS results, in addition to the Zn and O peaks
of ZnO, peaks of B-doped Si were also observed. As
shown in Figure 3, several characteristic peaks can be
observed in the XRD spectrum of ZnO. The most
prominent peak is typically located at approximately 26 =
34.4°, corresponding to the (002) crystal plane of the
hexagonal wurtzite ZnO. Other peaks can be observed at
different 26 angles, representing different crystal planes

and orientations of ZnO. By analyzing the positions,
intensities, and shapes of these peaks, valuable
information regarding the crystal structure, phase purity,
and crystallinity of the ZnO sample can be obtained.
When comparing the results obtained in Figure 3 with
the data from the literature presented in Figure 4, the
dominant peak observed is identified as (002), and it is
evident that the ZnO peaks are aligned. In Figure 4, the
XRD results of thin films produced with 0.5, 1 and 1.5 M
ZnO solutions prepared in the study conducted by
(Keskenler et al.,, 2017) are presented.

The ZnO thin film prepared on PS was stored in a climate
room where special conditions were provided in a dark
environment at 23.4 °C and 55% humidity for one year.
The conditions, including humidity and
temperature, are shown in Figure 5.

The XRD measurement results of the sample kept in a
dark environment at 23.4 °C and 55% humidity for 365
days are shown in Figure 6. As shown in Figure 6, the
dominant peak is (002), and it is observed that the ZnO
peaks match. However, according to the measurement
results shown in Figure 3, the intensity decreased
considerably. While the ZnO peak is dominant in the
unaged sample shown in Figure 3, it is weakened in the
aged sample, as shown in Figure 6. Therefore, while the

ambient

Zn0 peak is dominant in the unaged sample, the Si peak
is more dominant in the aged sample.
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Figure 2. EDS and SEM results of ZnO thin film on PS.
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Figure 3. XRD results of ZnO thin film on PS.
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Figure 4. XRD result of ZnO thin film coating taken from
the literature.

Figure 5. Device showing the ambient conditions under
which the PS-ZnO heterostructure is left to age.
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Figure 6. XRD results of PS-ZnO heterojunction kept in
dark environment at 23.4 °C and 55% humidity for 1
year.

Figure 7 illustrates the absorption and reflectance graphs
of a 1-year aged and unaged PS-ZnO heterojunction,
measured using a Shimadzu UV-3600 Plus UV-VIS-NIR
Spectroscopy device. In Figure 7(a), the absorption
percentage (~12%) of the unaged sample is higher than
the absorption percentage (~8%) of the 1-year aged
sample, whereas the reflectivity shows the opposite
trend. The reflection percentage (~4%) of the unaged
sample is smaller than that (~6%) of the 1-year aged
sample, as shown in Figure 7(b).

For optimal photodetector performance, high absorption
and low reflectivity are desirable. Efficient operation
relies on capturing light at a high rate, while minimizing
the rate of reflection. As shown in Figure 7, aging
adversely affects the optical performance of the
photodetector. Given that PS-ZnO heterojunction
photodetectors operate in the UV region, particular
attention was paid to investigating the UV region.

— Reflection
—— Absorption

T T T T

T T
220 240 260 280 300 X0 34 0 |0 A0

Wavelength nm
20

— Reflection

—— Absorption
£ 5l
0

- T T v T T T
220 240 260 280 300 20 340 0 380 20
Wavelength nm

Figure 7. Absorption and reflectance graphs of PS-ZnO
heterojunction (a) unaged PS-ZnO heterojunction (b)
aged for 1 year at 23.4 °C and 55% humidity in the dark.

4. Conclusion

While the ZnO peaks dominate in Figure 3, it is evident
that the PS peak becomes more prominent, as shown in
Figure 6. This indicates a transition in the crystal
structures of the films from a single to polycrystalline
nature over time (Keskenler et al., 2017). In other words,
time-dependent depressions and agglomerations
manifest in the structure, leading to a decrease in the
intensity over time (Wojtasik et al., 2023). This results in
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deterioration of the homogeneity within the structure.
For semiconductor devices, maintaining homogeneity is
crucial for a stable operation.

As shown in Figure 7, UV measurements were conducted
to investigate the effect of aging on the optical properties
of the photodetector in the PS-ZnO heterojunction. The
measurements revealed that aging decreased the optical
performance of the photodetector.

Considering these observations, studies focusing on
delaying aging, which is a critical factor in determining
the working life of devices, hold promise.
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PROTEIN KAYNAKLARININ IN VITRO OLGUNLASTIRILMIS
SIGIR OOSITLERININ GLUTATYON PEROKSIDAZ ENZIiM
AKTIVITESI UZERINE ETKISI
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Ozet: Bu calisma, sigir oositlerinin in vitro olgunlastirma (IVO)’sinda kiiltiir medyumuna ilave edilen protein kaynaklarinin glutatyon
peroksidaz (GPx) enzim aktivitesi lizerine etkisinin belirlenmesi amaciyla yapilmistir. Sigir ovaryumlarindan elde edilen oositler %10
fotal buzag1 serum (FBS), 4 mg/mL sigir serum albiimin (SSA), 1 mg/mL polivinil alkol (PVA) iceren ve protein kaynagi icermeyen
bikarbonat tamponlu doku kiiltiir medyumlarinda (TCM-199) 38,5 °C sicaklikta ve %5 CO: igceren nemlendirilmis ortamda 22 saat
IVO’ya alinmigtir. Olgunlagma siiresi sonunda elde edilen kumulus-oosit kompleksleri (KOK'ler), kumulus hiicrelerinden ayirmak igin
isleme tabi tutulmustur. Kumulus hiicrelerinden ayrilan oositler, polivinil alkol iceren ve Ca%+* ve Mg?* icermeyen fosfat tamponlu tuz
cozeltisi (PBS) ile yikanmistir. Daha sonra, oositler belirlenmis érnek boyutlarina béliinerek mikrotiiplerde saklanmistir. IVO kiiltiiri
sonrasinda oositlerdeki glutatyon peroksidaz (GPx) enzim aktivitesi i¢in ticari kit kullanarak 340 nm dalga boyunda spektrofotometrik
olarak belirlenmistir. Calismada, her bir deneme grubundaki oositlerden izole edilen hiicre ekstraktlarindaki GPx enzim aktivitesinin
seviyelerinin zamanla degismedigi, kiiltiir medyumuna PVA eklenmis oositlerinde GPx enzim aktivitesinin diger deneme gruplarindaki
oositlerden daha diisiik oldugu tespit edilmistir (P>0,05). Bu ¢alisma sonucunda farklh protein kaynaklarinin antioksidan aktivitenin
gostergelerinden biri olan GPx enzim seviyelerinin sigir oositlerinde iizerine etkileri belirlenmis ve FBS ve BSA'nin protein kaynagi
olarak si181r oosit gelisimi tizerine daha etkili olabilecegi tespit edilmistir.

Anahtar kelimeler: Oosit, S18ir, Antioksidan aktivitesi, Protein, Olgunlasma

Effect of Protein Sources on Glutathione Peroxidase Enzyme Activity of In Vitro Maturated Bovine Oocytes
Abstract: This study was conducted to determine the effect of protein sources added to the culture media during in vitro maturation
(IVM) on the glutathione peroxidase (GPx) enzyme activity of bovine oocytes. Oocytes obtained from bovine ovaries were IVM cultured
in bicarbonate buffered tissue culture media (TCM-199) containing 10% fetal calf serum (FBS), 4 mg/mL bovine serum albumin (SSA),
1 mg/mL polyvinyl alcohol (PVA) and without protein source for 22 hours in a humidified environment containing 38.5 °C and 5% CO..
Following the maturation period, cumulus-oocyte complexes (COCs) obtained were subjected to a procedure to separate the cumulus
cells from the oocytes. The oocytes separated from the cumulus cells were washed with phosphate-buffered saline (PBS) containing
polyvinyl alcohol and devoid of Ca2* and Mg?+. Subsequently, the oocytes were divided into predetermined sample sizes and stored in
microtubes for further processing. After IVM culture, using a commercial kit, glutathione peroxidase (GPx) enzyme activity in oocytes
was determined spectrophotometrically at a wavelength of 340 nm. In the study, the levels of GPx enzyme activity in the cell extracts
isolated from the oocytes in each experimental group did not change over time, and the GPx enzyme activity in the oocytes with PVA
added to the culture medium was lower than the oocytes in the other experimental groups (P>0.05). As a result of this study, the
effects of different protein sources on GPx enzyme levels, one of the indicators of antioxidant activity in bovine oocytes, were
determined, and FBS and BSA, as protein sources, could be more effective on bovine oocyte development.
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hiicrelerinde DNA hasarina yol agabilir (Halliwell, 1996).
Hiicresel hasar, metabolik aktivitenin artmasina ve daha

1. Giris

Hiicre i¢i ATP iiretimi, oksidatif metabolizmanin bir yan

irini olarak gergeklesir; ancak bu metabolik aktivitenin
bir sonucu olarak istenmeyen serbest oksijen radikalleri
(SOR) de iiretilir (Sen ve Kuran, 2018; Sen, 2021; Sen ve
ark.,, 2022). SOR iiretimi, oksidatif metabolizma hizina
bagl olarak degisebilir ve ytliksek metabolik aktivite, SOR
Uretimini artirabilir (Sturmey ve ark., 2009). Yiiksek SOR
miktarlari, hiicresel enzimlerin etkisiz hale gelmesine,

membran lipid peroksidasyonuna ve embriyo

fazla besin tiiketimi ile daha fazla SOR iiretimine neden
olarak apoptoza yol agabilmektedir (Sturmey ve ark.,
2009). Oositlerin in vitro olgunlastirilmasi sirasinda
kullanilan medyumlarin ¢ogu, olgunlasmay1 desteklemek
icin bir protein kaynag icerir. Ornegin, sigir oositlerin in
vitro olgunlasmasinda sigir serum albiimin, fetal buzagi
serumu ve gibi gesitli protein kaynaklarinin eklenmesi
neredeyse zorunlu olarak bildirilmistir (Sen, 2015;
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Kocyigit ve ark., 2015). Yapilan ¢alismalar, in vitro kiltiir
ortamina eklenen protein kaynaklarinin oosit ve embriyo
tizerinde toksik etkisi olan maddelerin olumsuz etkilerini
azaltabilecegini, SOR'lara kargi bir savunma olusturarak
hiicresel  bilesenleri koruyabilecegini ve redoks
potansiyelini diizenleyebilecegini gostermistir (Flood ve
Shirley, 1991; Kogyigit ve ark., 2015). Protein ilavesinin
ayn1 zamanda oosit olgunlagsmasini destekleyen biiyiime
faktorlerini saglayabilecegi bildirilmistir (Kogyigit ve
ark, 2015). Dolaysiyla bu g¢alisma, farkli protein
kaynaklarinin in vitro oosit olgunlasma Kkiiltiirlerine
eklenmesinin,
gostergesi olan glutatyon peroksidaz enzim seviyelerini
nasil etkileyebilecegini anlamay1 amaglamaktadir. Ayrica,
hangi protein kaynaginin sigir oositlerinin
olgunlasmasinda daha etkili bir antioksidan aktivite
saglayabilecegini belirlemeye yardimci olacaktir.

hiicresel antioksidan aktivitenin bir

2. Materyal ve Yontem

2.1. Kumulus-Oosit Komplekslerinin (KOK) Elde
Edilmesi

Sigir ovaryumlari, yerel bir mezbahadan (Florya A.S.)
kesim sonrasinda temin edildi. Calisma siiresince toplam
50 ovaryumdan 200 oosit elde edildi. Ovaryumlar,
kesimden sonra yaklasik 2 ila 3 saat icinde, 35-37 °C
sicaklikta 0,9% NaCl (S5886; w/v) iceren ve 0,1% v/v
antibiyotik ¢6zeltisi (A5955; mL basina 10.000 IU
penisilin, 10 mg streptomisin ve 25 pg amfoterisin B)
eklenmis bir ortamda laboratuvara nakledildi. 2 ila 8 mm
capindaki follikiillerden 18 gaugle igneye bagh 10 mL'lik
tek kullanimlik bir siringa kullanilarak kumulus-oosit
kompleksleri (KOK'ler) elde edildi (Sekil 1). KOK'ler, %1
v/v antibiyotik-antimikotik c¢o6zeltisi ile 100 pg/mL L-
glutamin ilave edilen Hepes-modifiye ticari kiiltiir
medyumu (H-TCM-199; M7528) icinde birka¢ kez
yikandi. KOK'ler morfolojik olarak incelendi ve sadece
atretik olmayan kiimiilus yapisina, kompakt ve dizenli
graniile edilmis sitoplazmaya sahip olanlar IVO igin
secildi (Sekil 1) (Sen, 2022).

2.2. In Vitro Oosit Olgunlastirmasi

Sigir oositlerinin IVO kdaltirti Sen (2021)'in 6nerdigi
seklide gerceklestirilmistir (Sekil 2). IVO kiltir
medyumu, Earle tuzlar1 ve L-glutamin takviyeli, 5,5
pg/mL sodyum piruvat, %1 v/v antibiyotik-antimikotik
soliisyon iceren ve sodyum bikarbonat tamponlu ticari
doku kiiltirei medyumundan (TCM-199; M4530)
hazirlandi. Secilen KOK'lar, li¢ kez H-TCM-199 Kkiiltiir
medyumunda yikandi ve ardindan rastgele sigir oositi
olgunlastirma kiiltlir gruplarina dagitildi. Sigir oositi
olgunlastirma kiiltiir gruplary; (a) IVO + 4 mg/mL BSA ,
(b) IVO + %10 FCS, (c) IVO + 1 mg/mL PVA ve (d)
takviyesi olmayan seklinde
olusturulmustur. Kiltiirde olgunlastirma medyumundan
dort gozlii petrinin (Nunc, Roskilde, Danimarka) her bir

makromolekiil

kuyucuguna 500 mL aktarilmis ve tizeri 300 mL mineral
yag (Sigma M-5904) ile kapatilip 1sinmas1 ve gazlanmasi
icin inkiibatore birakilmistir. Her bir ortam grubundaki
KOK’lar 38,5 °C’de, %5 COz ve %95 oraninda nem igeren
atmosferde 22 saat siireyle kiiltiire alinmiglardir (Cevik
ve ark, 2011; Sen ve Kuran, 2018).

2.3. Glutatyon Peroksidaz (GPx) Enzim Aktivitesi
Olgunlasma siiresi sonunda KOK'lar, 2 defa H-TCM-
199’'da yikandiktan sonra 1,5 ml'lik ependorf tiiplerin
icerisine alinip etrafini saran kumulus hiicrelerinden
ayirmak icin 5 dakika vortekslenmislerdir (Labart Mult-
Mixer). Kumulus hiicrelerinden ayrilan ve ¢iplak kalan
oositler 1 mg/ml polivinil alkol ilaveli Ca%* ve Mg2+
icermeyen fostat tamponlu tuz ¢o6zeltisi (PBS) icerisinde
3 kez yikand1 ve 10 pl PBS icinde 25 adet oosit olacak
sekilde GPx enzim aktivite analizine kadar -80°C’'de
mikrotiliplerde depolanmistir. Analiz giiziinli ¢ézdiiriilen
ornekler enzimatik ekstraksiyon icin 50W'de 2 dakika
slireyle sonikasyona tabi tutulmustur (Sen ve ark., 2022).
Daha sonra orneklerin her birinden 50 pl alinmis ve 2M
1X Assay Buffer (50 mM Tris-HCI, pH 7,6, 5 mM EDTA) ve
2 pl DTT soliisyonunda 15 dakika boyunca buz igerisinde
inkiibe edilmistir. Her bir numune 3 tekrarlamali olarak
30 saniye araliklarla vorteks edilmistir. Numuneler 4°Cde
15 dakika boyunca 10.000 x g’ de santrifiij edilmistir.

Sekil 2. A) Olgunlastima medyumuna protein kaynaklarinin eklenmesi. B) Olgunlasma medyumunun filtre edilmesi. C)
Olgunlagsma medyumunun doért gézlii petri kutusuna alinmasi. D) Olgunlagmaya birakilacak oositlerin dort gozlii petriye

alinip inkiibasyona birakilmasi.

BS] Eng Sci / Nisa Nur YILMAZ

576



Black Sea Journal of Engineering and Science

Siipernantlar pipet yardimu ile alinmistir. Oositlerin GPx
aktivitesi, ticari kit (GSH-Px Assay, Northwest Life
Science Specialities, LLC ve Vancouver, WA ABD)
onerdigi sekilde
spektrofotometrik olarak belirlenmistir. GPx enziminin
aktivite tayini UV spektrofotometre (Shimadzu UV-1800)
kullanilarak glutatyon doniisiimiine bagh
artist 340 gozlemlenmistir.
Spektrofotometrik yontemler, Kinatics rate ayarinda 340
nm’de ve 3 dakika boyunca yapilmistir (Sen, 2022).

2.4, Istatistik Analiz

Calisma boyunca elde edilen veriler Ondokuz Mayis
Universitesi lisansi ile kullanilan SPSS 20,0 (2014) paket
programi kullanilarak analiz edilmistir. Farkli protein
kaynagi iceren kiltiir medyumlarinda olgunlastirmaya
alinmis sigir oositlerinin GPx enzim aktivitelerine ait
verilerinin normallik varsayimi Shapiro Wilk testi ile
belirlenmis ve dagihm sergiledigi tespit
edilmistir. Ayrica Verilerin varyans analizine uygunlugu
Levente varyans homojenlik testi degerlendirilmis olup

kullanilarak dreticinin

olarak

absorbans nm’de

normal

varyanslarin homojen oldugu (P<0,05) tespit edilmistir.
Deneme gruplarindan elde edilen ortalamalarin 6nem
seviyesinin karsilastirilmas1 0,05 Onem diizeyinde
Duncan Goklu Karsilastirma Testi kullanilarak yapilmistir
(Geng ve Soysal, 2018).

3. Bulgular

Calismada kullanilmak iizere mezbahaneye kesim igin
getirilen 53 bas sigirdan elde edilen toplam 106 adet
ovaryum laboratuvara getirilmistir. Protein kaynagi
olarak fotal buzag serumu (FBS), sigir serum albumini
(SSA) ve polivinil alkol (PVA) eklenmis Kkiiltiir
medyumlarinda in vitro olgunlastirilan sigir oositlerinin
farkli o6l¢im zamanlarindaki ve ortalama Glutatyon
peroksidaz (GPx) enzim aktiviteleri (nmol/dakika/ml)

HFBS
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sirasiyla Sekil 3 ve Tablo 1‘de sunulmustur. Calismada,
her bir deneme grubundaki oositlerden izole edilen
ekstraktlarindaki  GPx aktivitesinin
seviyelerinin degismedigi, fakat kiiltir
medyumuna PVA eklenmis oositlerinde GPx enzim

hiicre enzim

zamanla

aktivitesinin diger deneme gruplarindaki oositlerden
daha diisiik oldugu tespit edilmistir (P>0,05).
Olgunlastirma farkli  protein
kaynaklarinin GPx enzim aktivitesi lizerine etkisinin
incelenmesi amaciyla farkli protein kaynaklarinda
olgunlastirilmaya alinan oosit hiicreleri depolanarak
numuneler elde edilmistir. Elde edilen bu numunelerin
farkli protein kaynaklar1 {izerine etkisi arastirilmistir.
Yapilan aktivite tayinleri sonucunda elde edilen veriler
asagidaki sekil 3’te gosterilmistir.

ortammna  eklenen

4. Tartisma ve Sonug¢

Sig1r oositlerinin in vitro olgunlasmasi, embriyo iiretimi
slireclerinde kritik bir asamay1 temsil eder ve bu siirec,
elde edilen embriyo kalitesi ve ftretim verimliligi
tizerinde énemli etkilere sahiptir. in vitro kosullarda
oosit olgunlasmasi, oositlerin fizyolojik ve biyokimyasal
dikkate alan uygun bir c¢evrenin
saglanmasini gerektirir (Brackett ve Zuelke, 1993;
Gordon, 1994). Modern embriyo {retimi siireclerinde,
kiltiir ortaminin bilesimi, oositlerin ve embriyonun
gelisimini  dogrudan etkileyebilmektedir.
kaynaklarinin tiirti, besin madde icerigi ve diger katki
maddeleri, bu silirecte belirleyici faktorlerdir. Bu siirec,
adaptif  yanitlarini

ozelliklerini

Protein

oositlerin  ve  embriyonun
tetikleyebilir; ¢linki in vitro kosullari, oositlerin dogal
cevresinden belirgin sekillerde farklilik gosterebilir ve bu
da hiicresel yanitlan etkileyebilir (Sturmey ve ark,

2009).

SSA Kontrol

|A-—L |‘-J-J- |d'_‘-L |*‘J_ |ﬂld-4 |*‘J- |‘-J-l

0,0 dakika 0,5 dakika 1,0 dakika 1,5 dakika 2,0dakika 2,5 dakika 3,0dakika

Sekil 3. in vitro olgunlastirma medyumuna farkh protein kaynaklarinin eklenen sigir oositlerinin farkll 6l¢iim
zamanlarindaki GPx enzim aktivitesi seviyeleri (nmol/dakika/ml). FBS= fotal buzag serumu, SSA= sigir serum

albiimini, PVA= polivinil alkol.

Tablo 1. In vitro olgunlastirma medyumuna farkl protein kaynaklarinin eklenen sigir oositlerinin ortalama GPx enzim

aktivitesi (nmol/dakika/ml). ab (P<0,05).

SSA FCS

PVA Control

GPx EA 14,362+0,182

14,414+0,212

13,932+0,1b 14,061+0,2ab

abAyni satirda fakll harfler ile gosterilen ortalamalar arasindaki fark istatistiki olarak 6nemlidir (P<0,05). GPx EA= glutatyon
peroksidaz enzim aktivitesi, FBS= fotal buzag1 serumu, SSA= sigir serum albiimini, PVA= polivinil alkol.
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Oositlerin ve embriyonun biyokimyasal dengesini
desteklemek ve olgunlagsma siirecini optimize etmek
amaciyla, in vitro embriyo iiretimi siirecinde farkl katki
maddelerinin kullanimi yaygin bir yaklasimdir. Bu
baglamda, FBS, BSA ve PVA gibi protein kaynaklar
6nemli bir rol oynamaktadir. Bu katki maddeleri,
embriyo kiiltiir ortaminin besin igerigini artirabilmekte
ihtiyaclarimi ~ karsilamaya
yardimcl olabilmektedir. Onceki calismalar, bu tiir
protein ilavelerinin, 6zellikle proniikleus olusumu gibi
kritik evreleri hizlandirma yetenegine sahip oldugunu
ortaya koymustur. Ayrica, FBS, BSA ve PVA'nin in vitro
kiiltiir sirasinda gen transkript diizeylerini etkileyebildigi
ve bu da embriyo gelisim hiz1 ve kalitesi tizerinde olumlu
etkiler yaratabilecegi belirtilmistir (Ali ve Sirard, 2002).
Mevcut ¢alismada farkli protein kaynaklarimin sigir
oositlerinde glutatyon peroksidaz (GPx) enzim aktivitesi
lizerine etkisinin arastirilmasidir. GPx,
savunmanin kritik bir bilesenidir ve hiicrelerde reaktif
oksijen tiirlerine (ROS) karst koruma saglar. Sigir
glutatyon peroksidaz  (GPx)
aktivitesinin incelenmesi, in vitro embriyo iretimi
stirecindeki ©6nemli bir parametreyi degerlendirmeyi
amaglar. GPx enzimi, antioksidan savunmanin kritik bir
bilesenidir ve hiicrelerde reaktif oksijen tiirlerine (ROS)

ve oositlerin metabolik

antioksidan

oositlerinde enzim

kars1 koruma saglar. Oositlerin antioksidan kapasitesi,
embriyo kalitesi lizerinde belirleyici bir faktordiir ¢linkii
ROS, oositlerin sagligini, genetik biitiinliigiinii ve gelisim
potansiyelini olumsuz yonde etkileyebilir.
kosullarda  oosit oositlerin
doéllenmeye hazir hale gelmesini saglar ve bu slirecte
oositlerin ¢evresel stres faktorlerine Karsi
onemlidir. Oositler, dogal olarak antioksidan enzimlerle
donatilmis olmasina ragmen, in vitro ortamda maruz

in vitro
olgunlasmas1  siireci,

direnci

kalinan stres ve oksidatif hasar, bu antioksidan
savunmanin etkinligini azaltabilir. Bu nedenle, oositlerin
antioksidan kapasitesini degerlendirmek ve optimize
etmek, basarili bir in vitro embriyo iiretimi siireci igin
krittk 6neme sahiptir. GPx aktivitesinin
incelenmesi, kullanilan kiltiir ortaminin ve protein
kaynaklarinin oositlerin antioksidan savunmasini nasil
etkiledigini anlamamiza yardimci olmaktadir (Cetica ve
ark, 2001). Bu c¢alismanin sonuglari, farkli protein

kaynaklarinin medyum icgerigine eklenmesinin oositlerin

enzim

antioksidan kapasitesini nasil etkileyebilecegine dair
onemli bir icgérii sunmaktadir. Elde edilen sonuglar, her
bir deneme grubundan elde edilen oositlerin hiicre
ekstraktlarinda GPx enzim aktivitesinin zaman i¢inde
anlamli bir degisiklik gostermedigini gostermektedir.
Bununla birlikte, PVA eklenmis medyumlarda yetistirilen
oositlerde GPx enzim aktivitesinin diger
gruplarina kiyasla istatistiksel olarak anlamh bir sekilde
daha diisiik oldugu tespit edilmistir. Bu bulgular, farklh

deneme

protein kaynaklarinin oositlerin in vitro olgunlasma
islemleri sirasindaki antioksidan kapasitesini
etkileyebilecegini gostermektedir. Daha diisiik GPx
aktivitesi, olgunlasma ortamina PVA eklenmis oositlerde

gozlenirken, diger protein kaynaklarinin oositlerin

antioksidan savunmasini daha etkili bir sekilde
artirabilecegi diisiintilebilir.

Sonug¢ olarak, bu ¢alisma farkll protein kaynaklarinin
sigir oositlerinin in vitro olgunlasma siireglerindeki
antioksidan kapasite tlizerindeki etkilerini aydinlatarak,
in vitro embriyo iretimi slireglerinin optimize
edilmesine ve embriyo kalitesinin artirilmasina yoénelik

stratejiler gelistirilmesine katki saglamaktadir.
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1. Introduction

Transporting goods and people from one place to
another via road vehicles is known as road transport. It is
an essential component of the global logistics industry,
responsible for moving around 70% of all world trade.
The road transport process can be divided into four
stages: planning, loading, transportation, and delivery.
The planning stage involves taking into account factors
such as the quantity and nature of the load, the transport
distance, and the delivery date. The type of transport
vehicle, cargo packaging, and palletizing are also
determined during this stage. Loading is the process of
securely placing the load onto the transport vehicle,
carried out by loading personnel. Transporting the load
from one point to another is then done by the driver.
Finally, delivery involves handing over the cargo to the
buyer, which is done by the loading personnel. The
benefits of road transportation include its convenience,
safety, speed, punctuality, and affordability. The
advantages of road transportation are:

o Flexibility: Road transportation is more flexible than
other types of transportation. Different vehicle
types can be used depending on the amount and
nature of the load.

e Speed: Road transportation is faster than other
types of transportation.

e Cost: Road transportation is cheaper than other
types of transportation.

o The disadvantages of road transport are:

e Capacity: Road transportation has less capacity than

other types of transportation.

o Safety: Road transportation can be more dangerous
than other types of transportation.

e Environmental impact: Road transportation may
create more environmental impact than other types
of transportation.

Road transportation is the most widely used type of
transportation today because of those advantages
(URL1). The transportation sector is the second largest
energy consumer sector worldwide and makes a
profound contribution to the economy, more obviously in
developing countries (He et al,, 2020) and (Sharif et al,,
2019). The transportation sector around the world also
causes an increase in the release of hazardous gases, such
as COz emissions in the air, and manufacturers are
working to make the transportation sector more
sustainable, which will give an alarming signal to this
policy (Amin etal.,, 2020). The increase and continuous
growth of carbon emissions from the transportation
sector attract the attention of politicians for sustainable
transportation. A sustainable transport system is a key
component of sustainable economic growth, providing its
citizens with accessibility and mobility in safe and
environmentally friendly transport modes (Alshehrya
and Belloumia, 2016) and (Ozkan et al, 2019). The
energy used in road transportation can provide social
and economic development, but it can have a negative
impact on the environment and cause climate changes on
a global scale (Figueroa and Ribeiro, 2013). Many recent
studies emphasize that policies that direct transport
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towards a low-carbon path should be aligned with
sustainable development goals and principles (Amekudzi,
2011). The energy used in road transportation can
provide social and economic development, but it is
thought to have a negative impact on the environment
and cause climate change on a global scale (Edenhofer,
2015).
Organization of Petroleum Exporting Countries, the
number of private vehicles used in 2009 is expected to
increase from approximately 870 million to 1.76 billion
in 2035 (Kahn et al., 2007). According to the same report,
this rate in OECD countries will be four times higher than
in countries that are still industrializing modeled
regional and global car ownership for the year 2100
(Meyer et al,, 2012) Global results give a range of 1.4-2.0
billion cars for 2035 and 1.7-2.8 billion cars for 2050.

According to studies, making significant transportation
policy changes that reduce passenger travel levels
themselves is the most effective way to timely and
profoundly reduce transportation emissions in existing

According to the report published by the

economies. This study utilized ten-year regional data on
road freight and passenger transportation to make future
predictions and discuss the results.

2. Materials and Methods

SPSS 21.0 and Eviews 9 software were used to analyze
the data. Exponential correction methods were used in
the 2023-2025 estimates of vehicle-km, passenger-km
and ton-km data obtained from the General Directorate
of Highways (KGM). Exponential correction methods are
one of the most widely used methods in science. Series
that have components that vary over time and that can be
expressed with more than one regression curve since
there is no regression curve are called stochastic trend
series. The exponential smoothing method is known as a
method suitable for all series with stochastic and
deterministic trends (Yagimh and Ergin, 2017). This
trend can create future predictions using historical data
with error and seasonality components (Bowerman atal,,
1979). Exponentially decreasing data, but predominantly
moving average data, are used. As a result of these ideas,
the exponential smoothing method produces modeling of
different Among these
seasonal changes, trends, and overlapping components in
the series at specified intervals are included (Yagiml and
Ergin, 2017). Exponential smoothing trend method is
known as a minor method of feasible prediction. It is an
important way to make predictions when there are only a
few observations to base it on. In contrast to constant

components. components,

coefficient regression model predictions, exponential
smoothing trend method predictions are adjusted based
on past prediction errors (Bowerman at al., 1979). Since
annual data between 2013 and 2022 were used in this
study, that is, there was no seasonal data, the Holt-
Winters exponential smoothing method was used. The
method used is suitable for series with no seasonal
changes. Additionally, the method used is like the double
smoothing method in that it does not include a seasonal

component and produces linearly trending forecasts. The
method called the double smoothing method is more
discriminative because it uses only one parameter, but
this method is a two-parameter method. The smoothed
yseries is expressed by the following formula (equation
1):

Jerk = a + bk (1)

In this formula, a and b are defined as the permanent
component and the trend. These two coefficients are
defined as follows (Equation 2-3):

alt) =ay, + (1 - a)(a(t -1+ b(t— 1)) (2)
b(t) =p(alt) —a(t—1))+1—Bb(t—1) (3)

where 0<a, 3, y < 1 are the damping factors. This is a two-
parameter exponential smoothing method. Estimates are
calculated as given in Equation 4:

Yr+ie = a(T) + b(Dk 4)

The predictions expressed here lie in the linear trend
intersected by the slope. Holt-Winters exponential
smoothing model can be applied when both trend and
seasonality are present, with the two components being
either additive or multiplicative. Winters additive and
multiplicative models was extremely high and both
additive and multiplicative models (Djakaria and Saleh,
2021; Konarasinghe, 2021). T Non-Seasonal Two-
Parameter Holt-Winters are not by addition with or
multiplication by y = 0. The condition y = 0 only restricts
the temporal variation of seasonal factors (Bergmeir et
al., 2016).

3. Results and Discussion

3.1. Findings Regarding Vehicle-Km Data

Table 1 includes the vehicle-km data of the highways
between 2013 and 2022.

According to analyzing the vehicle-km data from Table 1,
it is evident that the vehicle-km values have increased
between 2013 and 2022. The 1st Region had the highest
vehicle-km values in 2013 and 2022, whereas the 6t
Region had the lowest vehicle-km values in 2013 and the
9th Region had the lowest values in 2022. Figure 1 depicts
the regional level of vehicle-km values on highways from
2013 to 2022.

The data in Table 2 that the largest
proportional increase compared to the previous year
happened in 2021 with a 17.4% increase. Based on the
data from 2013, the total change in vehicle-km in 2022 is
a 60% increase. At a regional level, the 6t Region had the
highest proportional increase compared to the previous
year with 103% in 2021, while the 14t Region had the
highest increase in 2017 with 82.9%. Based on the 2013
data, the 14th Region saw the highest increase in vehicle-
km on highways with 497% and the 6th Region with
258% in 2022. Figure 2 displays the regional level of
proportional increase in vehicle-km on highways
between 2013 and 2022.

indicates
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Table 1. 2013-2022 vehicle-km values of highways (x1000)

Region 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
1 9,373,246 9,615,197 10,048,391 10,057,524 10,754,897 11,016,764 11,567,943 9,472,109 10,871,917 11,620,266
2 1,840,373 2,108,009 2,389,097 2,548,834 2,781,404 2,880,849 3,782,512 3,239,337 3,741,236 4,120,231
4 2,554,100 2,690,956 3,042,077 3,282,559 3,420,856 3,460,344 3,671,414 3,453,687 4,135131 4,121,714
5 3,211,085 3,313,686 3,891,533 4,124,861 4,365,945 4,202,703 4,579,920 4,346,316 4,987,506 5,041,811
6 239,218 264,644 306,561 326,778 347,780 299,392 370,926 362,289 735,459 855,702
9 320,001 318,510 335,246 331,349 361,571 349,807 379,961 335,151 436,891 429,682
14 426,807 448,667 568,299 671,541 1,227961 1,405,242 1,953,121 2,089,794 2,439,661 2,549,440
Total 17,964,830 18,759,669 20,581,204 21,343,446 23,260,414 23,615,101 26,305,797 23,298,683 27,347,801 28,738,846
% 6000
I "
O e e ——
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Figure 1.2013-2022 vehicle-km values of highways (x1000).
Table 2. 2013-2022 vehicle-km change rates of highways (%)
Area 2014 2015 2016 2017 2018 2019 2020 2021 2022 2013-2022
1 2.6 4.5 0.1 6.9 2.4 5.0 -18.1 14.8 6.9 24.0
2 14.5 13.3 6.7 9.1 3.6 31.3 -14.4 15.5 10.1 1239
4 5.4 13.0 7.9 4.2 1.2 6.1 -5.9 19.7 -0.3 61.4
5 3.2 17.4 6.0 5.8 -3.7 9.0 -5.1 14.8 1.1 57.0
6 10.6 15.8 6.6 6.4 -13.9 239 -2.3 103.0 16.3 257.7
9 -0.5 5.3 -1.2 9.1 -3.3 8.6 -11.8 30.4 -1.7 34.3
14 5.1 26.7 18.2 82.9 14.4 39.0 7.0 16.7 4.5 497.3
Total 4.4 9.7 3.7 9.0 1.5 11.4 -11.4 17.4 5.1 60.0
1100
T00
AT A
_ 500
>N N
22UV
00 N Il ad ol o
10 2 - A
100 S TSNS
L v L4 v v
-30.0
B |2 R |5
[ [ mo. [ - DR T
Figure 2. 2013-2022 vehicle-km change rates of highways compared to the previous year (y axis %).
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According to Figure 2, it is evident that there was a rapid
change in vehicle-km rates, especially in a negative
direction, in all regions in 2020 and in a positive
direction in all regions in 2021.

Table 3 includes the vehicle-km 2023-2025 forecast
results of highways. The non-seasonal Holt-Winters (No
Seasonal) method was used as the forecasting method.

Table 3. Vehicle-km 2023-2025 estimation results of
highways (x1000)

Area 2023 2024 2025

1 11,530,467 11,593,445 11,656,422
2 4,272,927 4,535,987 4,799,047
4 4,366,588 4,547,836 4,729,085
5 5,256,279 5,454,603 5,652,926
6 1,102,829 1,344,886 1,586,943
9 425,104 445,773 466,442
14 2,752,738 2,948,425 3,144,112
Total 29,265,372 30,395,426 31,525,480

Based on the Holt-Winters non-seasonal double-
parameter exponential correction, the prediction results
show that the total vehicle kilometers traveled on
31,525,480,000 by 2025.
Additionally, when examining these results at the
regional level, it is observed that the 1st Region will
continue to have the highest vehicle-kilometer value in
2025.

3.2. Findings on Passenger-Km Data

Table 4 shows the passenger-km data of the highways
between 2013 and 2022.

According to Table 4, it is seen that the passenger-km
values increased between 2013 and 2022. In 2013, the
highest passenger-km values were in the 1st Region, the
lowest passenger-km values were in the 6th Region, in

highways will reach
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Figure 3. 2013-2022 passenger-km values of highways
(x1000).

Based on Table 5, the year with the highest proportional
increase, compared to the previous year, was 2020 with a
20.2% rise. In 2022, the total passenger-km change is
expected to increase by 32% when compared to the
figures from 2013. At a regional level, the greatest
proportional increase compared to the previous year
occurred in the 6th Region in 2021 (105%), and in the
14t Region in 2017 (71%). Based on 2013 data, it is
noteworthy that the highest increase in passenger-km
values on highways in 2022 took place in the 14th Region
(380%) and in the 6th Region (185%). Figure 4 illustrates
the regional level of the proportional increase in
passenger-km values on highways between 2013 and
2022. Figure 4 shows that there has been a significant
change in passenger-km rates, especially negative in
2020 and positive in 2021, across all regions.

Table 4. 2013-2022 passenger-km values of highways (x1000)

Region 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

1 30,281,515 30,468,944 30,311,035 29,670,496 30,079,065 30,955,116 32,274,161 24,492,245 28,817,243 31,494,552
2 5431,719 6,083,866 6,674,117 7,038355 7,450,457 7,768,206 10,251,643 8,222,334 9,725,348 10,943,829
4 8,363,070 8,618,078 9,229,735 9,715,846 9,825,595 9,656,624 10,192,313 8,865,138 10,864,595 11,067,571
5 11,431,733 11,484,347 12,447,559 12,759,908 12,578,186 12,189,180 13,240,113 11,382,607 13,375,120 14,061,621
6 828,337 891,645 977,804 1,018,416 999,488 869,660 1,068,726 950,408 1,950,905 2,363,647
9 1,244,230 1,198,777 1,151,487 1,083,682 1,086,683 1,053,790 1,141,543 885,952 1,185,690 1,227,453
14 1,413,706 1,545,180 1,730,390 1,987,997 3,392,382 3,896,897 5,333,551 5,306,587 6,337,051 6,788,729
Total 58,994,310 60,290,837 62,522,127 63,274,700 65,411,856 66,389,473 72,502,050 60,105,271 72,255,952 77,947,402
Table 5. 2013-2022 passenger-km change rates of highways (%)

Area 2014 2015 2016 2017 2018 2019 2020 2021 2022 2013-2022
1 0.6 -0.5 -2.1 1.4 29 4.3 -24.1 17.7 9.3 4.0

2 12.0 9.7 5.5 5.9 4.3 32.0 -19.8 18.3 12.5 101.5

4 3.0 7.1 5.3 1.1 -1.7 5.5 -13.0 22.6 1.9 32.3

5 0.5 8.4 2.5 -1.4 -3.1 8.6 -14.0 17.5 5.1 23.0

6 7.6 9.7 4.2 -1.9 -13.0 229 -11.1 105.3 21.2 185.3

9 -3.7 -3.9 -5.9 0.3 -3.0 8.3 -22.4 33.8 3.5 -1.3

14 9.3 12.0 14.9 70.6 14.9 36.9 -0.5 19.4 7.1 380.2
Total 2.2 3.7 1.2 34 1.5 10.7 -18.2 20.2 7.9 32.1
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Figure 4. 2013-2022 passenger-km change rates of
highways compared to the previous year (%).

Figure 4 illustrates the regional level of the proportional
increase in passenger-km values on highways between
2013 and 2022. Figure 4 shows that there has been a
significant change in passenger-km rates across all
regions, especially negative in 2020 and positive in 2021.
Table 6 shows the passenger-km 2023-2025 forecast
results of highways. The non-seasonal Holt-Winters (No
Seasonal) method was used as the forecasting method.

According to Table 5, the year that had the highest
proportional increase in passenger-km compared to the
previous year was 2020, with a rise of 20.2%. It is
expected that in 2022, the total passenger-km change will
increase by 32% compared to the numbers from 2013. At
a regional level, the 6th Region had the greatest
proportional increase compared to the previous year in
2021 (105%), and the 14th Region had the highest in
2017 (71%). It is worth noting that based on 2013 data,
the highest increase in passenger-km values on highways

Table 7.2013-2022 ton-km values of highways (x1000)

in 2022 took place in the 14th Region (380%) and the 6t
Region (185%).

Table 6. Passenger-km 2023-2025 forecast results of
highways (x1000)

Area 2023 2024 2025

1 29,743,093 29,499,958 29,256,823
2 10,947,954 11,564,872 12,181,789
4 10,950,178 11,208,889 11,467,600
5 13,483,068 13,712,212 13,941,355
6 3,044,552 3,746,889 4,449,226
9 1,193,327 1,274,302 1,355,277
14 7,276,967 7,773,605 8,270,243
Total 73,784,36 75,263,668 76,742,701

3.3. Findings on Ton-Km Data

Table 7 includes ton-km data of highways between 2013
and 2022.

Table 7 data reveals that the ton-km values on highways
have increased between 2013 and 2022. In 2013, the 1st
Region had the highest ton-km values, while the 6t
Region had the lowest. Similarly, in 2022, the 1st Region
had the highest ton-km values, but the lowest were
recorded in the 9th Region. Regional level ton-km values
on highways between 2013 and 2022 are displayed in
Figure 5.

Table 8 shows the change in ton-km data of highways at
the regional level.

As Table 8, the highest proportional increase in ton-km
values when compared to the previous year was
recorded in 2021 at 17.9%. When compared to 2013, the
total ton-km change in 2022 recorded an increase of
54.7%. The 6th Region recorded the highest proportional
increase compared to the previous year in 2021 at 64.3%
and the 14th Region recorded the same in 2017 at 53.9%.

Region 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

1 24,841,564 25,978,351 26,667,732 26,605,152 27,684,119 28,836,103 28,591,508 27,075,092 31,640,354 31,655,989
2 3,013,552 3,287,588 3,603,833 3,915975 4,311,525 4,783,947 6,852,455 6,021,556 7,189,090 8,335,133
4 7,171,248 7,637,588 8,347,276 8,870,871 8,472,227 8,499,779 8,729,400 8,506,144 10,188,632 9,881,511
5 12,347,585 12,927,194 13,969,457 14,385,420 14,427,253 14,217,564 15,425,187 15,460,914 17,503,573 18,873,952
6 835,350 929,246 1,086,233 1,185,431 1,128,446 1,024,494 1,216,286 1,320,837 2,169,578 2,908,691
9 1,611,370 1,625944 1,610,179 1,499,090 1,586,260 1,513,559 1,648,895 1,368,370 1,808,203 1,986,114

14 1,257,564 1,343,215 1,591,018 1,817,677 2,796,703 3,242,044 3,883,990 3,932,667 4,601,682 5,379,799
Total 51,078,233 53,729,126 56,875,728 58,279,616 60,406,533 62,117,490 66,347,721 63,685,580 75,101,112 79,021,189
Table 8. shows the change in ton-km data of highways at the regional level

Area 2014 2015 2016 2017 2018 2019 2020 2021 2022 2013-2022
1 4.6 2.7 -0.2 4.1 4.2 -0.8 -5.3 16.9 0.0 27.4

2 9.1 9.6 8.7 10.1 11.0 43.2 -12.1 19.4 15.9 176.6

4 6.5 9.3 6.3 -4.5 0.3 2.7 -2.6 19.8 -3.0 37.8

5 4.7 8.1 3.0 0.3 -1.5 8.5 0.2 13.2 7.8 529

6 11.2 16.9 9.1 -4.8 -9.2 18.7 8.6 64.3 34.1 248.2

9 0.9 -1.0 -6.9 5.8 -4.6 8.9 -17.0 32.1 9.8 23.3

14 6.8 18.4 14.2 53.9 159 19.8 1.3 17.0 16.9 327.8
Total 5.2 5.9 2.5 3.6 2.8 6.8 -4.0 17.9 5.2 54.7
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Based on 2013, the highest increase in ton-km values on
highways in 2022 was recorded in the 14th Region at
327.8%, followed by the 6th Region at 248.2%, and the
2nd Region at 176.6%. Figure 6 shows the regional level
of the proportional increase in ton-km values on
highways between 2013 and 2022. According to Figure 6,
it is evident that there was a rapid change in ton-km
rates, especially in a negative direction, in all regions in
2020. However, in 2021, there was a positive change in
all regions.
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Figure 5. The course of ton-km values of highways in
2013-2022 (x1000).

Figure 6. 2013-2022 ton-km change rates of highways
compared to the previous year (%).

Table 9 shows the ton-km 2023-2025 forecast results of
highways. The non-seasonal Holt-Winters (No Seasonal)
method was used as the forecasting method.

Table 9. Ton-km 2023-2025 forecast results of highways
(x1000)

Area 2023 2024 2025

1 32,375,088 33,173,996 33,972,904
2 8,973,032 9,892,933 10,812,833
4 10,080,944 10,368,802 10,656,660
5 19,669,503 20,479,463 21,289,423
6 3,715,267 4,527,095 5,338,924
9 1,983,754 2,181,963 2,380,172
14 5,736,174 6,133,070 6,529,966
Total 76,230,983 79,413,384 82,595,784

According to the Holt-Winters non-seasonal double-
parameter exponential correction, the prediction results
in Table 9 reveal that the total tonne-kilometers (ton-km)
on highways will reach 82,595,784,000 by 2025.
Additionally, when analyzed at a regional level, it is
observed that the 1st Region will continue to have the
highest ton-km value in 2025.

4. Conclusion
Upon examining the study results, it has been determined
that passenger and cargo carrying capacity has increased
in certain regions over the years and is predicted to
continue to increase in the future. However, these
increases in road transportation have negative impacts
such as environmental pollution, climate change, and
traffic accidents. Therefore, it is crucial to reduce
transportation where possible. To achieve this, the
following measures can be taken:

e Encourage the use of public transportation by
prioritizing information and awareness-raising
campaigns.

e Promote environmentally friendly transportation
methods like walking and cycling.

e Implement deterrent measures to encourage people
to reduce their daily travel distances.

e Increase public awareness through commercial
approaches such as electronic shopping, and reduce
people's need for physical shopping.

e Develop smart transportation systems to optimize
traffic flow.

Transportation-related greenhouse gas emissions make
up a significant portion of Tiirkiye's total emissions. To
reduce these emissions, we can take measures such as
changing transportation preferences and improving
transportation infrastructure. Additionally, we need to
ensure that the transportation system promotes
sustainable development by meeting basic accessibility
needs that are consistent with human and ecosystem
health, producing limited amounts of greenhouse gas
emissions, and paying attention to the affordability,
equity, and efficiency of the system.
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1. Introduction

The new generation of mobile services requires several
different bands both at sub-6GHz and millimeter wave
frequencies. Some of them are re-allocations of intrinsic
cellular bands while others are newly assigned. These
new frequency bands are there to handle more data
traffic with complex modulations resulting in more
demanding system requirements. Such high demands
from the system increased the number of base stations
with higher performance but smaller coverage in a
typical cell. Small-cell base stations such as Microcells,
Picocells, and Femtocells, therefore, gained attraction
over macro cells as they are smaller in size, emit less
power, are easier on thermal control, and are more
environmentally friendly (Hsu et al, 2017). The sub-6
GHz bands are expected to operate with higher consumer
demand than mm-wave ones (Li et al, 2018). Regardless
of the frequency band, power amplifiers are one of the
key RF elements in the entire cellular transceiver design.
As the generation of cellular system increase, the
requirements of micro or macro base-station power
amplifiers evolve to be more stringent. The transmitter of
microcells, picocells, and femtocells are compact for
frequent placement in indoor or outdoor locations. As
part of a small transmitter, the PAs need to be designed

more compact and more power efficient in order to have
a thermally stable operation. GaN devices have a higher
energy gap than GaAs devices which enable them to have
higher breakdown voltage and power density
(Colantonio et al, 2009). The higher breakdown also
allows large voltage swings and high power output. With
the high output power handling capability, GaN PAs are
commonly used in small cell applications. In this work, a
class-AB GaN HEMT PAM is designed for new-generation
cellular networks. This paper is organized as follows: The
design procedure is explained in section 2 whereas the
implementation and measurements are detailed in
section 3 followed by a conclusion.

2. Material and Methods

The purpose of any amplifier is to produce an output that
follows the characteristics of the input signal but with
higher voltage or power. One of the most important
blocks of wireless communication systems is RF power
amplifiers. RF Power amplifier design entails multiple
design challenges such as linearity, gain, stability, output
power, input and output matching, and thermal (Ozalas,
2021). The topology and transistor selection play a
critical role in overcoming all these challenges. The PAM
is realized on a 8.5x5.2mm sized 20-mil thick Rogers
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4350C low-loss RF substrate with 1oz copper on both
sides. A 8W GaN HEMT transistor (Cree’s CGH60008D)
and 0603 sized discrete components are used. GaN
technology is chosen for its higher breakdown voltage,
larger power density, and broader bandwidth. The PAM
is designed in Class AB mode operation to optimize
between Power Added Efficiency (PAE) and linearity
(Monprasert et al., 2010). The quiescent operating drain
current Ids is 134 mA for the drain voltage Vgs of 28 V,
which corresponds to the gate voltage Vgs =-2.7 V where
the performance optimization for the desired linearity at
the highest efficiency is obtained (Igbal and Piacibello,
2016). The HEMT die is attached to the laminate using
the 25um gold bond wires for the gate and the drain
connections. The effects of wirebonds were included in
the design process with the proper EM-based model
where the mutual inductance and capacitance among
multiple wires and the ground plane is included
(Nazarian et al, 2012). Figure 1 shows the simplified
schematic of the proposed PAM.

The design is optimized through the simulations using
vendor-supplied component models and EM simulations
of laminate layout and bond wires. The HEMT device
model includes large signal behavior which enables
harmonic balance simulations. Therefore, besides small-
signal characterization, the load pull simulations were
done to optimize the output matching network based on
the AM-to-AM and AM-to-PM nonlinearities of the
transistor. The output matching network is designed
using iterative load-pull and source-pull simulations to
ensure optimum performance of the PAE and the 3rd
order output Intercept Point (OIP3) for targeted power
delivery (Tao et al, 2015). The source and load
impedances for the maximum gain, the optimum OIP3
and the PAE for the transistor were 3.2-j*7.7 Q and
24.54j%12.9 Q respectively at the center frequency
between the 3.4 GHz and 3.6 GHz frequency bands. The

Vi=-2TV
I+

C3=10 pF

—H

C4=10pF

|
I
L2=10 nH E

input and output matching circuits were realized with
lumped elements. The input matching network was
designed with a high-pass T-type topology where the
effects of gate bias and stability networks are embedded
in the matching. The output network is designed with a
DC-blocked low-pass L topology where the supply
network is used for 2nd harmonic optimization. The
supply decoupling capacitors were also added at both the
gate and the drain bias lines. The proper stability
network consists of a shunt series RC network at the
input of the PAM. The design is optimized using
parametric schematic and EM simulations. The topology
and final component values are given in Figure 1.

Figure 2 shows the simulated performance. The
saturated output power is 37.1 dBm for an input power
of 24.75 dBm which corresponds to 12.35 dB gain 39%
and power-added efficiency at about 1dB compression
point. A 100 Q resistor was used as the stability network.
Figure 3 shows the result of a parametric study of the
stability resistor over the input and the output return
loss. Small signal stability analysis is a common method
used in the design of RF amplifiers. In an amplifier, the
closed loop gain of a classical feedback system shown in
Equation (1) should satisfy the stability condition for
each feedback loop including the ones caused by the
parasitic electric and magnetic couplings. Here, A
presents the open loop gain of the amplifier, and
presents the feedback network transfer function. If the A
8 which is the loop gain, has the amplitude of 1 with the
phase of m the amplifier becomes unstable (Sedra et al,,
2021).

This approach has been widely used in the design of
power amplifiers to analyze the stability (Zhao et al,
2022). Besides many parasitic feedback loops, the
parasitic effects coming from the finite impedance
ground connection at the source of the active device can
be considered the strongest feedback path in the system.
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Figure 1. Schematic of proposed module design.
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The stability condition was simulated for the input power
of 24.75 dBm which corresponds to 5W output power.
Figure 5 shows the loop gain from DC to 10 GHz at the
drain and the gate nodes. It is observed that the circuit is
stable as the loop gains for both cases are below -15 dB.
Although small signal stability is a commonly checked
one, power amplifiers are typically used under large
signal conditions. In addition to small signal stability
analysis, the stability conditions under large signal
presence should also be checked. In this work, the large
signal stability analysis was done and a test setup was
constructed to simulate the large signal conditions. In
addition to the loop-gain-based stability criteria, another
method, which is based on the driving point impedance
technique, was used to check stability (Bode, 1945). The
driving point impedance is the network determinant
divided by the same determinant with the node that is
selected, discarded from the network matrix. Same
condition can be considered for the admittance. Figure 4
shows the network built with admittance nodes.

Figure 4. Admittance network.

Considering the current flow and node voltages driving
point admittance can be calculated. Y-matrix is built with
a set of nodal equations. The nodal equation in Equation
(2) is an example of current equation at node 1 where Y11
can be written as Equation (3). Just like Y11, Y22 or any Yun
can be written in this form. Thereon, Equation (4) is

created with the admittance of the nodes. Discarding the
node from the matrix means the column and row which
contains the node is removed from the matrix. This
means that in Equation (4), the determinant of the matrix
with the removal of node 2, discards Y22 along with the
Y21 and Yi2 from the matrix and only Y11 remains.
Normally the matrix determinant of the admittance
network is Y11Y22 — Y21Y12; however, removal of the node
2 divides the determinant with the remaining Y11 and
driving point admittance of node 2 becomes Equation

(5)-

Yisp =Y Vo =Yl =14 (2)
Yip=Y1+Y+ Y, (3)
Y11 Y1z]

4
Yo Yr ®

A — Y11Y22 - Y21Y12 (5)
AIZZ yll

In other words, the driving point admittance of a node is
the ratio between the driving current entering the node
and the node voltage that results in. If the node self-
oscillates, the response of the network may give
unexpected results (Ozalas, 2021). Moreover, Kurokawa
(1969) also checks the stability with the impedance
response. If the real part of the impedance is either zero
or negative, while the slope of the imaginary part
increases with the frequency increase, the self-oscillation
condition occurs. Figure 6 points out the real value of
driving point admittance for the gate and drain nodes of
PAM from DC to 10 GHz. It is observed that the minimum
value is 0.011 which concludes that the PAM is stable for
the entire frequency range. Kurokawa condition was also
checked with driving point admittance. Since the sign of
the impedance is crucial for Kurokawa condition driving
point admittance result can be used. It assured the PAM’s
unconditional stability as well.
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Figure 5. Logarithmic loop gain of PA.

An evaluation board was designed as a connectorized
testing vehicle for small signal and large signal
measurements of the PAM. The Figure 7 shows the die
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picture and the evaluation board. The board includes 2
input and output SMA connectors, 2 DC bias pins, and 2
extra pins for merging the ground connections of the

supplies. A finned aluminum plate is attached to the back
of the board for proper heat dissipation. The size of the
evaluation board is 26 x 21 mm?.
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Figure 6. Driving point admittance of PA.

Figure 7. The assembled power amplifier module.

3. Results and Discussion

The laminate is manufactured with solder mask and
silkscreen. Die placement, component assembly and wire
bondings are manually done. The GaN HEMT die has gold
back plate. Therefore, electrically conductive Epotek
H20e silver epoxy was used for die bonding. 25 pm gold
wirebonds are for gate and drain connections. Although
there is thru-wafer-via in the GaN die extra downbonds
are added for RF grounding. The board was characterized
for both small signal and large signal performance at
Istanbul Medipol University RF Laboratory.

3.1. Small Signal Measurements

The small signal response of the PAM was measured by
Rohde&Schwarz ZNB8 model Vector Network Analyzer.
Figure 8 shows the simulation and measurement results
for small signal gain, input return loss and output return
loss. At 3.5 GHz the gain was measured as 13.4 dB, the

M
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{ Wil V4

o - 4p i Y Gkt
Afum ¥ Lrarend

NKQ1

output return loss was measured as -7.7 dB and the input
return loss was measured as -12.2 dB. The small signal
stability indicators of p and p’' values were calculated
from the measured S-parameters (Colantonio et al,
2009). As both the p and p’ are greater than 1 across a
broad frequency range, the PAM was unconditionally
stable under small-signal conditions.

3.2. Large Signal Measurements

The large signal response of the PAM was tested with a
3.4 GHz single tone supplied by the Rohde&Schwarz
SMB100A signal generator and a Mini Circuits ZHL-5W-
63-S+ driver amplifier, and the output of PAM was
monitored with the Rohde&Schwarz FSH8 spectrum
analyzer. The block diagram of the test setup is shown in
Figure 9. A 30 dB attenuator was used for protection of
the spectrum analyzer from the incidence of high-power
signal. Likewise, two 10 dB attenuators in the setup were
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used for protection of DUT, preamplifier and the signal
generator from the incidance or reflectance of high-
power signals under high VSWR conditions (Mini-
Circuits, 2020). To measure the large signal response of
PAM, the signal generator was swept in the range of -30
dBm to -8 dBm, so that the preamplifier can drive the
DUT with signal levels between 0 dBm to 22 dBm. The
measurements were performed in short periods and with
a running cooler fan in order to thermally stress the PAM.
The output power and supply currents were recorded for
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Figure 8. S-parameter vs frequency for measurement
and simulation.

each input power value and post-measurement
calculations were done.
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Figure 9. The block diagram of the proposed large signal test.

Figure 10 shows the output power and transducer power
gain at 3.4 GHz. The cable losses and test setup losses
were de-embedded from the large signal measurements.
The measurement was done only up to the output of 33.2
dBm due to the driving power limitations in our
measurement setup. The maximum output power was
measured as 33.3 dBm without any compression. The
gain was flat for the input power range from 17 to 22
dBm. The transducer power gain is greatly affected by
the mismatches at both input and output. Figure 10.
Measurement of output power, gain at 3.4 GHz.

Table 1 shows the comparison of similar hybrid power
amplifier module studies in the literature.

The measured PAE was only reported up to a power
output of 33.2dBm due to the driving power limitations
in our measurement setup. For this output power, PAE
was 20 % and we expect the peak PAE to be closer to 39
% for an output power of 37dBm as shown in Figure 2.
Our work is the smallest one among the referenced
works. The output power is average and output matching
network needs more adjustment to increase efficiency.
This work targets small cell base station applications.

The development phase requires a low-cost solution for
small quantities. The hybrid PA Module comes forward as
a strong solution due to its easy-post-production-tuning
feature and ultra-low-cost nature when compared to the
other custom MMIC based solutions.
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Figure 10. Measurement of output power, gain at 3.4
GHz.
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Table 1. Comparison with reference products

Frequency Gain Output Power . Size

References Efficiency
(GHz) (dB) (dBm) (mm)

Inoue and Ebihara (2016) 3.6 24 40/32 40%/20% 8x8
Saad etal. (2010) 1.9-4.3 10 40.5 50%@3.5 GHz 65x65
Komatsuzaki et al. (2017) 3.0-3.6 12 34.2@3.5 GHz 45.9%-50.2% 78x60
Sakata et al. (2020) 3.6 30 37.3 44.7% 10x6
Barisich et al. (2015) 1.0-11.5 4 35@3.0 GHz 30% 76.2x25.4
Crescenzi et al. (2005) 1.96 27.5 44.8 45% 15.2x25.4
This work 3.4-3.6 11.3 33.2 20% 8.5x5.2

4. Conclusion

In this article, detailed design steps of a class-AB PAM are
explained. The Power Amplifier Module is constructed on
an 8.46 x 5.22 mm Rogers4003C laminate as a hybrid
design using a GaN HEMT transistor die and 0603 sized
discrete resistor, capacitor and inductors. For the design
simulations, the vendor supplied compact model of
CGH6008D, vendor supplied S-parameter data for the
inductor, and resistor and capacitors, along with the
bond wire model obtained from full-wave 3D EM
simulations to account for parasitic effects of the 25 pm
gold wire are used. An evaluation board was designed
and fabricated along with the PA Module.
measurements show that more than 2W saturated output
power was obtained from the PA with 11.2 dB gain and
20.1 % PAE at 3.4 GHz. S11 and S22 were measured as -
12.2 dB and -7.7 dB respectively. S21 was measured as
13.4 dB at 3.5 GHz. The shunt resistor used as the
stability network ensured unconditional stability of the
PAM. It was verified using both small signal and large
signal stability analyses.
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Abstract: Tiirkiye has a favorable geographical location for renewable energy sources such as wind and solar. Accordingly, renewable
energy sources can be used in the fast-growing bovine, ovine, and poultry farms that perform plant and animal production. Marmara
Region is the leading production center of the Turkish poultry production industry. However, there are problems in maintaining
environmental conditions in poultry houses. The fan-pad system plays an essential role in maintaining environmental conditions in the
poultry houses. For this reason, the fan-pad system required for evaporative cooling in the poultry houses in Tekirdag region was
designed. The project was carried out in poultry houses with 6000 chickens and the dimension of the poultry house is 14 x 30 (420
m2). In the poultry house, a 16.8 m? pad is needed for cooling, and a circulation pump with 0.2 kWh power is required for water
circulation in the system. For mechanical ventilation, 11 units of aspirators with a diameter of 60 cm a power of 0.75 kWh, and a flow
rate of 9500 m3h! will be sufficient for the system. For the ventilation and cooling system, an 8.45 kWh wind turbine system will
supply the required energy. However, due to the variability of wind power, a turbine system larger than 8.45 kWh, such as 10 kWh,
should be used. The cost of the cooling system planned with the wind turbine energy system reaches 35953 $. The use of wind turbine
systems to generate electricity in agriculture will significantly reduce CO; emissions to nature. In Tekirdag conditions, 18250 kWh of
electricity can be produced annually with a 10-kWh wind turbine system. With eco-friendly energy generation, it can play a major role
in preventing climate change by avoiding the emission of 17155 kg of CO2 which is equivalent to the annual electricity production.
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1. Introduction countries have been shifting towards renewable energy
The increase in the world population, developments sources as healthy, clean, and sustainable energy sources
aimed at increasing the comfort of human life, (Karik et al,, 2017). Although there are several definitions
particularly in the last century, and the industrial  ©Of renewable energy, briefly it is a type of energy that
activities carried out have led to a great increase in the continues its natural processes, has continuity, does not
consumption of fossil resources. The use of these end with its transformation into secondary energy, and
resources leads to imbalances in the gas composition  continues to renew and flow (Gengel and Tarhan, 2019).
present in the atmospheric layer and, in particular, to an In addition to diversifying the country's energy
increase in the CO2 gas that retains heat. As a result, the resources, renewable energy resources can also reduce
greenhouse gas emission into the atmosphere is the negative pressure on the environment (Kogaslan,
increased and this creates a greenhouse effect triggering 2010).

global warming on our planet. Global warming is the It is possible to meet the part of electrical energy needs
increase in the long-term average temperature of the without harming nature and people with renewable
earth (Kurucu, 2015). The effects of global warming can energy sources. Electricity generation methods using
be listed as temperature increase, drought, wind and solar energy sources are the fastest-growing
desertification, soil  erosion and salinization, methods in the world. This growth has particularly made
deterioration in soil structure, changes in underground wind power an important source of energy worldwide.
and surface water resources, melting of glaciers, increase The wind power is recognized as an essential source of
in ocean and sea water levels, deterioration of the global energy worldwide. At the same time, the wind power has
economy and socio-economic structure (Dogan, 2005). been recognized as one of the least environmentally
To cope with the negative effects of global warming  damaging sources of electricity generation (Warren etal,
BS] Eng Sci / Elif TURKBOYLARI and Ahmet Nedim YUKSEL 594
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2005). It does not cause any harmful pollutant emissions
including greenhouse gases such as COz. It does not
require mining or drilling for fuel, does not produce
radioactive or hazardous waste, and does not use steam
generation or cooling water (Schiermeier et al., 2008). In
this perspective, the wind power generation is of great
importance due to its high potential in northwestern
parts of Tiirkiye, ease of use, and being eco-friendly
(Taktak and Il;, 2018).

Due to its geographical location, Tiirkiye has more
advantages in terms of wind and solar energy as
compared with many countries. In particular, Tiirkiye
should work to expand the wind and solar energy use. In
this context, rapidly growing bovine, ovine, and poultry
farms that produce plants and animal products can easily
benefit from the renewable energy source. Although the
initial investment cost of these systems is high, the
absence of raw material costs reduces the cost of energy
generation. Studies have shown that renewable energy
resources can be cost-effectively used in livestock farms
way (Yiksel and Yiiksel-Tiirkboylari, 2018; Orhan and
Sahin, 2022).

Agricultural production is composed of plant and animal
production. Animal husbandry is a major area of
production in the world and our country in terms of
economic, social, and nutritional aspects. For societies to
have a healthy and balanced diet, the nutritional
substances that the body needs must be provided. This
means that calories, protein, fat, and carbohydrates
should be taken in a balanced way (Karacan, 2017).
Although it has a great importance in human nutrition,
our meat production, which is the source of animal
protein, is not sufficient for domestic consumption. Based
on 2019 data our country's meat consumption per capita
is 36.1 kg (cattle 13.6 kg, poultry 21.0 kg, sheep 1.5 kg),
lower than the developed countries (BESD-BIR, 2023).
1.1. Poultry Farming in Tiirkiye

In terms of poultry broiler production, Marmara and
Central Anatolia regions are the leading regions in
Tiirkiye (Dagtekin, 2012). The poultry production sector
has an important role in terms of production, national
income, and employment. White meat and eggs account
for approximately 60% of the annual animal protein
production in Tirkiye. In recent years, our poultry
population and egg production had been increased
significantly. This significant increase in production has
also been reflected in the number and capacities of
poultry houses and has played a major role in the spread
of poultry houses having full environmental control
(Erensoy et al.,, 2015).

This development in poultry farming can play an
essential role in eliminating our animal protein deficit.
Additionally, poultry farming can be carried out in
smaller areas and in a faster way as compared with other
animal husbandry types. Chicken meat has a strategic
value since it is rich in energy, protein, and minerals, easy
to digest, and relatively inexpensive. For this reason, the
demand for chicken meat has been increasing day by day

recently (Yiiksel and Tiirkboylari, 2019).

1.2. Climate Conditions in Poultry Houses

In the design of modern animal barn systems, efforts
should be focused on ensuring animal health and welfare.
This  will welfare in the shelter
environment and the efficiency of the business. It is
reported that the biggest problem encountered in poultry
houses is the regulation of indoor environmental
conditions (Karaca et al,, 2016; Karacan, 2017). High air
temperature, among all conditions,
strongly affects the animals. High temperatures decrease
feed conversion ratio, increase mortality rates, and
decrease live weight gain in chickens (Bilgili and
Dagtekin, 2019).

One of the important ensuring
environmental control in poultry houses is ventilation. A
good ventilation system is needed to ensure adequate
ventilation. The ventilation system in the poultry houses
should be able to replace the required fresh air with the
polluted poultry house air depending on the change in

ensure animal

environmental

measures in

outdoor weather conditions all year round. Therefore,
when planning an adequate ventilation system in the
poultry houses, first of all, the ventilation capacity should
be determined (Atilgan et al., 2010).

In agricultural buildings, electrical energy is needed to
meet the desired amount of ventilation (Yiiksel and
Yiiksel-Tiirkboylari, 2018). In rural areas, in case of a lack
of electrical energy or power outage or reducing energy
costs, electrical energy might be generated with wind
turbines using wind power and it can be used in animal
barns.

1.3. Wind Power Potential in Tiirkiye

Turkiye is located in an advantageous geographical
location for wind and solar energy potential as compared
to many other countries. The use of these resources will
help to reduce dependence on foreign energy resources.
In addition, it will contribute to reducing the current
account deficit in the state budget due to energy
expenses (Karik et al.,, 2017).

Wind is the result of the solar radiation warming the
earth's surface at different levels. This difference in the
levels of warming of the earth's surface leads to
differences in the air temperature, humidity, and
pressure, and to the formation of low- and high-pressure
areas. Low- and high-pressure areas allow the air to
circulate and therefore create winds. A 2% of the energy
of the sun's rays reaching the Earth is converted into
wind power. The characteristics of the wind vary
depending on local geographical
temperature differences between these geographical
locations. Wind is expressed in two different
parameters: direction and speed (MENR, 2023).

1.4. Wind Power Potential of Tekirdag Province

conditions and

Tekirdag province, located on the Thracian peninsula, is
in a very favorable condition in our country in terms of
wind power potential, one of the renewable energy
sources. The wind power potential data of Tekirdag
province, where wind speed is high, is given in Table 1.
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Table 1. Long-term average monthly predominant wind speed, wind direction, and percentage (%) data (1940-2018)

for Tekirdag (Merkez) (MoEU, 2020)

Months Wind Speed (ms-1) Wind Direction Months Wind Speed (ms-1) Wind Direction
January 3.1 NW (15.40%) July 2.7 NE (% 12.60)
February 3.0 NW (12.81%) August 2.9 NE (% 15.80)
March 2.9 NE (11.56%) September 2.7 NE (% 12.69)
April 2.3 WNW (10.49%) October 2.8 NW (% 14.29)
May 2.2 WNW (10.89%) November 2.7 NW (% 14.77)
June 2.3 WNW (13.09%) December 3.0 NW (% 15.98)
Annual Average 2.7 NW (% 13.36)

Wind speeds change as they rise above the ground. As
approaches the earth, the wind speed decreases due to
the effect of friction force. The wind speed measured at
any height can be used to estimate the wind speed
measured at another height (Celikdemir and Ozdemir,
2020).

Wind speeds increase as the altitude increases. In a
related study conducted in Burdur-Aglasun area, possible
wind speeds at a height of 60 m above the ground were
calculated with various methods based on the wind
speeds measured in the local meteorology stations. The
approximate speed of the wind at a height of 60 m can
increase up to 3 times compared to the speed measured
at a height of 2 m above the ground (Dikmen and Orgen,
2018). The reason for using the wind speed at 60 m
height is that it corresponds to the height of the hub
(rotor hub) of the wind turbines. It should be noted that
the wind speeds given in Table 1 also increased
significantly with height.

This study aims to meet the electrical energy needs
required for forced ventilation in poultry houses with the
wind turbine energy system. Generally, there is no
electricity network in rural areas where poultry houses
are located. Ventilation and cooling can be done using the
electrical energy obtained from the wind turbine system
to be installed in a poultry house, using a fan and wet pad
system.

2. Materials and Methods

2.1. Material

Tekirdag province, the research area, is located on the
Thracian peninsula in the southeast of Europe. The
Thrace region is located between 26°-29° east longitudes
and 40°-42° north latitudes on the continental Europe.
Tekirdag is located to the north of the Marmara Sea and
south of the Black Sea and has a surface area of 6313
km2. Koru Mountain, located in the province, is the
highest point (762 m) and there are no steep slopes,
valleys, and high mountains in other places. Tekirdag
generally has rainy winters and dry and hot summers.
According to the general humidity indices, it belongs to
the semi-humid climate type among the hydrographic
regions and is windy in the summer and winter seasons
(MCT, 2023).

According to the wind power potential atlas, Tekirdag
and Marmara Sea coasts have high wind speeds in our

country (Karik et al,, 2017; Tunus, 2019). Therefore, in
Tekirdag, electrical energy generated by wind turbines
can be used for agricultural purposes.

Due to high temperatures causing decreases in animal
productivity, the project was designed to ventilate and
cool the poultry houses, when the air temperature is high
in Tekirdag. Therefore, the fan-pad system required for
evaporative cooling in the poultry house was designed.
The floor area of the poultry house is 420 m2 and its
dimensions are 14x30 m. In the poultry house, 6000
chickens are housed (Senkdylii, 2001).

For the poultry house with these dimensions (14x30 m =
420 m?2), ventilation fans and cooling pads (wet pad)
sections and a wind turbine system that will generate
electrical energy for them were designed.

2.2. Wind Turbine System Design

The wind turbines are machines that convert the kinetic
energy of the moving air first into mechanical energy
with the turbine blades and then into electrical energy
with the generator. The wind turbines can start
generating electrical energy only at a certain wind speed
(2-4 ms1). After high wind speeds (25-35 ms-1), wind
turbines are automatically switched to the stop position
to prevent damage to the system and to protect it (MENR,
2023).

The structure of the wind turbine system may include a
wind turbine, batteries, battery charge control unit
(charge regulator), command center, and
various electronic circuits (Toprak, 2011; Senel and Kog,
2015). In this designed system, the wind turbine is used
as an energy source. Batteries were added to the system
to provide energy in case the wind power cannot

inverter,

generate energy when needed or the system operates off-
grid. Batteries store electrical energy as chemical energy
and provide electrical energy to the system when needed.
To prevent overcharging or discharging of the batteries, a
charge regulator is added to the system. This extends the
life of the batteries. If the system is on a grid or 220 V 50
Hz alternating current will be used in the system, an
inverter should be used in the system (Toprak, 2011;
Senel and Kog, 2015).

2.3. Evaporative Cooling Systems in Poultry House
Providing a certain degree of cooling in the barns during
the hot seasons will help minimize the heat stress on the
animals. This allows for maintaining a healthy, high-
quality, and efficient production. For this reason, the
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evaporative cooling method is used in poultry houses
located in the southern and hot regions of our country.
Fans, which are operated continuously 24 hours a day
during the summer season, work as an important
element of the cooling system. This increases the energy
consumption of the facility. As a result of the increase in
the electrical energy consumption, production input
costs increase too. This results in expensive products and
weakens the competitive edge of producers (Bilgili and
Dagtekin, 2019).

With the use of the wind turbine system, a renewable
energy source, in the poultry houses in Tekirdag region,
the electricity cost burden on the producer can be
reduced significantly. If planning is made properly, the
generated excess energy can be given to the system and
income can be earned. The system of the study is
illustrated in Figure 1.

3. Results and Discussion

3.1. Design of Fan-Pad Systems to Be Used in Poultry
Houses

A fan-pad cooling system was designed for the poultry
house accommodating 6000 chickens. The width of the

Figure 1. Poultry house, wind turbine system, and elements.

poultry house is 14 meters, the length is 30 meters, and
the height is 3 meters (Senkéylii, 2001). The floor plan,
ventilation, and cooling system of the projected poultry
house are given in Figure 2.
For each 25 m? of floor area (A1) of the animal barn, 1 m2
of wet pad area is needed. The required pad area (Ap) for
a barn with a floor area of 420 m2 (Ap) can be found as
follows (Equation 1) (Yiiksel and Yiiksel-Tiirkboylari,
2018).

_Ap 420

,,—1‘11—E=16.8m2 @]
The daily water requirement of the wet pad is about 1 L
on hot days (Bucklin et al, 1993). A small circulation
pump is used to wet the pad.

The quantity of ventilation in animal barns is determined
by the geographical location of the barn, the season, and
the number of animals. The quantity of ventilation in the
poultry houses is between 7 and 9 m3h-1 (Q1) for 1 kg live
weight in the insulated poultry houses. Since the average
weight of chickens is 1.5 kg, the total quantity of
ventilation (Qt) for 6000 chickens was calculated as
follows (Equation 2) (Senkaylii, 2001).

Poultry House and Fans

| 30m
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Figure 2. Poultry house floor plan and ventilation-cooling system.
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Q:=0,x15%Xn

2
Q¢ = 9 x 1.5 X 6000 = 81000 m3h~1 2)

If the length of the barn is between 25 and 30 meters, 2
aspirators should be placed in the middle of the barn for
the aspirators to have a sufficient effect (Yiiksel and
Yiiksel-Tiirkboylari, 2018).

The aspirators may be operated individually or in groups
according to the needs of the animals in the poultry
houses. 1400 rpm (dd-1) and 0.75 kWh aspirators with a
diameter of 60 cm and a flow rate of 9500 m3h-1 (Qa)
were used to provide this quantity of ventilation in the
poultry house (Equation 3) (Anonymous, 2022).

ng = Q¢/Qa

3
n, = 81000/9500 = 8.5 ~ 9 piece (3)

Since the investigated poultry house is 30 m long 2
aspirators need to be placed in the middle of the house.
Accordingly, the number of aspirators in the system is
increased up to 11.

The energy requirement of the wind turbine system was
calculated as follows (Equation 4):

0.75 x 11 + 0.2 = 8.45 kWh (4)

This ventilation system needs a wind turbine system of
approximately 10 kWh, which is greater than the
calculated 8.45 kWh, to operate efficiently. Depending on
the wind conditions, the wind turbine system will have
periods that it does not generate energy or its output is
low. Therefore, a system having a capacity greater than
the need should be preferred. When the system is
working efficiently, the excess energy from the system
can be supplied to the network or stored in off-grid
systems in batteries.

3.2. Cost Analysis of Wind Turbine Energy System
Among renewable energy sources, wind turbine and
solar panel energy production systems play a leading
role. The wind turbine energy system is also suitable for
per unit energy cost. The cost of the energy system varies
depending on the manufacturer and country. However,
the installation cost of the wind turbine system is quite
high. It is known that the installation cost is around $
2500 per kWh (Erkog, 2019; Tiirkdogan et al, 2020;
Tiirkboylar1 and Yiiksel, 2024).

The wind turbine energy system to be installed is 10
kWh, whose value is 25000 $. The transportation and
installation cost of the system is around $5000. The total
cost of the wind turbine system to be installed in the
system will be 30000 $.

The unit cost of the fans used in ventilation, including
transportation and installation, is $500. The total cost of
11 fans used in the system is $5500 (Anonymous, 2023a).
The unit price of the pad used to cool the air of the
chicken coop is $20. The total price of a 16.8 m2 pad is
$336. If transportation and assembly of the pad system
are added, it costs $403 (Anonymous, 2023b). The cost of
the water pump used in the system is $50 (Anonymous,
2023c).

The cost of the ventilation and cooling system to be

installed with the wind turbine is $35953.

3.3. Environmental Impact of Wind Turbine Energy
System

Countries meet their electricity needs from various
sources such as coal, natural gas, hydroelectricity,
geothermal, biomass, and nuclear. These sources pollute
the environment with a wide range of wastes and cause
climate change. To reduce this impact, renewable energy
sources such as wind and solar energy are preferred as
clean energy sources.

Coal-fired thermal power plants have a significant share
of 21% of Tiirkiye's electricity production (Orhan and
Sahin, 2022). Thermal power plants that run on coal burn
coal to generate electricity and release significant
amounts of CO2 gas into the atmosphere.

According to the Carbon Neutral Charitable Fund, the
amount of CO; released into the atmosphere by thermal
power plants (1 kWh) to generate electricity from coal is
0.94 kg (CNCF, 2023). According to this calculation, the
amount of COz that is prevented from being released into
the atmosphere is calculated in kg by multiplying the
amount of energy produced in kWh per year by 0.94 for a
facility that generates electricity with renewable energy
sources. This shows how important it is to switch to
renewable energy sources in terms of environmental
protection.

It is concluded that a 10-kWh wind turbine system was
suitable for this project. In other words, the system will
generate 10 kWh of electricity. It is expected that the
turbine system's operating time is less on some days
while more on other days. When it operates for a longer
period, excess energy is stored in the network in the on-
grid system and the batteries are activated in the off-grid
system. On days when the system works for a shorter
period, the system is supported either from the grid or
from batteries. If the power of the wind turbine system is
10 kWh and assuming operate for 5 hours a day on an
average, the amount of energy generated in a year (365
days) can be calculated as follows (Equation 5):

10 kWh x 5 h day~! x 365 day = 18250 kWh (5)

This electricity generation will prevent the emission of
17155 kg (18250 x 0.94=17155 kg of CO2) into the
atmosphere. Shifting towards renewable energy sources
is a good solution to reduce the high amount of COz to be
released into the atmosphere in case of generating
electricity with fossil fuels and to protect the
environment.

4. Conclusion

In the regions where wind power is sufficient, it is
possible to generate and use electrical energy with the
wind turbine systems. Thus, on the one hand, energy
could be provided to agricultural businesses in rural
areas having no electricity network, on the other hand,
significant amounts of greenhouse gas emissions into the
atmosphere could be avoided.

The main objective in animal production is to ensure
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appropriate living comfort in the poultry house
environment for a good and high-quality yield. Chickens
are very sensitive to high air temperatures. For this
reason, the poultry houses should be ventilated and
cooled when the air temperature is high. Fans and pads
are necessary to ventilate and cool the poultry houses as
desired. In the animal barns located in rural areas, the
electrical energy required for operating the fans and pads
can be supplied by a wind turbine system. At the same
time, the cost burden of the business can be reduced with
the electrical energy generated from renewable energy
sources. If proper planning can be achieved, the excess
energy generated can be used in other parts of the
facility, or it can be supplied to the network to get income
for the facility.
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ELEKTRIKLI ARAC DEVRESINDE KULLANILAN BOOST
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Ozet: Bu calismada, diinya geneli ve tilkemizde olduk¢ahizli yayllmaya baslayan elektrikli ara¢ konusu ele alinmistir. Bu hizl
yayillmanin sebebi yasanan enerji sorunlari ve ¢evresel faktorlerdir. Olumsuzluklar degerlendirildiginde, ulasim araglarinda kullanilan
enerjiler agisindan elektrik oldukga cazip bir enerji kaynagidir. Bundan dolay1 elektrikli araglar alanindaki arastirma ve ¢alismalar
yasanan hizli biiyime bakimindan ihtiya¢ olup katki saglamaktadir. Yapilan ¢alisma ile elektrikli araglarda tercih edilebilecek
donustiiriicii devre segeneklerinden birisi olan boost (ylikselten) doniistiiriicii devresinin sayisal yontemlerle analizine iligkin iki
6zgiin yaklasim irdelenmektedir. Déniistiiriicii devrede, anahtarlar iki farkl sekilde modellenmistir. ilk olarak iki degerli direng
yaklasimi, daha sonra ideal anahtar yaklagimi kullanilmistir. Her iki modelleme durumunda da genellestirilmis diigiim denklemleri ile
analiz yapilmistir. Bu denklemlerin analitik ve sayisal olarak yapilan ¢oziimleri ile kalic1 hal bolgesinde elde edilen sonuglarin ayni
olmasi, uygulanan modellerin ve yontemlerin dogrulugunu gostermektedir. Analitik ve sayisal olarak ¢o6ziimlenen devre,
MatlabSimulink ortaminda simiile edilerek sonuglarin dogrulugu teyit edilmistir. Ayrica yapilan ¢alisma ile elde edilen sonuglarin
gercek sonuclara yakin oldugu gosterilmistir. Boylelikle konu lizerinde ¢alisma yapacaklar i¢in uygulama ¢alismasi 6ncesi yapilan
inceleme ile sayisal veri 6rnegi de sunulmus olacaktir.

Anahtar kelimeler: Elektrikli Arag, Boost (yiikselten) doniistiiriicii, Diigiim gerilimleri yontemi, Modelleme

Different Approaches to Analysis of Boost Converter Used in Electric Vehicle Circuit

Abstract: In this study, the subject of electric vehicles, which has started to spread very rapidly in the world and in our country, is
discussed. The reason for this rapid spread is the energy problems and environmental factors. Considering all these negativities,
electric is a very attractive energy source in terms of transportation. For this reason, every study on the electric vehicle will contribute
to the rapid growth. In this study, different approaches have been shown regarding the analysis of the boost converter circuit, which is
one of the converter circuit options that can be preferred in electric vehicles, by numerical methods. Two different modeling have been
implemented in the converter circuit. First, the boost converter circuit was modeled by a dichotomous resistance approach and the
model's equations for the analysis of the model were obtained by generalized node equations. Then the boost converter circuit is
modeled with the ideal switch approach and the model's equations for the solution of the model were obtained by generalized knot
equations. The results obtained from analytical and numerical solutions of these equations and the results obtained in the permanent
state region have been shown to be the same. The analytical and numerically analyzed circuit was simulated in MatlabSimulink
environment and the same results are confirmed in the simulation environment. In addition, it is aimed that the results obtained with
the study are close to the real results. For those who will work on the subject, a numerical data sample will be presented with the work
done before the application study.
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olusturulmasi 6nemlidir (Yapici, 2018). Gergek sisteme

1. Giris

Giinlimiizde gelisen endiistri alam1 daha fazla kaynak
arayisinl giindeme getirmistir (Zimm, 2021). Bu arayis

icerisinde Oncelik temiz ¢evre konusunda olusan
hassasiyete uygunluktur. Konu ulasim agisindan
degerlendirildiginde elektrik olduk¢a uygun bir

secenektir (Hawkins ve ark, 2013; Giinaslan ve ark,
2023). Bu sebeple son zamanlarda ulasimda elektrikli
ara¢ ¢ok hizli bir yayiim gostermektedir (Nilsson ve
Nykvist, 2016).

Ozellikle miihendislik alaninda fiziksel bir yapiy1
incelerken, gercek yapiya benzer sekilde modeller

benzeyen bu modeller analitik
¢oziimler, sayisal ¢oziimler ve paket programlar ile elde
edilen ¢dzlimler, tasarim dncesi biiyiik kolayliklar saglar.
Yapilan ¢alismada elektrikli ara¢ sisteminde bataryadan
cekilen enerjinin yiik motorunda kullanima uygun
gerilim seviyesine doniistirmek icin kullanilabilecek

dontiistliriici devre secgeneklerinden biri olan boost

iizerinde yapilan

doniistiiriicii tercih edilmistir (Ortuzar ve ark., 2003;
Malik ve ark., 2020; Hangar ve Kaymaz, 2021). Boylelikle
bataryadaki gerilim seviyesi yiikseltilrek motor igin
uygun hale getirmek hedeflenmistir (Moreno ve ark,
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2006; Young ve ark., 2013; Alphonse ve ark., 2012). Boost
donistiiriici devre icin modelleme yapilarak hedef
sonuclara ulasmak amaglanmistir. Modelleme konusunun

yapilan c¢alismalara saglayacagi katkidan dolay,
anahtarlama elemanlar1 i¢in iki farkh modelleme
secenegi kullanilmistir (Yildiz, 2013). Bu

modellemelerden biri iki degerli direng¢ yaklasimidir. Bu
yaklasimda iletimde olan temel anahtar ve diyot icin ¢ok
kiiciik direng degeri segilirken, yalitmda olan temel
anahtar ve diyot icin biiyik diren¢ degeri secilerek
modelleme yapilmistir (Yildiz, 2013). Devre yapisi
degismediginden, her iterasyon icin denklemler ayni
kalmakta, sadece baslangi¢ kosullar1 giincellenmektedir
(Yildiz, 2013). Diger modelleme y6ntemi ise ideal anahtar
yaklasimidir. Bu yaklasimda, iletimde olan temel anahtar
ve diyot i¢in OV degerinde gerilim kaynag, yalitmda olan
temel anahtar ve diyot ise 0A degerinde akim kaynagi
olarak modellenmistir. Devre yapisi degistiginden, her
icin denklemler ve baslangic degerleri
glincellenmektedir. Her iki modelleme i¢in de, sistem

iterasyon

analizi Genellestirilmis diigiim gerilimleri yontemi ile
yapilmistir.  Sayisal Trapez
kullanilarak, her iki yaklasim i¢in sonuglar elde edilmistir
(Koseni ve Yildiz, 2019).

analiz  i¢in yontemi

2. Elektrikli Arag

Elektrikli ara¢ temel ¢alisma prensibi, sebekeden
alinarak bataryada depolanan enerjinin daha sonra
ihtiya¢ duyuldugunda tekrar batarydan alinarak motor
tarafindan kullanilmasi1 sonucu, tekerlegin hareketinin
saglanmasina dayanmaktadir (Li ve ark. 2016; Sabri ve
ark, 2016; Celik ve Abut, 2022). Sebekeden alinan enerji
ilk olarak bataryada depolanmadan o6nce, bataryada
depoalanmaya uygun gerilim seviyesine diisiiriilmesi
gerekmektedir (Khaligh ve Li, 2010; Sousa ve Boris
Bouchez, 2010; Clement-Nyns ve ark., 2011; Lunz ve ark.,
2012). Depolanan enerji daha
kullanilmadan 6nce motorun ¢alismasi icin gerekli uygun

sonra motorda

—

DOGRULTUCT BOCK 0
DONTSTIRTCT

F”ﬁ“

ﬂ—E 5
|

SERYKE

Sekil 1. Elektrikli arag i¢cyapist.

gerilim  seviyesine donistiirilmesi gerekmektedir
(Sharma ve ark. 2020). Her iki doniisim islemi i¢in
doéntistliriicii kullanilmaktadir.  Sekil 1
incelendiginde elektrikli arag¢ icin sebekeden baslayarak

motora kadar olan kisim genel olarak gosterilmistir.

devreler

Sebekeden alinan enerji ilk olarak bataryada depo
edilebilecek forma dontstiiriilmelidir (Sharma ve ark,
2020). Bu sebeple
kullanilarak AC sinyal DC sinyale dogrultulmustur

ilk olarak dogrultucu devre

(Kumar ve ark., 2023). Daha sonra ise dogrultulan sinyal
buck doniistiiriicli devre ile bataryada depo edilebilecek
seviyeye getirilir ve depolanir (Kumar ve ark., 2023).
Ara¢ hareketi icin bataryadan alinan enerji boost
doniistliriicii devre ile gerilim seviyesi yiikseltildikten
sonra evirici ile cikistaki AC motor icin AC sinyale
doniistirilir (Geng, 2023).

Sarj islemi AC tip bir sarj
gerceklestiriliyorsa sebekeden alinan enerjinin bataryaya
kadar olan kismindaki déniisiim islemi arag¢ igerisinde
gerceklesir (Sun ve ark. 2016; Sivaraman ve Sharmeela,

istasyonunda

2021). Eger DC tip bir sarj istasyonunda sarj islemi
gerceklestiriliyorsa bu doniisim sarj
gerceklesir ve batarya direk hizlica sarj edilir (Bai ve ark,,
2010; Khan ve ark. 2019). Ciinkd gerilim bataryada DC
olarak depo edilir (Li ve ark, 2016). Yapilan ¢alismada
ise bataryadan motora kadar olan kisimda tercih
edilebilecek doniistiiriicii devre segeneklerinden birisi
olan boost devre ele alinmistir. Sekil 1'deki devrenin

istasyonunda

boost devre blogu icin modelleme yapilmistir. Benzer
calismalar buck déniistiiriicii devre, evirici ve motor
blogu icin yapilabilir.

3. Boost (Yiikselten) DC-DC Doniistiiriicii
Boost doniistiiriicii devre girisine uygulanan gerilimi
cikisinda daha yiiksek bir gerilim seviyesine dontistiirtir
(Baek ve ark., 2005; Chen ve ark., 2006; Prudente ve ark.,
2008; Garip ve ark., 2009). Sekil 2’de Boost doniistiiriicii
devresi goriilmektedir.

ra

BOOST y
DONCSTIR{CT

MOTOR

Sekil 2. Boost doniistiiriicii devre.
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Devre bir temel anahtar (S), bir endiiktans (L), bir
kapasitor (C), bir diyot (D) ve ¢ikisa baglanan direngten
olusmaktad1 (Mert, 2007). Devrede bir temel anahtar
vardir, bu nedenle anahtarin iletimde ve kesimde olma
durumuna gore iki adet ¢alisma topolojisi bulunmaktadir
(Tofoli ve ark., 2015; Caliskan ve ark., 2017). Sekil 3'de S
anahtarimin iletimde
gosterilmistir (Oncii ve Sazak, 2006).

iken diyodun Kkesim durumu

l—“m" lv j 3
ﬂ_E - c R

T s T

T ™ I =r

Sekil 3. Boost doniistiiriicii devre, anahtar iletimde-diyot
kesimde modu.

Bu modda bobin enerjilenmektedir. Sekil 4’de anahtarin
kesimde diyodun ise iletimde oldugu mod
gosterilmektedir (Oncii ve Sazak, 2006).

L

TWH@&’%
N S
L

| IR

Sekil 4. Boost dontistiiriicii devre, anahtar kesimde-diyot

iletimde modu.

Bu modda endiktansta

aktarilmaktadir.

depolanan enerji yiike

4. Sistem Denklemlerinin Elde Edilmesi
Bolim 2’'de genel calisma prensibinden bahsedilen boost
doniistiiriicii devrenin sistem analizini yapabilmek i¢in

(G+sC) X (s)=BU(s) (1)
Gx(t)+CdXd—(tt) =Bu(t) (2)

4.1. Boost (Yiikselten) DC-DC Déniistiiriiciiniin iki
Degerli Direng Yaklasimi ile Modellenmesi ve Sistem
Denklemlerinin Elde Edilmesi

Bu boliimde bolim 3’de bahsedilen anahtarlama
elemanlarini modelleme ydntemlerinden biri olan iki
degerli diren¢ yaklasimi ile esdeger devre eldesi ve

denklem c¢ikarimi gosterilmistir. Sekil 5'de Boost
donitstiiriici devresinin iki degerli diren¢ yaklasimi ile
modellenmis sekli gosterilmektedir. Burada temel

anahtar ve diyot birer kiiciik degerli ve buyiik degerli
direng ile temsil edilmektedir. Anahtarin ve diyodun
iletim ve kesim durumuna gore diren¢ degerleri
giincellenerek simiilasyona devam edilmektedir. Anahtar
iletimde iken ¢ok kiigiik bir diren¢ degeri ile temsil
edilirken, anahtar kesimde iken ¢ok biiyiik bir direng ile
temsil edilir. Benzer sekilde iletimde olan diyot ¢ok
kiiciik bir direng degeri ile temsil edilirken, kesimde olan
diyot ¢ok biiyiik bir direng degeri ile temsil edilir.

. g 213 %‘ e TATAT ; 8
L "3 1 .
p P b .

.

i

—
Sekil 5. Iki degerli direng yaklasimi ile boost
doniistiiriicii esdeger devresi.
Sekil 5’'deki devreye ait Genellestirilmis digim

denklemleri eldesi i¢in Esitlik (1)’deki s domeni ile edilen
katsay1 matrisleri Esitlik 3-7’de gosterilmistir.

gerekli olan denklemler bu béliimde elde edilmistir. 0 0 0 11

Burada diger devrelerden farkli olarak anahtarlama 0 G +Gy -G, -10

elemanlar1  bulunmaktadir, Bu sebeple devrenin G={0 -G, G,+G, 0 0 3
denklemlerini daha kolay olarak cikarabilmek icin 6nce 1 -1 0 0 0

anahtarlama elemanlarini modellemek gerekir. Bunun 1 0 0 0 0

icin tercih edilen iki yontemde ¢alismada gosterilmistir.

iki degerli direnc¢ ve ideal anahtar ydéntemi ile devre 000 0O

modellendikten  sonra sistem denklemleri elde 000 0 O

edilecektir. Bu denklemleri elde etmede kullanilan iki C=[{0 0 C 0 0 4)
yaklasim vardir: Genellestirilmis diigim denklemleri 00 0 -L 0

(GDD), Durum degiskenleri yaklasimi. Durum 000 0 0

degiskenleri yaklasiminda bilinmeyen sayisi az ancak

denklemleri elde etmek yogun islemler gerekmektedir. g =[O 000 1] (5)
Genellestirilmis digim denklemleri yaklasiminda ise

bilinmeyen sayisi fazla ancak denklemleri elde etmek )(('[):[Va vV, V. I, |E] (6)
daha kolaydir (Yildiz, 2013; Kdseni ve Yildiz, 2019).

GDD'nin s ve t domenindeki genel gosterimi Esitlik (1) ve U (t) =[E] (7)
Esitlik (2)’ de verilmistir.
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4.2. Boost (Yiikselten) DC-DC Déniistiiriiciiniin ideal
Anahtar Yaklasimi ile Modellenmesi
Denklemlerinin Elde Edilmesi

Bu bolimde bolim 3’de

elemanlarini modelleme ydntemlerinden biri olan ideal

ve Sistem
bahsedilen anahtarlama
anahtar yaklasimi ile esdeger devre eldesi ve denklem

Burada iki
yaklasimindan farkli olarak anahtarlama elemanlar1 bir

cikarimi  gosterilmistir. degerli direng
akim ve bir gerilim kaynag ile temsil edilmektedir. Bu
sebeple devre esdeger modellemesi tek sekil tizerinden
degil, iki sekil lizerinden incelenecektir. Clinkii iletimde
olan anahtarlama eleman bir gerilim kaynagi ile temsil
edilirken kesimde olan anahtarlama elemani bir akim
kaynag1 ile temsil edilmektedir. Bu sebeple iletim ve
kesim durumlar1 ayr1 ayr1 modelleme yapmak
gerekmektedir. Sekil 6’da Boost doniistiiriicii ideal
anahtar yaklasimi ile anahtar iletimde diyot kesim
durumunda modellenmis sekli gosterilmektedir.

- b T <

L jd l :l

nEa
J

G\; V=D

L
1
]

Sekil 6. ideal anahtar yaklasimi: Temel anahtar iletimde
diyot kesimde.

1
L

Sekil 6’daki devreye ait Genellestirilmis digim
denklemleri eldesi icin Esitlik (1)’deki s domeni ile edilen
katsay1 matrisleri Esitlik 8-12’de gdsterilmistir.

(0 0 0 1 0 1]
00 0 01 1
G:oo Gy 0 0 0 ®
10 0 00 O
01 0 00 O
1 -1 0 00 O]
(00 000 0]
00000 O
C:oocoo 0 ©
00000 O
00000 O
00 0 00 -L|
[0 0 0]
00 -1
B_001
110 0 (10)
01 0
10 0 0]
XM=V, V, V, I I, 1] (11)

u®=[E v, J,]

Elde edilen matrislerde temel anahtarin iletimde olmasi

(12)

durumunda anahtar 0 V degerinde (Vs) bir gerilim
kaynag ile temsil edilirken, bu durumda kesimde olan
diyot ise 0 A (Ja) degerinde bir akim kaynag ile temsil
edilmistir.

Sekil 7°de Boost doniistiiriicii ideal anahtar yaklasim ile
anahtar kesimde, diyot iletimde durumu modellenmis

sekli gosterilmektedir.
vd

(-

a b
HO0

L

I

3
i
js@ ’{

1
L

Sekil 7. ideal anahtar yaklagimi: Temel anahtar kesimde
diyot iletimde.

Sekil 7'deki devreye ait Genellestirilmis
denklemleri eldesi icin Esitlik (1)’deki s domeni ile edilen

digiim

katsay1 matrisleri Esitlik 13-17’de gosterilmistir.

00 0 1 1
00 0 0 1 -1
G |0 0 Gu 0 -1 0 a3
10 0 0 0 O
01 -1 00 O
1 -1 0 0 0 O]
(00 000 0]
00000 O
c_[00Co00 0 s
00000 O
00000 O
00 0 00 -L|
0 0 0]
00 -1
B_00 0
10 0 (15)
01 0
0 0 0
XW=[V, v, V. Ig Iy 1] (16)
u)=[E Vv, J] (17)

Elde edilen matrislerde temel anahtarin kesimde olmasi
durumunda anahtar 0 A degerinde (Js) bir akim kaynagi
ile temsil edilirken, bu durumda iletimde olan diyot ise 0
V (Va) degerinde bir gerilim kaynag ile temsil edilmistir.
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4.3. Sistem Denklemlerine Trapez Yaklasiminin
Uygulanmasi

GDD
bilgisayarda sayisal yontemlerle belli araliklarla (adim
aralif1) ¢6ziimiinii elde etmek i¢in, Runge-Kutta, Forward

ile analitik olarak elde edilen denklemlerin

Euler, Backward Euler, Trapezodial gibi yontemleri

uygulanabilir. Bu ¢alismada elde edilen GDD
denklemlerinin  sayisal yontemlerle ¢6zimii i¢in
Trapezoidal (Yamuk) yontemi uygulanmistir.
Trapezoidal  yontemi  denklemi Esitlik  18’de
gosterilmistir.
h

Xn+1:Xn+§[f(Xn+1’tn+1)+ f(xn’tn] (18)

Esitlik 2'de verilen GDD'nin t domenindeki

denklemlerine, bu yéntemin uygulanmasi ile Esitlik 19
elde edilir.

XM:KAXnJrKB[UnJrUM] (19)
Esitlik 19’daki Ka ve Kg Esitlik 20’de gosterilmistir.

K,= Kl’lKZ

K; = Kl’lg B (20)

Esitlik 20’deki K1 ve Kz ise, Esitlik 21’de gosterilmistir.

Tablo 1. iki degerli direnc yaklasimi parametreleri

K, = {C + gG]
h (20)
K, = [C —-= G}
2
5. Bulgular
Elektrikli ara¢ icin boost donistiiriici devrenin

analizinde kullanilabilecek 6zgilin yontemlerdenolan iki
degerli diren¢ ve ideal anahtar yaklasimini gostermek
amaciyla yapilan bu ¢alismada kullanilan parametreler
Tablo 1 ve Tablo 2’ de gosterilmistir.

Tablo 1’de boost doniistiiriicii devre iki degerli direng
yaklasimi i¢in parametreler verilmistir.

Tablo 2’de boost doniistiiriicii devre ideal anahtar
yaklasimi i¢in parametreler verilmistir.

Tablo 1 ve Tablo 2’'deki parametreler kullanilarak
Matlab’te elde edilen kararli hal sonuglar1 Tablo 3 ve
Tablo 4’ de verilmistir.

Tablo 3 ve Tablo 4’deki sonuglar iki degerli direng¢ ve
ideal anahtar yaklasimi i¢in anahtar ag¢ik ve kapali
durumlardaki sonuglar alinip bir sonraki adim da veriler
giincellenerek elde edilmistir. Kararli hal durumunda
elde edilen sonuglar tablolara eklenmistir.

Tablo 3’te verilen iki degerli direng yaklagimi kararh hal
sonuglar1 Matlab grafikleri Sekil 8 ve S$ekil 9'da
gorilmektedir.

E (Giris Gerilimi) Rsmin-Rdmin Rsmax-RamaxRytlk  C L
12V 103 Q 106 Q5 Q200 pF 1mH
Tablo 2. ideal anahtar yaklagimi parametreleri
E (Giris Gerilimi) Vs- V4 Js-JaRytik C L
12V ov 0A5 Q200 pF 1mH
Tablo 3. iki degerli direng yaklasim kararh hal sonuglar1
Va A% VlLlE
12V 110.04V 119.78V 5.3182A -1.5129A
Tablo 4. ideal anahtar yaklasimi kararh hal sonuglari
Va Vb VelLlg
12V 109.05V 120.14V 5.4278A -1.5132A
121
120.8
120.5
120 .4
120.2
£ qzn
119.8
119.8
119.4
118.2 ’//

118 . = = =
0.01 002 003  0.04

Sekil 8. iki degerli direng yaklasimi Vc gerilimi.

0.0E

0.07 0.08 0.09 04
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IL
n

Q I'!I1 ﬁl? ﬁlﬁ- 0.4
Sekil 9. iki degerli diren¢ yaklagimi IL akimu.
121
1208
120.6
1204
1202
= 120
118.8 /
1189.6
119.4 /

1182

0.5 0.6 Q.7 0.8 0.9 1

119 .
o 0.01

Sekil 10. ideal anahtar yaklasimi VC gerilimi.

002 003 004 005 005 007 008 000 0.1

5]

58

56

IL
o
—

u] 0.1 0.2 0.3 0.4

Sekil 11. ideal anahtar yaklasimi IL akimu.

Sekil 8 incelendiginde iki degerli diren¢ yontemi ile elde
edilen denklemler ¢dziimlendiginde ¢ikis gerilimi, bu
yontemde VC gerilimi ile gosterilen, yaklasik olarak 119
V degerini gostermektedir.

Sekil 9 incelendiginde iki degerli diren¢ yontemi ile elde

edilen  denklemler  ¢oziimlendiginde  endiiktans
uzerindeki akim yaklasik olarak 5A  degerini
gostermektedir.

Tablo 4’te verilen ideal anahtar yaklasimi kararli hal
sonuclar1 Sekil 10 ve Sekil 11'de verilen grafiklerde

0.5 0.6 0.7 0.8 0.9 1

edilen denklemler ¢oziimlendiginde c¢ikis gerilimi, bu
yontemde VC gerilimi ile gosterilen, yaklasik olarak 120
V degerini gostermektedir.

Sekil 11 incelendiginde ideal anahtar yaklasimi ile elde

edilen = denklemler  ¢dziimlendiginde  endiiktans
izerindeki akim yaklasik olarak 5A  degerini
gostermektedir.

Yapilan ¢alimada tercih edilen 6zgiin yaklasimlar ile elde
edilen sonuglarinin birbiri ile yakin sonuglar olmasi
hedeflenirken bu sonuglarin Matlab Simulink’te ayni

goriilmektedir. veriler ile  devrenin  modellenerek  sonuglarin
Sekil 10 incelendiginde ideal anahtar yaklasimi ile elde desteklenmesi de hedeflenmistir. Sekil 12’de boost
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donistiiriici  devrenin  Matlab  Simulink  modeli
gosterilmistir. Burada iki degerli direng¢ ve ideal anahtar
yaklasimi ile esitlikler lizerinden ¢dziimlemesi yapilan
Matlab  simulinkte  modellenmis  sekli
Esitlikler ile yapilan
kullanilan sayisal degerler yapilan modellemede segilen
elemanlara birebir ayni olarak verilmistir.

@ —e T | 2l

Generator
L )

devrenin

gorilmektedir. ¢oziimlerde

1 1

Ry %

ik

I

m

o
m=T— g%
s}

Sekil 12. Boost dontistiiriicii Matlab simulink modeli.

Sekil 13’de boost doniistiiriicii devrenin Matlab Simulink
modeli giris gerilimi degeri gdsterilmistir. Buradaki 12 V
degeri ortalama olarak bir bataryada depo edilebilecek
gerilim degeridir. Yapilan ¢alisma ile kullanilan boost
doniistiiriicti devre ile bataryadan gekilen bu 12 V degeri
elektrikli ara¢ motoru icin uygun gerilim seviyesine
yiikseltilecektir.

Sekil 13. Boost doniistiiriici Matlab Simulink modeli
giris gerilimi.

Sekil 13 incelendiginde devrenin giris geriliminin 12 V
olarak belirlendigi gorilmektedir.

Sekil 14 ve 15’de boost doniistiiriicii devrenin Matlab
Simulink modeli ¢ikis gerilimi gosterilmistir.

Sekil 14. Boost doniistiiriici Matlab Simulink modeli
cikis gerilimi.

Sekil 15. Boost dontstiirtici Matlab Simulink modeli
¢cikis gerilimi.

Sekil 14 ve Sekil 15 aym cikisin farkhh yakinhktaki
gorintiileridir. Sekil 14 ve S$ekil 15 incelendiginde
sistemin ¢ikis geriliminin 120 V oldugu goriilmektedir.
Elde edilen bu 120 V gerilim degeri elektrikli ara¢ motoru
icin pratik uygulamada uygun bir degerdir.

Sekil 16 incelendiginde endiiktans akiminin 5A oldugu
gorillmektedir.

Sekil 16. Matlab Simulink modeli IL akimi.

6. Sonuc

Elektrikli ara¢ sistemi lizerinde kullanilabilecek boost
donistiiriicii devre analizi i¢in iki farkli 6zgiin yaklasim
incelenmistir. Konu {izerinde yapilan c¢alismada Boost
doniistliriicii devresi iki farli yontemle modellenmis ve
bu modellerin denklemleri elde edilirken genellestirilmis
digiim denklemleri yontemi tercih edilmistir. Her iki
yontem igin ayr1 ayri elde edilen denklemlerin trapez
yontemi ile sayisal analizi yapilmistir. Kararl hal analizi
icin iki yonteme ait sonuglar elde edilmistir. Tablo 3 ve
Tablo 4’de iki degerli diren¢ yaklasimi ve ideal anahtar
yaklasimi icin boost doniistiiriici devrenin kararli hal
sonuglar1 verilmistir. Sonuglar incelendiginde Tablo 3 ve
Tablo 4’de V¢ olarak gosterilen sistemin ¢ikis gerilimi
yaklasik olarak 119 V ve 120 V olarak bulunmustur. Her
iki yaklasim sonucunun neredeyse birbiri ayni oldugu
gorlilmektedir. Benzer sekilde endiiktans akimlari da
hemen hemen ayni sonucu vermistir. Ayni devre, ayni
veriler ile Matlab simiilink ile de gergeklestirilmistir.
Sekil 8 ve Sekil 10 incelendiginde matlab modeli i¢in ¢ikis
geriliminin Tablo5 ve Tablo 4’ deki V. degeri 120 V ile
ayni sonucu  verdigi gorilmistir. Sonuglar
incelendiginde hem iki degerli degerli direng
yaklasiminin hem ideal anahtar yaklasaminin hem de
simiilasyon sonuglarinin  birbiri ile aym oldugu
gorilmektedir. 120 V degeri elektrikli ara¢ motoru igin
ideal kabul edilebilecek bir deger olmakla beraber
calismada ti¢ farkli yontemde ayni sonug elde edilmistir.
Bunlara ek olarak sistemin girisine uygulanan 12 V
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degeri gercek bir elektrikli aracin batarya giris degerine
uygun olarak secilmis ve elde edilen c¢ikis gerilimi
degerinin gercek bir elektrikli ara¢ icin batarya
cikisindan motor girisine kadar olan kisimdaki degeri
sagladigy goriilmiistiir. Batarya i¢in 10-15 V arasi gerilim
ideal kabul edildigi i¢cin ¢alismada batarya gerilimi 12 V
olarak kabul edilmistir. Motor i¢in ise yaklasik olarak 120
V gibi bir deger gereklidir. Calisma i¢in uygulama
kisminda elde elden sonuglarin hem birbiri ile ayni
olmas gercek uygulama
calismalarina da yakin degerler olmasi hedeflenmisti.
Sonuclar incelendiginde giriste 12 V olarak alinan
degerin motor i¢in gerekli olabilecek 120 V'u sagladig1
goriilmektedir. Boylelikle c¢alisma icin hedeflenen {i¢
yontemin sonucunun birbiri ile ayni olmasi ve ayni
zamanda elektrikli arac icin gercek degerlere yaklasmasi
hedefleri saglanmistir.

hedeflenirken hem de

Katki Oran1 Beyam
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

ATY. N.A. ABY.
K 34 33 33
T 33 34 33
Y 33 33 34
VTI 40 30 30
VAY 40 30 30
KT 34 33 33
YZ 40 30 30
KI 20 40 40
GR 34 33 33
PY 34 33 33
FA 34 33 33

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimu.

Catisma Beyani
Yazarlar bu c¢alismada higbir ¢ikar iliskisi olmadigim
beyan etmektedirler.

Etik Onay Beyam

Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
bir c¢alisma yapilmadigi icin etik kurul onay1
alinmamuigtir.
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