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Di adema Set oZseunngiYhajeék tiilreg | mi k Kol aj en Hidr oj
Karké Antifungal Et ki sinin Kncelel

Ar akt @érmacé BahiArcamt &ramad & nAy Keog¢ IDrDe mEilrfdarEr doj
Prof.Dr. Deniz Ayas'

'Mersin !'niver fakesteSu !renloeri

*Corresponding author: EIi f Ayke Erdo
¥zeQandida tropicalis, ©°zellikle bajékekl ék sistemi b
klinik a-édan °nemli bir ma n t a enfelksiyonlaggzadneden olabilmesi venu k 0 z a
antifungal tedavilere karkeée diren- gel i ktirme pot ans
getirmektedir Bu nedenl e, doj al kaynakl e, et kil vV e
artmaktader. Bu -al ékma, Diadema setosum (D. setosum)
yaj én, kol ajen bazlée bir hidrojel sistemine entegre
dejerl endiril mesi rEil dame-dlidmeakty aj ekstrakt éhéml eyaj
spektrometrisi(GEMS) il e analiz edilmiktir. Geliktirilen deni z
(DsCOL) form¢gl asyonunun Ki kKknar adralvérlaenjéeek éi, n czeeltean mp «tt d mr
sonucunda, DsCOL hidrojelinin Candida tropicalis ¢ze
Bu bul gul ar, DsCOL hidrojelinin antifungayoaktdjelki nl i ] i
ol arak yara °rtg¢leri ve biyomedi kal uygul amal arda de
Kol aj en, Di adema setosum, Il i pid ekstrakte, hidrojel,

Anahtar Kelimeler:-K o | aj en, Di ade ma SiHidrajek OQandida Trapipaiisd Ek st rakt é,

Investigation of the Antifungal Effect of Collagen Hydrogels Enriched With Diadema Setosum Oil Against
Candida Tropicalis

Abstract: Candida tropicalis is a clinically significant fungal species that can cause opportunifitioms,
particularly in immunocompromised individuals. Its ability to lead to both mucosal and systemic infections and to
develop resistance to antifungal therapies makes it a serious health threat. Therefore, there is a growing need for
effective, biocmpatible antifungal agents derived from natural sources. This study aimed to investigate the
antifungal effect of oil extracted with hexane from the gonads of Diadema setosum (D. setosurgpiaéahg

sea urchin, incorporated into a collagérased hydrogl system, against Candida tropicalis. The fatty acid
composition of the extracted oil was analyzed using gas chromatograpky spectrometry (GMS). The
developed collagen hydrogel enriched with sea urchin oil (DsCOL) was evaluated for its swellinighaesa
potential, and stability. Antifungal tests revealed that the DsCOL hydrogel exhibited significant inhibitory effects
against Candida tropicalis. These findings suggest that DsCOL hydrogel, due to its antifungal activity and
biocompatibility, cold serve as a potential bioactive gel for use in wound dressings and other biomedical
applications.

Keywords:Collagen, Diadema Setosum, Lipid Extract, Hydrogel, Candida Tropicalis

1.Introduction
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Candida tropicalisis a fungal species in the Ascomycota division, recognized for its rapid spread and
high mortality rates, particularly among immunocompromised individuals (Boran et al., 2024).
Recently, it has emerged as a significant-atlmcans Candida species foundlood coolers, associated

with nosocomial infections (Pfaller et al., 2011). This indicates@hatopicalismay account for 50%

of Candida infections, although some strain€ofylabrataare also documented. Notably, during the
COVID-19 pandemic, thetrains ofC. tropicalisandC. parapsilosigemained unchanged (Pienthong

et al., 2023)C. tropicalisis characterized by its high virulence and drug resistance, particularly due t$8
its ability to adhere to surfaces and form biofilms. These biofilmdriboe to resistance against
antifungal treatments, resulting in persistent infections (Silva et al.,, 2012; Tseng et al., 2020).
Furthermore, resistance to antifungals like fluconazole highlights the need for developing new treatment
alternatives (Borantal., 2023).

Hydrogels are sentiquid, soft, or slightly rigid structures made up of crieged hydrophilic polymer
networks. Their properties and structure can vary based on the attachment points within their three
dimensional frameworks (Ahmed, 201%)hysical hydrogels feature reversible, tomvalent bonds,
including hydrogen bonds, van der Waals forces, hydrophobic interactions, and ionic interactions; an
example of this category is calcium alginate gels (Mohammadinejad et al., 2019).

Recently, tlere has been a growing interest in natural polyipased hydrogels. Biodegradable and
biocompatible materials such as gelatin, collagen, alginate, and agarose are emerging as viable
alternatives to synthetic hydrogels (Boran et al., 2023). Collagen, &@lcpatymer that comprises
hydroxyproline and various functional groups, accounts for 25% of the body's proteins (Sun et al., 2017;
Zhang et al., 2018). Its biocompatibility, low antigenic structure, and hemostatic properties make it
widely used in wound réssings (Owczarzy et al., 2020; Sahiner et al., 2018). Additionally, when
combined with chitosan, collagen enhances hemostasis and provides better permeability control.

Proteinbased hydrogels are also favored for transporting food additives and biaactigpenents due

to their Generally Recognized As Safe (GRAS) status, encapsulation capacity, and safety as food carriers
(Chen et al., 2006; Reddy et al., 2015; Sarrigiannidis et al., 2021). In the medical field, these hydrogels
have diverse applicationamging from tissue engineering and drug delivery systems to wound dressings
and biosensors (Cal- et al ., 2015) .

This study presents, for the first time, the amatndidal activity and timelependent death dynamics of
a collagerbasedD. setosumhydrogel aginst Candida tropicalis Additionally, the stability, zeta
potential, and swelling performance of this hydrogel were investigated.

2.Materials
2.1. Preparation ofD. setosunmGonad Extraction and Oil Analysis

Sea urchinsly. setosumwere collected from#h coasts of Aydénceéek/ Mersin |
2024. The samples were transported to the laboratory under a cold chai® & C . di ssectio
performed to remove the gonads, which were then subjected to the Soxhlet extraction process using 200

mL of hexane as the solvent. A-§Bam sample was placed in the Soxhlet apparatus, and the hexane

was subsequently removed using a rotary evaporator. The remaining oil was utilized for further
experiments, and GC/FID analysis was conducted following the metwddescribed by Erdogan

Eliuz et al. (2024). In brief, a 7890A GC 5975C MSD (Agilent) instrument equipped with &M3P
column (30 m x 250 Om x 0.25 Om) was employed.
gradually increas@8dO0A€C 2%0AC feerwd mi man eso The i d
analyzed by comparing them with data from the NIST 2008 (National Institute of Standards and
Technology) and National Standards Institute databases.

2.2.Preparation ofD. setosurrbased collagen hydroggDsCOL)

Before beginning the study, a 30% collagen solution was prepared in a tube, followed by
homogenization using a homogenizer. The collagen solution was then boiled for 10 minutes with a
heated magnetic stirrer. Next, 1 mL of D. setosum gonad silagided to a tube containing 1 mL of the

collagen solution. The mixture was blended for 15 minutes using the homogenizer and heater. During
this process, 100 OL of 25% gl utar al dedinkidge was i
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Th final poductD. setosungonad oil based collagen hydrogel (DsCOL) was allowed to mature in the
refrigerator at 10AC.

Figure 1. DsCOL hydrogel at 1T on the 10th day (A); at 26 on the 10th day (B)

2.3. Swelling Measurements, Zeta Potential, and Stability @sCOL

The 1 gram of DsCOL was fully dried in a lyophilizer, then weighed on a precision balance and
completely immersed in 50 ml of distilled water. The sample was left at room temperature for 3 hours
and then hung for 10 minutes to remove excess wageilitiiium swelling (ES) was calculated using
Equation 1.

ES(%) = (W2- W1) / W1 * 100 (Equation 1)
In this equation, W1 and W2 represent the weights of the dry and swollen gel, respectively.

A zeta sizer device was used for zeta measurement and-theey g@l form of DsCOL was visually
evaluated.

2.4.Antimicrobial activity of D.setosumextract and DsCOL onCandida tropicalis

Agar well diffusion was employed to test the antifungal activitip ofetosunand DsCOL. Prior to the
experiment,Candida tropicalis(ATCC 750) was cultured in 5 mL of tryptic soy broth for 24 hours.

Following this incubation, 0.5 McFarland standards were prepared. Using the well diffusion method,

six 6mm wells were drilled into the surface of Mueller Hinton Agar plates, and the OF&arddnd

mi crobi al cultures were evenly spr ®asdtosamiloros s t he
DsCOL was added to each well. The plates were t
formation of inhibition zones, which were measusing a caliper.

2.5.Time related dynamics of mortality of the pathogens on exposure to DsCOL

Five microliters of bacterial inoculum (Mcfarland 0.5) was transferred into tubes containing 50
microliters of Dhyd and vortexed for 5 minutes. A negative obntias also prepared using DsCOL

foll owing the same procedure. All samples, at th
15 minutes in a shaking incubator. After incubation, the ELISA plates were removed and placed into
sterile glass tubesontaining 1 milliliter of saline, then shaken for 5 minutes in the shaking incubator to
facilitate the transfer of yeasts into the saline. Following a2l@&rial dilution of the samples, 5
microliters from each tube were inoculated onto MHA platesiandc ubat ed at 35AC f or
one day, colonies were counted visually, and logarithmic reduction and percent inhibition were
calculated using equations (1,2).

Percent Reductiohr — ZIpnnAE—— Eq.1.
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Logarithmic decrement =Lag-=L0og1o(A)-L0g1o(B) Eq. 2.

Statistical analysis

The analyses and significance were tested usingw2aiyeANOVA with posthoc Tukey HSD Test (p
value< 0.05). |10

3.Result and Discussion
3.1.D.setosuntomponents and some properties of OL

The dominant components Bf setosumwvere identified through GC analysis as follows: C18:1%is

oleic acid (9.30%), C18:2-6 linoleic acid (8.5%), C18:1 trargselaidic acid (5.2%), C18:2 trans
linolelaidic acid (3.9%), C16:0 palmitic acid (3.8%)2@5n3 EPA (3.0%), and C17:0 margaric acid
(0.9%). These results align with findings from several studies in the literature. For instance, Muhammad
et al. (2020) reported through @@S analysis of gonad extract the presence-béxadecanoic acid
(39.66%),9-octadecenoic acid (Anethyl ester (23.1%), and tetradecanoic acid (21.01%).

In this study, we developed a collagen hydrogel incorpor&irgetosuntipids. The zeta potential and
conductivity of DsCOL were measured-a4t5 . 2 NO. 04 mV ( BOingpiem, eesp@cliveha nd 0,
(p"0.05). The maxi mum particl e I1s(kiggre3)and Pdl reco

100000 7------- - o T‘ ,,,,,

GO000T - .................................

Total Counts

ADDOOE- e R TRRRTENY b

200004+ -+ - S ST i AR N

0 ; - . t J
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Figure 2. Zeta potential of DsCOL hydrogel.
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Figure 3. The size distribition of DsCOL hydrogel.

According to literature that zeta potentials betwe&hmV and +30 mV are considered stable (Erdogan
Eliuz et al., 2022). The water retention capacity of DsCOL hydrogel is a key indicator of stability in gel
systems, offering insights into how the gelsture disintegrates under various stress conditions (De
Vries et al., 2015). In our study, the water retention capacity (WHC) of DsCOL was measured at 140.0%,
178.7%, and 128.0% (Figure 4).
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Figure 4. Swelling ration of DsCOL hydrogel

While somedissolution occurred in the aqueous environment over thbBolib period, complete
disintegration did not take place. The swelling ratio indicates the expansion of biopolymers that absorb

water. In gels, crosslinkers facilitate the diffusion of water irtriesition regions (Begam et al., 2003;
Cates, 2010).

3.2.Anticandidal activity of DsCOL hydrogel

Figure 4 illustrated the antifungal activity Bf setosunoil and DsCOL hydrogel. The extract and the
hydrogel demonstrated inhibitory effects agatstropicalis The inhibition zones o@. tropicaliswas
measured 38 mm and 8.8 Janm (Figure 5) foD.setosunoil and DsCOL hydrogel, respectively
(p " 0.05).

Y

Figure 5. 1Z of D.setosunoil (A); DsCOL hydrogel (B)

The inhibitions ofC. tropicaliswere %33.8; %67.1 and %89.5 at the day of 5, 15 and 25 after treatment
with DsCOL hydrogel. Imur study, DsCOL hydrogels inhibit€ tropicalisby 33%, 67.1% and 89.5%
at 5, 15 and 25 minutes, respectively (Figure 6).
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The inhibition (%) o€. tropicali®oy DsCOL
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Figure 6. The inhibition ofC. tropicalisby DsCOL

Hydrogel formulations that incorporate methylcellulose (Serra et al., 2020), Ginja cherry extract
(Campos et al., 2014), thyme (Origanum vulgare) (Otoni et al., 2014), and essential oils from Jania
rubens algae (Boren et al., 2023) hagen developed due to their excellent water absorption capabilities
and antimicrobial properties. Notably, methylcellulose and Jania rubens hydrogels are recommended
for oral mucosa and/or vaginal applications because of their ability to adhere effetivelicosal
surfaces (Gafitanu et al., 2017; Boran et al., 2023). This study presents the novel findngéasum
hydrogel rapidly inhibits fungal growth in the presence of Candida.

Conclusion

This study tested the antifungal activity Df setosunextract and its collagebhased hydrogel against
Candida tropicalis The results showed a significant inhibitionGdndida tropicalis along with stable
bioactive properties of the hydrogel over time. Consequently, this suggests that the duiseEn
setosumhydrogel has potential for use in treating infections, particularly those associated with vaginal
diseases.

Acknowledgements:This study funded by Mersin University Research Fund (Project No-20XX-
4954).
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Biyoloji ¥Jretmen Adayl arénén | st¢n Yetenel
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¥zeBu araktérmanén amaceé, bi yol oj i °jretmen adayl ar é
incelemekvbu g°o°r ¢kl eri, tanél ama s¢re-1 eri ile ©°Jretimse
araktéerma desenlerinden durum -al ékmasé model-i kull a
2026 -ejretimm yél énda kirbideoviogti ®fiivermi tleissiannds pr og
°7retmen adayé ol ukturmaktadér. Araktérmanén veriler
g°r¢kme formu araceéel ejéyla toplanmékz edidlemiedtiilre.n Are
bul gul aré dojrultusunda °Jretmen adayl aréneén ¢steéen y
hezl é& °Jrenme, farkl é bakék a-ésé ve belirli alanlarc
i htiya-laréna y°nelik ol arak, zenginlexktirilmik ve b
kull anéména ve °jJrenci mer kezl i esnek °Jretim y°nter
°Jretmen adayl aeé katkee¢bkmbiskheeekhdr i t e mel zor |l ukl &
yetersizIliji, sénéef i-i dengeyi kurma g¢-1 ¢7 ¢ ve °7r
Mes | eki gel i kim a-éséndan i saer kd cedylkaré;r édeneiknl®°d med ii nme
proje rehberlifi, g°zlem ve tanélama yetkinlikIeri i
gel i ktirme gereksinimi hissettiklerini i¢/fsadien eytemieknleekr
°jJrencilere y°nel ik farkéendal ékl arénén gel i ktiril me
°Jrencilere y°nelik daha b¢t egncgl ve uygul amal é bir
bajl amda alydamae@néen hizme
i bir

el de @é&dirle¢ membulag
I

t °ncesi e ]
sunacajé ve ¢steéen yetenek <

eylerin ejitim s¢gre-|
Anahtar Kelimeler:} st ¢n Yet enekIl il ik, Biyol oji kdjerat men Adayl a

A Study On the Views of Pr8ervice Biology Teachers Regarding Gifted Students

Abstract: The aim of this study isto examinepre r vi ce bi ol ogy teachersdé views o
these views within the context of identificationgagses and instructional approaches. The study was conducted
using the case study model, one of the qualitative research designs. The study group consistedseidbepre
teachers enrolled in a biology education undergraduate program at a public utyversurkey during the 2024

2025 academic year. Data were collected through a-stmctured interview form developed by the researcher

and analyzed using content analysis. The findings revealed that participants primarily defined gifted students in
terms of high cognitive capacity, rapid learning, unique perspectives, and depegific talents. In terms of
educational needs, participants emphasized the importance of enriched and individualized teaching strategies, the
use of advanced instructional reatls, and studententered flexible teaching methods. Regarding potential
challenges in the instructional process, participants cited limited subjatter knowledge, insufficient materials,
difficulties in balancing classroom dynamics, and adaptingh® pace of gifted learners. For their own
professional development, they highlighted the need to improdepih subject knowledge, differentiated
instruction planning, projeebased guidance, observation and identification skills, as well as accesaderaic
resources. In conclusion, the findings suggest that raising awareness amesanpee biology teachers about

gifted learners is essential. It is recommended that teacher training programs adopt a more comprehensive and
practice-oriented approacho address the specific educational needs of gifted students. The results of this study
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are expected to contribute to the enhancement ofs@néce teacher education and the improvement of
educational practices for gifted individuals.

Keywords:GiftednessPre-Service Biology Teachers, P®2er vi ce Teachersd Opinions On
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zek®© ve ¢(stegn yetenek kavramlar é, tarih b
ni -eken °nemli ol gular aras@&@&snidbeyier wd mé
beceril eri ve -exitli al anlarda sergil.
I ve teknolojik gelikiminde ©°neml:i rol | e
I bakar él aday |tao pd & jmis la ||l kwnh&k eéezmana a- €ésénd
tadér (Kul aksézoj !l u, Bil gilii & kirin, 20

tanél anmaseé, uygun ejitim ortamlarénda
kulanabil mel er i i -in yapélandér él mék ejitim s¢re-
(Bayko- D°nmez, 2009).
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Bakanl éje (MEB), .sten yetenekli
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( MEB, 2019) . Bu taném
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bilimler:i Titiomi ¢
bireyl erin otansiyel
ti mi, anal itik d¢gkenm e
erilerin gelikimini d bakéeméndan ¢
mark (Bubatnék, OlszewskK u b i | i us & Worrell, 2011) . Bu n
ylarenén ¢(stegn yetenekl i °fTrencilere y°nelik
encilerin ejitim s¢gre-lerinitedrrem de °jJretim Kk

enekl i °Trencil e
eeékmakmadikmo.nu¥i
yapma, deneys
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Il oj i °jretmen adayl arénén, °zelli kle fen bi
ncilere y°nelik g°r¢k ve yaklakeéemlar éneén
Ki mi a-éséndan hdmedeé ng dtuegml aetl amalalkii 9
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Bu araktérmanén amacé, biyol oji °fTretmen adayl al
ortaya k oy mak vV e bu goreckVericpr etain@l aspa.e- lyémil |
i ncel mektir. Byl ece °jJretmen adaylarénén mevec

e
duyulan alanlara ilikkin geliktirme -al ékmal ar én
Araktérmanén Probl emi

0

Bi yol oj iaddylearmemén ¢st¢é¢n yetenekl i °Jrencilere
bu °jJrencilerin ejitim s¢gre-lerinde kar kel akt é
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stratejilerinin gelixktiril mesut al-iétsernadtagpr krfign ke
°JTrenim g°ren °jJretmen adaylarénén ¢(ste¢n yetenek
°jretim uygul amalareé geliktirme konusundaki yete
ortaya koymakta# r . Bu dur um, biyol oj i °Jretmen adayl ar
go°r ¢klerinin sistematik bir bi-imde incelenmesin
Araktéermanén Alt Probl eml eri |16

Biyoloji ©°jJretmen adayl ar@a,néagndtagna kyt eatdeem ek | i €
Bu °jJrencilerin ©°zelliklerine ilikkin ne tg¢gr
1 steén yetenekl i °Jrenciler i -in naséel °7re

d¢kenmektedirler ?
Kendi ejitim s¢gre-lerinin bej &oheddi ymeélt édi «

i steéen yetenekl i °jJrencilere y°nelik farkIl el :
d¢zeyl eri nedir ?

f Tanélama ve y°nlendirme s¢recinde °Jretmenler

Araktér manén Amaceé
t

Biyol o] i °Jretmenlerinin séneéf ortaménda ¢stegn ye
s¢recinde °jJrencil eri dest ekl emel er i bajl aménda,
csten yetenekl i °Jrencilmeg eandliikki at g€k ¢xé ebunig
sé¢recine etkilerini ortaya koymakt ér. Arakt ér ma
bireylerin daha nitelikl:i bir Kekil de tanélanm
ejitimldarnilreikrt izeangnesi ne katké sunmasé bekl enmek"
ej i ti mi literat¢reée¢ne katké sajlanacak hem de ej
alacaktér.

Y¥NTEM

Ar akt é&r manén bu b°l ¢m¢g ndmgnéanr aka légwmaan é gr unow,e | ar
toplama aracéna ve araktérmanén veri analizinde

Arakt érmanén model i
Bu arakteéer mada biyol oj i °Jret men adayl ar éneén

¢
derinlemesine inceleyebil mek amaceéyla nitel ar at
ercih edi |l mi ktir. Durum -al ékmasé, arakt ér ma }
dil mesini sajlayan y°ntemdira{€Ekemaweél i |] e2@0akt!t €
onu belirli bir sistem i-erisinde olaylarén v
ncelenmesini sajlamaktadeéer. Ayréca yapeélan ar ack
I al e daan dailrauymlyaa én - ok y°nl ¢ olarak incel enme:

-éncgé, 2018) . Bu modelin tercih edilme sebeb

eyimlerinin daha detayl é bir kekilde incelenn

-

Ktédcmap@ama Grubu

érmanén -alerRéGaePirtebmmu,ye2@®@hda T¢rkiyebdde ¢k
tim fak¢gltesinde biyoloji ej i ti mi |l i sans pro
Ktur maktadeér .

OO > ORQRD XD
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Tablol:¢ al ékma Grubuna Ait Demografik Bilgiler
Deji kken N f (%)
Kadén 22 %88

Cinsiyet Erkek 3 %12
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Deji kken N f (%)
3. Seneéf 11 %44
Sénef De¢zeyi 4. Seénef 14 %56
Veri Toplama Ara-1arée
Araxktéerma verileri, araxkteéermacé taraféndan d]e7li|
topl anmékteéer . G°r ¢kme f or mu, literate¢r tar amas é€
sajl amak amacéyl a i ki ailrainl nuizkntainré. tFRoranh,é& nkdaatné |déenj
°Jrenciler hakkéndaki tanémlarée, bu °jJrencilerin
yakl akém beni msedi kleri ve bu alandaki eKldeti m i h
yapélandér el mékt eéer . G°r ¢kme formu bek adet sorud
Verilerin Analizi
Bu araktérmada el de edilen veriler, nitel aracxt
y°nt emi il e ger-eklextirell metnircelK-amakt éarnmdliazr
olukturul masé bajlaménda tercih edilen bir y°nt
amacénén toplanan verileri a-éklayabilecek kavr
(Sel - urkc,é,Pakandemir & D¢ndar , 2014) K-erik an:
saptayarak ortak tema ve kavramlar etrafénda t
sunmaktér (Yéldérém & kimkek, 2006i)k.| eBut ebmaajllaar mdaa
bajlaré incelemektedir (Yéldéeréem & kimkek, 2011,
K-erik analizi y°nteminde °nceden belirlenen kat
t emel alan kodlamal ar ger-ekimzagé&irataféndamn det a
okunarak bir anlam -er-evesi ortaya -eékareéel mexkt é
ana kategoriler ol arkKdkdIlsaemaelfa ra nadréea ama tywtparl ImElka jée
amacéydsa,veMiHuber manéén (2015) ©°nerdiji ge¢venilii
G¢venilirli k = Go°re¢k Birliji [/ Toplam G°r ¢k Sayé
Bu hesaplama sonucunda, i ki araktérmacé arasénda
bu da anal i z ysikrseecki moiim aluduwak-laél ék takédejéne g?©:
BULGULAR
Araktérma amacé dojrultusunda wuygulanan ver.i to
verilmiktir. Arakteérma kapOd@&marcdeka %ngal iyleh e n%ejkr @
Bu °jrencileri tanémlarken hangi czellikleri di
dejerl endgiomiursaui yiean2dti |l mik el de edilen bul gul ar @
Tablo 2. ¥ ret men Adayl arénén i sté¢en Yetenekl i ¥Treni
¥zelliklere ve Konuya Y°nelik Bilgi D¢zeylerine
Temalar Kodlar Frekans Y ¢z d
() (%)
Zi hinsel Kap Hézl e °Jrenme ve Kkavr e 10 %40
st ¢egnl ¢k Zek© d¢zeyinin y¢gksek 8 %32
Yaratéceéel ek Farkl & bakéek a-@&l arénce 7 %28
D¢ K¢ nme ¥zg¢en fikir ¢gret me 4 %16
Kl gi ve MeralYoJun ilgi ve kekfet me 6 %24
Belirli alanlara yojur 5 %20
Al anl ara ¥zg,Sanatsal, akademi k, | 6 %24
Tané ve Belii1G°z|l eme dayal & taneéml ¢ 3 %12
Zek© testine referans 1 %4
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Temalar Kodlar Frekans Y¢zd
(®) (%)
Bil gi Orta d¢zeyde bil gi 10 %40
DejerlendirmD¢gkek bilgi, eksi kl ik 6 %24
Ejiti d/adyearl fe bi | gi 2 %8
Tablo 2 incelendijinde ©°jretmen adaylarénéeh8 ;:
kullandéklaré ©°zelliklere ve konuya y°nelik bil
Biliksel lstenl ckdDekppNmeat eI gk ve Mer ke, i Al
ATané ve Belirleme S¢reci o, ABi | gi D¢zeyi Dej er
go°r ¢l mektedir Zi hinsel kapasite ve biliksel ¢S
cevaplarén -ojunlujunun %40 (f=40)06nén zeka d¢ze
d¢kenme temasé altenda °jretmen adayl arénén verd
bakék a-élaréna sahip oEmdaoPfuptumenl gdayeamemnahk
(f=6)06n¢gn yojun il gi ve kekfetme istefji ol duj u;
adayl arénén verdikleri cevaplarén %24 (f=6)0n¢n
tanél vel éme s¢reci temasé altéenda °jJretmen adal
(f=3)06sinin g°zleme dayalée tanémlama; bilgi d¢ze
-ojunlujunun %40 (f=10)6énén &Odéadra. d¢zeyde bilgi o
Araktérma kapsaméndat%inr gtememekdaylPdgmremaiderin
Bu °Jrencil ere seneéf i -inde naseél bir ° T retir
déekenegyodrsanug@ y°neltil mbkoeBdeeeyded enebiul miuk &ir
Tablo3: ¥] ret men Adayl arénén | st¢gn Yetenekl i ¥Jrenci
Yakl akémlaréna ve Materyal Kull anéeména Y°nelik C
Tema Kod Frekans Y¢zd
® (%)
¥Jret¥yPmteml Zenginlexktirilmik i-er 9 %36
Yakl akéml ar
Bireysellexktirilmik |/ 8 %32
¥Jrenci mer kezli ve escs 6 %24
Proje ve arakteérma te 5 %20
Mat er yal Ku Gel i Kmi kmatealler e K i t | i 10 %40
KI gi al anéna g°re mat e 5 %20
Daha il eri d¢zey [ dij 4 %16
Deneysel /| meirleeom&tud 1l | 3 %12
Biliksel v Derinl emesine ve anal. 7 %28
Gereksinimler HéezI|l edyreyde °Jr enme 6 %24
¥zge¢n | yaratécé degKger 4 %16
Sosyal ve Etk Ayr écal ek al géséndan k 3 %12
Yakl akéml ar Senéf i-i denge [/ exi't 2 %8
¥Jretmenin Zihinsel gelikimi dest 3 %12
Hazérl eje Rehberlik ve y°nlendir 2 %8
Tablo 3 incelendijinde °Jretmen adayl arénén ¢sty¢
°Jretim vyaklakémlar éna vV e mat ervyal kull anéména
Yakl akéml ar €0, AMat eryal Kul édlsiiemiéml, ermBi | i Sc®Y a
Yakl akémlar o, A¥jretmenin Rol¢ ve Hazérl éj] éeo ol
¥Jretim yo°ntemler.i vV e yakl akéml ar é t emaseé alt e
-oJjunlujunun %36f+®) OmErREN -ENYI nWlee hezl andeéer me
temasé alténda ©°jJretmen adayl arénéen verdikleri ¢
mat eryaller ol duju; bil i ksel ve akademi kleriger eksi
cevaplarén -ojunlujunun %28 (f=4)0d6nin derinl emes
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etik yaklakémlar temasé alteéenda °Jretmen adayl
(f=3)06sinin ayrécal ek al gresléin daen tkaaz &rnlmaj éo | tdaumaus
adaylarénén verdiklI er. cevaplar incelendijinde ¢
bil gisi olduju saptanmaktadeéer .
Araktérma kapsaméndBda *jjrethrnen ea &a yl%anrddairdk &6l jarkd téij
veya karkélakabilecejini 2i scbgrmgsrudgy]%nredztizmilﬁﬁdella
Tablo 46de yer verilmicktir.
Tablod:¥] r et men Adayl arénén | ste¢n YetenekI|l i ¥Jrenci
veya Karkél akabil ecekl erini Dekendekl eri Zor |l ukl
Temalar Kodlar Frekans Yéizde
() (%)

¥7 r enme IHézIl @& hApdenmgl e seél 9 %36
Kaynakl & S Akranl aréyla denge 6 %24

Dersi sabote etme ihtimali 4 %16
¥ ret men Bil gi eksi kIl ifjJi 7 %28
Yeterl i kleProgram hazérl amad: 6 %24
Sorunlar psten yetenekl i yi 5 %20

¥Jrenci bekl enti si. 3 %12

G¢nececel i -eri klere 1 2 %8
Materyal ve Kaynak Uy gun mater yal haz:i 4 %16
YetersizIli Akademi k kaynak ek: 3 %12
Sosyal Uyum Akranlarla uyum sorunu 5 %20
Problemleri Zor b/al®&kl anma ri sk 2 %8

Ayrécal ék algéeseée ol 2 %8
Sénef YSeéer ekl i sSsOoru sor ma, 3 %12
Zorl ukl aré Yanl ek bilgiye y°ni 2 %8
Belirsizlik ve Ne yapacajéné bil el 3 %12
KararsézI|l @ KararsézI|l ék ifade 1 %4
Tablo4i ncel endijinde °Jretmen adaylarénén ¢steéen ye
karkél aktéklaré veya karkélakabilecekl erini deé K¢
Kaynakl & Sorunl ar o, A¥]reomem Mdeteerylail k lveer iKyalyen ak
iSosyal Uyum Problemleri o, iSosyal Uyum Probl eml
Kararséezl éko ol mak ¢zere 7 tema altéenda topl anm
altéenda aplrateninorewml ujunun %36 (F=9) hezlé °jr
yeterlikleriyle ilgild@ sorunl ar temasé alteénda
eksi klifji ol duj u; materyal ve kavhahkhl|l ypueausi lLbj
uygun materyal hazérlama zorluju ol duju, sosyal
-ojunlujunun %20 (f=5)6ésinin akranlarla uyum sor
verilerin cevapl d&r=8n 6-sajnd ml sjeurekd i %kdr(u sor ma, Yy
vV e kararsézl ek t emaseéna verilen cevaplarén %1 :

saptanmaktadér.

Araktéerma kapsaméendkerdir emenglne kaidagyg¢ lair €ienmklindi z a -
°frencilerle -alékmak i-in ihtiyaéd doydsjuugw@nebti
el de edil en bulgulara Tablo 56de yer verilmiktir
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Tablo5: ¥ ret men Adayl arénén | ste¢egnovietl e ke Meis | ¥iki e Geil
Khtiya-1laréna (Bilgi, Beceriler ve Kaynaklar) KI
Temalar Kodlar Frekans Y ¢z d
U] (%)
Alan Bilgisi ve Derinlemesine alan bilgisi 9 %36
Akademi k D G¢gncel l'iteratg¢¢r¢ tak 4 %16 |20
Disiplinlerar as é& bil gi [ STI 3 %12
Kngilizce yeterlilifgi 2 %8
Pedagojik Yeterlik ve Far kIl él akt ér él mék °jr 7 %28
Uygulama Becerileri Labor at uvar ve deneys 6 %24
Proje y¢régtme ve rehb 5 %20
Yar at éesrekllie k ve 4 %16
¥ renci T | st¢n yetenekli °Jren 6 %24
Gzl em Bec Kl eri d¢zey soru sor 3 %12
rehberlik
¥ renciye uygun yakl a 2 %8
Kaynak ve Materyal Akademik kaynaklarg r i K i m 6 %24
Kull anemé Dijital i-erikler /| g 2 %8
Erikilebilir kaynak i 2 %8
Tablo 5 incelendijinde ©°jretmen adayl arénén ¢(st
gelikim ihtiya-1areéena i(lbiikkgiin ddCerceexlidreir; vieAllkaay i
Donaneéemo, ifiPedagoji k Yeterlik ve Uygulama Becer
ifKaynak ve Materyal Kull anéeméo oKimakt merraddyl &
alan bilgisi ve akadetki donaném temaséna verdi kI eri cevapl a
derinlemesine alan bilgisi olduju; pedagoji k yet
-ojunlujunun %28 (f=7)6nin farkl él a@unaérveed mEXz l°gr
becerisi temaséna verilen cevaplarén -ojunlujunu
ve tanélama olduju; kaynak ve materyal kull anéemé

akademi k kaynaklarateérikim ol duju saptanmeé

Araktéerma kapsaméndastojmeyeeaneakdlaiyl af E@aaciol er | e
kariyerinize nasel bir katke sajlayacajéné d¢keén
rol¢ ve sorumlbulsojussi géeaetledlém?PBUlUl ara Tabl o

Tablo6:¥j r et men Adayl arénén | ste¢gn Yetenekl|l i ¥Jrencil
ile Tanél ama S¢recindeki ¥Jretmen Rol ¢ne KIlIikkin
Temalar Kodlar Frekans Y¢zd
U) ()
Mes | eki Pedagoji k gelikim 7 %28
Kat k é Akademi k gel i Kim 6 %24
Kendini yenileme ve motivasyon 5 %20
Yaratécél ek ve bakecx 4 %16
Kariyer y°nelimi ve i 3 %12
Tanél amada ¥Jrenciyigfardmeyenteery 7 %28
¥fretmeninvyY°nlendirme ve rehbel 5 %20
Psikososyal destek / rol model olma 4 %16
¥Jrenci mer kezI|l i yakl| 3 %12
¥Tret¥hermncKarkél ekl e °Jrenme v 4 %16
Etkil ekimi Mesleki tatmin [/ duy: 3 %12
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Tablo 6i ncel endi Jinde °Jret men adayl ar éneén Ssteéen
gel i kimlerine katkesé ile tanéelama s¢recindeki

Kat kéo, iTanél amada ¥J-¥prmen|nERN;kLgxemerm%pIee

toplandejé ge°r ¢l mektedir. ¥Jretmen adayl ar énén

cevaplarén -ojunlujunun %28(f=7)06sinin pedagoj i
temaséna verilen &28gddl=an®dminopPygmlemjcuryun fark et
°JTrePmmerenci et kil exki mi temaséna verilen <cev|dlpl ¢
°Jrenme ve gelikim olduju saptanmaktadeér.

TARTI KMA VE SONUC¢

bul gul ar , biyol oj i
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rencilere y°neliKk e msel yeterliliklerine
ret men adayl ar éneén osteén
°jJrenci grubuna ilikkin -

arakter ma, biyodopst PHireemenelkaldiay? pr éneéeil er e
o 7T 1
jreti
(o]

—>

némladékl aréné ve bu

ret men adayl arénén, ¢(sten yetenekli °Jrenciler
gi duyano bireylerkbéatak bahémlamial bagl afmméed?
p ma, sorgulama ve kekfetme ejilimlerinin gg¢-|I
nzul | i (2003) , csten yetenekl i bireylerin y¢ks
[ dukl aréné vurgul améxl arder. Bu y°n¢yl e,
erin bu i - sel moti vasyonl arénée fark et

l ecek °Jrencilereiyfnkl eki potghsi gemebi

e
(@)

- ® ' ——/ 3 " ™S

I

bi

ma bul gul areé, °jJretmen adayl arénén ¢steén
0 ve ﬁOIrenmeye a-eékl éko gibi °czellikler
I | eQut(t200&8) Mo ae af éndan da ¢steéegn yet ence
K Fen e]i im| °zelinde, bu °jJrencile
r e °ne -éktéklareé bilinmelkaedizel | Dbl a
e
[

olmalare, bu °frenci grubunun ejitse

S o
X o <~

e
t t
i t
mi
-

adayl arénéen ¢sten yetenekl i °Jrenciler
ve ol mfaakr taemveard @ mal ar é& da di kkat -ekici
d¢é¢ Kénme vV e alternatif -%z¢¢m oir et me be

iterat¢rde de (Clark, 2li0bDeglerin Yel dé z
me becerilerinin gelikmik olduju s
I
s

= = = x -

i
n
rler cretmeleri, onl arén hem biliK:
°stermektedir.

o
c
=~

ar Knmaé kapsaménda biyoloji °jJretmen adayl areée, ¢ st
yetenek sahibi ol duklarénedo ve A-o0ok y°nl ¢ bir
nks & Kat zkobénun (2005)l;anGagd®d ngisnt ¢ O 2 0yledt)e ne
nemlamal aréyla °rt¢g¢kmektedir. Biyol oj i gi bi di
Kk yonl ¢l ¢ éen °Jretmenler taraféendan fark edi

|
ngi nlkkertfirreitlim ortamlaré hazérlamada °neml. bir

~

Kilik ©°zelliklIler:i bakéméndan i se, biyol oj i ° ]
zge¢evenlio, Asorumluluk sahibi o, Adpirkglsemdivie. AB
r soayygals al niteliklerin her oSt én yet enekl i
utul mamal édeéer Ancak Akarsudnun (2004) da bel
syal, kikilik wve zriéhriawsg‘Iregeﬂan(Iklméleékngéstadxrra
retmenler taraféendan dojru kKkekilde g%zl emlenm
t ¢nc ¢l gelikimlerinin sajlanmasé a-esendan °ne
n
e

aktérmada ©°ne - ékanibi°rf reitimem Rkhulagd ar€e@ébi yalt
i k dejerler bajl &, sosyal sorumlul uk sahibi
negndeki ger ¢kl eridir. Bu dejerl endirmel er, Cl
r e mcsoslyaddruiy gu s a | vV e eti k °czelli kl erine i Ii kkin
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¥Jretmen adayl ar éneéen, bu °jJrencilerin liderlik
duyarl él ek gibi ileri d¢gzeymebeyal Becet meaer eos 4
bil gi aktareceé dejil, ayne Zzamanda rehberl ik

gestermektedir.

El de edilen wveriler, biyol oj i °Jretmen adayl ar é
d¢zeyd egélnidki me a-ék alanlar bulundujunu ort 2ya
rehberl i k konularénda °jJretmen adayl ar éna neIi
gerekmektedir. Bu dur um, kahin )&Silﬁar"gjérnet(mkmlae)Jl
°Jretmenlerin farkéndal ék d¢zeyl eri araséenda an!

desteklenmektedir.

Ar akt eér ma bul gul ar e ge
tanél anmamé, vej °zell ikl

el ol ar ak dejerl endiril
é ri k
Ekinci, S¢mer Boza

t

n

I

°nel ol umlu tutu

n & ¢ete (2018) tarafeéendan vy

er mektedir. ¥Jretmenl erina ¢¢sagal aZrerkdd &n &n r g
i nan-1ar é, bu °jJrencilerin °zg¢n 1 htiya-1a
anmasé a-éséendan kritik bir °neme sahiptir (

o «Q
— o

t
]

— o n —

éca °Jretmenlerin, nmetgpreeke@rentipgr kacalt Bl BK
Kmada Vy¢ksek moti vasyona sahip oldukl aréna
atejile n kullanél maséna olanak tanéyabilir
enci ll &y ézog°rev|er sunmal ar é, icsteée¢n zek©l &
tekl eye [ ir Arakt érma bul gularé, °jJretmenle
hezl e ° ndi kl erine iBandaklbemreéefdérdamennltaryia
eyl er i [ roi d¢zeyde gel i kim g°steren vV e -
rumlanabilir Er as | aAkar,@dP.a n, 2010; Akar & keng

lerin tok!l amdgad aa dak&kad belku
0) ; At aman (1982); MEB (2010)
a Vyakl akék %2 oranenda yer :
°%sjerl e ncclia reac ki n° zne | ejitim g
jru yo°nlendirmel eri a-@es

nw = =S Q9 =

ten zekO©Ol
olat & YanparY e | k
yl erin
t menl erin,t edlui k°

OO'UJ“<O'<QOm:>m
—~ @D D

>
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No‘—>—‘—>—'—m OCTDPOT T T
-

ireyl er ol du k208 Bolat,y °
;n yeteneklilijin teme
r s

b
¢St ¢
taraféndan fark edi | me

D
e

°Tret mgretedhdayklldarl egméam gEgtign mi konusundaki
°re farklélek g°sterdiiji g°r ¢l mekt ec
ve Desteko boyutunda
e °Jretmen tutumu ar e
nde aldekl ar e ejitin
a ulgw, Cudtis RQOBIRAQ & Lime(k909% d i r . )
érmalarda vurgul anan, °Jretmen tut uml
d il ediji g°r ¢kKeyl e °rt ¢ kKme

o =

—

r acknt éyrerheelnaerkd a | °ejrree tyrfienne | ai dk
der ed20 2kt @dk der(Ak& r Ayv &
k
7

< m QXY N
—DC VOO

i °Jrencilerin ¢steéegn yet
), bu alanda bil gi eksil
nde bu konuya dair daha sistemati k ve u\y
ortaya koymaktader.

Sonu- ol ar ak, bi ynodnojdstogm ey anteenn eakdlaiy | ajrréenci | er ¢
olumlu ol makla birlikte, bu °jJrenci grubunun t a
°Jretim stratejilerinin belirlenmesi kedin Bus unda |
dur um, °Jretmen yetiktirme programlarénda ¢st¢n

uygulamal é& ve disiplin temell:i ol arak sunul mas:é¢
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°zelinde, csteéen yetenebbkecerilremicnil egehi wtil n ensiell
araxkteéerma temelli zenginlexktirilmik °Jrenme orta
Araktérma bulgularé dojrultusunda, °Jret men ada
hazérlee kgled medler i i-in |isans programlareéna bu ¢
entegre edilmesi ©°neril mektedir.
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Met oprol ol ¢n ¥zeaerdrmalkkdleagjii,k Terap®°ti k Endi ka
Uygul anabilirlijinin Dejerlendir:i

Araktérmacé Gi,zalr .¥|¥jorcestoijrhul yesdi Hesna Ur a

'Kerékkale !niversitesi
Ufuk !'niversitesi
*Corresponding author: Gizay ¥I| -¢c¢o0

¥zeMet oprol ol , kardiyovask¢l er hastal ékl araéreneriikedavi si
resept°r antagonistidir. Kl'ini k olarak °zellikle hipe
tercih edilmektedir. BetA resept °r |l eri ne ol an y¢ksek °zge¢ll ¢]j ¢ sayes
teketi mini azaltarak kardiyak y ¢ k¢ hafifletir. Far n
karacijerde ilk ge-i kK medasadiibhb r zpnasén@&@ mupramhvetiyakl &
-al eéxmal ar, metoprolol ¢n klasi k hemodinami k etkileri:
baskéel adej éne vV e mi yokard enfarkt ¢sy¢ boyutunu K¢- ¢l
n°rohor monal , met abol i k Ve i mm¢gnomode |l at or et kil eri
koymaktadér . Ancak, i nsan k a r d-inflamatuiary etkieri thdlea rnétlik ¢ z er i n
kazanmaméxkt éer . ¥t e yandam, a-tekr essuellarad-aé dkaanl énsectl ;& réo I doi
olarak diren-1li yapésé nedeniyle sucul ortamlarda bir
Bu dur um, hal k sajl éjée ve -evre a-udwséndan dejerl endi:
Anahtar KelimelerrMet opr ol ol , Beta Bl okerler, Kardiyovaskyg¢l er
Pektoris, Kalp Yetmezliji, Mi yokard Enfarktg¢se, Farn
Fonksiyonlar, Tedaviye Uyum, U Et ki | i Form¢l asyonl ar, Solunum Yol u

Ajanl ar ée.

Evaluation of the Pharmacological Properties, Therapeutic Indications, and Clinical Applicability of
Metoprolol

Abstract: Met opr ol ol i sadremergic medepgrcantagonest widely used in the treatment of
cardiovascular diseases. Clinically, it is primarily preferred for the management of hypertension, angina pectoris,
heart failure, and arrhythmias. Due to its high affinity for b&teeceptors, it reduces hdamate and myocardial
oxygen consumption, thereby alleviating cardiac workload. Pharmacokinetically, it is rapidly absorbed following
oral administration, undergoes firgiass metabolism in the liver, and has a Hiédf of approximately B4 hours.
Recentstudies have demonstrated that, beyond its classical hemodynamic effects, metoprolol suppresses
inflammation by reducing neutrophil migration and consequently decreases myocardial infarct size. These
findings suggest that metoprolol provides a cardioprbtecprofile through its neurohormonal, metabolic, and
immunomodulatory effects. However, its direct @mftammatory actions on human cardiomyocytes remain
unclear. From an environmental perspective, the persistence of metoprolol in wastewater iseof.ctisc
chemically stable structure renders it resistant to conventional microbial degradation, leading to accumulation in
aquatic environments and posing potential ecotoxicological risks. This issue warrants serious attention in the
context of public hdth and environmental safety.

Keywords:Metoprolol, BetaBlockers, Cardiovascular Diseases, Hypertension, Drug Release, Angina Pectoris,
Heart Failure, Myocardi al Knf ar c tliSaestiyity, Sérdiac Fuactoosi i net i
Treatnent Adherence, Lorgcting Formulations, Respiratory Diseases, Cardiovascular Therapeutic Agents.
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Betaa dr ener j i k resept?©or bl okerl eri, i skemik kal |
kardi yovaske¢l er bozukl ukleddnédrent é havasi°nd& «élalné
kélavuzbboketflmrbn benzer et ki mekani zmal ar @éna s
preklinik -alékmalar bu ajanlarén sadece kalp
n°r ohor moanbaoll,i kmeve |1 mm¢inomode¢l atOr sistemlerlzéze
biyolojik mekanizmalareée i-erebilecejini g°st'er me
Bu bajl amda metoprolol, mi yokard enfarktg¢gseg seé
azaltarak enfarkt boyuu n u ke¢-¢ltebil mekotmeb;osayr éectakim ®tkii onfl ielr i
i skemi k s¢gre-te inflamatuar yanétéen sénérlandér
hemat opoieti k kompartmana etkil er i niitnl e¥xtiesdg mdrei,
dojrudiamf lamamatuar bir etkisinin olup ol madéjeé ha
¥zellikle Il enfositik miyokardidt ve kalp yet mezl
duruml ar da, nbdokedepirpoolt aaln sg iykeil f erap°ti k roll eri d
mol ek¢l l erin yalnézca klinik etkileri dejil, ayn
mi kt arda fdrkaesdtni,k °zel l i kl e de met orpolula sul ¢ n, e
ekosistemlerine kar ékmasé, -evresel s¢rder ¢l ebi |
ila-1ar, ki myasal yapélarénéen y¢ksek stabilites
diren- g°ster mekteseMe kbhu Idcea ikadlléaeée o-leaw ak biri kme
Nitekim metoprolol, Avrupa genelinde y¢zey ve at
al makt a, bu durum da hem -evre hem de hal k S €
getirmektedir [8].
K¢resel olarak en yaygén °l ¢m nedenl erinden bir
hastal eklar arasénda °n sérada yer al makta ve Kkc¢
arter hastaka&llg, haostmat éjzenal derin ven trombozu ve
kapsamaktader . Bu h absl toakleérkl learr, & na ntjei dyaovtiesnisnidne ; d °bn
inhibit°rleri, anjiyotensin resepfP?rabtakenisesti e
ila- séeneflarée genik bir kKekilde kullanél maktade
TARTI k MA
Hem hayvanlarda hem de insanlarda yapeélan -al éxkr
biwsebici adrenerjik resept °Krz ogpnmteangad nins tni kalr du jyuan
izoprenalinin vazodilat®°r ve bronkodilatat®°r et |
taraféendan belirgin kekilde inhibe edilir.[10]
Met oprol ol , eksojen veya n°r @aanaldi phkhr ghnené éeében
inhi be eder. Bu et ki muht emel en bilexkijin akut
Met oprol ol , adrenalinin periferik wvazodilat?©?or €
propranol olBdlemefd&emhkleedé&ri. bl oker , endojen adrena
bulunduju durumlarda farklé hemodinamik etkiler
Met oprol ol , geneti k olarak hipertansiyonu ol an
etk mekan z masé tartéekélan bozul muk vazokonstrikt?©Or
farmakol oj i k -al ékmal ar én sonu- 1| abrléog k e me t oolpd wjl w
gPstermektedir. [ 1l2]
Farmakokineti k -alékmalan smehoarbbamamenoemi | diypu
Knsanda il k ge-ik eliminasyonu vyaklakeék %55"¢tir
Met opr ol ol i nsam kamtpli&kz maas é&n danma3 °mr syl e el i mi
Metoprolol, intrinsik sempatomiet i K akti vitesi ol mayan, l'ipof il il
kalp yetmezlifji olan hastalarda metoprol ol , kal p
fiziksel egzersiz kapasitesini irfld]l extirir ve ka
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Met opr ol ol , gel i ken miyokard enfarkte¢gseneégn seyri
sayéda hastada -Wledleed leardli @ i éd rmk «<nn im¢gdedhal e, yakl a
ol an hastalar én ttedawpi®diirkd ¢ atkd ratk@unda&lré [ ilr5]

DEZAVANTAJ -AVANTAJ

Bir antagonist olan metoprolol, doza ve zamana
°nemli ©°I|l-¢de azaltte. | 28

Ancak bir agonist olan dobutamin, dof(a ve zamana
Yakl anmayl a beraber mezenterik sistem kan akeéemé
azal masé sonucu emilimde azalma ol abilir. Bu de
farkl el éklar ger¢lebililre] Erazk|l ddéjaé alk- brtlhetr@® sk
yanétta azalma izl enebilir. Ayné zamanda baror e:
ejilim fazladér. Vecutta ol an bu dejiki klerl e be
oo masée, g°rme fonksiyonlaréenda bozul ma, unutkanl ¢
maruz kalma ve ila-Ilar arasénda etkilexkim riskin
Kdiyopatik dilate kardiyomiyopantiikl i k°ha,dtexlmeryda
semptomlarda ve kalp fonksiyonunda iyil ekme sajl
Koroner kalp hastaléjé ve fel-ten kaynaklanan °
met opr ol ol i -in tiazidddhagrdgkkkege dToOpeafmnembii :
tedavisine randomize edilen sigara i-enlerde an
hastalarda g°sterilen faydanén klinik uygul ama a
Erkenhanbeladenemel eri nde, uzun s¢reli tedaviyi i -

°l ¢m oranénda bir azal ma e-blakerler @aya belirli kalsiyanm ¢ a k h

antagonistleri il e tedavi edi hehéebassalraré badu:
-al ékmada °l ¢m orané ©°neml.i °| -¢sde azal de. Met o
er ken m¢idahale tedavisinin késa vadel.] mortalit
gester memi Ktir. [ 20]
METOPROL OL MEKANKZMASI
Met oprol ol , kalp h¢gcrelerinin y¢gzeyinde, ©°zellik

atrioventrike¢gler d¢gJé¢mde vle avderngmrerkjeil ke rr ersi eypotkrrld

Met oprol ol , aynée reseptorl er®ri -akn irvakagmbatu ned érl e
siklik adenozin monofosf at ve protein kinaz A'r
azalter.[22]

Met oprol ol , kalp hezéné belirleyen spontan depol
4" ¢nnéjiamial t ér . Met oprol ol , bu akamada sodyum ak
hezéené yavakl atér ve kalp atéek hezéné d¢kerer o[ 2
Met oprol ol , potasyum akékénén dinlenme membran
aksiyon potansijei nde f az 3'"¢n depolarizasyonunu uzateéer
h¢crelerinin refrakter periyodunu artteéerér, wuyar
Met opr ol ol L tipi kal si yum kanall ar érydb&krar 8ahsi
kontraktilitesini de azaltéer. Met oprol ol , sar ko
kuvvetini azalteér ve kalp debisini d¢gker gr . [ 25]
Met opr ol ol bu mekani zmal ar sayesinde kadrmde&anédg K
d¢Ker ér bu, hi pertansiyon, anjina, kalp yet mezl
semptomlaréné hafifletir. Met oprol ol , me mbr an s
g°ster mez. Met opr ol omgsé nlbbalmal akeé k |méz®n®y\gelllaanl

as

I
dozu ve konsantr yonu il e alakal éder . [ 26]
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Far makodi nami k ¢al ekxkmal ar :

Met oprol ol , intrinsik sempatomi meseki aktadreeryge
antagonistidir . Bu nedenlgr opr anol ol il e karkélakteéreéel deéj éenda
zayef bir °nl eyici etkiye sahiptir ve egzersiz
aktivitelylokserhliggr eb g°r e daha f az ltoprolohssellk tkanr . Hi p
baséncéné hézla d¢gKer ér, ancak diyastolik balszgznc

gerektirir. [27]

Anti hipertansif etkinin be¢gyekl ¢jéeneg °ng°ren fak
dojasé ovpausadma. kKalp ikinin azalmasé yoluyl a

i skemi k kalp hastal é&j énda °nem|i bir etkidir. [ 2
Hastalara intraven©®z wuygul ama, dinlenme ve egze
debisi nde ddzaa ab anjeldée nazodluma ¥n duvar hipokinezi
pindol ol dejil) ejeksiyon fraksiyonunu azaltteé.
ancak yalnéezca metoprol ol kar K& tsaalamasa&n é& ha e
Mi yokard enfarktg¢s¢egnde metoprol ol ¢gn et ki mekani
taki kar di si olan hastalarda bolus metoprol ol en
uzunlujunu, saj atriinyuwmdaersiHiis vdee meM idneg ¢im etef r al
Met oprol ol ' ¢n plazma katekolamin konsantrasyonl a
belirsizdir. Buna &karkéléek metoprolol, siaj |l ekl €
propranol ol e benzer °l - ¢de azalter. Kan Kekeri
et kil enmediji gor ¢l mektedir. Sajl ékl e denekl er de
hi pogliseminin ge- i yi |l ek me segvrreeksliin dnee tgoepcriokl noel g
her hangi bir etkisi ol mamexkteér . Kns¢line bajémleé
hipogliseminin boyutu etkilenmedi.[30]

Met opr ol ol nor mal ki kilerde renalr ¢vnenyeak t eadp at. i kP
hi pertansiyon azal éer, ancak bu azal ma, hepati k

daha az ol ur. Met oprol ol ¢n trombosit agregasyor
dokusuna yapékmasiémékaaéthge!l biedi R malt eldi r. Subj
fiziksel performans ¢zerindeki zararl e etkiler,
ortaya -ékar . [ 31]

Far makoki net iCral adlaeak @gularen naetoprolol neredeyseaaman emilir, ancak ilk

ge-i K met abol i zmasé sistemik yararl anéméeneé y a k
form¢glasyonl ar e, g¢e¢nde bir kez uygul ama sér aseénc
korur . Ancak bu piltéepakatavmnhaj @aggidehier | endi r me
-al éexkxmalara ihtiya- varder. Lipofiliklik ve plaz
ve mer kezi sinir sistemine n¢gfuz et meyi kol ayl ak
Yakén metoprololerfadmakoki naezt i §tikig¢sz var gi bi g
sérasénda or al uygul amadan sonra klerens artabil
ge-er ancak tahmini t¢ketimin bebeji etkil emesi

Deji kmemi Kk, metompelol pét mez !l i ] i sérasénda °nemli ¢
pl azma Kkonsantrasyonl aréndaki her hangi bir arte
dej il dir. Buna kar kel ék, si r oz as ekraarskéénldéak sgieslteenmi
°mr¢nde arték ve toplam veigcut Kkl erensinde azal ma
Met oprol ol ¢n farmakolojik ve terap°tik etkileri
konsantr a9y orklcar eenteki b er | et ék°riméz eenggmerasz al tkd Inma s
m¢ mk¢n ol sa da, plazma metoprol ol konsantrasyonl
girikimler: genell i kle bakaréséez ol muktur. [ 35]

Terap®°tik ¢cal ékmal ar : Bi r -,0nif ilk eta derecelehipdrtansiyorda u z u n
met oprol ol ¢n terap°tik etkinlijini ve 1Yyi t ol er e
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kontrolg¢ genellikle 1200 ila 200 mg'l ék tek veya
y avaikmlsialf or m¢l asyonl ar birbirleriyle ve atenol o
ok sayéeéda hastada metoprol ol ve gerekirse ek di
bir kxekilde sajlande. Y aiksl ién dvee nieat noi plreo | hoil psenr traonl s¢j
daha il eri -al exmal ara ihtiya- varder . Astém V €
met oprol ol , sé&diokierel maeyan hbiedibhir. Ancak ku
ve asseal araéna met oprol ol uygul andeéej énda r]
kal kmamaktadeéer . [ 37]
Stabil egzersiz anjinasé olan hastalarda yapeéel ail
t¢ketiminde azal mal asi veseéewkap@endaramjnisealv eajergared
s¢re gibi objektif parametrelerde iyilekmeler [
dojrul amext ér . [ 38]
Met opr ol ol , gel i ken miyokard enf agrektigsegn dhra ss ey rair
sayéda hastada -Wilejgleedleardli @ i éd mk &«kn i mgdédhal e, yakl a
ol an hastalarén tedavisinde tartékmal é bir tera
kar di y o slekera K tei fa kfut intraven®z wuygul amanén, i1k
ol abilecek bazé '"y¢ksek riskl i’ hasta grupl are
iyilekme sajladéejenée kesin ol arakyig°soleememedt ir
g°jé¢s ajresénén ve analjezik tedavisi i htiyaceéen
azal mase ve enfarktg¢gs tehdidinin akut bir ol aya
terap°ti k fayda sajl amaktadeéer.
Ejer bir bl se-ici adrenosept®°r antagoni st il e
belirl emenin bazé yollarée bulunabilirse, 0O zaman
bir hastal éjén terlipPtia@l ydypwepayambnder °nbambta gr
sonrasé hastalarda or al ol arak uygul anan metopro
Met oprol ol , ani kalp °1 ¢m¢g sékl éejéne, anjina pel
hast &@ngyéksroni k ventrike¢gler aritmilerin g°r ¢l me
s¢e¢reyi ove °1 ¢ me gl ol mayan geliken hasta sayéseéneé
Met oprol ol ¢n kardiyak aritmiler (t edahipotansif e  ©° nl €
kardi yomegal i, il kkioli taki kar di ile kalp vyetr
ind¢gkl emek i -in sodyum nitroprussid'e ek ol arak
dejerl endirmeleri ]°n nitelikte ol muktur. [ 42

KONTRENDKKAXWON: yovask¢l er terap®ti klerde yayge

adrenerjik antagonist olan metoprolol, yéksek o
sendr omu, Kkinci veya ¢-¢é¢heceydemecki Kal pybéod u i
kesil mesi anjina vV e mi yokar d enfar kt ¢sy¢ dahil
a-abilecejinden, uyumsuzluk °yk¢gse¢eg ol an hastalar
TOKSKSKIEeEopr ol ol doz ak é& meéeumk\lsibirisisteminiaetkileyelzilisven c € n €,
yakamé tehdit eden kompli kasyonlara neden ol abi l
al énan mi kt ar a, ge-en s¢reye vV e dijer ila-1ar
dejikebilir.[44]

Tedavial énan metoprol ol mi ktar éna, Kl i k eden hast a
dejikecektir. Tedavi se-enekl eri arasénda haci m 1
nazogastrik lavaj, atropin, glukagon, kalsiyum glukdnat/l si yum Kkl or ¢r yékse
vazopres®°rler, intralipid, transk¢tan®z veya tra
dengesi hacim res¢sitasyonunu y°nlendirecektir
Hastanén bilin- dejikikI|lejidi khashi asepunmalédei h
preparatlar veya b¢yéek miktarda além i -in te¢gm b

dak

l avaj , b¢e¢yek mi ktar i yut mal ar déekénda genel |
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Kntralipid IV Iipétmieygsisityenm teklawvasi biil acpit
zamanda bir substrat olarak serbest yaj asitleri
etkileyebilir.[47]
Transk¢tan®z veya transven®©z k akhlarda pksttakorpokeal | | a n m
membran oksijenasyonu d¢gkenegl melidir. [ 48]
Geriatrik: Met opr ol ol ¢n farmakokinetiji ve far mako|@8l na
akekéenén azal mase, b°brek fonksiyonunun nazal mas
bajl anmasénén azal maseé gibi fizyolojik fakt°rler
Yakl & vyetikkinlerde, gen - yetikkinlerle karkeél a
azal mék ol abilir. Bu neddckind ka tmeit oypa od aoH a ydakK £k hd
Bu hastalar metoprol ol kull anéyorsa kan basénce,
etkiler a-éséndan yakéndan izlenmelidir. [ 50]
Kl'ini k Kullaném Al anl ar é:
Met opr ol ol ,-adseed eerkjtiik rbasept °r antagonisti ol arak
bir etki yelpazesine sahiptir ve -exitl:]@ klinik
edi |l dijJi bakl éca endi kasyonl ar «kKkunl ardér:
Hipertansiyon: Metoprolol, kanbasanc éné d¢k¢r erek kardiyovaskel er
da dijer antihipertansiflerle kombinasyon halind
Anjina Pektoris: Kar di yak ik yé¢kegneg ve miyokard oksijen t
hafifletir.
KapYet meXkiejilikle etoprol ol s¢ksinat formu, si st
mortalite ve morbldltey azaltmak amaceéeyla kull
titrasyonu °nemlidir.
Mi yokard Enfarkte¢gse :AMILY BlonsasreaXeorumakegrren i S
ve °l ¢m riskini azaltmak amaceéyla °nerilir.[52]
Aritmiler: Supraventri k¢l er takikardil er (SVT) , atriye
ritim bozukluklaréndmi s&mptowml améténal ammh kv eée-1i n
Migren Profilaksisi: Met opr ol ol , mi gren ataklarénén sékl é&jén
olarak tercih edilen beta blokerlerden biridir.
Anksiyete ve Esansiyel Tremor (Offlabel): Per f or mlaa san Ib$|j yete (°rnejin
korkusu) gi bi duruml ar da, -arpénteée ve titreme se
tremorda da fayda sajlayabillr [ 54]
SONU ¢ :
Bu derl|l emede, me taapremleslj d k golbalptiafr klar dkgpeasky,
hem hemodinami k hem de n°rohormonal d¢zeyde yar a
Hi pertansiyon, anjina pektori s, sistolik kalp vy
bakl éca eaerdai knegsypmlod ol ¢n klinik etkinliji- -0k s
analizler ékéjénda net olarak ortaya konmuktur.
profilaksisinde ve performans anksiyetesi ile esansiyel tremooffithi a b e | kull anéemlar da
bul gul ar, ilacén terap®tik yelpazesinin genicklifj
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Reg¢l asyon ve Performans KI i Kk kiD=sij:erHlealdti rrime
Araktéermaceée OCjuArkdaaermbai’ Bilgehan Kase
'Yekil érmak Elektrik Dajétém Anonim Kk
*Corresponding author: Ojuz Kaan At
¥zektl:cektri k dajeéetém sekt®rg¢, uzun yeéeldast bonyanda Kamu
on yeéelda, serbest piyasa ekonomisine ge-ikK sg¢reci d
s¢reci, sektorel i Kl eyi kte ve d¢gzenleyici -er-evede
uygul abmal asgreeci n merkezinde yer al méex; kamuya ait el
rekabet ortaménén olukturul masé ve verimlilijin artéi
d¢zenl emek ve t ¢kaemaaceylha k-l eanwiétnlei kyasanakd¢ zenl emel er
sistemleri yeniden yapeélandéreéelar ak, mal i yet bazl é f|
performans Kkriterl eri t andmlf &n méek tséérr.e sH I, e knt-kr @ tka kki e snienr
oranl aré gi bi performans g°stergeleri hem d¢gzenleyici
gel mi ktir. Bu -al ékma, sekt°re dair el danieadimd lear évrear
ge-ikKin elektrik dajéetém sekt°or¢ ¢zerindeki et kil eri
etkileri, performans °1| -¢tleriyle karkélakteéermal é ol

i Kl eyi kyanseéimatiakie incelenmektedir.
Anahtar KelimelerrEl ekt ri Kk Dajetéem Sekt°r¢,, Reg¢lasyon, Perfor

Regulation and Performance: A Sect@pecific Assessment of Electricity Distribution

Abstract: Although the electricity distributh sector operated under public ownership for many years, it has
undergone a profound transformation over the past few decades in line with the transition to a free market
economy. This transformati on has b rsopergtiortal stsuctugenbutf i c ant
also in its regulatory framework. Privatization has been at the core of this process; publicly owned electricity
distribution companies were transferred to the private sector to foster competition and increase efficiency.
Alongsde these changes, various legal regulations have been implemented to regulate the energy market and
protect consumer rights. Tariff systems were restructured based omeflestive pricing, and performance
criteria were introduced to enhance service lifyaPerformance indicators such as the frequency and duration

of power outages, customer satisfaction, and-tbeft rates have become closely monitored by both regulatory
authorities and the public. This study analyzes the impact of the transitionpiubiic control to market
mechanisms on the electricity distribution sector, based on available data. The effects of this transformation are
examined through comparative performance indicators, and the broader implications of structural changes on the
ovenll functioning of the sector are explored in detail.

Keywords:Electricity Distribution Sector, Regulation, Performance, Epdk, Customer Satisfaction

1. INTRODUCTION

The electricity distribution sector, as the final stage of the energy value chain, playsaarole in
delivering reliable and highuality power. Due to high fixed costs and infrastructure requirements, it
functions as a natural monopoly, limiting the feasibility of perfect competition in Turkey. Consequently,
regulatory mechanisms have baptroduced to promote efficiency and service quality (Joskow, 2008).
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Historically, the sector operated as a public monopoly under the Turkish Electricity Authority (TEK)
until 1984. Institutional unbundling began in 1994, dividing TEK into generatioA®E , tr ans mi s s
and distribution (TEDAK), though ownership remai
the 2001 Electricity Market Law (No. 4628), establishing the Energy Market Regulatory Authority
(EMRA) and laying the foundation for libaization. Between 2004 and 2013, all distribution regions
were privatized, and operations transitioned to licensed private companies.

| 36

Table7.Chr onol ogi cal Evolution of Regulatory Fr ame
Sector

Year Evolution

TEK (Turkish Electricity Authority) was responsible for carrying out
electricity-related activities.

TEK was unbundled into TEAK and
generation, and distribution activities.

With the enactment of the Electricity Market Law No. 4628, the Energy Mg
2001 Regulatory Authority (EMRA) was established, marking the beginning o
liberalization process.

1984

1994

20042013 | Twentyone di stri bution regions unde

2013 Regulatory mechanisms were transformed into performbased systems

Amendments to the Electricity Market Law strengthened quality measurg

2021 criteria in distribution activities.

Foll owing privatizati on, ibutianaekter shifted fromamarrdwfaockse y 6 s
on pricing to a broader performanbased approach, including investment quality, service continuity,

and customer satisfaction. Incentiamd penaltypased tariff mechanisms have improved efficiency and
encouragd longt er m i nvest ment (el dez, 2016 ; tetin & C
rising investments, and better service quality indicate the positive impact of effective regulation (EPDK,
2023). Since the early 2000s, the sector has transitiooedoiublic to private ownership within a strong

regulatory framework, yielding gains in efficiency, service, and consumer protection. In this natural
monopoly context, regulatory authorities play a vital role not only in correcting market failures but also

in supporting sustainable infrastructure. Tur ke
countries in balancing regulation with private sector participation.

1.1. Legal and Institutional Regulatory Mechanisms

The effective functioning of thelectricity distribution sector depends not only on the transfer of
ownership to the private sector, but also on the establishment of a comprehensive legal and institutional
framework. In Turkey, this framework is shaped through regulatory mechanismsddefithe Energy

Market Regulatory Authority (EMRA). These mechanisms encompass tariff setting, service quality
standards, investment obligations, and moniteanfprcement systems.

1.1.1. Tariff Methodology and Revenue Cap Implementation

The "Revenue Cap" modeaipplied by EMRA, is the main tool for regulating distribution companies'
revenues in Turkey. It sets a maximum allowable income for eacldaetariff period, based on costs

and performance. The cap considers operating expenses, depreciation reapitad, and investment

needs. This approach encourages efficiency and prevents excessive profits (Joskow, 2008). Since 2011,
its effective implementation has improved financial predictability for companies (EPDK, 2023).
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1.1.2. Service Quality Regulation in Hectricity Distribution

In electricity distribution, regulation encompasses not only pricing but also service quality as a
fundamental component. Under the Regulation on Quality in Electricity Distribution issued by the
Energy Market Regulatory AuthoritfEMRA), service continuity and quality are measured through
various technical indicators. The most commonly used indicators in this context include:

A. SAIDI (System Average Interruption Duration Index): It refers to the average outage duratiof87
experienced by customer within a given period.

B. SAIFI (System Average Interruption Frequency Index): It indicates the average number of
outages experienced by a customer within a given period.

These indicators function as performance benchmarks, with incentives fpaci&s below thresholds
and penalties for those exceeding them. This encourages competition in batfficiesicy and service
guality (yYéeldez, 2016) .

1.1.3. Investment Obligations

EMRAGs invest ment obligations for and ddvelopiregr i f f [
distribution infrastructure. Companies are required to make ragieaific investments aimed at

reducing |l osses, improving security, and enhanci
obligations promote lonterm system redibility over shot er m prof it (¢etin & Oju

1.1.4. Regulatory Oversight and Sanctioning Mechanisms

An effective regulatory framework requires not only rségting but also active oversight and
enforcement. In Turkey, EMRA audits distribution companied inposes sanctiodsranging from

fines to license revocatidnfor noncompliance. Underperformance may also lead to a reduced revenue
cap in the next tariff period, encouraging both compliance and continuous improvement (EPDK, 2023).

2. METHOD

Thisstudyemply s a qualitative approach to assess the
distribution sector. Common in the analysis of complex issues like public policy and institutional
change, this method allows for the examination of both numerical ddtdaha content of policy
documents, regulations, and sectoral practices (Yin, 2018).

3. EXAMPLES OF REGULATORY CHANGES AND THEIR IMPACT ON PERFORMANCE
3.1.  Service Quality Indicators (SAIDI/SAIFI)

Initially, service quality indicators were used only for monitgriwithout sanctions or incentives. This

changed with the 2013 Regulation on Service Quality in Electricity Distribution and Retail Sales, which
introduced performance targets based on SAIDI and SAIFI. Companies failing to meet these targets face
penalties while high performers may receive incentives (EPDK, 2023). Article 7 defines continuity of

supply as meeting demand with minimal interruptions at acceptable economic costs, while Article 8
mandates recording all out ag @ss hivk enalbtet systematiet e , :
performance tracking; for instance, in 2023, EMRA fined 19 companies a total of 280.5 million TL for
norrcompliance.

SAIDI {minutes)
700 SAIFI (limes)
—e— Customer Satisfaction
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Figurel.Per f or mance I ndicators of Turkeyds El ectri
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Figure 1 illustrates annual trends i n SAI DI, SA
distribution sector from 2012 to 2025. SAIDI and SAIFI have steadilyird=tl while customer

satisfaction has increased. Data for 20323 are from the Electricity Market Development Report;

2024 2025 figures are trerdlased estimates.

3.2. Regulation of Tariffs Through Electricity Loss and Theft Ratios

Loss and theft rates (ngachnical losses) in the electricity distribution sector are of critical importance| 38
for both technical efficiency and financial sustainability. In therpgulation period, a uniform loss

theft target was applied across all distribution regions, with atdritiresholds set regardless of regional
sociceconomic and technical differences. This approach led to structural inequities, particularly for
distribution companies operating in regions with high tb&dt rates, and rendered performance
measurement rsieading.

To address this issue, regulatory frameworks were gradually developed and can be summarized as
follows:

1 In 2006, for the first time, EMRA set specific targets for electricity loss and theft rates,
integrating these targets into the tag#ttingprocess. This regulation aimed to incentivize the
reducti on of | osses by pl acing di stributi o
monitoring.

1 The 2011 regulatory revision introduced reggmecific losstheft targets, setting differentiated
thresholdgor areas with historically high (e.g., Dicle, Van) and low (e.g., Trakya) loss rates.
This enabled fairer performance evaluations by accounting for regional-esmmiomic
conditions.

1 The 2016 regulation introduced positive incentives for companiesethated lossheft rates
below targets, encouraging efficiency through both rewards and penalties.

These regulatory measures have led to notable declines-théfssates and enabled fairer assessment
of regional performance. The differentiated incemtistructure has been especially effective for
companies in challenging regions (EPDK, 2023).

Table8.Evol uti on of Electricity Loss and Thetf

Year National Average (%) Dicle Region (%)
2012 21 75
2013 19,5 70
2014 18 65
2015 16,5 60
2016 15 55
2017 13,5 50
2018 12,5 47
2019 11,5 45
2020 11 44
2021 10,8 43,5
2022 10,7 43,2
2023 10,6 43
2024* 10,4 42,5
2025* 10,2 42

According to reports by T¢rkiye EI ekddvantdgeddba]j et ér
approximately 12% has been achieved since 2017. The data used is derived from the 2023 Annual
Report on Turkeyods Electricity Distribution Sect
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3.3.  Revenue Cap Tariffs and Investment Commitment Structures

Before regulationyncertainty in revenue cap calculations hindered-tengn investment planning. This

was addressed with the formal adoption of the Revenue Cap Methodology in 2011, which set maximum
allowable revenues based on investment needs, operating costs, andbfegzmfi. In 2016, the

Regulatory Asset Base (RAB) model was added to provide a clearer basis for return calculations,
enhancing transparency and investment incentives (EPDK, 2023). As a result, annual investments [g@;
from TRY 1.9 billion in 2011to TRY6. 0 bi |l Il i on in 2023 (TEDAk, 0 2
exceeded 95% in many regions, while project delays dropped from 18% to 3%, indicating improved
predictability, regulatory impact, and operational capacity.

3.4. Consumer Services Regulation in the Elecieity Distribution Sector

In electricity distribution, consumer focus includes not only supply continuity but also service quality

in areas like subscriptions, metering, and complaint handling. Before regulation, the absence of
standards caused significasgues, particularly in complaint resolution and service timelines. The 2014
Regul ati on on Consumer Services addressed these
and introducing mandatory quality standards (EPDK, 2014). The key provisiooguced under this
regulation include:

a. The resolution period for consumer complaints was limited to a maximum of 15 days;
companies are held accountable if this period is exceeded.

b. All distribution companies were required to establish call centerspiamviding 24/7 service
via the ALO 186 hotline was made mandatory.

c. Applications and inquiries made throughDevlet, mobile applications, and wdlased
platforms were supported, thereby enhancing digital accessibility.

As a result of these regulatory megesy significant performance improvements have been achieved in
the area of consumer services.

a. The average complaint resolution time decreased from 21 days in 2013 to 6 days by 2023.

b. The average response time for incoming calls to customer service aeténed from 52
seconds to 12 seconds over the same period.

c. These improvements were also reflected in customer satisfaction scores; the overall satisfaction
rating increased from 65 points in 2013 to 85 points by 2023.

These indicators show that servicaality regulation goes beyond administration, serving as a
transformative tool that improves the consumer experience. Grounded in transparency, digitalization,
and measurable targets, it has significantly adyv

3.5.  Remote Meter Reading (AMR) and SCADA Incentives

Before regulation, manual meter reading caused errors, high labor costs, and delays. To resolve this,
AMR investments began receiving retioninvestment incentives in 2016 through the revenue cap
model, acelerating adoption (EPDK, 2023). By 2020, around 80% of SCADA and remote monitoring
investments were also supported, enhancing capabilities in network monitoring, fault detection, and theft
analysis.

80

2015 2016 2017 2018 2019 2020 2021 2022 2023
Year

Figure 2. Technological Transformation Indicators (262923) (EPDK, 2023)
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The automatic meter reading (AMR) penetration rate increased from approximately 10% in 2015 to 85%
by 2023. During the same period, the invoice delay rate declined from 13% to 2%.
Under manal systems, electricity theft detection time was around three months; however, with the
adoption of remote monitoring technologies, it has been reduced to as little as two days.

3.6. Regulatory Compliance Audits and Mandatory Independent Oversight

Regulatory dkectiveness in energy markets depends on both the legal framework and {10
implementation. Until 2019, EMRAed audits faced capacity and consistency issues, limiting
comparability across companies. To address this, independent audit firms were authd2zZE@l o

assess compliance and assign AfRegul atory Compl
strengthened internal controls, promoted transparent governance, and standardized audit procedures,
enabling more reliable performance comparisons and impraowsnie compliance and governance
indicators.

1 The audit compliance rate rose from approximately 78% prior to implementation to 97% by
2023.

The number of companies earning-tfiff revenues dropped from 7 in 2019 to just 2 by 2023.

Systems supportingorporate governance infrastructiresuch as ERP (Enterprise Resource
Planning) and CRM (Customer Relationship Management) sofwlaage rapidly expanded,
resulting in the standardization of internal processes.

These developments have not only enhancedatyy compliance but also contributed to increased
digitalization and institutionalization, thereby reinforcing the structural transformation of the sector.

4. BENCHMARKING

Assessing the impact of regulation in electricity distribution requires more tHanalatnalysis; cross
country comparisons are essential for meaningful insights (Joskow, 2008; World Bank, 2021). Table 3
presents key indicatadssuch as lostheft rates and SAIMI for Turkey, Poland, Mexico, and
Germany, highlighting how regulation affedechnical efficiency and service quality.

Table9. Key Indicators Following Liberalization in Electricity Distribution

Country Liberalization Year Loss Theft Ratio (%) | SAIDI (m)
Turkey 2001 22.5 Y 1/1050 Y
Poland 1997 14.1 Y 8410 Y
Mexico 2013 19.0 Y 1,680 Y
Germany 1998 6.5 Y 4] 150 Y

As shown in the table, Turkey significantly reduced electricity losses from 22.5% to 10.6% after
liberalization, outperforming countries like Poland and Mex®AlDI also improved markedéy from

1,050 minutes in 2001 to 220 minutes in 2028 proaching levels seen in other transition economies.
However, Germany remains a benchmark with just 14 minutes of average outages, achieved through
advanced digitalization arefficient infrastructure (IEA, 2020). While Turkey has made rapid progress
through regulatory tools like the revenue cap model, investment incentives, and AMR/SCADA systems,
further improvements are needed to reach the reliability levels of mature markets

5. COSTIBENEFIT ANALYSIS

The | iberalization of Turkeybds electricity distr
significant economic value. Between 2013 and 2023, policies like the revenue cap model, service quality
standards, lostheft targets, and digital investments led to measurable gains in financial efficiency and

social benefit.
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Table 10. Economic Gains from Regulatory Reforms in the fds¢ralization Period

Item Estimated Value (TRY)
Total infrastructurénvestment (distribution network, -
AMR, SCADA, (etc.) ~35 billion TRY
Energy savings from reduction in ledgeft rates ~11 billion TRY
Economic value of reduced electricity outage duratiof ~4 billion TRY |41
Increased collection rates and improved custdnost ~3 billion TRY
Total Direct Economic Benefit ~18 hillion TRY

Around 50% of electricity distribution investments over the past decade in Turkey generated direct
economic returns, while the rest yielded indirect social benefits such as immewdce quality,

reliability, and customer s at i-dirheasonalbenefitspdcddf s r ef
regulation, 0 which bal anc etheft eeduttiond fraenrls%in 20i3toh s oc i
10.6% in 2028 produced annualasings of 2008 00 mi I I i on TRY ( EPDK, 202

Reduced outage durations also added value by minimizing production losses, estimated by the IEA
(2020) at 835 USD per capita per hour. Additionally, digital tools lik&evernment and CRM systems
improved billingcollection rates and enhanced financial sustainability.

6. EMERGING TRENDS IN GLOBAL ENERGY REGULATION

Today, regulatory frameworks in the energy sector are no longer limited to market oversight and cost
control; they also encompass mudtimersional objectives such as combating climate change,
promoting social responsibility, enabling digital transformation, and supporting local energy initiatives.
In this context, regulations targeting the electricity distribution sector are undergoing taratruc
transformation globally and are being reshaped by emerging policy directions (IEA, 2023; World Bank,
2022).

6.1. Decarbonization Strategies and Integration of Renewable Energy into Distribution
Networks

Many countries have initiated comprehensiransformations in their energy sectors as part of their
commitment to achieving carbon neutrality by 2050. As a component of these targets, electricity
distribution systems are being restructured to accommodate the integration of renewable energy sources.
Regulatory frameworks increasingly encourage distribution companies to integrate photovoltaic (solar),
wind, and other distributed generation sources into the grid. In this context, grid codes, connection
procedures, and fedd tariffs are being revisedand the distribution network is evolving from a
centralized architecture toward a more flexible and decentralized system (IRENA, 2022).

6.2. ESG-Compliant Regulatory Models

In recent years, energy regulations have increasingly been grounded in holisti@ppliogches that
incorporate Environmental, Social, and Governance (ESG) criteria. In this context, distribution
companies are now expected not only to achieve economic efficiency but also to promote environmental
sustainability, social inclusiveness, arahisparent corporate governance structures. Particularly within
European Union countries, energy regulation is being reshaped byo&®@ legislative frameworks

such as the European Green Deal and the Sustainable Finance Taxonomy (European Commission,
2021). In Turkey as well, EMRA has begun taking steps of 2024 toward making ES&riented

reporting standards mandatory for licensed companies (EPDK, 2024).

6.3.  Al-Driven Digitalization

The widespread adoption of digital technologies in electricity distribtismecessitated the expansion

of regulatory frameworks to cover new domains such as technical infrastructure and data security. In
particular, artificial intelligence (Al) algorithms integrated into SCADA (Supervisory Control and Data
Acquisition) systera have enabled the development of advanced applications, including fault prediction,
load management, loss analysis, and customer demand forecasting. Regulations now promote the secure,
transparent, and compliant use of such technologies, while alsoststaphew standards related to
cybersecurity and data ownership (IEA Digitalization Report, 2022).
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6.4. Microgrids, Local Energy Initiatives, and Participatory Regulation

With the rise of concepts such as energy democracy and local energy production, rsicergrgy
communities, and cooperatives have increasingly come onto the agenda of regulatory frameworks.
Traditionally focused on largecale corporate actors, regulatory systems are now compelled to include
individuals, local governments, and commusbgsed energy initiatives. In particular, legal frameworks
such as ACitizen Energy Communitieso in Euram%e
consumption (IRENA, 2021; EU Directive 2019/944). Supporting these structures in areas such as tari
desgn, grid connection rights, and network usage fees plays a critical role in thgemexation design

of distribution regulations.

7. FUTURE OUTLOOK

The structural, technological, and institutional
the past decade supports a cautiously optimistic outlook. If the current regulatory framework, along with
digitalization, investment incentives, and quality standards, is maintained, Turkey could reach near
European performance levels by 2030. By 2023,08Alropped to 220 minutes/year and is projected

to reach 120 minutes/ydarclose to the EU averadethrough continued SCADA/AI deployment and

grid modernization (CEER, 2022; IEA, 2023). Ldksft rates fell from 22.5% in 2006 to 10.6% in
2023 and could deide below 8% with the expansion of AMI systems and targeted incentives (World
Bank, 2022). Annual infrastructure investment reached TRY 6 billion in 2023 and is expected to
stabilize at TRY 810 billion by 2030, supporting grid capacity, energy efficiermyd renewable
integration (EPDK, 2023; IRENA, 2022). Institutional capacity will likely improve through
standardized audits, ES@ligned governance, and expanded use of CRM, ERP, abds&ld systems.
These trends position Turkey to align with Europeaandrds in electricity distribution by
2030.However, reaching this goal depends not only on the continuation of current policies but also on:

1 Enhancing the competitiveness and transparency of the investment environment,
7 Restructuring regulation with a foswn climate and digital transformation,
1 More effectively supporting local energy production and microgrid initiatives.

Within this framework, Turkey is expected to undergo a transformation over the next decade that
encompasses not only infrastructure depment but also advances in energy governance and societal
participation.

8. CONCLUSION AND ASSESSMENT

This study has examined the structur al transfo
following liberalization and regulatory reforms since traly 2000s. Findings show that p@til
regulatory toold such as the revenue cap model, service quality standards, investment incentives, and
independent audiishave significantly improved sector performance. Regulation has gone beyond
price-setting, peaitively impacting service quality, investment sustainability, digital infrastructure, and
customer satisfaction. Notable outcomes include the reduction of SAIDI and SAIFI, expanded
AMI/SCADA use, and a drop in electricity losses from 22.5% to 10.6%. Gestsatisfaction reached

85 points, and over 50% of the TRY 35 billion invested betweeniZ2UE3 yielded direct economic
returns. High compliance rates (over 95%) and reduced project delays (3%) reflect the success of the
revenue cap and RAB models. Thirdduction of regulatory compliance scores and standardized audits
has strengthened governance and accountability. Compared to countries like Poland and Mexico, Turkey
has demonstrated strong regulatory progress. While still trailing mature markets eikeargy,
projections suggest SAIDI may reach 120 minutes/year and loss rates fall below 8% by 2030, with
annual investments stabilizing at TRY1® billion. However, realizing these projections will depend

on three key strategic factors:

1. Ensuring a competite, transparent, and predictable investment environment,
2. Aligning regulatory frameworks with digitalization, climate goals, and ESG principles,

3. Supporting local energy initiatives, microgrids, and commuln&ged models more
effectively.
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Tur k ey 0iyy digtribientsectorchas undergone a successful transition from public monopoly to
private participation under a strong regulatory framework, achieving notable technical and institutional
progress. This experience offers a valuable model for other ajgwgl countries. Looking ahead,
regulation should integrate goals of efficiency, sustainability, digitalization, and social inclusion.
Establishing a resilient and E¢tbmparable distribution system by 2030 is a realistic strategic objective.
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'Yekil éermak Elektrik Dajétém Anonim Kk
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¥zektl:cektri k dajéetem sistemlerinde meydana gel en ar k h;

a-éséndan ci ddi ri skl er baréndéermaktadér. Bu te¢r ar é:
tehditedenolaylarg ol a- abi |l mektedir. Bu riskleri azaltmak ama
ve sim¢glasyonl ar aracéléejeyla test edilen ark hatasé
-al ékxma kapsaménda, ciihhdzéen edlidlblnirkgnidka hdao rggnwéeméa ldapt v
devre karte (PCB) tasarémé ger-eklexktirilmik ve ¢reti
uygun °zel bir muhafaza ile donajt&tleanma kmeEnmrk e Giend exKii rh
monte edilerek ger-ek saha kokull arénda test edil mikt
arke kaynakl e ani éekek dejikimlerini baka&rel & nceldielnd
tanémlanmék ekKi k seviyeleri akéeldejénda, sistem oper.
i mk©neé sajlanméxkter. Saha uygul amal aré sonucunda ci h;:
etkilendn]juyaré esiket e mi ol arak ge¢venilir bir perfor
bul gul ar , cihazéen elektrik dajétéem sistemlerinde iK
ve yenilik-i bir -°z¢m sundujunu ortaya koymaktadeéer.
Anahtar KelimelerrEl ekt ri k Ar ké, Erken Tespit, Ortam | kKék Sens
Mer kezi , Kk Ge¢venliigi, Sistem S¢reklilifi, Gom¢l ¢ Si ¢

Development and Field Implementation of An Arc Fault Prevention Devioedenhance Safety in Electrical
Distribution Systems

Abstract: Arc faults occurring in electrical distribution systems pose significant risks in terms of both personnel
safety and energy continuity. Such faults can lead to permanent damage to equipwelhbasncidents that

threaten human safety. To mitigate these risks, significant improvements have been made to the arc fault
prevention device, which had previously only been tested in laboratory and simulation environments. Within the
scope of this sty , the devicebds electronic hardware was opti
designed and manufactured to achieve a more reliable and compact structure. In addition, the device was equipped
with a custorrdesigned enclosure suitable for indistfield conditions. The developed prototype was installed
inside a cell at an electrical distribution center and tested underweald conditions. Monitoring through the
ambient light sensor confirmed that the device successfully detected suddendigigs caused by arc faults in

real time. The system was designed to issue warning signals to operators when predefined threshold levels were
exceeded, enabling early intervention. Field application results showed that the device operated stably, was
minimally affected by environmental factors, and performed reliably as an early warning system. The findings
demonstrate that the developed device offers a concrete, practical, and innovative solution to enhance
occupational health and safety in electricaltdisution systems.

Keywords:Electric Arc, Early Detection, Ambient Light Sensor, Pcb Design, Field Implementation, Distribution
Center, Occupational Safety, System Continuity, Embedded System, Warning Mechanism
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INTRODUCTION

Electrical distribution systesnare critical infrastructures that ensure the safe, uninterrupted, and high
quality delivery of energy to englsers. The reliability of these systems is of great importance in terms

of preventing economic losses as well as ensuring the safety of lifgreperty. However, faults that
occasionally occur in these systems can negatively affect energy continuity and lead to serious problems.
One of these faults is the electric arc. An electric arc can be defined as an electrical discharge that occprs
betweentwo conductors, carrying high temperature and intense energy. Especially at medium voltac'ge
levels, arcs can both reduce the lifespan of equipment and cause hazardous situations such as fires.

In previous study, the effects of electric arcs on distribusigsiems were examined in detail, and a
system design for detecting this fault was proposed. In this context, a method based on detecting sudden
increases in light using ambient light sensors was developed, the system was assembled on a perforated
circuit board, and its performance was evaluated through simulation tests under various scenarios. The
simulation results revealed that the developed system has a potential effect in detecting electric arcs
(Atar, ¥zen, & Kaséem, 2024).

However, it was observed thiatorder for the system to be used safely and for a long duration in the
field, especially in a real distribution center, the existing prototype needed to be transformed into a more
robust, compact, and reliable hardware. Therefore, integrating the siydtem specially designed
electronic hardware instead of a perforated circuit board became necessary to enhance both functionality
and reliability. Additionally, it was aimed to design the enclosure of this new hardware to be suitable
for environmental caditions and the distribution center environment.

This paper presents a detailed overview of the final hardware design of the developed system, the
engineering approach of the enclosure structure, the testing of the system under medium voltage electric
arc conditions in a laboratory environment, and finally, the installation process of the system in a
distribution center. This study is considered a significant step towards making electrical distribution

systems safer and has the potential to pioneer similaeu | t det ecti on systems in
& Kas ém, 2024) .
METHOD

This section will present the main structure of the hardware, the hardware design, and the integration of
the embedded software under separate subheadings.

Main Structure of the Hardware

The developed arc detection system is based on a sensor structure that detects sudden changes in ambient
light. Therefore, at the core of the system is a microcontroller unit capable of processing data from the
sensor quickly and reliably. During tieicrocontroller selection process, criteria such as the ability to
process both analog and digital signals, communication capabilities with various peripheral units, and
energy efficiency were taken into consideration. Accordingly, it was decided to hese t
STM32F103C8T6 microcontroller with a 3# Arm CortexM3 architecture, which had been
successfully used in previous studies. This microcontroller was preferred due to its sufficient number of
generalpurpose input/output pins (GPIOs), analog input oleém and serial communication interfaces
(STMicroelectronics, n.d.).

The power requirements of the system were determined by taking into account the typical power
infrastructure of distribution centers. Based on the commonly used 24V DC voltage lexdldtrial
applications, the system was designed to be powered by this voltage. However, since the components
used in the system operate at different voltage levels, a-stadfé voltage regulation mechanism was
required. Specifically, the MAX485 chip usedthe communication module operates at 5V DC, while

the STM32F103C8T6 microcontroller operates at 3.3V DC. To accommodate these differences, a two
stage voltage stegpown mechanism was implemented (STMicroelectronics, 2023).

In the first stage, the 24VOinput voltage is stepped down to 5V DC using the LM2536&gulator.
This component is a switamode voltage regulator, which minimizes energy loss thanks to its high
efficiency. In the second stage, the 5V DC is further reduced to 3.3V DC usingdrdpout linear
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regulator from the RT9193 series. This approach ensures that both the microcontroller and the
communication module are supplied with stable and safe voltage levels (Thakur et al., 2023).

The system was also designed to support the MODBUS Bdramunication protocol to allow
integration with the existing 0T infrastructure in distribution centers. For this purpose, the RS485
communication standard was chosen, and the MAX485 chip was integrated into the system to provide
the physical layer of thprotocol. This structure enables the system to function in terms of remot? 46
monitoring and data transmission capabilities (Han, Wang, Guo, & Wang, 2025).

During the hardware design phase, not only the processor and communication modules were considered,
but also applicatiospecific input/output units. The system includes various digital input and output
pins, analog inputs, and relay control outputs. This allows the system to monitor environmental
conditions and, when necessary, trigger warning systempraiective equipment. The overall
connection layout of the hardware and the relationship between components is presented in Figure 1.

MAXASS —— A

paalos MODBUS

Input

LM2576T-5 —» B

IC
Voltage
Regulator ADC
sVDC UART

24VDC

Y

) 4
RT9193 3.3VDC 1nc TSL2591
Voltage > S\Tgtmn']‘xli“ €«————  Ambient
Regulator Acrocontrofler Light Sensor
o I | o
Relay Dijital 'O
A v
Output Vo

Figure 1. Block Diagram of the Hardware

Hardware Design

During the hardware design process, the KiCad softwarepvedisrred for drawing circuit schematics

and generating the PCB. KiCad is an ogenrce and completely free electronic design automation
(EDA) software. Thanks to its advantages such as enabling accuratdayertPCB designs, a wide
component libraryan advanced schematic editor, and 3D modeling support, it is widely used in both
academic and industrial applications. Considering these features, the use of KiCad was deemed
appropriate for the electronic design processes of the system.

All hardware comppents detailed in the previous section were modeled at the schematic level as the
first step of the design process. In the schematic drawing phase, all functional modules of the system
were addressed as separate circuit blocks, and the connections lmimpenents were configured in
accordance with design principles.

The relevant schematic designs are presented in the following figures:

9 Figure 2 shows the schematic diagram of the microcontroller circuit, which is the main
processing unit of the system.iTlk di agram i ncludes details such
supply lines, programming pins, and connections to peripheral units.

1 Figure 3 illustrates the muistage voltage regulation structure that meets the energy
requirements of the system. Thicsen schematically presents the conversion process from
24VDC to 5VDC and 3.3VDC using LM257€5 and RT9193 voltage regulators.
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1 Figure 4 contains the schematic design of the R®#88d communication circuit that enables
the hardware to communicate vietMODBUS protocol. This circuit includes details such as
data exchange and direction control between the MAX485 chip and the microcontroller.

9 Figure 5 presents the relay output circuit used to trigger external devices. This section also
includes intermedi® components (transistors, diodes, etc.) that allow the microcontroller
outputs to drive the relays. |47

Following the completion of these schematic drawings, the process moved on to component placement
and PCB routing. The schematic design process seraefoaadation for electrical safety and system
stability, and it provides direct infrastructure for the subsequent PCB layout phase.
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After the schematic design phase, the physical PCB layout and design were carried out. Considering
that the environment in which the system would operate could involve high electromagnetic interference
(EMI) and that electromagnetic compatibility (EMC) requirements must be met, alayeltiPCB
structure was selected. As a result of the design decisions, the system was configurkyasRCB.

This structure offers advantages in ensuring signal integatycing noise, and especially enabling
stable transmission of highequency signals. Theldyer PCB structure designed for low EMI/EMC

and its layer arrangement are shown in Figure 6. Additionally, the 3D rendering of the system, completed
with componat placement, is provided in Figure 7 as a reference for mechanical assembly and enclosure
integration. The manufactured hardware is presented in Figure 8.

Option 1

SIG+PWR
Thin —*

Ground

Thick —*

Ground
SIG+PWR

Thin —*

Figure 6. 4-Layer PCB Structure for Low EMI/EMC
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Embedded Software Integration

In the developed system, the existing embedded software previously used with the same microcontroller

was directly integrated into the new hardware. By preserving the core functionalitiesfttter e

devel opment process was significantly accelerat
ability to communicate via the MODBUS RTU protocol. For this purpose, a custom MODBUS
communication library was developed specifically for the naiontroller. This library enables data

exchange with 10T devices through the RS485 interface, allowing the system to be monitored remotely.

The developed library is presented in Figure 9.
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Figure 9. MODBUS Library

RESEARCH FINDINGS AND DISCUSSION

Before proceeding with the field implementation of the developed system, a verification process was
carried out in a laboratory environment using a VLF (Very Low Frequency) test device available at
YEDAK . I n these tests, v ol t a gapmied using theodevimey @nd o X i ma
various electric arcs were intentionally generated under controlled conditions at that level. The test
scenarios were designed to simulate conditions similar to potential arc faults that might occur in medium
voltage distribubn systems. During these tests, it was observed whether the system could detect sudden
changes in light as designed and whether it could transmit accurate data through the communication
module. The hardware successfully detected all arc events, deningsthat the system functions
reliably. Additionally, the data obtained from the communication module was verified, confirming the
system's operational effectiveness in both detection and data transmission. The laboratory test setups
and application visualare presented in Figure 10.
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Figure 10.High Voltage Arc Tests in Laboratory Environment

Following the successful laboratory tests, it was decided to evaluate the system under real field
conditions. For this purpose, a distribution center locateceinttY EDAKk r egi on, whi ch p
risk of electric arc formation, was selected as a pilot site. Before integration into the center, a custom
enclosure was designed to protect the device in accordance with environmental conditions and the
structural baracteristics of the distribution cell. During the installation process, the system was
configured into two main components: the ambient light sensor was placed in a position where it could
directly observe the arc inside the cell, while the microcomtr@hd control unit were integrated into

the control panel section of the cell. This placement ensured direct access of the sensor to light variations
and secure housing of the control circuitry. Furthermore, to enable integration with the existing loT
infrastructure of the distribution center, the necessary communication connections were established via
MODBUS, allowing the system to be remotely moni
installation process are shown in Figure 11.

Control Side

- LS ‘b‘ ¢
I i

-

he¥
Py > 9
G

Figure 11 Field Installation of the Hardware

After the installation of the hardware in the distribution center was completed, data collection from the
system began regularly. During the periodic monitoring process, signals indicating electric arcs were
recorded g the ambient light sensor. The output signals and their corresponding timestamps are
provided in Table 1. Field inspections conducted based on these signals revealed physical evidence of
arc faults in the cell where the device was installed. Observatmm@med that actual faults had
occurred at the exact times detected by the sensor. This demonstrates that the developed system was
able to successfully detect arc faults not only in laboratory conditions but also in real field environments.
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Table 1.Detected Arc Fault Signals

Number of Date
Detected Arcs
86 07.05.2025
48 13.05.2025 |52

CONCLUSION

This study addressed the design, production, testing, and field implementation processes of a hardware
system developed for the detection of electric aroslagtrical distribution systems. The developed
system produced successful results in both laboratory andvoeal field tests, reliably detecting
electric arcs by identifying sudden changes in ambient light. The system also offers advantages in terms
of remote monitoring and data sharing, particularly due to its ability to integrate with the loT
infrastructure present in distribution centers. However, field observations revealed that some electrical
leakages could only be detected acoustically and digi@merate any visible light. Such faults cannot

be detected by the current system. Therefore, in future studies, a micrdjasatesound detection
module will be integrated into the system to enable not only visual but also admassitarc detection.

This enhancement will broaden the scope of the system and provide a more sensitive fault monitoring
capability.
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Classification and Prevention Approach for Common Failure Types of lot Devices in the Electric Distribution
Sector

Abstract: Electric power distribution systems are among the most critical components of theiefragyucture

and are complex structures that require continuous monitoring and control. In this context, the Internet of Things
(IoT) technologies have gained significant importance in recent years. loT devices are deployed at various points
within powe distribution systems to monitor parameters such as voltage, current, temperature, and energy
consumption, transmit data to a central unit, and enable remote control when necessary. These technologies
contribute to increased system efficiency, reducett thurations, and faster response capabilities. However,
considering that most power distribution systems operate in outdoor field environments, 10T devices used in these
areas are exposed to significant environmental and electrical challenges. Factbrasuack of grounding,
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voltage surges, contact between overhead lines, lightning strikes, humidity, and temperature fluctuations can lead
to malfunctions in these devices. These failures interrupt data flow and reduce the overall reliability of the system
In this study, failures in commonly used loT devices within power distribution systems were examined in detail.
Frequently failing device types were identified, and the faults were categorized into specific classes. Furthermore,
repair processes for thesdevices were analyzed, and efforts were made to restore the functionality of certain
faulty devices. The technical and economic feasibility of repairing and reusing defective devices was evaluated.
In the final part of the study, various protection citalesigns were developed to prevent the identified failures.
These circuits were specifically designed to protect the devices against sudden voltage surges and revls?é
connections. The functionality of the designed circuits was tested using the LTi®pledic program, and the
simulation results were analyzed. As a result, practical solutions were proposed to enhance the durability of loT
devices and reduce failure rates. This study provides valuable insights into improving the reliability and fault
maragement of 10T devices used in electrical power distribution systems and serves as a foundation for future
hardware and software improvements.

Keywords:lot, Power Distribution Systems, Fault Analysis, Device Reliability, Environmental Challenges,
Groundirg Issues, Voltage Surge Protection, Device Repair, Feasibility Study, Protection Circuits, Ltspice
Simulation, Remote Monitoring, Fault Prevention, Energy Infrastructure, Smart Grid

INTRODUCTION

Electric distribution systems form the backbone of modemrgsninfrastructure and are critically
important for ensuring uninterrupted power supply across all segments of society. Increasing energy
demand has brought about greater complexity and management challenges in distribution networks. In
this context, theneed for digitalization and automation has made it essential for electric distribution
systems to become more efficient, reliable, and monitorable. In recent years, 10T technologies have
emerged as a significant transformative tool in response to thisaitiéa the energy sector. By being
integrated into various components of electric distribution systems, loT technologies enatiteereal
monitoring and control of critical parameters such as voltage, current, temperature, and energy
consumption. This imeases system performance, accelerates fault detection, and facilitates remote
intervention. However, the fact that these technologies predominantly operate in outdoor field
conditions makes loT devices vulnerable to environmental and electrical impactersFsuch as
grounding failures, lightning strikes, high voltage surges, humidity, excessive temperatures, and
mechanical stress can cause these devices to malfunction, thereby disrupting the overall functioning of
the system. In this study, the faulticeuntered by 10T devices commonly used in electric distribution
systems are examined in detail, the causes and types of faults are classified, repair processes are
analyzed, and protective solutions are developed. The aim of the study is to enhanceliitity dxi

these devices in the field, reduce failure rates, and provide economically sustainable solution proposals
to support the overall efficiency of distribution systems.

METHOD
Causes of Electrical Surges

IoT devices used in electric distributisgstems are typically deployed in locations such as distribution
centers, field distribution panels, and measurement points. In these environments, devices are exposed
to high-energy electrical surges caused by sudden voltage spikes and transient opandtiians. The

sources of such disturbances are primarily the following physical and operational factors:

9 Atmospheric discharges (Lightning effects): Sudden atmospheric discharge events,
especially lightning strikes, cause sharp voltage surges in disbriblines. These discharges
may directly contact the line or induce transients via electromagnetic coupling. The resulting
transi ent voltages often exhibit a 1.2/50
several kilovolts to tens of kilovolts.HEse higkenergy pulses may exceed the isolation limits
of devices, causing hardware damage (IEC, 2010).

1 Switching transients: During switching operations in substations or distribution
transformerd especially when inductive loads are connected or disctesietemporary
high-frequency voltage oscillations occur. These oscillations are characterized as fast transients
according to the IEC 610084 standard, typically in the 5/50 ns time range with amplitudes in

~

Os
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the hundreds of volts. Such disturbances cagatively affect the power supplies and
communication interfaces of 10T devices (IEC, 2012).

1 Inadequate grounding and potential differenceslf IoT devices in the field are not effectively
referenced to ground, sudden voltage surges can be transmitiety doehe device body or
input terminals. This may result in insulation breakdowns or electromagnetic compatibility
(EMC) issues within the internal circuits. |56

1 Inter-line arcing and temporary short circuits: Overhead lines may come into contact due to
wind, ice loading, or external factors, resulting in temporary arcing. These events lead to sudden
current spikes and corresponding voltage fluctuations. Additionally, short circuits caused by
interactions between live lines and environmental elements (sucbeabranches or birds) can
generate transients with high dV/dt rates in the system.

Electrical surges originating from these sources can damage sensitive areas of 10T devices, such as
power input circuits, lowoltage communication ports (e.g., UART, 85, Ethernet), and sensor
interfaces. They may cause insulation breakdown, damage to semiconductor components, and disruption
in data transmission. Therefore, the design and integration of protection circuits based on
electromechanical and semiconductomponents are critically important for ensuring system safety

and extending device lifespan (International Electrotechnical Commission [IEC], 2012).

loT Systems Electrical Protection Circuit Design

To prevent the damage caused by electrical traneiaanits to 0T devices, various passive and active
protection components based on electromagnetic compatibility and overvoltage protection principles
have been utilized. Protection circuits have been designed to serve as safety barriers at different
vulnerale points of the devices, applied to both power input lines and communication and sensor
interfaces. The main protection components used and their functions are technically explained below:

1 Varistor (MOV 1 Metal Oxide Varistor): MOVs are semiconductor cgranents with a
nonlinear resistance characteristic. When the voltage exceeds a certain threshold (clamping
voltage), their resistance drops rapidly, diverting the excess energy to the ground line. Their
typical response time can be as low as a few nanndsecdhese components are especially
used in AC or DC power lines, connected in parallel to the input terminals, providing protection
against voltage surges caused by lightning or switching transients (Agarwal & Lang, 2005).

1 Gas Discharge Tubes (GDT):GDTs are robust components with gfiited electrodes that
provide resistance against highergy surges. When the voltage exceeds a certain threshold,
the gas inside becomes ionized and the tube becomes conductive. When used in combination
with MOVs, a twastage protection scheme is achieved: the GDT suppresses most of the high
energy surge, while the MOV rapidly clamps the remaining energy. However, since GDTs have
response times in the range of hundreds of nanoseconds, secondary protection is often necessary
for fast transients (Horowitz & Hill, 2015).

1 TVS Diodes (Transient Voltage Suppression DiodesT:VS diodes are known for their very
low response times. They are preferred for-latagetolerant data lines (R885, UART,
Ethernet, I12C, etc.). With lowamping voltage ratings, they provide effective protection against
ESD (Electrostatic Discharge) and EFT (Electrical Fast Transients) events (Stojmenovic, 2014).

1 Fuses and PTC Thermistorsin addition to traditional fuses, Positive Temperature Coefficient
(PTC) thermistors have been employed for overcurrent protection. PTCs increase their
resistance during overcurrent events, limiting the circuit, and then automatically return to
normal when the current stabilizes. This feature allows them to function eitabds fuses
(Gungor & Hancke, 2011).

1 Reverse Polarity Protection:To prevent damage caused by incorrect polarity in the supply
lines of 10T devices, diodkased and loloss MOSFETbased protection topologies have been
applied. Schottky diodes are usear ftheir low forward voltage drop, while-éhannel
MOSFETSs are employed to enable series switching control during reverse polarity conditions
(Zanella et al., 2014).
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To mitigate several of the existing problems, both a reverse polarity protection aictait avervoltage
protection circuit were designed to be used at the power and signal inputs of 10T devices. The schematic
diagrams of these circuits are shown in Figure 1 and Figure 2.
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Figure 1. Reverse Polarity Protection Circuit
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Figure 2. Overvoltage Protection Circuit

In Figure 1, the circuit is designed to prevent damage to the device in the case of reverse polarity. A P
channel MOSFET with a low RDS value is used in the circuit. Under correct polarity, the MOSFET
conducts and allows power to obathe load. In reverse polarity, the gateirce voltage becomes
positive, causing the MOSFET to switch off, thereby blocking current flow. Additionally, a Zener diode
connected to the gate terminal of the MOSFET provides isolation against sudden cfadtages. In

Figure 2, the circuit aims to protect the load by disconnecting it during overvoltage conditions. The
SMBJ24CAtype TVS diode grounds sudden voltage spikes exceeding 24V, forming the first line of
defense. Additionally, a voltage divider crahteith a 12V Zener diode and resistors applies a controlled
reference voltage to the base of a transistor. When the input voltage exceeds a certain threshold, the
transistor switches on, redirecting the output current to ground and disabling the oetpUhikntwe

stage structure ensures rapid response to sudden voltage spikes and complete isolation under sustained
high voltages, thereby securing the load.

RESEARCH FINDINGS AND DISCUSSION

In this study, an analysis was conducted on the faults encourtgrisl devices used in electric
distribution systems under field conditions, and the efficiency of repair activities carried out on these
devices was evaluated. The investigation focused on two main product groups: I/0O boards and modem
boards. As a resulttf the tests and repairs, 27 out of 34 1/O boards were successfully repaired and
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restored to working condition. Accordingly, the maintenance and repair efficiency for the I/O group was
calculated to be 79.41%. It was observed that 7 unrepaired boanolsyisichl damage, particularly due
to PCB burns, which made recovery impaossible. Common failure types in I/O boards included power
supply issues and resistor failures, especially on the IN10 and IN12 input channels. These issues were
mostly resolved by repting TVS diodes, changing input resistors, and inspecting and revising the
components on the PCB. Table 1 presents the fault distribution within the 1/O modules.
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Table 1.1/0 Module Fault Table

Input Power Total
Fault Fault /O
Module
m |/O Module Count 22 12 34
Repaired 15 12 27
Unrepaired 7 0 7

Similarly, in the modem board repair process, a total of 22 modem devices were exandnkawere
successfully repaired, resulting in an efficiency rate of 86.36%. The 3 unrepaired devices had damaged
power input ICs, which rendered them rfomctional and beyond recovery (Table 2). Common faults
identified in modem boards included powercuit failures, integrated circuit (IC) malfunctions on
control boards, and I/O signal errors. These issues were largely resolved by replacing faulty components
and reconfiguring circuit paths.

Table 2.Modem Fault Table

40
? e L. DL
0
Input Power Total
Fault Fault Modem
Count
® Modem Count 3 19 22
Repaired 3 16 19
Unrepaired 0 3 3

In total, 56 devices across both product groups weredtestith 46 successfully repaired. This
demonstrates that hardwdewel recovery and maintenance activities provide significant technical and
economic benefits for 10T devices. It was observed that a substantial portion of the field failures
stemmed fromlectrical effects such as incorrect power connections (reverse polarity) and sudden high
voltage surges. Therefore, integrating the designed reverse polarity protection circuit and overvoltage
protection circuit into the system is expected to significargtiuce device failures. The functionality

of these protection circuits was evaluated through simulations carried out in LTSpice. Figures 3 and 4
assess the reverse polarity protection system. Figure 3 shows the load current under correct polarity,
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while Fgure 4 shows the load current under reverse polarity. Figure 5 displays the input and load voltage
of the overvoltage protection circuit.
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Oms 1ms 2ms J3ms 4ms 5ms 6ms 7ms 8ms 9ms 10ms

Oms ims 2ms 3ms 4ms 5ms 6ms 7ms 8ms 9ms 10ms

Figure 4. Load Current of Reverdeolarity Circuit (Reverse Polarity)

100ms 140ms

Figure 5. Input and Load Voltage of Overvoltage Protection Circuit

As seen from the simulation results, the reverse polarity protection circuit maintains the load current at
0 A during reverse connection. The ovetagke protection circuit, on the other hand, keeps the output
voltage stabilized at 12 V regardless of how much the input exceeds this value.

CONCLUSION

In this study, common failure types encountered by 10T devices in electric distribution systems under
field conditions were analyzed, the root causes of these failures were identified, and effective solutions
for prevention were developed. Electrical effects frequently observed in field envirodments
particularly reverse polarity connections and sudden wobkagged significantly reduce the reliability
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and lifespan of the devices. Accordingly, the reverse polarity and overvoltage protection circuits
developed in this study were tested using LTSpice simulations, and their functionality was successfully
demonstated. As a result of the maintenance and repair activities conducted, 46 out of the 56 tested
devices were successfully repaired and restored to operational status. This indicates that the
implementation of hardwatlevel protection and repair strategiedoT devices provides high technical

and economic efficiency. Furthermore, it is anticipated that the field implementation of the developed
protection circuits will considerably reduce the failure rates of such devices. The findings obtained off&0
valuable contributions to enhancing the reliability of Hvased electric distribution systems and to
reducing maintenance costs. In this context, the study also establishes a solid foundation for future
hardware and software improvements, contributing to tisgasability of digital transformation in
energy infrastructure.
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A New Approach for Partial Discharge Detection in Overhead Lines

Abstract: A significant portion of failures occurring in electrical energy transmission and distribution systems
stems from partial discharge (PD) phenomena that develop mwerit insulators. Particularly in medium and

high voltage levels, these localized discharges in insulating materials shorten the lifespan of system components
and may lead to sudden breakdowns. Partial discharges typically occur in microvoids withatdrsidurface
contaminations, or defects at connection points. If detected before affecting the entire system, they can be
addressed through preventive maintenance activities. Conventional PD detection methods require expensive
equipment and involve tedgues that present significant limitations in terms of time and cost during field
applications. Especially in mediuaoltage (MV) overhead lines, having personnel physically measure each pole

on site is both timeonsuming and prone to human error. Thisdst focuses on the design and feasibility of a
mobile detection system. The developed system operates based on radio frequency (RF) emissions using a
wideband antenna and Software Defined Radio (SDR) infrastructure. Thus, it aims to detect PD poigts quickl
safely, and costffectively from a vehicle in motion along MV lines. Literature reviews indicate that partial
discharges generate significant emissions in the electromagnetic spectrum, particularly withingte RMHz
frequency range. In this studye theoretical background of Rfased measurement, the design of the antenna

and SDR system, field tests, and the resulting findings are presented comprehensively.

Keywords:Partial Discharge (Pd), Radio Frequency (Rf) Emissions, Medium Voltage Linésa®oDefined
Radio (Sdr), Wideband Antenna, Fault Detection, Electromagnetic Measurement
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1. INTRODUCTION

A significant portion of failures encountered in electrical power transmission and distribution systems
originates from partial discharge (PD) phenomtrat gradually develop within electrical insulation
systems. Partial discharge is a localized electrical breakdown in an insulating material that does not
completely bridge the insulation. It typically occurs in migadds within insulators, on contamitea
surfaces, or at defective connection points (Chen, Tsao & Lin, 2005). Failures caused by undetecterﬂ 55)
activity may occur without warning, potentially damaging adjacent equipment, disrupting the economi
activities of connected consumers, leading tst@umer dissatisfaction, and incurring penalties from
regulatory authorities. Timely detection of partial discharges is of great importance for predictive
maintenance applications. However, traditional met@oglsch as electrical measurement techniques
basedn the EN 60270 standdydare both costly and operationally challenging in field conditions (IEC
60270, 2015). Particularly in mediuvoltage (MV) overhead lines, field inspections using instruments
such as acoustic cameras require stopping at eachgialey thanual measurements, and involve direct
human interaction, making the process twoasuming, expensive, and prone to human error. In recent
years, alternative approaches based on electromagnetic detection have gained attention, especially the
use ofradio frequency (RFpased methods for PD detection (Nepola, 2013). Research has shown that
partial discharge activity emits significant electromagnetic radiation in the0BOMHz range, which

can be detected using wideband antennas (Moore, Portuguésv&r R003). In this context, an RF

based detection system integrated into a moving vehicle could enable rapid aatfective PD
detection over large areas. This study presents a mobile detection system designed for use on MV
overhead lines, which Uities a wideband antenna and Software Defined Radio (SDR) architecture. The
system components, theoretical framework, and findings from field tests are presented through a
comprehensive approach. Accordingly, the methodology section of this study fleshextpe concept

and types of partial discharge, followed by detailed descriptions of electromagnetic detection
technigues, antenna system design, and-BBsed measurement infrastructure.

1.1.Partial Discharge

Partial discharge (PD) refers to microscoglectrical discharges that occur in localized regions of an
insulation system where the electric field intensity exceeds the dielectric strength of the material, without
causing complete insulation breakdown. These events typically arisefiieghsoids within solid or

liquid dielectrics, on contaminated surfaces, or at defective regions of electrical joints (Chen, Tsao, &
Lin, 2005; Kreuger, 1989). The lower relative permittivity of voids compared to the surrounding
insulating material leads to intefied electric fields within these regions. When this field exceeds a
critical thresholé known as the inception voltagidonization of the gas occurs, initiating partial

di scharges (Sch?©°n, 2019) . Over ti me, n tegrading di s c |
material integrity and eventually leading to complete failure. PD activity not only causes localized
damage but also serves as an early indicator of potential siestehfaults. Therefore, early detection

and analysis of partial dischargese aof critical importance in predictive maintenance strategies,
especially for mediumand highvoltage systems (Nattrass, 1988).

Figure 1. Failure Example Due To Partial Discharge
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In high-voltage engineering applications, palrtischarges (PD) are classified into various types, such

as corona discharge, surface discharge, internal void discharge, electrical treeing, and floating discharge
(Backstr°m, 2010) . These <classificatifrequencyar e ty
content, and amplitude patterns of the PD signals.

1.2.Partial Discharge Measurement Methods

The detection and quantitative analysis of partial discharges (PD) are critically important for assessji6@

the insulation condition of electrical equipmeRD measurements can be carried out using a range of
approaches, from conventional methods involving direct electrical connections toomait
techniqgues based on electromagnetic, acoustic, a

1.2.1. IEC 60270

The IEC 60270 sindard is the most widely referenced guideline for partial discharge (PD)
measurements. In this method, PD pulses are measured via a coupling capacitor connected between the
terminals of the test object, and the apparent charge is expressed in picocdqulpn®y ( Sc h?®° n, 2 C
Conventional measurement systems, whether analog or digital, typically consist of mamagdeband

filtering, integration, and calibration components.

Couxial
Cable

[ | Measwement
Tustrurnent

GND

Figure 2. IEC 60270 Test Circuit (Lu, Shibo & Chai)20)

The conventional method widely used for partial discharge (PD) measurement is based on the IEC 60270
standard. In this approach, high voltage is applied to the insulation system under test, represented by the
Cx component. PD pulses generated withimsystem are transmitted to the measurement circuit via a
coupling capacitor (Cb), which allows hifffrequency signals to pass while blocking the test voltage.
These pulses are converted into voltage signals by the impedance element (Z) and anaymnsdin t

time, amplitude, and frequency to assess insulation condition. Although the method offers high accuracy
and sensitivity, it requires galvanic connections and multiple coupling elements isdatgesystems,

which limits its practicality in fieldapplications.

1.2.2. Acoustic, Optical and Chemical Methods

Partial discharges generate not only electromagnetic signals but also acoustic emissions, light, and
chemical reactions. These physical effects form the basis for alternative detection methodbg@zhen,
& Lin, 2005).

Acoustic methods:Enable directional localization of PD sources using ultrasonic microphones.

Figure 3. Acoustic Camera For Detecting PD
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Optical methods:: Allow visual detection of corongype discharges tbugh UV cameras. Corona PD
occurs when a strong electric field ionizes the surrounding air around a conductor, producing a localized
discharge that emits ultraviolet (UV) light. Although invisible to the human eye, these UV emissions
can be captured usingy detection technology (Ofilsystems, 2025).

Chemical methods:The presence of PD can be asseSgmatticularly in oitfilled transformerd by
analyzing degradationhyr oduct s such as ozone, hydrogen, I6514nd

1.2.3. IECTS 62478

IEC TS62478 is a technical specification that defines the measurement of partial discharges (PD) using
electromagnetic (HF, VHF, UHF) and acoustic methods. In this approach, the electromagnetic fields
emitted by PD events are captured using wideband antensassors. Measurements within the HF

(31 30 MHz), VHF (30 300 MHz), and UHF (300 MHZB GHz) frequency ranges enable rapid and safe
detection without the need for direct electrical connections (Nepola, 2013). Sindegajgéncy signals

vary according to thphysical structure of insulation defects, this method also facilitates localization of
PD sources within the frequency spectrum. Signals analyzed using advanced digital oscilloscopes and
SDR (Software Defined Radio) platforms provide eefective solutbns suitable for mobile
applications.

Sensvityimproved Unkaown D s -
byeqivilent HVACHVDC disinguished

bl dig by pulse seqence analysis '
oom B o L Data procesor & ’

D e srage e el

L

Figure 4. IEC TS 62478 Figure 5. Frequency Spectrum of PD Signal Detect:
In Air
2. METHOD

2.1.RF Based Partial Discharge Detection with SDR

The detection of partialischarges (PD) in the field using conventional methods is often limited due to
hardware requirements, accessibility challenges, and constraints related to time and cost. In response to
these limitations, radio frequency (RBased techniques have emergesl effective alternatives,
particularly for mobile applications (Nepola, 2013). Studies have shown that PD events emit significant
electromagnetic radiation within the VHF {&D0 MHZz) and UHF (300 MHZ GHz) frequency bands.

These emissions tend to contrate in different frequency ranges depending on the type of discharge
and can be detected using dedicated antennas and wideband receivers (Moore, Portugues & Glover,
2003). Recently, Software Defined Radio (SDR) technology has gained prominencéas@&PD
detection. Compared to conventional hardwaaeed receivers, SDR systems offer more flexible; cost
effective, and portable solutions (Sch?°n, 2019)
digitized by the SDR receiver and transmitted to a puaer or embedded system. Using FFT and
spectrum analysis, unique signal signatures of PD can be identified. This method enables fast and
comprehensive scanning when integrated into mobile vehicles, particularly in meadliage overhead

line applicationgNepola, 2013).
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2.2.PDDS (Partial Discharge Detection System)

The Partial Discharge Detection System (PDDS) is designed to detect partial discharge (PD) events,
which occur when voids exist within the dielectric material between two conductors and current
continuity is compromised. Partial discharge phenomena manifest both acoustically and
electromagnetically. The PDDS identifies PD activity by monitoring specific bands within the
electromagnetic spectrum and applies various algorithms to characterizisdharge pulses. The 65
system performs continuous measurements and analyzes the acquired data, transmitting the resu'lts to
clients connected to the integrated server. These results can be monitored through a user interface
running on the client device.

The PDDS comprises ten main components within its architecture.

Measurement Antenna

W STM32 Shield sTM32

Figure 6. RF And Digital Hardware Diagram of the Partial Discharge Detection System (PDDS)

2.2.1. Battery

To supply the necessary electrical power for the system3tweolt Orion 18650 series lithiusion
(Li-lon) batteries connected in parallel were used. The 18650 seifi@s hatteries are widely utilized
in industrial applications.

~ORION-

RECHARGEABLE

Figure 7. 18650 Lilon Battery

2.2.2. Battery Charging Systa

The battery charging system consists of a battery level indicator, -@tniggnt protection circuit, and a
battery charging circuit. The TP4056 module was used as the battery charging circuit. TP4056 is a
commonly used integrated circuit designed tmarging singleseries lithiuraion battery packs.
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Figure 8. TP4056 Battery Charging System
2.2.3. Power Circuits

The device includes two power circuits located at the output of the battery and battery charging system.
These circuits regulate the incoming 3.7r¥m the battery or thei®6 V input when the device is
connected to a charger, converting it into a voltage range suitable for the operation of internal system
modules.

Figure 9. MT3608 Adjustable Stefplp

Voltage Regulator Module Figure 10.LM2596 Adjustable Stepown

Voltage Regulator Module

2.2.3.1.Wi-Fi Communication Module

The ESP32 module was used as theFMiommunication module. ESP32, developed by Espressif, is a
low-cost and lowpower WiFi and Bluetooth module. The developmentironment for the ESP32

was set up using the PlatformlO extension within Visual Studio Code, and programming was carried
out using the Arduino Framework.

Figure 11.ESP32 Wi Communication Module
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In the system, the ESP32 is configured as an Acaeas R reads the samples obtained from the STM32

ADC via the serial port and transmits them to a computer connected as a server using the User Datagram
Protocol (UDP). When the system is running, server information and connected clients can be monitored
through the serial interface. The ESP32 operates with FreeRTOS as {tmeegberating system and
executes four distinct tasks during operation. These tasks are:

1 Main |67
1 Transmitter
1 Receiver
1 STM32 Reset
2.2.3.2.5TM32 Microcontroller Module

Figure 12.NUCLEOF429Z] STM32

In this study, the NUCLE&429Zl1 development board, which features the STM32F429ZIT6
microcontroller, was used. This microcontroller is based on -@it3€ortexM4 architecture and
supports floatingpoint operations via its integrat&PU, offering processing speeds up to 180 MHz and

a performance of 225 DMIPS. It includes threebf2ADCs (supporting up to 24 channels at 2.4 MSPS)

and two 12bit DAC units. Although an Ethernet MAC interface is available, it was not utilized due to
the preference for wireless communication. The system employs FreeRTOS atimereglerating
system to manage tasks, with signal processing operations executed within this framework. Partial
discharge pulses are sampled via the ADC, processed, anchitemitted to the ESP32 module through

the UARTS interface.

2.2.3.3.5TM32 Shield Module

The STM32 shield module includes a Bdpalss Filter (BPF), a LoiMoise Amplifier (LNA), and a
coupler circuit.

Figure 13.STM32 Shield
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On the STM32 Shield, a baipdissfilter is positioned immediately after the signal input. This filter is
responsible for eliminating unwanted frequency components in the spectrum from the signal amplified
by the VGA (Variable Gain Amplifier).

Figure 14.Band Pass filter (BPF) Figure 15.Band Pass Filter Simulation Result

The filter is designed to pass signals in the 3 MHz to 60 MHz range. It has a returrlodB,afheaning

that signals within this frequency band are attenuated by only 1 dB. The filter i@l&tiButterworth

type, which ensures a flat frequency response without ripples across the passband. The design process
was automated, and the resulting component values were used to build a circuit in LTSpice, where
simulations were conducted to verify performance. Assalt, the frequency response of the filter was
plotted in red. While the3 dB point was observed in the simulation, in +wafld applications the
frequency response is expected to remain withidB throughout the passband. The same circuit was
assemtdd on a separate board before being integrated onto the STM32 Shield, and a Vector Network
Analyzer (VNA) was connected to its input and output. The frequency response of the filter was
evaluated by observing the S21 parameter across the 500 kHz to 200aMj¢z The results showed

that the passband exhibited an attenuation closed®, confirming the expected performance.

521 Gain (dB)

frm

80

S0
500.0k 33.75M 67.00M 100.2M 133.5M 165.8M 200.0M

Figure 16.Frequency Response of the Generated Baes Filter (Parameter;9

While evaluating the Svalues, it was also noted that thé 888 MHz band occupied by FM radi®d

was sufficiently attenuated to prevent interference with the PDDS. Specifically, the 88 MHz component
was observed to be suppressed by approximately 25 to 30 dB. Before the AGssapmied to the
STM32 ADC pins, a coupler circuit is used to shift the signal into an appropriate range. This simple
circuit, composed of a capacitor and two resistors, shifts an input signal originally ranging bétveen
Vand +1.5 V to arange of 0té +3.0 V by referencing it to 1.5 V. This allows the negative portion of
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the input signal to be properly sampled by the STM32 ADC. The maximum amplitude of the AC signal
is limited to 3 V peako-peak (Vpp).

Figure 17.Coupler Simulation Results Figure 18.Measurement Results of the
Produced Coupler

The circuit, which was found suitable in simulation studies, was tested favoddl operability under
practical conditions. For testing, a signal generator capable of generating signals upHo 20d\& 60

MHz oscilloscope were connected to the input and output of the circuit. According to the results, a signal
with a 1.5 V amplitude oscillated between 0 V and 3 V, confirming proper operation.

2.2.3.4 Adjustable Gain Amplifier (VGA)

Adjustable Gain Ampfier (VGA) is an amplifier whose gain can be adjusted either automatically
through Automatic Gain Control (AGC) or manually via a control voltage applied to its input. VGAs
are capable of achieving very high levels of amplification.

100 | ||
80 Vgamn = 1.4V
Vgamn = 1.0V I i
VGa = 0.9V Il i
60 Vgaln = 0.8V } I~
Vgan = 0.7V | [N
— Vaain = 0.6V [
m 40 — +
5 Veam = 0.5V i [-:'ll
2z Vgaly =04V NS ||
s 2 Veain =03V \L\ t:ijl
Voam =02V *Mll
= [ —
0 VoAl =0V ~h\‘\ | li
~
N
K
-20
—40
10k 100k m 10M 100M

FREQUENCY (Hz)

Figure 19. AD8338Ad]justable Gain Amplifier Figure 20.AD8338 Gain and Frequency Table
Design (VGA)

The AD8338 can provide up to 100 dB of gain under suitable conditions. However, its maximum output
level is +10 dBm. This means that even if 100 dB of gain is appliedingut signal can only be
amplified up to a maximum of +10 dBm at the output. Exceeding this limit would cause the AD8338 to
saturate, resulting in a ndimear gain response.

The gain level of the AD8338 can be adjusted via thgntontrol voltage, widh ranges from 0.1 V

to 1.1 V. There is a linear relationship between tha\Walue and the resulting gain. Specifically, each

100 mV increase in control voltage corresponds to an 8 dB increase in gain. The gain can be calculated
using the formulas prodged in the device documentation.
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G (dB)= —2" __3dB 1)
12.5mV
Veam
Gy = 0.398 x 10250mv 2)

The lowlevel signal received from the antenna is directly amplified by the AD8338. In this stage, D70
offset circuits are used to nullify the signal offsets and eliminate DC components. To remove the DC
component, a HigiPass Filter (HPF) is placed at the output of the AD8338. The cutoff frequency of
this filter is determined by thedgsn capacitor. The required capacitor value for the filter can be
calculated using a given formula.

1
L= H=z 3
forsy 2 x mx 2000 % Cppon (Hz) 3)

In theimplemented circuit, the value oissnwas set to 2.2 OF. Accordingl
calculated as follows:

1 1
2xmx 4000 x E.EH.F— 2xmx4000x22x10°°

(4)

forsy =

forsy = 180 Hz

2.2.3.5.Wi-Fi Antenna

The WiFi antenna is connected to the u.FL connector of the ESP32. It provides a gain of 4.5 dBi within
the 2400 to 2500 MHz frequency range. The connection type is either u.FL or IPEX. The antenna
i mpedance is measured as 50 q across the operat.

Figure 21.Wi-Fi Antenna

2.2.3.6.Software

The client interface is a software application develope@# and runs on a computer. Through this
software, RF emissions generated by partial discharges at their source are detected by the antenna and
processed within the system interface.
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v = v - r ] | 71

Figure 22.User Interface

3. CONCLUSION

A significant portion offailures in electrical transmission and distribution systems originates from
partial discharge (PD) phenomena that develop over time within insulation systems. This study presents
a radio frequency (RF)ased and softwadefined radio (SDRyupported molié measurement system

as a potential solution to the limitations of conventional PD detection methods in field applications.
Unlike traditional measurement systems, the proposed system allows faomawat, inmotion
detection without the need for galvartonnections. Through its wideband antenna system and SDR
based receiver infrastructure, PD signals emitted in the VHF/UHF band are successfully detected. Field
trials have demonstrated that the system operates effectively in mobile scanning applications
particularly on mediunvoltage (MV) overhead lines. The ability to perform rapid scans over large areas
without physical intervention provides significant advantages in terms of time and manpower efficiency.
Additionally, the digital acquisition of measment data facilitates the integration of signal processing
algorithms and lays the foundation for future machine learbased analysis systems. However, the
system also presents certain limitations. In industrial environments with high levels afrebegetic
interference, distinguishing PD signals becomes challenging, and false positives may occur due to
background noi se. Furthermore, the systemdbs dire
gain and placement of the antenna used. Farduievelopment, it is recommended to enhance the
system with directional antenna arrays, enabling not only the detection but also the classification of PD
types. On the signal processing side, the integration -@fs8isted decisiesupport algorithms ialso

proposed. These i mprovements could enhance detec
into predictive maintenance planning processes.
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¥zeBl:ektri k dajétem sistemlerinde, amar jgiel lde §ii mtdies i d
merkezlerinde bulunan koruma r°leleri, sens®°rler ve |
b¢yek °nem takémaktadéer. Bu ama-1 a, daj étéem merkezl
aracélsejséelman yedek enerjiyi kull anmasé sajlanmakt a
-evirerek ak¢l eri besl emekt e vV e enerji kesintisi s
s¢rdegrmektedir. Ancak, sakadaedyayg§ée&nsdolsarank ,kdlalhamhel &
protokollerinid © zel | i kl e end¢stride sék-a tercih edilen MODI
dur um, redres®r sistemlerinin SCADA ve | oTvebabanl e
sistemlerden ger-ek zamanl e veri al eénmaséné zorl akt é
sajl éeéjéenén wuzaktan kontrol ¢ gibi konul arda °nemli bi
sistemlerine entegre edilébie c e k, mal i yet etkin ve harici bir donanén
bajl é& ak¢ grubunun gerilim ve akéem dejerlerini °] -eb
Charge-SoC) ve sajléek duSod)owubi Skatei bf paddeamehrel eri hes:

¢

veriler MODBUS RTU haberl ekme protoko aracél éejeyl a

sistemleri czerinden izlenebilir hale gelimghteecidri .| mD
saha kokull arénda ge¢venli bi-imde -aléktéjé g°zlemle
tamamen dejiktirilmesine gerek kalmaksézén, modern he
pl anl amal amd i dgylepévenakta ve olasé aréezalara karke e
ol arak, geliktirilen sistem; dajétém merkezlerinde Kkt
yané séra, enerji s¢rekllardiifgii ndz alrttma yma yya® nwel ibka ksammurnt
-al exma, kl asi k sistemleri dijitallexktirerek akell é ¢
Anahtar KelimelerrEl ekt r i k Dajétém Sistemleri, Redr edbisr Kzl e
Haber !l ek me, | ot Cihazl ar e, Scada Entegrasyonu, Soc,

Haber | ek me
Remote Monitoring of Rectifiers and Battery Condition Analysis in the Electric Distribution Sector

Abstract: In electrical power distribution systems, ensuring the continued operation of protective relays, sensors,
and loT devices in substations during power outages is of critical importance. To maintain this continuity, rectifier
systems are commonly used to yide backup energy by charging battery groups. These systems convert
alternating current (AC) into direct current (DC) to charge the batteries, which then supply power when the main
grid is unavailable. However, most rectifier systems currently in userteated support for modern industrial
communication protocols, particularly MODBUS RTU. This shortcoming significantly limits their ability to
interact with loFbased monitoring devices and SCADA platforms, making it difficult to remotely accetisecal

data such as voltage, current, battery charge level (State of Cha&8g€), and battery health status (State of
Health- SoH). As a result, system operators must rely on periodic manual inspections, which increases operational
costs and delays faultetection. To address this issue, a esfféctive external monitoring hardware was
developed in this study. The device is designed to be easily integrated into existing rectifier systems and is capable
of measuring essential electrical parameters suchugub voltage and current. Furthermore, it estimates SoC

and SoH metrics and transmits the data via MODBUS RTU to loT devices, which can then relay the information
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to central SCADA systems. The system was tested under laboratory conditions and demaiabieted
performance under simulated field scenarios. This approach enables legacy rectifier systems to be upgraded with
remote monitoring capabilities without requiring full system replacement. Ultimately, the proposed solution
enhances energy reliabilitymproves maintenance planning, and enables early fault detection. It offers a practical
path for integrating traditional power equipment into modern digital energy management frameworks and
represents a meaningful step toward smarter, more resilient padigkeibution networks.

Keywords:Power Distribution Systems, Rectifier Monitoring, Battery Health, Remote Monitoring, Modbug 74
Communi cati on, | ot Devi ces, Scada Kntegration, Soc,
Communication

INTRODUCTION

Today, the growing dependence on electrical energy in both individual life and industrial processes has
made the continuity and quality of energy supply more critical than ever before. Power transmission and
distribution infrastructures are &@ming increasingly complex, especially in densely populated urban
areas, and are subject to rising expectations for reliability. In this context, electrical distribution
substations not only serve as nodes for directing and transmitting energy but stlscritical
components responsible for ensuring the overall safety, stability, and observability of the system.

Faults occurring in power distribution systems, whether due to planned or unplanned outages or sudden
voltage fluctuations caused by environnamonditions, can negatively impact not only ersers but

also the systemdébs ability to protect and monit c
protective relays, measurement sensors, communication modules, and especiadigdd Thondring

units in distribution substations continue to operate for a certain period. This continuity is essential for

fault detection and timely intervention. To ensure such resilience, substations are typically equipped

with rectifier systems and battery karas backup energy sources.

Rectifier systems are key components that convert alternating current (AC) into direct current (DC) to
charge battery banks, enabling the system to continue operating during power outages. However, many
rectifier systems currély in use do not support modern communication protécgiarticularly the
MODBUS RTU protocol, which is widely adopted in industrial automation. This limitation significantly
hampers the integration of rectifier systems into SCADA systems arddsdd moitoring platforms.

As a result, critical battery parameters such as voltage, current, state of charge (SoC), and state of health
(SoH) cannot be monitored remotely, leading to delays in maintenance planning and reduced ability to
predict potential failurem advance (Chakraborty, Roy, & Sinha, 2020).

This study presents an innovative and afftctive hardware solution designed to overcome these
technical limitations. The developed system can be integrated with existing rectifiers without requiring
any madlification, continuously measure voltage and current values of battery banks, and calculate
essential parameters such as SoC and SoH. The collected data is transmitted securely to 10T devices or
centralized SCADA systems via the MODBUS RTU protocol, engbialtime monitoring of backup

power systems in the field.

Laboratory tests and simulated field conditions have demonstrated the reliability and applicability of the
hardware. The proposed solution allows for the integration of legacy rectifier systEndigital
monitoring infrastructures without the need for complete replacement. This approach enables improved
energy continuity, more efficient maintenance planning, and quicker response to potential faults.

In conclusion, this study represents a ceterstep toward building a smarter and more sustainable
power distribution system by digitalizing conventional energy infrastructures. The developed hardware
not only offers a technical enhancement but also contributes to making energy management processes
more transparent, traceable, and diiaen (Fang, Misra, Xue, & Yang, 2012).

METHOD

In this study, a lowcost external monitoring hardware system capable of communicating via the
MODBUS RTU protocol has been developed to be integrated into existitfgeresststems. The system
architecture is structured around four core components: system design, circuit design, embedded
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software development, and the Coulomb Counting method used for SoC/SoH estimation. Each
component has been designed to complemenaooiher, enhancing both functionality and reliability.

System Design

During the system design phase, the focus was placed on accurately and reliably acquiring the essential
electrical parametedsvoltage and curreétfrom the rectifier system. For voltage aserement, a
conventional and dependable method utilizing a resistive voltage divider was implemented. Carefull§s
selected precision resistors scaled down the high voltage levels to a safe range suitable for the

mi crocontroll er 6s A®@acyimoptoring, Forecareett Imeéasugememnt|, a low
resistance shunt resistor (1.636 mY) was integr e
the shunt resistor was differentially measured, and the resulting current values were used for computing

the State of Charge (SoC) and State of Health (SoH) of the battery. An ARM -®&ttbased 32it
STM32F407VGT6 microcontroller was selected as the processing unit for data acquisition, control
algorithm execution, and communication functions. This mmntoller offers sufficient computational

capacity and supports various peripherals (ADC, UART, Timer, etc.), making iswtsd for system
requirements. To establish communication with external systems, the widely adopted industrial
MODBUS RTU protocolwas implemented. The MAX485 transceiver was used to enabi8RS

physical layer communication, offering reliable differential data transmission in noisydistagce
industrial environment s. T h e -comporent comdmsicationvaeer a | | a
illustrated in Figure 1 (STMicroelectronics, 2021).

Voltage Measurement
Circuit

11024VDC
I ADC

v ) 4 L 4 - OLED

220VAC Display
Rectifier Load

STM32F40TVGT6
Microcontroller

Y

MAX485
MODEUS

Resistor . T IC B

Y

Figure 1. Block Diagram of the System

Circuit Design

The circuit design process began with the develo
shunt resistor was placed in therremt path, generating a very low voltage signal due to its low
resistance. Since this signal could not be accurately read by the ADC in its original form, it was amplified
using a nofinverting operational amplifier circuit with a gain of approximately2ZZ. The schematic

of the current measurement circuit is shown in Figure 2.

J13
Cunn,OixOf,Pi n

2 ~
u3o
Shunt Res

GND

Figure 2. Current Measurement Circuit
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Voltage measurement was implemented using a voltage divider network designed specifically for a
110VDC rectifier system. The related \aie measurement setup is provided in Figure 3.

J6_110V2 R Ll:43315A8 |76
- . 100k R71
Conn_01x02_Pin
1 e i 3 3.3k
2 o * 1
| ADC_1
% R70 Ci4
GND 2.2k $ 10uF
GND GND

Figure 3. Voltage Measurement Circuit

The system was developed and tested using the STM32F4 Discovery board, which features the
STM32F407VGT6 microcontroller. This board is shown in Figure 4.

Figure 4. STM32F4 Discovery Board

The MAX485 IC, responsible for MODBUS communication, is depicted in Figure 5.

Figure 5. MAX485 Transceiver IC
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Embedded Software Development

The embedded software was developed using STM32CubelDE for the STM32F407VGT6
microcontpoller. The software includes functionalities for voltage and current measurements, SoC and
SoH estimation, MODBUS RTU communication, and data visualization on an OLED screen. For
acquiring voltage and current values, the microcontroller's ADC module wéigwed to work with |77
Direct Memory Access (DMA), significantly reducing CPU load by performing background data
transfers. Additionally, the acquired ADC values were processed through a Kalman filter to smooth out
signal noise and improve stability. For MBUS RTU communication, a timer interrupt mechanism
was implemented to periodically transmit data. On the receiving side, the DMA feature was again
utilized to allow seamless, processodependent data reception. OLED screen updates were also
scheduled ueg timer interrupts, ensuring periodic and #aocking data display for redime
monitoring. Sample code sections for MODBUS communication, Kalman filtering, and OLED display
routines are provided in Figures 6, 7, and 8, respectively.

HAL_GPIO_TogglePin(GPIOB, GPIO PIN
HAL_GPIO_WritePin(GPIOA, GPIO_PIN 8,

sendData = » modbusFunction,
HAL_GPIO_WritePin(GPIOA, GPIO_PIN_ 8,
(response[8] == [

L
crc r response, 6);
crcCheck[8]
ck[1] ;
((response[6] == crcCheck[©8]) && (response[7] == crcCheck[1])) {
( i=8; i< 8; i++) {
receive[i] = response[i];

(crc >» 8);

Figure 6. MODBUS Communication Code

P_k1_| |
P k k1 = {
kalman_adc_
kalman_adc

k - kalman_adc_old);

kalman_adc_old = kalman_adc;

kalman_adc_old;

Figure 7. Kalman Filter Implementation
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batt el
method. In this technique, the curretdwiing into or out of the battery is integrated over time to
determine the change in total charge, thereby estimating the SoC. The current is sampled at regular
intervals, and the charge is accumulated relative to an initial SoC value. The method isatieaiigm
expressed in Equation 1 (Mohan, Undeland, & Robbins, 2002):

, is the nominal battery capacity in ampaiairs (Ah),
andO represents the current as a function of time. In practice, this integral is approximated numerically

by the microcontroller based on discrete sampling intervals. The SoC value obtained via this method
serves as a critical parameter for monitoring energy cdtytimund ensuring optimal battery usage
(Karden et al., 2007).

RESEARCH FINDINGS AND DISCUSSION
To evaluate the accuracy and reliability of the developed system, testing procedures were carried out

facil

it

es

of

t he

YE

DAK Di

testing, the measurement accuracy of current, voltagte 8f Charge (SoC), and State of Health (SoH)

was assessed using an M133C 3F Power & Energy Calibrator. The experiments were conducted under
voltage levels of 1110120 V and current levels of 6 A (Figure 10), with the experimental setup shown

in Figure9. To verify the accuracy of the current measurement circuit, a 5 A DC current was applied

t hrough a
8.18 mV is expected across the shunt. This-lewel signal wa amplified using a nemverting
operational amplifier with a gain of approximately 22.277, resulting in an expected output of about
182.2 mV. A multimeter measurement yielded 182.5 mV, showing excellent agreement with the
theoretical value (Figure 11).rider the same conditions (111 V / 6 A), the STM32F407VGT6
microcontroller measured current and voltage using its ADC module, recording values of 6 A and 111
V respectively (Figure 12). These results confirm that the system is capable egbréwgdion
measirement. Minor deviations observed are attributed to environmental noise and analog component
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tolerances. The results demonstrate that the measurement subsystem is valid and that the developed
hardware operates reliably. Furthermore, communication viaM@®BUS RTU protocol was
successfully verified, and the measured data was transmitted in a manner compatible with SCADA
systems. Periodic data display on the OLED screen was also successfully implemented using timer
interrupts, enabling redgime visual fedback (Figure 12).

179

OLED
Screen

MODBUS
Circuit

Figure 9. Experimental Setup

Figure 11. Amplified Voltage Output from Shunt Resistor
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Figure 12. Measured Values Displayed on OLED

CONCLUSION

In this study, an external embeddeddweare system was developed to enable the integration of
rectifiers used in electrical distribution systems into modern monitoring and communication
infrastructures. Through this system, MODBUS RTU communication capdébiltyich is absent in

most existingrectifier systemd has been added, allowing backup energy systems in the field to be
monitored via SCADA and loT platforms. The developed system can measure the voltage and current
of battery banks in real time, and based on this data, it calculated patiaeneters such as the SoC and

SoH. Notably, the implementation of SoC estimation based on the Coulomb Counting method has
provided significant advantages for maintaining energy continuity. As a result of the test and calibration
processes, the systenmaenstrated high measurement accuracy and strong consistency with theoretical
values. Furthermore, hardware and software optimizations such aDM}Cntegration, timerbased
interrupts, and lowevel signal amplification contributed to a resouetficient and highperformance

design. The successful implementation of MODBUS RTU communication and local visualization via
an OLED display enhanced the syst e mdte Utanhtely, i t y t o
the developed hardware solution allofes the digital integration of legacy rectifier systems without
requiring complete replacement. This offers a -@ffsctive approach that contributes to improved
energy continuity monitoring, optimized maintenance operations, and earlier fault defBod@tudy
represents a concrete step toward the digital transformation of traditional energy infrastructures and sets
a precedent for similar applications. In future work, it is planned to deploy and test the systemin a real
world electrical distributiorsubstation environment.
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¥zeBu -al eékmada, Kal ecé Méknateéesl e Senkron Motorun (
czerindeki -aléekma rejimlerinde sergiledii5000mhektriks
aral éjéenda, Pl d e°nrelt d redyii rcme Itia bkaonn tér oAl a(nF OC) yapeéséna
tekniji il e MATLAB/ Simulink ortaménda sim¢gle edil mioi
tanémlanméktér. Yalnézca FOC y°ntemilexgals@andeéefyéhda, |
nedeniyle késétl anmaktadeéer . Bu durum °zellikle y¢kse
-al ékmada, mevcut FOC yapéséna alan zayeéeflatma strate
veb°yl ece il gildi kontrol yakl akéménén daha geli kmi kK v
hezén ¢zerindeki-ekalakmaklemk bl Il akémidaednegatif refer
sénérl andéer él méde] éreir ib-iirn hreatedg uhp&kzgerr |- eerki ntdéexkéa ialkee
gezlemlenmiktir. Alan zayeéeflatma tekniji-ekayreansi mke& meq
il e manyeti k akeée etkin bi-imdeazayakmatsel asragh amme at
sonu-laréna g°re, alan zayéflatma tekniiJi uygul anmad
bu sénérén ¢(zerinde ise alan zayeéfl atma aktdlahanhal e ge
maksi mum negati fidAT6d Aaek7e2meA sElraarsa8ky |l @° z1l eml enmi Kt i r .

ol duju bu rejimlerde sistemin gerilim Ilimiti akél madeze
belirl enmi ROi rpmAgdyecedde5@dil en %0. 086l ik akém y¢izde
yapésénéen y¢ksek hézda dahi kararl e, hézl é& ve akKeéere s
stratejisi, °zelliklieiydkhsakghuédanabtdhmrik ggivetne mlie v
Anahtar KelimelerKal ecé mi knatéeésl & Senkron Motor, Alan Y°nl e|
I

I

retilen TQr EkBPeheAkgmbDar é
Analysis of Permanent Magnet Synchronewotor Behavior Under FieleOriented Control

Abstract: In this study, the electrical responses of a Permanent Magnet Synchronous Motor (PMSM) were
analyzed under ités nominal speed , at, andlo8®ove its
5000 rpm was simulated in the MATLAB/Simulink program using a Pl conttidsd FieldOriented Control

(FOC) structure integrated with a field weakening technique. In the model, the nominal speed of the motor was
defined as 3000 rpm. When only #8C method is applied, the operation of the motor above its nominal speed
becomes limited due to voltage constraints. This presents a significant limitation, particularly fspkigghdrive
systems. In this study, a field weakening strategy was integrdatethe existing FOC structure to overcome this
limitation, thereby presenting a more advanced and applicable version of the control approach. Above the nominal
speed, a negative reference was applied to thgisl current unit to weaken the rotor magadlux; for each

target speed value, the actual rotor speed and theaglis current components were observed. Through the field
weakening technique, the magnetic flux was effectively reduced by applying a negadivewrent without
exceeding the Wage limits, enabling the motor to reach higher speeds. According to the simulation results, the
motor was able to operate stably up to 3000 rpm without the need for field weakening, while the field weakening
strategy became active beyond this threshbfieh maximum negative i_d currents applied for reference speeds of
3000, 4000, and 5000 rpm were observed todA,i 64 A, and 72 A, respectively. In these regimes where field
weakening was effective, the system operated without exceeding voltagaridmstisccessfully reached higher
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speeds. Additionally, at 5000 rpm, an overshoot of only 0.08% and a settling time of 0.61 seconds were recorded,
demonstrating that the control structure maintained a fast, stable, and ovefst®@ierformance even at high
speeds. In this respect, the proposed control strategy offers a practical, reliable, and efficient solution-for high
speed drive applications.

Keywords:Permanenet Magnet Synchronmotor, Field Oriented Control, Field Weakening, Torque Values
Produced, D,cAxis Currents
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1. GKRKk
Géeneg mgzde teknol oj i alanéndaki héezl é gel i kmel e
ge-irmesine neden ol muktur. Bu gelikmelerin bir
daha gelikmik moitam yapgeél ggrideg 2&r iamd mékt er Rea
y ¢ ks ek -anfjoarelnék orané gerektiren uygulamal arda ye
end¢gstrivyel i htiya-lara yaneét ver ememektredir B
creti mi ve y¢ksek verimlilik gibi avan)tlenl ar éyl
akademi k -al @ékmal arén hem de end¢stniDapélkemy QOILS 1
KMSMo6Il erde rotor czeméhkhdet &sxalrgréé ny ek u Inlea nkéal | néacséeé ,
akénmaya a-ék mekani k el emanlara olan i htiyaceé
geveni lbir g artér mékteéer . Rotor sargélarénén o
ederekmt orun ter mal kapasitesini y¢kseltmik, bu da

|l mékt ér . . Ayr éc a, rotor sargésé bulunman

m¢ mke¢en Kk
motorl ar
ve ark., 2012).

1. 1 K MSNatematiksel Modeli

e
én asenkron mot or | @k ma skéeryaa sd laa rdaakh at ayry,&kme

Bu késémda iKM&EMdennndeKki mat ematiigsekseomidemodel i
fazlée bir sistemin iki eksenlnie (dPonj¢rkulegtrusll nmueks)i ndi®
analiz ve kontrol i Kl eml er i ni kol ayl aktéran bir
mat emati ksel model i daha basit veq amnk aaxjéd ré r d énarl
gesteril miktir.

i Rs Li i Rs Ly
+ s + o

Wr g +

Va O Ve O
B o

keki KM$Mémwiq exkdejer devreleri (¢celi k & K¢

Bu ek dejer devr el erden,

O=YQ+— -1 (1)

W=YQ+— +] )
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Burada;6 ve6 d-q eksen gerilimlerini (V))Qve™Qdq ekseni alevel aqeksed ( A) ,
akelaréné r(owho)rumne a- ésal hezé2nat drad/ sar g@ stder g
g°stermektedir

wvew dg eksen akéelaré, akajeédaki gibi yazelabilir
. |84
=0 Q+ 3
=0 Q@)
Ekitliky,3kdteké méeknat ésdan dol ayéveoliseailghin kar K
kartezyenlerin °z ibepnpkitems&neéegldsteemekemdlrve
eksen gerilimleri axkxajédaki gibi elde edil mekted

®=Y'Q+0 —Q-1 0 'Q(5)

W=YQ+0 —Q+1 0 QH (6)
Mot orun ¢rettiji elektromanyetik moment, exitliKk
Y=—[ Q- qA@)

El ektromanyeti k moment denkl emi ndeki p i fadesi n
( 3) ve wy(woalekliar e, (7)6de yerine yazeéel déjeéenda
edilmektedir

Y=—[ Q+(0 0 "QQ (8)

Bu denkl| emde, birinci terim méknatés tarafeéndan
temsi | eder . Yézey, weé kenkaitté sd |éd uPjMiSNMibal ne,r dreel ¢ kt ans

durumda moment denklemi,
Y=—[ Q] (9)

Ekitlik (9)d6dda el ektormanyeti k momentin sadece
nedenl e kal écé méknatésl & senkron motorum monmert
Mot or modelinin durum uzayefedmlmdatg?®steri mi KU

Y-"Y=J.-—+B.(9)] (10

Burada J atal et momend i sie, eBeg¢ri gkpsmé khazeayemaén
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2Materyal ve Y°ntem

KMSMOonin vekt®r kontrol y°ny%mlemii,, aké&a&anzagyaflleatc
dojrudan mo me n t kontrol y°nt emi ol ar ak i fade ¢
uygunluj u, onl ar é géneégmezeén end¢gstrivyel i htiya-
mot orl ar én kont kolt¢enrdcei hy aeydgiélne no lAdraan -@rfemdde ndi r m
ControrFOC) y°ntemi, vekt©°r kong rroelfeersaansséneaksdeanyi%%mae
aké bilekenlerinin birbirinden bajémséz keki'l'de
FOC y°moemi yun nomi nal hezénén alténdaki ve nomin
ve kararl él ék sajlarken; nomi nal hézén ¢zerind
akmamak adéena ek stratejileredahgelaktduiyben 8Uze
(field weakeniny stratejisi,de k s eni ndeki akem bilekeninin negatif
akénén zayéflatarak motorun daha y¢ksek heéezlarda
gevend o hl eem bdier kkaerkairl de nomi nal hezéen ¢zerinde -
Bu -al ékmada, KMSM'"nin 1000 ile 5000 d/dk (rpm)
zayeéefl at ma stratejileriyle model | enme-slianwmeé kK tdé rn
MATLAB/ Si mulink ortaménda ger-eklexktirilen simgl

karkél ek motorun rotor undag ne koskeum aank égnelrareék ¢ch°ézzl edr

nomi nall hezl aréen ¢ adereikmaaki akk&@meanewni ynalser i mWaed i Kt
FOC yapéséna, aké zayéflatma y°nt emi entegre edi
benzetim model i olukturul muk ve bu model agzer i nd
et ki si incel enmi ktir. Geliktirilen benzetim mo
gesteril miktir.
Group_1 Control
_Signal 1 iabc i::c’\:":::s
w_sens s
Dbm_sens
Scopes vdc_sens
Gate Driver
_T rer—ie_sje
. . |
T ] =
w,a
[iabel
~ iabc - " 5
= Torque
Converter Source 4f(x) = 0
k e k i IKurdan Benzetim Modeli
kekil 2.16de KMSM FOC yapésé ve alan zayéfl at ma
Mo d e | t e mel ol arak d°rt ana bilekenden ol ukmak
el ektroni i do°n¢Kt ¢r¢gcese ve motor yeéek sistemi
Modelin sol ¢st k°kesinde yer alan Signal 1 bl o]
cretirrefeBans sinyal, kontr ol algoritmasénéen gir
bl ojuna iletilen bu sinyal molteo,r nmoétzoér u(nw_gseern-se)k bz
tarafendan geri besl eme ol arak alénmaktadér.
Kontrolalbalnojwenl endir mel i kontr ol al goritmaséne
baréndeéer ér . Mot orun nomi nal -etkéze ng zneer iande krie f -ea laénk
dejerl ere ayarlanar ak manyetm ks éanléarnl az &y éif-leartiéslicé
sajl aner Kontgoleksemi nélke&ké geranhidn bil exenl eri,
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Si st eme (abc) doene¢kt ¢gr el erek gat e driver szeri
g°nderilir.

Model iknatgpa-nénda yer alan DC kaynak, inverter be
kontrol®r¢n g°nderdi7ji anahtarl ama sinyallerine
gerilimler dojrudan PMSM6ye uygul anér.

Mot or bl oj unwml - éhkeek é(nwd)a , bial-géi si i hesapl anar|8k |
genderilir hem de sim¢glasyon sérasénda g°zIl emle
Torque Source bloju, y¢k etkisinin moakit leanmmisk th
2.1 FOC Kontrol Yapése

Bu -al ékmada, KMSM héz kontrolg¢ i-in FOC y°ntemi
bir ger i besl eme denet i mi uygulanméxt ér : dék he
yapéséndam mezér hemhaee ¢- fazlé akéemlare kontro
kontr ol hedef i ni ayné anbak ghal- lek | ic®azi eKnoerktoragn)l ¢a

Halka (Inner Loop)i Ak ém Kontr ol ¢. Bu 2 gerbgbeméemekidleneét
gesteril miktir

RPMReq idgRef ¥ idq_ref
RPMReq < pm_ref | vdq
P we N

v pliabc  idg Ma= S

5 Tl u > theta

: . — ol VJEQREfFW »{ vdoModWave —»—

Outer Loop Control

- Current Control
ask100us! d/s->rpm

n i B “
abcﬁsens el
COHE)Hwsens <
wfsens theta
.—b.—b ;,; th_sens &
thfsens v 1 »<vdc_sw] -
vdZHggRgaDie s
vdc_sens Measurements

keki 2 Xa2:manl é Ger i Besl eme Denet i mi
2.1.1 Denetleyici Giriklerdi
Kontr ol bl ojuna akajéedaki ger i besl eme bilgileri
RPMRegKul | anécé t arraefféenrdaanns bheélzi r(ldeenveinr / daki ka)
iabc_sens: - fazlée stator akémlaré (°1-¢1 en)
W_sens: Rot orun a-ésal hezé (rad/ s)
th _sens: Rotor pozisyonu (elektriksel a-@e)
vdc _sens: DC séneéer geril i mi (°1 -¢1 en)

2.1.2 Denetleyici Yapeése
FOC yapésé aka] eallatkkaddédd okl ardan ol ukm

1T Héz Denetl eyicisi ( PI kontrol °rg¢): Rot or héz
sinyal.@ ol ukturulur. Bu hataQaREmeeopgtreodl i rt e
T Akém Denet- eghscseniende (aiyQeQPEf koanhsobhXkEmkar é
NQveQakéeml are karkeélakteéerelarak hata sinyall el

kontrol°rler -alékér wvweveehdsapbahén. gerilimr
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T Park D°n¢kegdnlRPank)Clyrkelen ¢- fazlé akéemlar
g eksenine do°ng¢gktegrel or . Hesapl anan kontr ol |
mod¢l ¢ne g°nderilir.

2.1.3 Denetleyici ¢ékékée ve Etki Noktasé
Denetleyicininhtakbama snwumeallker iamian ¢reti mini

sinyaller Gate Driver blojuna g°nderilerek i|BWver
edilen inverter -ékeéex gerilimi, KMS Merjineolately g u |l a n é
iletilir.

2.1.4 Sistem K-indeki Kontrol Et ki si

FOC algoritmaseé, mot orun tork Ve héz dagqvr anéKk ¢
eksenlerinde akém bilekenlerini ayré ayré y°net.i
de ks eniQ: Rdéoemaayetla k esénée belirler. Alan zayeéefl at ma
gekseniQagemésreten bilekendir. Hez kontrol ¢ 0 -

Bu yapé sayesinde motorun tork ¢retimi ve y¢iksek

Benzetim modelindeki yapélarén késaca tanémlaré
T "Control"™ Bloju: Héz ve akém denetleyicilerin
ana kontrol snitesidir
"Gate Driver": PWM siny&lalterdienmi. i nvertere akt
"Converter": - fazlée -ekék gerili mi creten i
"Mot or" Bl oju: PMSM model idir. D°nme hezé ve
yapéséna g°nderilir.
T "Torgue Source": Y¢gk moment i model ini temsil
3.BULGULAR
kekil 2.16de g°sterilen benzetim model. -al exkte
bulunan veriler sim¢glasyon s¢gresince g°zlenmikti
°]l -¢l en ger-ek heakemlagkbdard VYapgl erkseiningl asyo
referans héz kullanél mék ve bu referans hézé hed
ger-ek hez, d ve q eksen akemlare el de edil mi Kt
Sim¢glasyon -al ek mhil aireh@00G ed/ed annes- ihleer gk rbakl annm
6ya kadar referans héz girdisi artteéreéel méexkteér. H
el de edi |l miktir. Benzetim model i Si mu7b plardk or t arn
tutul muktur.

1200 T T T
Referans hiz [rpm]
Gergek hiz [rpm]

1000

@
<}
5]

T
|

Hiz (d/d)
2
g
T

400~

200 T T ! |

1 1 | | 1 |
0 0.1 0.2 0.3 0.4 0.5 06 0.7
Zaman (s)

kekil0B@801d/d i-in Referans ve Ger-ek
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Referans hiz [rpm]

Gergek hiz [rpm]

2500 —

2000 —

Hiz (d/d)

1500 — | |88
E'D 0.1 0.2 D‘ﬁ Zaman (s) D‘a D‘ﬁ D‘S 0.7

keki80B@02d/d i-in Referans ve Ger-ek

kekib50803d/d i-in Referans ve Ger-ek
3.16de 1000 d/dk referans hdkizl airy gaull eekmarsiék sa
a bajlé deji ki mi sunul muktur . Ger -ek hez e
un -alektérél masénén ardéndan yaklakék 0, 07
ktadan darer a ak @xkamalya Wdekiam et ti]i g°zIl enmi
d/ dk seviyesine kadar -ékan hafif bir ge- i
Kék %l1,4 ¢zerinde ol up, Si st em tulrakfé&lnméknt &I
3.206de 3000 d/ dk iO,eff es ana maré za rad It @ n&drmad ankoit
miktir. Elde edilen verilere g°re, motorun
a meydana gelmon ogéme&rzleé etnakma |l o BOOwWw d/ dk s
ans hézén yaklakéek %0, 233 oranénda akel deéej e
inde bu akém késa s¢rede bastéabl mBEenmekhere
3.306te 5000 d/dkélek referans hez alténda
un istenen dejere erikme s¢resi bu senaryoc
ot boyunca gedejekrliek®8004 admdk i s evihyasi ne k
6l i k bir akem meydana gel mi ktir. Bu dur um,
un referans heza er i Kme s¢é¢resinin uzadéej e
inin sistem yanét s¢resine etkisini go°ster:
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600
d ekseni akim
q ekseni akim
500
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500

400

[\

\

~

-100

Offset=0

0.1 0.2 0.3 0.4
Time

0.5

0.6 0.7

keki 80B05ddlge ks enihn akeéeml

600

d ekseni akim
q ekseni akim

500

400

[\

300
< \\
E
4
X 200
‘\-.._\_M
100
0 N~
R\—.________
-100
0 0.1 02 03 04 05 0.6 0
Offset=0 Time

.7

keki 50060 6ddlge ks enn akéml

ar

ar

ar

é

é

e

|89



- -
(2 23"UBAK, 0506 July205, Ankara (<0

UBAK UBAK
keki |l 3.4 incelendijinde,eksiemd!| askygam ubni | beakkelna mg én
dejerlere ulakteje, ardendan hézlée bir d¢ KK SE
seviyeye yerlexktiji g°r¢l mektedir. Bu esnada d e
d¢zeykianldeé Kkt ér . Ayréca yaklakék 0,401 saniyede,
gel mik ve bu arteék késa s¢re i-inde 0,45 saniyed
kekil 3.5 oO6te yer alan verilzérae mg?® raeﬂenqaeyspgé
gester mi Kk, bu durum motorun tork ¢retim
ul akél dektan sonra ise gq ekseni akemé kademel.
ekseni akéeme,lgall, 2RR8B8k s@nl4yg® arasénda negatif C
zayefl at ma stratejisinin bu zaman aral éejeénda j
gestermektedir.
keki |l 3.6"da ise, g ekseni akéemanéaxtiéljke,0,sons ars
artékéna bajlée olarak gerilim I imitlerinin etkis
seviyesine kadar geriledif5Ji g%zl enmiktir. Ayné
dej erl eryea kg éBKeerk®e ks evi yel erine ulakmék ve te¢gm sl
kal mékteéer . Bu dur um, alan zayéflatma stratejisi
yé¢ksek hézlée -aléekma kokull ar éndedir. s¢r ekl i ol ar ak
Bu -al exmada kull aneél an MATLAB/ Si mulink tabanl ¢
Sourceo bloju ¢zerinden sabit ve séfér dejerli
-al éekxma kokulu alténda de] erklesredidrai Ihmeirkhtainrg.i Bu rc
(ye¢k) ol mamasé anlaména gelir ve bu sayede mot
ul akabil mektedir.
Grafiklerde g°zlemlenen 0,3 saniye gibi késa sy¢!|
-aleérkém sonucu ol arak ortaya -ékmaktadér. Ger-ek
et ki si, yék moment i ve inverter -ékéek karakter:i
daha wuzun ol abilecektir. A rlatma kstratbjiginin -dimdmik kcenap, FOC
karakteristifi czerindeki et ki sini izole bi-imd
edi |l mi ktir. Byl ece denetl eyici yapénen kendi
gzl emlenebil mi ktir.
3.2EldeEdi | en Bul gul arén Literat¢r ile Karkeéel akter e
Bu -al eékmada, Kal eécé Méknatésl e Senkron Motorun
ile birlikte alan zayéflatma stratejisi uygul an
sistemindi nami k tepkisi analiz edil mikktir. El de edi |
de alan zayéflatmanén y¢ksek héezlé rejimlerdeki
di kkat -eki ci benzer |l i kkkeedir,. ve bazé ©°zg¢n farkl el
FOC temel | kontr ol yapélarénén dinami k perf or me
-al ekmada, FOC y°nteminin °zellikle nominal hez
seviyenin (',zerindterglez,iid)rmlaléhérdjéiéniéfnadienediIm
3000 rpm e kadar yapeéelan sim¢glasyonlarda, alan z
bi-imde -al éktelfstemnie abkué méejiilmdedogf r @dademt enkni kbhn
Bu y°n¢gyl e bulgular, Erkarabénén tespitiyle dojru
¥te yandan, alan zayeéeflatma wuygul amasénén et ki
anlateémlar bulunmakt a, ancak bulyantsegmiersif arek lug
dekseni akem be¢gyekl ¢F ¢ gi bi detayl & sayeésal bu
bakeldéejéenda, bu -alékmada 3000 rpmbébden itibaren
3000 rpm i-in 0,@82 s) yYyeObur pazilarm ®&Garkel ék g
akéeml d4Aderie2 A arasénda dejiktijJinin a-ék bi-imde
©zge¢n bir y°n olarak °ne -ékmaktadeéer.
Ayréca ¥z-éra ve ark. (t2@6d2)YroFQC(PDdCJdojgribdamnemkmnm
-al éeékxkmal ar éenda, PMSM motorl arénén hézleée tepki vV e
yéksek y¢gk kokullaré alténda sistem yanédu ar éne
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alténda sim¢glasyon yapél mék ve motorun bu Kkoku
gesteril miktir. ¥rnejin, 1000 rpm i-in 0,077 s,
yerl ekxkme sg¢releri el de tdel kmseti kar Bal aefer mar i
ideal kokullar altéenda denetleyici bakaréméené iz
Dal k (2016) taraféndan ger-eklexktirilen -al exn
karakters t i i ne dair genel yorumlar bulunmakl a biléllik
yé¢zdesio yerl ekme s¢resi, zayeéeflatma s¢resi vie @
daha detayl e bir sunurminietralticjridredke dibrenzerbu ay @m
a-eékl ék ve karkélaktéréelabilirlik a-éséndan daha
4. SONU¢
Bul gul ar bl ¢m¢gnde yer alan grafikler t emel al
stratejisinin siantemapszétiamdekii tétkkibleggyrg kK1 ¢kl er
s¢recinde Simulink yazél eémeé i -erisinde yer al a
parametrelerin zaman eksenindeki anl ék ohaejerl er
analiz edilerek ¢izelge 4.106de sunul muxktur .

¢izel e m¢gl Asyondan EIl de Edilen ¥nemli P

Referans | Yer | e Ak ém Alan "Q max

Hé z S¢res| Y¢gzdeg Zayeéef (A)

(%) S¢res

1000 rpm | 0.077 (s) %1,4 Yok Yok

2000 rpm | 0.217 (S) %0,65 Yok Yok

3000 rpm 0.3 (s) %0,233 0.082 s -4A

4000 rpm | 0.369 (s) %0.15 0.224 s -64A

5000 rpm 0.61 (s) %0.08 0.482 s -72A
Bu -al ékmada, Kal eécé Méknateéesl & Senkron Motor (k
(FOC) ve alsam azteeyjéflleartirma n mot orun dinami k perf ol
incelenmi ktir. Simglasyon sonu- | ai2@®0rpm), giSteme, d¢ K¢
karar |l é duruma ge-i K S¢resi ol dukh-aekesanwl| bp:z?
ul akél mekt ér . Bu b Igede tespit edilen akém or arl
herhangibiree k s eni ak & meé cdahal esine ihtiya- duyul manm
Mot orun nomi nal hezée olan 300 shigymede,i rd, Xt ea dl
sénérl é& bir takma g°zlemlenmi«ktir. Bu hez dejer
adéna al an zayeflatma stratejisini aktif hale ge
veid Asevyesindebiree k seni akémé uygulanméxkteéer.
Daha y¢ksek héz seviyelerine -ékéldejénda (4000
zayéeflatma s¢resinin belirgin kKekilde arttéejé gb@o
ul akma®ésle s@ni yeyi bul muk ve bu s¢re- boyunca 0, 4¢€
172 A6l ek -wm&kkeinmumkeé meée uygulanméKtér. Bu durum,
rejimlerinde daha uzun s¢rekeaelrdajeéna ha- §lg ks ekr tdg
Sonu- ol ar ak, FOC yapéséna entegre edilen alan .
-al ékma kokullaréenda gerilim |Iimitlerinin akélm
dejerl eriéegme wlagdmasekt ér . Bu bajl amda - al &k ma,
uygulamalar i -in FOC ve alan zayéflatma strateji
ve gel ecekt eki kontrol algoritmalaré i-in yol g°
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*Corresponding author: Batuhan Kar a-
¥zeBtu: - al @k ma, -oklu Knsanséz Hava Araceé (KHA) sisten
dajéelemé ve geometrik formasyon ol ukturena tsgmesleri
cyelerinin konum, héz ve y°nelim bilgileri yer kontr
czerinden yeérégtel mektedir. Lider KHA, yapay sinir afjeé
t¢em hardket heyPnl endirmesiyle koordine edil mektedir.
y°n sabitliji ve héz vekt°orleri temel parametreler ol
bireylerinin -izgi, ti gewy,apkbaedahdl ail | ge i hedenfelt e
Hungarian algoritmasé uygul anméxter. Bu yapéelar aras
potansiyel al an yaklakéeméeyla -arpékma enmndalméearda sajmly:
edil mi k; ger-ek zaman|l ®RObByaultymapleasre nid-ai A oikgd &1 &AAE BnO d «
Geliktiril-Ein siesttiemdlen Wer istasyonundan her bireye M
Sonu- lrakreezimekontr ol altyapéséenén d¢kegk geci kme s¢ér e
sajl adejéneé gester-mPretlt emeBu al°aant etmar kmxi ¥ e hedef
performanséné arteérarak alsikebiir val tsérwvnadt iufygaud mmak taada
Anahtar Kelimeler:l nsanséz Hava Aracé (Il ha), S¢ré¢ Kontrol ¢, Me
Formasyon Kontrol ¢, ¢arpékma Engel |l eme, G°rev At ama

Leader Selection and Formation Control in Swarm Uavs SupporgdArtificial Intelligence

Abstract: This study focuses on the leader selection, task allocation, and geometric formation control-of multi
Unmanned Aerial Vehicle (UAV) systems using a centralized control architecture. In the developed system,
position, \elocity, and orientation data of all UAVs are collected at a ground control station, and deciaking
processes are executed centrally. The leader UAV is selected using a neural -hetseatidecision model, and

all swarm maneuvers are coordinated thgbuthis leader under the supervision of the control center. The selection
process considers factors such as distance to mission center, heading stability, and velocity vectors. For formation
control, the swarm is configured into geometric shapes suchnas tiiangle, square, and crescent, with
assignments managed via the Hungarian algorithm. To reduce collision risks during formation transitions, a
collision avoidance method based on Atrtificial Potential Field (APF) is employed. The algorithms are first
modeled and tested in MATLAB and then verified in-teaé through UAV simulations in the GAZERDS
environment. Communication is maintained using4nd the Mavlink protocol from the ground station to each

UAV. Results demonstrate that the centralizedtrol framework offers losatency and efficient coordination,
making it a viable method for reconnaissance, area scanning, and target tracking tasks. The system contributes to
enhanced swarm performance, offering a promising approach for both mdiakgivilian UAV applications.

Keywords:Unmanned Aerial Vehicle (Uav), Swarm Control, Centralized Control, Leader Selection, Neural
Network, Formation Control, Collision Avoidance, Task Assignment
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1. INTRODUCTION

In recent years, Unmanned Aerial VekgI(UAVS) have been actively used in military, civilian and

industrial missions, and research has intensified on the swarming of these systems in multiple
configurations. UAV systems operating with swarm architecture stand out with their advantages such
ashi gh mission efficiency, area coverage and miss

Swarm systems are generally based on distributed and centralized control approaches. In distribyiged
systems, each UAV works as an individual decision maker, while the oggstim is shaped by
biologically inspired rules. Although this structure increases fault tolerance, it can cause coordination
complexity (OlfatiSaber, 2006). Centralized systems, on the other hand, provide more controlled task
management by linking decisimaking processes to a ground station; however, this structure may
create reliability problems due to the dependence on communication infrastructure (Beard & McLain,
2012).

One of the critical control elements in swarm systems is leader selection.literdiere, most of the

time the leader is determined statically, which does not adequately adapt to the dynamism of the task.
The use of artificial intelligence approaches in dynamic leader selection increaseswantna
coordination and enables adaptivehavior (Zhou et al., 2020). In particular, artificial neural networks
(ANNSs) provide effective decision support for selecting the most suitable leader by evaluating factors
such as location, speed, and task distance of individuals (Wang et al., 2015).

In this study, an ANNsupported leader selection mechanism is proposed within a centralized control
structure, and then the geometric formation and task assignment processes are supported by the
Hungarian algorithm. In addition, an artificial potentialdi@pproach is integrated into the system to
eliminate collision risks. The model was simulated in MATLAB and GAZEBOS environments and

its effect on flock coordination was analyzed.

2.LEADER SELECTION

In a swarm structure, it is very important to detiere the leader UAV correctly in order to carry out the

missions in an organized manner. In this study, a single layer artificial neural network (ANN) model is

used for leader selection. The input layer contains the location, speed and distance of eddnJAV

the mission center, while the output | ayer produ
2018). With the activation function, the output values are normalized to the ranfje df1,1 and the

value of 0 is prevented with ther&ishold valua. The individual with the highest score value is assigned

as the leader UAV by the system and is taken as a reference in the formation process.

weights

activation
functon

(p o

activation

X net input
- ner;
i)
—
transfer

function [
(),-
threshold

Figure 2.1. Single layer artificial neural network model.

In this study, a single layer artificial neural network (ANN) model is preferred instead of traditienal "if
then" rulebased decision structures for determining the swarm leader. The input parameters of the
network consist of the distance of individualgte global best position, target position information and
weighted position values of these variables. As a result of the evaluation applied to the input vectors,
the UAV with the output value closest to 1 is assigned as the leader. The system modeles onader

the assumption of a linear problem in scenarios where the number of UAVs is limited and the network
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input parameters are low dimensional. Therefore, in the leader selection process;laysngleucture

that directly learns the inpuutputrelationship was sufficient instead of a deep mlalfer structure.
However, if the number of input variables increases or the system becomes more complex, this structure
will be transformed into a multilayer artificial neural network (MIN) and will need to be trained with

a backpropagation algorithm. Within the scope of the simulation studies, a training data set was created
using the swarm control outputs and this data set was used in the learning process of the leader detection
algorithm. The adeques of the training data and the variety of parameters directly affect the| 95
generalization and prediction performance of the network. In this context, the accuracy of the model
largely depends on the structure of the training data set.

Global best position

il

RE—— Hidden Layer Leadership value
i

Figure 2.2.Swarmleader selection process network structure.

In the hidden layer of the network structure shown in Figure 4.2, the tanh (tangent hyperbolic) function
operating in the intervat],1] was used in the selection process of the activation function to be used.

The activation function used for this operation,

Q —— p, (2.1)

In each iteration, the weights are updated as follows,

0 0 @201 1%, 2.2)

[iderlk Degen: -0.9999

2.5

Liderlik Degeri: 0.9999

2.0 Liderlik Degeri: -1.0 Liderlik Degeri: -1.0

Hedef

10

Liderlik Degeri: -1.0

1 2 3 a 5

Figure 2.3.Example dataset result with leader selection learned.
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3. FORMATION CONTROL AND NEW FORMATION CREATION
3.1.Formation Control

In swarm systems, it is necessary for individuals to be arranged under a certain geometric structure in
order to increase mission effectiveness and for collisiea navigation planning. For this pugs
formation generation was performed using a method based on analytic geometry. The formation
structure is created by distributing the positions of the individuals around a predetermined refere©é
point in threedimensional space (x, y, z) according &rtain rules. In formation planning, a local
coordinate frame is defined for each formation type. This frame contains the center point of the
formation and the positions of the elements around it. The center point is also used as the reference point
of theformation. The formation geometry is built around this center in a symmetric or directional way.
Positioning all individuals according to this coordinate system increases the structural stability of the
swarm and directly contributes to task performaf@e. example, for a triangular formation, a center
point (x , 'y z ) is selected and new | ocation
this point. In this way, the base of the triangle is determined, and the third point is gosétanfixed

height upwards from the midpoint of the base. According to these references, all UAVs are assigned
target points and the role of each individual in the formation is fixed.

The formation distribution is realized with the Hungarian algorithmenieure the minimum total
movement distance. Thanks to this algorithm, each UAV is assigned to the most suitable target point,
thus ensuring fast and energy efficient completion of the formation. During the transition to the
formation, collision avoidancalgorithms are active as the individuals move towards the designated
points.

In addition, \ftype and crescent formations with more complex geometries were also modeled. In the
V-type formation, the leader UAV is located in the center and individualsrareggad at an angle along

both flanks. The angle is determined by a fixed
and right wings. The crescent formation is based on the positioning of individuals along a semicircular
curve, each individuakiassigned to correspond to a specific angular position on the curve, and this
structure is focused on the formation center.

During the formation process, an appropriate control algorithm is needed for the individuals to reach the
target points in a synchinized and stable manner. In this study, PD (proportidegVative) control

simulation is used to guide the UAVs to the target formation points. With this approach, each UAV
moves by taking into account both its position error and speed difference. ddwations and
irregularities that may occur during formation are minimized. A similar approach has been successfully

i mpl emented in multiple quadrotor systems by Tok

06 B VIS (3.1)
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3.2.Line Pattern

The main objective of the model is to put one UAV in the center with reference to the center of the
UAVs and distribute the remaining UAVs equally to the left and right &ridssar a - al , B. 202 2)

[ : Determined formation distance between UAVs
For left regioni =1, ..., N/2, For right region; i= N/2, ..., N
[ r Q (3.2)

o ® (3.3)

In determining the formation pattern, the x or y axis remained fixed and the other axis was translated by
the distance determined to tbenter point of the UAVSs.

Table 3.1.Final UAV positions in the line formation.

UAV NO X Y Z
1 0,2 0,2 3,0
2 5,2 0,2 3,0
3 10,2 0,2 3,0
4 -4,8 0,2 3,0
5 -9,8 0,2 3,0
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Figure 3.2.Simulation result of the line formation (a) perspective, (b) front.

3.3.Triangle Formation

To create the triangle formation, the center point is taken as a reference point and the right and left arms
are added. For the requirement, 3 UAVs and 6 UAVsdded evenly to the center of the right and left

arms.

For the right zone;

0 © —, (3.3)
0 O Qr — (3.4)
For the left region;
o 0 —, (3.5)
Table 3.2.Final positions of the triangular formation in simulation results.

UAV NO X Y y

1 -2,2779 0,1789 3,0

2 2,6912 0,2226 3,0

3 -4,8024 -4,1630 3,0

4 0,1729 4,5051 3,0

5 5,1993 -4,1360 3,0
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Figure 3.3.Triangle pattern.

3.4. Assignment to PatternPoints

In order to successfully implement formation structures, each UAV must be matched with one of the
target points. In this matching process, a cost matrix is constructed based on the distance between each
UAV and each formation point, and an assignimemade to minimize the total movement cost. The
assignment problem is solved by the Hungarian algorithm. This algorithm provideste @re

mapping between n UAVs and n target points, resulting in a solution with the lowest total cost. Thus,
UAVs areguided to their targets by the shortest possible routes, reducing mission time and energy
consumption. The method is managed by a central control unit and the calculated assignment results are
transmitted to the UAVs via Mavlink protocol. This process mak@ossible to complete formation

transitions synchronously and without overlap.

6éd 0Q00 (3.6)

C ost Matrix
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Figure 3.4.Hungarian assignment algorithm.
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Figure 3.5.Line formation assignment process.

4. CONCLUSION AND DISCUSSION

In this studyjn order to realize mission coordination in swarm UAV systems under a centralized control
architecture, leader selection is performed dynamically with a single layer artificial neural network
(ANN) model; then geometric formation points are analyticadfyreed and assigned to individuals with

the Hungarian algorithm. An artificial potential field method is applied for collision avoidance during
formation transitions.

Simulation results show that the developed system completes the tasks with a highrateoesite
maintaining the integrity of the swarm. The ANfdsed leader selection model, working together with
the centralized control system, produced effective results in-sateam routing; reduction in task
duration and stability in formation tranisihs were achieved. Moreover, the Hungarian algorithm
optimized the formation process by minimizing the total distance and energy consumption.

However, the dependency of the centralized control structure on the communication infrastructure limits
the robutness of the system against network delays and single points of failure. Therefore, hybrid
control architectures are recommended to increase fault tolerance, especially$cddegavarms. The
dependency of the ANN structure used in leader selectidheotraining data set is also an important
factor affecting the system performance.

In conclusion, the proposed control architecture has the potential to improve task efficiency in small and
mediumsized swarm systems. In future studies, it is planneestatie model with distributed control
systems and to make the leadership mechanism more flexible with multilayer neural networks or
reinforcement learning.
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Performance Analysis of Swarm Control Methods in Unmanned Aerial Vehicles

Abstract: This study preents a comparative performance evaluation of various swarm optimization methods and
control algorithms implemented within a centralized architecture for Unmanned Aerial Vehicle (UAV) swarms.
Particle Swarm Optimization (PSO) is adopted as the baselingothend compared with Bird Swarm Algorithm
(BSA), Artificial Bee Colony (ABC), Bat Algorithm (BA), and Firefly Algorithm (FA). Each algorithm is assessed
in terms of convergence speed, task success rate, computational efficiency, and stability. A dtvsioen so
framework enables centralized command and telemetry management ovEi-ad¥ed communication network,
allowing realtime position and velocity control of swarm members. Collision avoidance is ensured using potential
field functions, while leadeselection is performed through a sindgger artificial neural network model based

on mission requirements. All control approaches are implemented and evaluated in the GR2BBDnulation
environment. Results indicate that PSO offers superior overédinppgance, while FA and BSA present advantages

in terms of lower computational cost in simpler tasks. This work highlights the applicability and limitations of
various centralized control strategies in swarm UAV coordination, offering practical insightetlo military

and civilian mission planning.

Keywords:Uav Swarm, Centralized Control, Swarm Optimization, Pso, Control Algorithms, Artificial
Kntelligence, Simulation

INTRODUCTION
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The rapid development of Unmanned Aerial Vehicles (UAV) technologyntasased the importance

of swarm structures based on the coordinated operation of multiple UAV systems. These systems are
widely used in applications such as military reconnaissance, border surveillance, disaster management
and civil logistics. The effeteness of control strategies in swarm UAV systems plays a direct
determining role on mission success, system stability and resource utilization.

Control architectures are generally divided into centralized and distributed structures. In centralizl?fb
systens, all decisions are made by a single unit, while distributed systems rely on local interactiohs
between individuals. While centralized control provides uniformity in decision quality, it may have
limitations in terms of scalability and communication dslajn this context, centralized control
architectures provide advantages in terms of task assignment and decision optimality (Khamis et al.,
2015).

Among the methods used in swarm control, biologically inspired optimization algorithms stand out.
Thesealgorithms aim to achieve a balance of exploration and exploitation in problem solving by taking
inspiration from collective action behaviors in nature. Methods such as Particle Swarm Optimization
(PSO), Artificial Bee Colony (ABC), Bird Swarm Algorithm §2\), Bat Algorithm (BA) and Firefly
Algorithm (FA) have been successfully applied in maoltjective missions. For example, Karaboga and
Basturk (2008) state that the ABC algorithm offers advantages such as implementation flexibility,
robustness and low pEmeter dependency; however, it is also noted that the algorithm converges slowly
in batch processes.

In this paper, a comparative analysis of five different swarm optimization methods operating under a
centralized control architecture is presented. Edgtrithm is evaluated on performance criteria such

as task success rate, convergence time, computational load and stability. The developed systems were
tested in the GAZEBEAROS simulation environment to systematically demonstrate the success of the
algorithms under different conditions.

METHOD

General system architecture of the methods used in swarm control operations. Telemetry information
(position, speed, etc.) received from UAVs is bridged with mavproxy via serial port. Mavproxy
translates the read data local and broadcasts from UDP or TCP protocols. By accessing this
information in the ROS simulation, operations are performed with real data. The other method is to
broadcast telemetry information directly from the WVnetwork and all UAV access padnare gathered

in a single station and connected by ROS through the router.

ol 20 LI : Pozizyon, Hiz
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Figure 2.1.System diagram used in flight tests.
1.1.Particle Swarm Optimization (PSO)
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Kennedy and Eberhart (1995) developed the Particle Swarm Optimization (PSO) algorittira fo
optimization of nonlinear functions, a method based on a stocies@d collective intelligence
approach. PSO is an optimization method inspired by the foraging behavior of flocks of birds. Each
"particle” represents a solution and acts in thectloe of the best individual (pbest) and global (gbest)
solutions. In the Particle Swarm Optimization (PSO) algorithm, the best solution position achieved by
each particle in its own history is called personal best (pbest), while the best solution pobitwed

among all particles in the population is called global best (gbest). In each iteration of the algorithm, {4
velocity and position vectors of the particles are recalculated according to the current pbest and gbest
values in accordance with certaipdate rules.

O @ 1&£Q N n o, (2.1)
O © i£Q 0 n o, (2.2)
0 0O W ®, (2.3)

Hera) is the inertia coefficienfy ando are the learning coefficientsg ‘Gand ¢ ‘Care random
numbers between [0, 1], is the position of the particle atdis the velocity. New location

1.2.Bird Swarm Algorithm (BSA)

Meng et al. (2015) developed a new swarm intelligence algorithm called Bird Swarm Optimization
(BSO/BSA) forsolving optimization problems. This method is inspired by the social behaviors and
interactions observed in bird flocks and is based on three basic biological behavior models, specifically
foraging, vigilance and flight behaviors. The BSO algorithm deffoes different search strategies
based on five rules of thumb corresponding to these behaviors. Comparative simulations have shown
that the proposed method achieves high performance on various standard optimization problems (Meng
et al., 2015).

Goal sear formula (social interaction):

Do p OO MEQ @O @O, (2.4)

Arousal behavior (leader following):

Do p o O o o wo, (2.5)

1.3. Artificial Bee Colony (ABC)

The ABC algorithm is based on the processgsnbich bees search for nectar sources and share
information. Bees are divided into three roles: worker bees, scout bees and observers.

New solution generation (worker bees), path planning:

® 0o 1w o, (2.6)

Here
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f  available solution
1 o a different solution
1 n ~[-1,1]: random number

The selected solutions are evaluated by the observers according to their suitability values and directed
towards better solutions. | 105

1.4.Bat Algorithm (BA)

BA is based on the echwrientation and navigation behavior of microbats. By sending sound waves,
bats detect objects in their environment and change direction accordingly. Based on this biological
principle, the frequency, speed and position of each individual are updatatievitiowing formulas

MR 0 0 WEQ 2.7)
Vo DO p GO p «OQ (2.8)
Do wo p U O, (2.9)

1.5.Firefly Algorithm (FA)

FA is based on the behavior of fireflies to approach each othasponse to light intensity. Each
individual moves according to the brightness level of other individuals. Brightness is proportional to
solution quality. Better solutions are considered brighter and other individuals gravitate towards them.
The equation fomotion is as follows:

wo w I Q w o |7, (2.10)

T maximum attractiveness,

[ : light absorption coefficient,

i :the distance between two individuals,
| : coefficient of randomness,

T : random distribution function (usuallyl],1]).

The FA algorithm produces fast results with its simple structure and low computational cost; however,
its stability and success rate may be lower compared to algorithms such as PSO.

PERFORMANCE ANALYSIS

In this study, the vectorial method change of the PSO algorithm in MATLAB environment was tested
with 4 iterations in ordeto observe the best position (Pbest) and best orientation (Gbest) in the swarm
(Kara-al, B. 2022)
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Figure 3.1.Vectorial simulatiorof PSO algorithm with 4 iterations

| 106

The output results of the Michalewicz and Easom test functions, which are used to evaluate the global
and local minimum detection ability of the PSO algorithm, are obtained under boundary values in the
range of [0, 4] ad operating conditions of 20 iterations. The optimization outputs of these functions are

presented in Figure 3.2 and Figure 3.3 respectively.

3.5

20 00

Figure 3.2.MICHALEWICZ function output for PSO minimization search.
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Figure 3.3.EASOM function output for PSO minimization.

In Figure 3.2 and Figure 3.3, in the function outputs of the PSO algorithm for the minimum search
process, it is observed that particles are concentrated in the regions of the curves with the steepest slope
(minimum). Particles clustered in these regions are represented in red on the graph.
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Figure 3.4.Performance comparison of two functions for finding the minimum.
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Figure 3.5.Testing different iterations and number of particles to find the minimum.

Other swarm intelligence based algorithms sudBikSwarm Algorithm (BSA), Artificial Bee Colony
(ABC/ABA), Bat Algorithm (BA) and Firefly Algorithm (FA)were evaluated in theomparative
analysis and their optimization performances were analyzed in a simulation environment by modeling
them on a complex nonlinear test function, Michalewicz function.
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Figure 3.6.Swarm algorithms xy junction vector test results.

As part of thecomparative analysis, the performance of the Particle Swarm Optimization (PSO)
algorithm was evaluated for different particle numbers, keeping the number of iterations constant. For
this purpose, a total of 200 particles were initially generated to rulOfditerations in each scenario,

the initial positions of the particles were fixed, and the velocity update coefficients were randomized for
each iteration and particle. In the experimental scenarios, the number of particles was changed to 5, 20,
40, 50,100 and 200, which directly affected the interaction between particles and the success of reaching
the global best position. In the minimum search tests, itis observed that PSO and ABA/ABC algorithms



(C  23"UBAK, 0506 July20%5, Ankara [0
UBAK UBAK

can successfully reach the global minimum point indimeulations performed with reference to the
Mi chal ewicz function (Kara-al, B. 2022).

CONCLUSION AND DISCUSSION

When the results obtained are evaluated, it is observed that the time to reach the fixed target position in
the search space decreases sigmiflgavith the increase in the number of particles used. In the Particle
Swarm Optimization (PSO) algorithm, since the positions of the particles are dynamically updated|a09
each iteration, the algorithm tends to generate new solution points around batragtblocal minima.

Thanks to this structure, more solution regions are scanned when using a higher number of particles,
and the system can reach the target faster and more consistently from fixed initial positions. This reveals
that increasing the numbef particles significantly improves the optimization performance, especially

in scenarios where the initial positions are kept constant.
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A Circular Economy Perspective On the Integration of Sustainable Supply Chain Management and Product
Lifecycle Management (PIm)

Abstract: In today's world, where global competition and environmental risksoar¢he rise, sustainability
oriented supply chain management holds strategic importance for industrial enterprises. In this context, Product
Lifecycle Management (PLM) systems offer the opportunity to manage data and processes in alignment with
environmetal goals across all stages of a product's lifecgdimm design to recycling. The integration of PLM

with supply chain processes enables the optimization of resource usage, reduction of environmental impacts, and
ensures traceability throughout the entlifecycle. This study examines the integration of sustainable supply
chains and PLM from the perspective of the circular economy. It also evaluates the potential of this integration to
reduce carbon footprints, enhance efficiency, and support greendraratfon. Based on a literature review, the
impact of PLM solutions on carbon tracking, material selection, and production planning is analyzed. The findings
indicate that PLMbased sustainability practices make significant contributions to reducing emératal impact,
ensuring transparency in the supply chain, and supporting circular production principles. In conclusion, the
integrated use of PLM systems with supply chains during the transition to a circular economy provides businesses
with a strategic dvantage in achieving sustainability goals.

Keywords:Sustainability, Supply Chain, PIm, Circular Economy
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21. Y¢zyél da artan -evresel baskeéel ar , kaynakl ar

sorunl ar , i Kl et meltemi veahadagi &g yagpbebialrier kgr enay a
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s¢rdegreéelebilirli k sadece -evrese r sorumlul ul
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avantajeée ve kurumsal dejer a-éeéséndan sekonamkej i k b
ve sosyal s¢rdegreéeglebilirli k hedeflerine ul akabi
sistemlerle m¢gmkegnder . Porter ve Kramer (2011) ,
zamanda ekonomi k rkekabeit Baylakéhanabe¢jgemabYaratn
amacé g¢tmenin sosyal ama-la birlexktif]Ji daha vy¢
s¢rdel er .
Géenegmegz sanayi ortaménda k¢resel r e k akb ebti rhé’zncl%ella
haline gel miktir. Kkl et mel er arték sadece maliy
minimize eden ve kaynak verimliliJini arteéran s
zinciri s¢re-1 eriilrkded es p nd pr pleenbiimsiernimeks i ni Zor u
boyunca sera gazée emisyonlarénén azalteéel masé, ma
potansiyelinin arterélmasé gibi hedefl dalne -evr e
gel mi ktir
Bu bajl amda, i ré¢en Yakam D°nge¢éseée YPnet i mi (PLM)
kullanem °mr¢ sonuna ve ger. d°n¢gkegm s¢gre-1lerin
y°netmeye olanak sajstagwanwork.apPhil ai sfPemméer ; S ¢
mal zeme se-i mi, karbon ayak i zi takibi, tedar il
-evresel et ki analizleri gi bi ikl evlierle, -evrec
Kkl et melerin hezl e, kaliteldi ve d¢kegk maliyet| ¢
s¢re-lere ihtiya-1laré vardeéer. Bu gereklilikle k.
hale gel mi ktir. 1 r ¢ n  hilidiksanan sistemley gagegind®d kollauat maaelii z 1 e r
yerine ¢réenlerion don¢ktereglerek tekrar kull anén
sajl anmaktadér Kaynaklarén tekrar kazanémé esa
yo°netitminlikte getirir ve hem -evresel hem ekono
denge¢l erini kull anéemlaréendan ger. kazanéemlar éna
i-in en iyl °neridir. Andceafkl, erliiytleer awt & &lea nsd¢érrdé¢l 1
y°neti mi ile PLM sistemlerinin d°ngg¢sel ek onomi
-al ékmal ar séneér | édeér . Bu -al &k ma, s®z konusu er
operasyoneck azanéml ar é& incel emeyi ama-|l amaktader . Ayn
stratejilerinin uygulanabilirliJini de dejerl end
Bu kapsamda, -al ékmanén t emel amac é; s¢erder ¢l ebi
zincirmi y°%reetPiLM sistemlerinin entegrasyonunu an
i Kl et melere sajlayabil ece].i kat ma dejeri ortaya
mal zeme se-i mi ve ¢retim planl aunasma ¢°reméa nlderkii
edi | mi ktir.

1. KAVRAMSAL ¢ERCEVE
S¢rdegre¢glebilir Tedari k Zinciri Y°net i mi il e 1 re¢n
-al exkxmalar, son yéllarda artan -evresel kaygéel ar
literat¢rde giderek daha fazla yer bul makt adeér
stratejileri ve d°ngg¢sel ekonomi yaklakéemlar éeéneé

11S¢é¢rdeéer gl ebilirl ik
S¢rderéglebilirlik,ad®,] ailklkiamnadi iakiélnl ikjoirwlnen m¢ c a
topl umsal refah ve exitlik, Kkur ums al itibar ve r
t¢em canl él ar i-in kritik ©°neme sahipti sosyal( Met e,
ol ar ak é - ana bakl ek altenda el e al éneéer , vV e an
s¢rdereelebilirlik sajlanabilir. Son yéll arda b
hézl andér mékt ér . (Ma ve arn kni k2 3R) , Arptlarst h&am
teoketiminin artmasé, fosil yaket bajéml el ej é; y
kaynakl arénen akeéré kullanémé ve aték sulareén
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kull anem&mmskta eszmmayil ekme sonucu ortaya -ékan Kk
gi bi etkenlerin doj al kaynaklarén kalitesini bo
art mecxkteéer . Kar bon emisyonlabakéanhéazabht gPmas&.or A
Birliji, 2050 yeleéena kadar i klim n°tr bir kéta o
indir meyi ama-1lamaktader. Bu dojrultuda, Avrupa
ekonomi d ukt ur ul maseée s¢recinde t emi z teknol ojileri
Commission, 20237 ¢ r ki yedde -evre kirlilijJinin °nl enldsi
uygulanmakta olan ¢evre Kanunl akeésimedacjurn o lutru ssrien d
kaynakl arén dengeld] ve verimli HS&LI| ameldmdeéneée uy
-evreyi kirleten ikletmelere -exitli yaptér émlar
kanunlar hem de sosyal sorumlu k kapsaménda y(;rg,tt(;kleri -ekitli
hakl ar éna sayge, kadén i stihdame, engel | i eri Ki
hedefl er. Ayreéca Avrupa pazarena ikhrarpss aamné nydap &rma r fl
ayak izini raporlayabilenler, ver gi sel yéekten ko
l2Tedari k Zinciri Y°net i mi

Kkl et mel er, tedarik zincirini yalnézca késa vade
stratejik rekabedceksthinl ¢jdeg] sraj lyayalbielm al ané C
(Mant hou, VI achopoul ou & Folinas, 2003) Tedarik
°nceli k veren organizasyonl ar, pazardaki rekabe:
maka dejerl erini g¢-lendirmi ktir. (Kél é-, 2024)

Tedari k Zincirdi Y°net i mi, mal zeme ve créenlerin
hareketini y°neten bir dizi s¢re-tir. Ende¢gstriye
zamangmeaetai m gereklilikler:i ve tedari k- il kki |
sahiptir. Christopher, tedarik zinciri y°neti min
kontr ol altenda tutul maseé&janéseamnudagnl mmmakeaderb.i
Y°netimi6in dijitall ekmesi, daha hezlé ve dojru
akamaséndaki s¢re-lerin keffafl ejéne arterer. r
Y°neti mi &i nenRleMrialsyonunun, cretim Kirketlerine

zamanl & olarak optimize etme férsaté sunduju ©°n
cretime kadar ol an s¢re-lerin bzamani kayta@nad wmyu
eder.

Dijital D°n¢kem il e birlikte Tedari k Zinciri Y
kavukmuktur . ¥zelli kle PLM sistemler. il e Tedar.
tedari k faal inget lyeiri¢gnti¢nl meexsi ne@mal anak tanémakt a
kadar ol an tem s¢éegre-1lerin sanal ortamda ger - e
ger ¢l ebil mektedir. El kington (1998), Kk lirent mel er i
ekonomi k, -evresel ve sosyal etkilerini dejerlen
Hervani 6ye g°re fAyekild s°zc¢je 1ile -evre il e |
Tedari k Zinciri Y°neti mi; -evre doskuZsarcdgi ¢ el
yakam d°ng¢s¢ boyunca tedari kten geri d°ng¢gke¢ me Kk
g°z °n¢gnde bulundurul maséder. Yeki | Tedari k Zin
getirdijimizde -evralszaémeat €&- i yn° net ama sr@&ndian b :
sajlamaktadeéer . Bu avant aj d°ng¢sel ek onomi anl ay
g°re PLM sistemi, kaynakl arén yeniden kull anéme
y°netimn yakam¢egdingegsenegn sajladeéejé imkanlar il e

1.3 1 ré¢n Yakam D°ng¢seé¢e (PLM)

G¢e¢negmegzde teknol oj i hezénén artmaséyla birlikte

dejiken kokullardac¢ka@ypmadlknekeid i-mlni fi Jimail as&m ¢r ¢n
°nem kazanméxkt ér . Geliken teknolojiyle dijitall!
fikir aKamasendan atéek haline geldikllery° msegtriemi b
yeni de kull aneéem, ver i payl akemé vb.) sanal ort
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rinden farkleée t¢egm s¢gre-lerine entegre e
laréen s¢rdegrgmabalrentdak kegebdkewenembl bi i,
er i azaltmaya katké sajlayan bir -%z¢m %
s¢nde sajlanan i zlenebilirlik sayesinde sg¢
i.kKt¥zell i kl e d°ng¢sel ekonominin getirisi 0
|l akmékt er . PLM kullanéméeyla birlikte tasar
bi
i
k|

di |
I

oo —*+o

‘D —oQ o~ ——

| ecek karbon sal éenémémé nhedapléanyea bbiul ikth3yve
irler. Ayné zamanda bu sistemler, mal z e me
eyen bir bakék a-éséna sahiptir, yeniden
olayvebBzI|l éca wulakabil memi zi sajl ar. S¢rder ¢l e
grasyonu sajlandéjénda kaynakl ar ér
akam d°ng¢se¢ boyunca izl enebi |(2022), BLMmsisteanéerinime d e f i
e mel amaceéneé, bir ¢rée¢ngn yakam d°ngeéegseée boyunca
tegre kekilde y°net mek, byl ece ikKletmeye ver
arak beli Ineirkit,i ry.e nPiL M, rs¢ginstgeem i Kt i rme s¢re-1 er
| mak amac |l a pek -ok stratejik avantaj sunmak
a I
I

Tca"toxo

ndartl ar a uyumlu dijital drietiimd es tyr° anted ji il le
akeéel méxkt

> o —>S

t
y
y
r

D o D =

' RD! R! LEBKLKRLKK ODAKLI TEDARKK ZKNCKRK Y¥NETKN

euring ve M¢ller (2008), 06e g°re S¢rdereglebilir
©zeten devamleé kal kedenat dimidreifdnceen don nkthlalma nmac é
l epl erini dinl eyerek ekonomi k, -evresel Ve SO0S:s
para transfer.i hareketlerinin y°netimidir.
uml anmasé olarak g°r ¢l mektedir, hatta ©b
;m kesi mler. kapsar .

y
¢
ebilirlik odakle tedarik iri yenet.
y
e

- °0 o
o 5

Do <C o
- o

— .
WB—:
D S -
S QT e
— o

zinc
e vnmiensi emi zeet keidieenr,i sosyal sorumluluju ©°nc
t e

ayeéeke benimsediiji bir-ok arack rmada yer

bilirlik odakl é& tedarik zinciri yoneti
| okdak | @ntyeakr asyonunu ama-1| amaktadér . Bu
hayatéeméza girerek; crénegn yakam d°o°ngg¢ s
ygul amal arén beni msenmesi ni i fade et mekt e

o D
- = = o
C O D

3 %

mén é, onar éméné ve ger.i do°neé¢kKt gr ¢l mesini
I s¢rder ¢l ebBu iydkil]ak ékna,t kaet a&aku aymParkd thiidn@ilr i. ) @
ktadeéer. ir¢enl erin tasaréméndan i tibaren
nmasé esasteéer. Bal bay(2021)6a g°re g°ndg¢ s e
mal zemel eacajgenfdeangkal | daegeér takéyan ha
ayan faaliyetlerdir.

¢
e
e
u
el e kionadanjir uvilltkuessuenrda gel i ktirilen tedarik
2]
e
a

5T 0O o

STt T << < T
—® S o Q@

al s(;rdg,rc',lebilirlik, tedari k zinciri s¢re- |
n haklaréna saygénénegéuiekitltemsihi v ylerwreki
ro. Bu yakl akémda, kef fafl &k, izl enebilirlik
belirleyicileri arasénda yer al maktadeéer.
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d°n¢kemle destekltedan i k® zdmlcarr,i smaedri o
ni °neml i o] -¢de artérmaktader . Nesnel e
gi bi ara-|lar sayesinde, tedar ihéde zi ncir
r Bu sayede ikletmeler hem yasal gel
[
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ebilirlik hedeflerine daha planlaé progr
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mal ar énén sunduju -°z¢;mler yexkil tedar
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hem -evresel hem mal i avanhwj fisramd laara&n adklr i m Bw
yakl akémlaré hem s¢grdegreglebilirli k raporl amal ar é
et kil emektedir. PLM -°z¢m uygul amal aréndan baze
3.1 Teamcenterddid gl ®&bijliitral | vegn SGel i kKt i r me

Siemensdéin Teamcenter i ré¢en Maliyet Y°net i mi -°%z
Zamanl é, dinami k ve b¢teégnsel kekilde analiz |1d4 m
takéma gi bi parsamatrryel eri mgd ersiyrochérmr € yapél ar ak
sistem, PLM ve ERP sistemleriyle tam entegre -a
karbon verilerini gencecel tutar . Mal i yeitmewe karb
dojrulamaya, ¢retim baklangécéna kadar her akama
kel ar . Mal zeme | istesi lrée¢n Yakam D°ngeéseée Y°°net |
sistemlerinden gel en gelniciek Il ermev e rrmheel ieykeetl leer, d ekii
bir kekilde izleyebilir. Bu yetenek, °czell ikl e
m¢hendislik, tedarik ve finansé kapsayakihedi ji t al
paydakén ortak bir veri seti ¢zerinden -al ékmaseée
Teamcenter, ¢retim baklamadan °nce karbon sal é&mé
tanéyarak, ikletmelere idlahlkambaidl aréialvmasf endgat é
tedar i k- verileri, |l oji stik senaryolare ve ¢re
maliyet avantajé sajlarken -evresel sorumlulujun

3.2 Airbus'ta Di j it al D°n¢Keém

Dijital i kiz teknolojisiyle desteklenen PLM pl .
cretimde mal zeme ile enerji kull anéméné en aza
tedari k-ilerle kurdujwrestkgregr di st keabislaiyrelsii Jnid €
ol uktur muktur . Ai rbusdéén internet sitesinde bu
ADijital devri m, Airbus'taki operasyonl arén her
inovasyon vV e m¢ kemmel | i Ji tekvik ediyor . EKki pl e
kol ayl akt ér may a, verimlilifji artérmaya ve ¢reti
Gevenl i ve birlexik bir d¢nya ianmanc esnerzde, rdesel setbei ki
°neml i bir rol oynuyor .o

Var han (2023), -ekKitli i sterlere g°re ¢retil ece
ekonomiye g°re °9zellektirme yapél masénén PLM sis
vurgu ma k't adeéer . Bu sistemlerin tasarém ve analizd
|l ojistije kadar bir-ok farkleé alanda, yapayzeka
gel i ktirmesi il e havacél ekd¥rgsae/luneniao rserkitya ¢Wmnyec

olukmaséna da olanak sajlamaktadeér

Sekil 6: Konsept Tasarim Sekil 7: AI Tasarim Optimizasyonu ’
(Inis Takimt Mekanizmast) (Inis Takimi Mekanizmast)
Kaynak: Airbus & Dassault Systemes, 2019. $ekil 5: imalat Tiirlerine Gore Al Tasarim Optimizasyon Sonuglan
Kaynak: Airbus & Dassault Systemes, 2019.
kekil 1: Kaynak: Varhan (2023), kekil 5, kekil 6 ve keki.l 7.
Varhan, O. (2024). T¢rk Savunma ve Havacél ék Sanayii asttdi D°ngg¢sel
Uygul ama ¥rnekleri. Ege | niversitesi -89 aktérma Y°netimi Araxkterr
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3.3 Mavi Jeans S¢rdegr gl ebilir Tasarém ve Mal ze
S¢rdegr¢glebilirlik hedeflerinde pordgaesitlerpambk, sge
mal zemel er i n kull anéeméneée arter mak yer al maktad
akamasénda optimize et mesi il e Mavi ' nin AlIl Bl ue
PLM Entegrasyonu sayesinde merkezi malzeme v t abané il e PLM sistemi,
kumaxkl!| ar én, i pliklerin ve aksesuarl areén - e\ 1l®s «
don¢gkt ¢r el mgk i -eri k-°arneaerj @-hebOerkOI &) seretiehi kabpa
k ¢ phane sunar.
Tasarem Kar ar Desteji sayesinde tasaréemceéel ar vV e
tasarl ar ken, PLM' deki bu verileri kullanar ak f
toplam -evresel et ktiksiil esrziemrii ngl®rke b iploitralnesri.y eBu ,e
bilin-1: ol arak se-mel erini sajl ar.
Sanal Prototipleme ile fiziksel numune ¢reti mini
tasarém ve sanal prototipyemezygmynda opazaka kuék
hézlandér ér . S¢rder¢é¢glebilirlik faydasé ol arak d
mal zeme kull ané@eanasgraerti erélhmnaeké, aArekl arén azalt
SONU¢ VE ¥NERKLER
Bu - al éxkxknmaldeehi Isigrid¢kr odakl @ tedari k zinciri y°on
d°ng¢sel ekonomi perspektifi -er-evesinde ele a
vadel i s¢e¢rdereglebilirlik hedeflernnedujakabj | ing
-evresel et kil eri g®zeten bir yapéda yeniden kur
PLM sistemleri, Sréneén fikir akamaseéndan ni hai
yoneti mini mer kezil ekeriaerak,tagnrBepn akamaesgalda e
olanak sajlamaktader. Ayné zamanda, tedari k zin
s¢rder gl ebilir kaynak kull anémé, at ék y°net i mi
uy gul a ma kstekleenakéedird a d
Ent egrasyonun bakaréya ul akabil mesi i -in, PLM ve
aléekveriki akéecé ve senkronize ol malée ve bilgi a
yapé hem de drnganiaza@&syoanraln KdPn¢kem gereklidir. B
tedari k zinciri ile PLM sistemlerinin entegrasyo
i -in sistematik adémlareén ateéel masé gerekmektedir
¥ncelikle, adiéejni tgal-1 aindy ap & Ime s i il e baklanmal edeé
sistemler.i araséndaki ver.i al ékverikinin ger -
ger -eklektirilebil mesi i-in entegre dijital pl at
1 rén t a¢gsrag-élnmer i ;1 de d°nge¢sel ek onomi yakl akéml a
s®ke¢glebilirlik, onar éegabi | dPhigk¢meolyamalkllear ek ut &
par-asé haline getirilmelidir. PLM giapted minaréir reil
sonucunda, -evresel etkilerin hen¢gz tasarém akan
Ayr éca, s¢rdereéelebilir tedari k zinciri hedefl eri
bu paydakl ara y°%nmreeltiikm sféarrdkéernédiae béijléei rkazandeér aca
gerekmektedir. Byl ece d°ng¢sel ek onomi yakl aké
tedari k-ilerden m¢gkterilere kadar t¢m pagmgdaxkl ar é
PLM sistemlerine karbon ayak izi, ener ji t ¢ ket
g°stergeleri entegre edilmeli; bu g°stergeler, t
temel i ni ol uktur mal édeér .
Buna ek ol ar ak, entegrasyon sg¢greci ul usl ar ar aseée
dojrultusunda y¢r et el meli; kirket politikalare b
uyumda s¢rdereéeglebilirlik sajlanmal édeér .
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Son olar& |, bu al andaki bil gi/veriiTedar kkmiZninrci ar t &
entegrasyonunun -evresel ve operasyonel et kil eri
tekvik edil mesi ve desteklenmgsil amar ékmekt edi r .\
pratikler ¢zerinden Dijital D°n¢kegmeg hedefl eyen
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¥zeHel i sel kazeéekl ar ; sahip olduklaré «kafta, kuvvet |
yerlekxtirilen ve baseén-, -elemk,arxk@&nanuk aglesngnt rsiakf | gqiyla
sistemleridir. Bu -al ékmada, kohezyonsuz séké zemine
altendaki davranéeklareé; sonlu elemanl ar slei fiN) seahbht al
(s) ile g°m¢gl me derinlifJi (L) dejerleri dejiken fark
geotekni k tasarém yazéel éménda modell enmi ktir. Eksene
helisel &hlhemanl saonliumit analiziyle -°z¢mlenerek her
ol arak tespit edilmiktir. Bu arakteéermada, kurul an t ¢
edil en maksi mum -ekme ygkdelranardelayegsalh e ysuallglud lauj @
maksi mum -ekme y¢kleri araséndaki fark ortal ama %22 o
yé¢kl eme kokull arée altéenda sayésal ol armikni-rP zkeunhl | eannnéel sai
ol duju ortaya koyul muktur

Anahtar KelimelerrHe | i s e | Kazeék, Kohezyonsuz Zemin, Seké Kum,

Elemanlar Limit Analizi
Determination of Uplift Capacity of Helical Piles Using Finite Element Limitnalysis

Abstract: Helical piles are deep foundation systems installed through the application of rotational torque, which
allows them to be screwed into the soil to effectively resist a composite of loading conditions, including
compression, tensiotateral, and eccentric forces. In this study, the behavior of model helical piles embedded in
dense cohesionless soil under the effect of axial uplift load was investigated using the finite element limit analysis
method. Different types of model helicalepi with varying helix diameters (D), number of helices (N), helix
spacing (s), and embedment depths (L), were modeleditmensionally in OPTUM G2 geotechnical design
software. Fifteen helical piles with different characteristics subjected to axidt lgald were analyzed by finite
element limit analysis, and the maximum uplift loads for each analysis were determined numerically. In this paper,
the maximum tensile loads obtained from all the establisheditwensional finite element model analysesewer
compared with the experimental findings, and the difference between the maximum tensile loads was calculated
to be 22% on average, representing the experimentalerical compatibility. Consequently, it has been
demonstrated that the finite element lianialysis method is applicable for the numerical analysis of helical piles
under axial loading conditions.

Keywords:Helical Pile, Cohesionless Soil, Dense Sand, Axial Loading, Numerical Analysis, Finite Element Limit
Analysis

1. GKRKK
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i sel gkazéekhak; mghendislijine konu olan bir-o
ésal olarak merkezinde bir «kxaft ile kafta tut
ellikle -elikten i mal e di lveyn helisel ankrajlar Dl&rakeld si st
andér él an helisel kazekl ar ; mal i yet etkinlifj
iye sahip ol malaré nedeniyle °ne -ékan bir te
@kl arnédne nyeerrk eazlian «kaftén alténdaki koni k u- y.
esinde, kazék ekseninde, Kaft czerinden |A19r
nl ere kurulumu ger -ekl ekmektjeldaman Beuk skeanzed k | c
eketi sayesinde zeminlere monte edilirken bu
nl ere kurulumunun -0k d¢kegk degzeyde Dbir geér
erl eri, 2025) .
i sel kklhzéektuemr ; buzul gi bi -ok -exitli zemin p
ami k gibi farklé ye¢kl eme kokull arée alténda mg¢
| anémé giderek yaygénl ar®d”5hir Ekenil martakmelbue k
ulumu nispeten kolay ol masénén yanénda eri Ki
nl ere monte edilebil mekte ve kazék kapasite
irl enebi Wi jkianzdeekn ,ar helziesmi nl er e yerl ektiril m
l enebil mektedir (Per ko, 20009; Harnish ve EI
ekl ar ; iletim kuleleri, a- ek d-einn zbiprl att d me Iml s
rak genik -apta kullanél malarénén yané sér a,
éklara potansiyel bir alt se-enek olarak ©°ne
kezinderkak Ikaanfmiéak khaeyl i s el pl akal ara sahip bu k
asla daha y¢ksek takéma kapasitesi ve -ekme ¢
vetl erine karké koyan bir t enenkldetmeyldamd gelen ol ar
armayé veya Y¢ksel meyi etkin bir kKekilde kont
Kén helisel kazéekl ar ; -ekme y¢gkeéene kar ké muk.
a da kurulum- ekrkd |kapasi tdeesii -teakemi nl er i, kazdé
rak s¢rmektedir (Wang ve dijerleri, 2020) .
-al eékmada, mo d e | hel i sel kazéekl ar én, kohezyon
ranéckl ar ée; bil gisoay air edretmamérada |y an gt calnean i z i
kl & Del] i sMyasee g(r dallé] éka(zék dPmdémer lderiméi $ah
i sel kazéklar; iKki boyutl u eksenel tekmktri ge
arém programénda sonlu el emanlar esasl é& model
cnhe maruz sékée zemine g°m¢gl ¢ on bek adet far
i zi ile -°2z¢:;mlekedrnelenhgrenbil meabalimlierinika:
pit edil miktir.
Y¥NTEM
-al éexkxma kapsaménda, Tahirojlu (2021) tarafend
améndaki séké kum zeminl er dteas aerkédm we,rkiglner imawu
u-1| ar ée; sayésal model |l eme amacéyla kaynak ol
ekl eri olarak se-ilen on bek adet farkl é tasa
uz beéer &k éy eamrialkmek ochdvr anéke ve maksi mum - ek me
gul ar é&; bu -alékma i-erisinde irdelenmickktir.
enel -ekme y¢ke¢e et kisi alténdaki hel i sel k az
md a Kk i zemin kg¢tnlaekslianniann avjeé rd &84 &jnam ny Kkaayr € y°r
jée y°nl ¢ bir zemin direnci olukur iken bahset
|l adéjée kenetl enme et ki si il e birlekerek kaze

kaz k|l ara kéyasla -ok daha ¢steéegn bir -ekme kapasi
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Bir g°m¢l ¢ helisel kazéek veya ankr aj sisteminin
potansiyel g°-me y¢zeyi-kdkogairnayae zdeeyvir ekyeey ngai r ceinr ez
mekani zmaséné texkkil eden zemin k¢gtlesinin ajér |
Hel i sel kazéeklarén (ve helisel ankrajlareéen) -ekm
me kani zsmaesrégegs’i ol an ve konik yenilme y¢gzeyi ol ar
ve bu durumun gerek-esi, -ekme vy ¢kkegkrmblire,1 g2 esmieniid d
czere helis plakasé ile zemin gerrziewli e yaerna sieapddk
bi-imindeki zemin k¢gtlesinin yer dejikiminden do
ve dijerleri, 1991; Perko, 2009; Das ve Shukl a,
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kekitleklme y¢ke¢ne nkalraurzd ah e®lrinseekl bkiarz ékoni k et ki

Bu -al ékmada, sonlu el emanl ar I i mit anal i zi y°ni
hel i sel kazeéekl ar ; OPTUM G2 (2025) geotekni k ta:
davranékéemv-eeknmak sy anug¢ dejeri sayésal yollarla or
i -erisinde yerlekik olarak I imit analiz bakta ol
kohezyoni - s e | s¢rtenme a-ésé azalt mhe -RPizre-md ke med mirn nm
b¢e¢nye model i bulunan ve iKki boyutlu d¢zlem ger
yakl akémlaréna sahip olan bir sonlu el emanlar y?°
Sonlu elemanlar limit analizi (REA) i se gel eneksel dojrusal ol maya
ol duju gibi bir g°-me y¢k¢egne zaman adénrmllar &syelnaéru
plastik g°-me y¢keneg T yilektirme t ekryadadengei kKul |
formunda form¢gle edilebilen bir y°ntemdir (Lysme
Martin, 2011) . Sonlu el emanl ar Il i mit anali zi, g
yéekl erinin ve ni hayié ssady rod lamaa kf abketl ®irrll eerninmeisn sia e |
problemlerinin -°9z¢:;I| mesi gi bi zemin mekanijinde
kullanéelan en belirgin -°2z¢;mleme y°ntemlerinden
dijerleri, 2017 ; Li ve dijerleri, 202 2; Chen ve
ve dijerleri, 2025)

3. MODEL

Bu b°l ¢mde, sayeéesal -%z¢s¢ml emel er i dojrulayabilm
veril ere da&kimask®inrdatneal-éaman (Tahirojlu, 2021) seE€
hel i sel kazéklarén tasarem verileri kull anéel méxk
geotekni k tasarém programénda birebirpémadeltleen
-al ékmaséndaki bahsi ge-en | aboratuvar deneyl eri

Bel ¢m¢ Geotekni k Laboratuvaréednda ger-eklexktiril
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aboratuvar deney okdkineE®ORTelhM | G2g°gent;enk mirk t as a

erisinde sayésal model | emel erde kull anélan ko
zebde dunul muktur .

[121
kekiDojZ2.ul ama ama-|1é& esas alénan tez -al éxkmaseén
¢Ci zelSpenlu. el emanl ar modell erinde kull anél at

Dej i kken Dej er

Zemin Tg¢r ¢ Séké Kum Zemin

Zemin Malzeme Modeli MC (ElastePlastik)

Kohezyon Katsayésé (cO

K-sel S¢rw)egnime A-ésé 43

El astisite Mod¢l ¢ (E) 375

Poi sson Orané (V) 0.3

Kuru Birim HakNinh Aj ér 16.5

Doygun Birim Hanmm Aj] 19

Kazék Mal zeme Model i LE (Dojrusal El asti k)

Kaz¥dkung MedMPh ¢ (E 2E+05

Kazék Akma oGWPai | mesi 180
¢tizebde Lerilen sonlu elemanlar model |l erine ait
durumu -°z¢:;mlemelerindet¢brebdebilarakakem!| okl mé &
her bir model de helis -apéna bajlé olarak deji
verilerine sahip bir °rselenmik séké zemin mal ze
kurulum$¢anéa egamranan °rselenmenin etkisinin, sa
gerektiji ifade edil mektedir (T¢gredi, 2021; Anni
kazzéekmi n et ki | eki mi de g°z °dg nteemd € nad eark ,t ¢km zedtkk
bir etkilekim aray¢ze tanémlanmék ve her bir mod
giri ki yapél mékt eéer . Kurul an t¢em model |l erde ort
beni msenmi ktaré 8endarkéeul serbest!l ifji a-éséndar
serbest !l ifji tanéml anmék, zemin taban sénér énda h
yan y¢zeylerinde ise sadece dg¢ kaerymdatot Zeudldtey d2a uy er
-aléekma kapsaménda model | eD)e,n, syaavded &r cidljead rek &z &l k
g°m¢gl me Hervienrliiljeri(ne sahip helisel kazéklareén vy

¢i zelMpeded .l enen alrelni salsaka@zmé kdle] i kkenl er i
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Deney No D (mm) L (mm) N s/D L/D
2 60 600 1 - 10
3 80 600 1 - 7.5
TQ:CekmeYiikii
4 100 600 1 - 6 1
5 120 600 1 - 5 |122
6 100 600 2 1 6
7 100 600 2 15 6
8 100 600 2 2 6 :Gomiilii : Helis
éagz'é Boyu n-‘ c Yﬁkf;kligi
9 100 600 2 25 6
10 100 600 2 3 6 ;E?j; N: Helis Sayisi
11 100 600 3 15 6 D: Hel
12 100 600 3 2 6 |1 ==
13 100 500 1 - 5 :
—{d |
14 100 400 1 = 4 Saft Capt
15 100 300 1 - 3
16 100 200 1 - 2
*NOT: Deney No: 1 (d¢z kaft) bu -al ékmada di kkate al énmamé
4 . ¢¥Z, ML EME
OPTUM G2 geoteknik tasarém ybizel eméaeakb hadkeéktac
helisD)-ap®y@Ewsee g(rdllée] éka(zek dPmdéjmer deriméi $ahip
kazeéekl ar , sonlu el emanl ar [ i mi t anal i zi yont emi
g°- me mealliarrléenmi Kkt i r . Sonl u el-eokia dehgasinin at¢dmatid aj] €1 €
ol arak probleme °zg¢ ger-eklexktirildif9ji aj uyuml
i mit analizl eri neticesinde, - ek nenéy ¢gkeir - @K d &K 3
OPTUM G2 vyazéel éméendan modell ere ait konik yeniln
Hel i s DB)apdenéinkt(i ji analizlerde (2,3,4,5) g°r ¢l en

Quayk ekdt e3 hel ig)s daeijilikej-&@rzgml @ mel erde (6, 7,8, 9,10
ve en y¢ ks ekQnaesekneek oWl gekdlvesrrii | (mi kKt i r .

ml

nnnnn

Deney No 2: D=60mm Deney No 3: D=80mm
(Qma=3.111 kN) (Qma=3.338 kN)
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Deney No 4: D=100mm DeneyNo 5: D=120mm
(Qma=3.566 kN) (Qma=3.744 kN)
kekiHel3d.s -apénén dejikti]Ji analizlerde g°z

Deney No 6: s/D=1 Deney No 7: s/D=1.5 Deney No 8: s/D=2
(Qmax=3.448 kN) (Qmax=3.534 kN) (Qma=3.621 kN)

Deney No 9s/D=2.5 Deney No 10: s/D=3
(Qma=3.519 kN) (Qma=3.558 kN)
kekiHel4d4.s aral éjénéen dejiktiifi -%z¢é¢mler -
kekdot e5de] i ke nN)sabip andizledekiy(€6576l112) yénilme desenleri ve maksimum
-ekme Yhdikekoddg 6farkl & kazéek lg°mfllzrgenl @¢e rdien I(i4], i1rBc
yenil me mekanizmal aré Qg eomrylthnseaeki rekme ye¢ikleri

Deney No 4: N=1 s/D=0 Deney No 6: N=2 s/D=1 Deney No 7N=2 s/D=1.5
(Qma=3.566 kN) (Qma=3.448 kN) (Qma=3.534 kN)
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Deney No 11: N=3 s/D=1 Deney No 12: N=3 s/D=1.5
(Qmai=3.577 kN) (Qma=3.581 kN)
kekiHelS5.s sayésénén dejiktiji analizlerde or

Deney No 4: L/ID=6 Deney No 13: L/D=5 Deney No 14: L/D=4
(Qmax=3.566 kN) (Qma=2.081 kN) (Qma=1.092 kN)

Deney No 15: L/D=4 Deney No 16: L/D=2
(Qma=0.495 kN) (Qma=0.173 kN)

kekiKlazee.k g°m¢gl me derinlijinin dejiktilJi -°9z¢m
5. BULGULAR
OPTUM G26de yapélan modell eme ve -°9z¢:;mleme sonu
yenil me y¢zeylerine ek olarak her bir anal iz i
maksi mum -ekme y¢kleri hesap edadiplehmiam YezTalhki reajn
|l aboratuvar deney sonu-laréeyla ber abterzebarei 13en
keyasl anmékter .
¢Ci zelOPeT UM G26de yapélan sayeéesal -°z¢imlemel er il

-al exmasandakir Idemery | erinden al énan maksi mum
Analiz OPTUM G2 Tahirojlu (2021)
No Maksi mum ¢ekme Y¢i;Maksi mum ¢ekme Y
2 3.111 2.352
3 3.338 2.755
4 3.566 3.293
5 3.744 3.706
6 3.448 2.607
7 3.534 2.961
8 3.621 3.906
9 3.519 2.986
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Analiz OPTUM G2 Tahirojlu (2021)
No Maksi mum ¢ekme Y¢i{iMaksi mum ¢ekme Y
10 3.558 2.973
11 3.577 3.238
12 3.581 3.459
13 2.081 1.825
14 1.092 0.734
15 0.495 0.324 1125
16 0.173 0.117
6 SONUC¢
Bu -al éekmada, kohezyonsuz kum zeminlere g°mg¢gl ¢
altéana@aakanék!|l aré ve g°-me anéndaki yenil me Dbi - i
el emanl ar i mit anal i zi sayeésal y°nt e mi il e inc
bul gul ar ve yapeélan nihai dej émakéhdaéekmelrer axkajeé
1 Kki boyut |l u bir sonl u el emanl ar -%z¢ml eme ya
programénda, eksenel -ekme y¢k¢egne maruz on bekxk
g°- me anéndaki davranékl ar éneée larrlimita gnalizi Keo y ma k
-o%zemlenmi Kt i rD) , FaNkylaveeehadrl di llsej-tap@Ee K g V)mahib me der
hel i sel kazékl ar, sonlu el emanlar | imit anali zi
otomati k aj awyemdudkiju® Xkgmllenmi Kk ve kazeéekl ar a
g°-me anéndaki maksi mum -ekme y¢kleri, sayésal
T Maksi mum -ekmg Vdokleérind{]Dndwee Meddk g pkLl nfe d
arttek-kmpaskmesinin artte] g bdeeljiirklneensmi kd uirru muhe
kapasitesinde s¢rekli arteéek veya s¢rekl N azal ek
et ki si i -in tek helisli - %ml¢genr dee f-ealkames kd pandiét] a
artek ger-eklekmez iken ¢- helisli kazékl arda -
f Laboratuvar ortaménda ¢(- boyutlu olarak ger - ekl
boyutlu bir probleme indirgenerek eksenelsilmr i geometri k yakl akéméeyl a
bakaréyla modell enmiktir. Sonlu el emanl ar I i mi
hesaplanan -ekme y¢kleri; deneysel bul gul arl a |
yé ke dej edralkeir if aarrkaésnénor t al amasé yaklakéek %22 ol
yazél eméndan alénan analiz -éktelaréna g°re g°
g°rsel olarak ortaya koyul muktur .
T Gel eneksel sayeéesal anal idoj rylakd la Kk @rmlmary@md a® o nb
-%z¢é¢mlemel eri nde, g°-me anéna artémsal zaman a
ni hai kapasi-tepl asmaryi nl i khkiks i czerinden bel i
Zzamanda bu -alwvaemangspnyeanéilbliaar ak, mevcut S ¢
kazéjén kapasitesini i fade edewr smalkssfinmum p-l eksmd
yé¢ke ve devaménda takip eden optimizasyonl ar
yoluylahesapl anmékt ér .
T Sonlu el emanlar | i mit anal i zi yont emini b¢nyes
-%z¢mleme ol anakl aré -slkaf§émeglans ivme tdriizl gimbigegd | Im
boyuta indirgeme yakl| GREmleat @hkai kalyiag éd léane , OB T U
kazeekmin etkilekimli -alékmada kullanélabilece]j
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tapé En Fazla Kki ®"Trman®8faaema&Esydhnlaaeédnda Ye
Baskénl ek Sayéseé

¥Jr. G°r. Dr Zéliha Kartal Yéldez
'Kzmir Kavram Mesl ek Y¢gksekokul u

¥zeGer-ek d¢gnya ajlarénén yapeéesal analizinde, d¢g
mek ©°neml:.i bir araktéerma alanédér. Bu baj m
ndeki kontr onmevsei neddek iy abyd &gre | celrd rna kn kowell li arrl &l ma k
am baskéenl é&k kavramlarénén genikletil mesiyle e
e i -ermeyen bir G grafa@&nodael lbiijri rBi ttegpré kgrmea
i i de e fazla wuzakl éeje iki ol an bakk
a er . Bu or k¢e¢mel erin en ke¢- ¢cdtakel eman
e . u | ekmada, Gxy+ transformasyonl ar é
Wn ) , i ki par-alé tam graf (Km, n), tam graf ( K
mi kKt iur-.1 aE|l, d eb ue dtiel neenl sgorna f té¢e¢rlerinden teéoreti
¢ ¢emlerin belirlenmesinde yapésal ol arak tutarl e ve
°ntem il etikim, sosyal ve bridlgimaktaal aarf d mé e ntdeas mdigtfie,
potansiyeline sahiptir.
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Anahtar Kelimeler:Gr af Teor i , Baskéenl ek, Yareé Toplam Baskénl ek

Semitotal Domination Number in &* Transformations of Some Graphs With Diameter At Most Two

Abstrect: In the structural analysis of reaborld networks, determining the influence and role of nodes (vertices)

in a network is a significant research area. In this context, domination and related derived concepts are widely
used in identifying control anafluence regions within a network. This study focuses on the concept of semitotal
domination, which is an extension of domination and total domination. In a graph G without isolated vertices, a
set S of vertices is called a semitotal dominating setsfat dominating set and each of its elements is at most
distance 2 from another vertex in the set. The smallest cardinality of such sets is the semitotal domination number,
denoted ot 2(G). This study examines daerminpshhe semitotalai ne d
domination numbers for wheel graphs (Wn), complete bipartite graphs (Km,n), complete graphs (Kn), and star
graphs (Sn). The results offer a consistent and effective structural approach to identifying critical nodes in more
complex etworks derived from these basic graph types. Accordingly, the proposed method has potential
applications in communication, social, and computer networks for node selection and control point detection.

Keywords:Graph Theory, Domination, Semitotal Domirmetj Transformation Graphs

1.GKRKKk

Gr af teor i, mat emati ksel yapélarén tepeler vV e
model |l enmesi ni sajlayan ©°nemli bir ara-ter. Bi l
bir-ok alanda yaygeénROodho Onildemskedileh graflazde fdatdpelen d & r .

k¢ meOOaiy,retl ar ke¢egmesi iOgr gPasnéemn medrt eldiim .t Bpe -1 ft
maksi mumuna -ap denirken, bir tepeye QaPilee ayr ét
gesterilir (Chartrand ve Lesniak, 2004) . Graf t
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baskenl|l ¥ku@tep8&i er k¢ mesi ni n "@Oga sakfém dkacgkme toglmmat seép
k¢mesinde ol masé eypae ldear dS nk ¢hmeershianndgeik ibitr i ne ko mku
bu baskén k¢g¢melerden en az sayéda tepeye sahip
denirvg Oi |l e g°sterilir. Baskén k¢mel er, aajallamdéa gii b
pek -ok pratik uygulamada t emel Haynes¢gHedetmiemevear a- | a
Slatert ar af éndan yapélan kapsamleé -aleéekmalarla (Ha:
hem teorik temelIer|y|I3eId1ednerd|enILeyngeLsI|a1maleel ey|da9 | ée
baskénl ek raménén temel yapé taklarené ortaya
Ancak ger - ¢cnhya ajlaréenda yalnézca dojrudan
e kavr ameéepkamahyarka athd kIl agibi ddihans kké rviee
I

klasi k baské
far kil o |
| e

f—k_xc

rgel i kt i r GdddardkHenning védPillant al @k éad an
caneompl dmahadbddE@eddkékmeni n baskén ol ma

m‘Dz—o_g’

k
e
n
e - ¢
y e nya
eki her tepe noktasénén yine ayné k¢gmede vy«
|l masé gerekmektedi Bu (GCodgplred yaré v26gMadm bask
; I ¢ nrec ¢dahkae kb Jtd¢ge analiz et meye ol anak tan
n : etkilekim kapasitesinin dabiar hgarsasfaésn byi
m askéenl ék sayésé, en az en esmaynds &iiléri pve ar
ir

)
e
b
I Yaré topl am lb-aesderdrn| ék sayéséné veren

teri
2BKLKNEN SONUC¢LAR

Bu b°ol ¢ mde, -al ékmanén betenl ¢ éng sajl amak vV e
amacéyla kull anssdmwunl acarktlért.eor eml er

G° z | e m—2deteceli bir tepeye sahipllirgr af & i -in yar éyi(@®pl2drm baské
Gzl emj2a2r2.G izole tepe 1iO- €dmeyen bir graf 1ise
Teorem23( Goddard vd., 2014) Ejer [GOifzoOel tCedr.e i -err
Teorem 2.4.(Goddard vd., 2014),,,nt ep e |l i bir -evrmoe grdasfr .ol mak ¢zer
Teorem 25.( Tur ac é, Wif& , ptepel hir2tgkerlek graf olsun. Bu durumfaw

—de¢ér .

Teorem2.6( Tur ac é Wt . ptep2libit tekgrlek graf olsun. Bu durunidaw § odg¢r .
Teorem2.7.( Tur ac é,K,é&Ttepeli bit@mlgead olsun. Bu durumgao — dir.

Teorem2.8( Tur ac é Wit . ptep2libit tekgrlek graf olsun. Bu durundaw § Tde r .

3. TRANSFORMASYON GRAFLARDA YARI TOPLAM BASKINLIK

Bu b°l ¢mde, transf or mads®ynosnk ¢cgnrl aefr i tna mé mméa svéd r iellidpe ¢
Daha sonr a, -apé en fazla i-KiSo@WanG"GEaGe'Ghi |l i nen
d°n¢kegmleri alténda el de edilen yarée toplam bask

T a n &\Wu ve Meng, (2001)% = (V(G), E(G)) bir graf vex,y,zd e J i k K+ejndl e€freir | er i ni a
¢- parame&tne amlss om.maseper YEHMEEG & iy 0™O0° 00
ol mak ajebeém@Bdé6de komku ol masé i-in gerekli ve yet

1 Ej] efovy @O ise:

raileb,Ggraféenda komkudur .

1]
+

;aileb,Ggr af énda komku dej il dir.
1T d@ov0o

raileb,Ggr a fkéonndkau d u r

1]
+

< <
1]
—_

;aileb,Ggr af énda komku dej il dir.
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T N @ "ORDN ‘O "O(veya tersi)se:

z=+:ailebGgr af énda komkudur .

z=1 :ailebGgr af énda komku dejildir

kekil 16de transformasyopt ekafl ek'ilgumii@eame r Sletk é n
eldeedilerw ; grafé veril miktir. 1130

keki@wigteker |l @kworgnafasmsf or masyon grafé

(a) el e2l/ e3\/ ¢ 1

31q Transformasyon Grafl areée

Teorem3.1.1°Yshe pt epel i bir yéldézY,grmrdnosfceumasBoandgnr a
toplam baskréenY,éek csimyésé de

Ks p#ity.61 déz grafénda oyeée abhdatepdsdd kd Emgepmyi al t &nc
Yo graféenda t¢m tepe’Q'@‘l‘gz @ e Ysomwuwdur.. BYgniece G°
2. 1.16d¥% n ¢ elde edilir.

Teorem 3.1.2.W,,, £ p tepeli bir tekerlek graf olsun. Bu durumdd; " gr af énén yareée t

baskenlte ki s s d =[]+ 1di.

Ks pSakte. meMgi*gr af & yh-seiosuniii,gr af énén meitelsienenditelp e s i ni

Wi gr a eK,veC,alt gr af IctepesiW,& veiKzaelrti rgr afl aréendaki t
komkudur . ghcShdrmamsdca,ger WiKigr afBaydekial t grafl ar é
tem tepel eri b ae badlatel,| mé K ghrarf éneGewualqleil eir n k al
dWH+(C,u)=2 ol dufj uSnklgme sji(flet ane tepenin ekl enmesi (
[ W pro elde edilir.r Toegorem 20BAddpao, g°r ¢l mekt
Ayréca Teorem 2.B.wye Teorem—2obdaépenbili nmekted

(st sWizvétdansformasyon graf énémz(m’fﬁ*r}%[ﬂﬁ@pldeam bas
edilir.
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Teorem 3.1.3K,, ¢ tepeli bir tam graf olsun. Bu durumdé;**gr af énén yaré topl am

Kspa&k¢mesi,grafé i -setmlsumido OO0 al t grafemim vyer e
pltlBRE phHY Q plBRE tepel erini i |nd|3|meptag1égruspyeg;ruplar
al makt ader \Qd@pebivk hrmegii ebj aBlde® p8yr upl ar daki

basterél mea Owl u ual t Agraéandaki i ve |J tepele %’1 d
bo Ov alt gr ptodthitka lpi¢ tepeleriYk ¢ mesi ne al énarak t¢m t
olur ve $% —elde edilir DOEQ@r an tt egkr piftestd kiza kgie p

tepeleri'Yk ¢ mesi ne al énarak n tepesi hari- te¢m tepele

k¢mesine bir tepe dahastekl| genintkes i e dyielrierk.i rS ovreu -b °oyll
birl ekt rd | dig¥e n-dede edilir.

329 Transformasyon Grafl areée

Teorem3.2.1°Ys e pt epel i bir yeéel de2ZY, ggraadf éon énu ny. arBeu tdauprlue
sayeéesYy ¢ dir.

Ksp¥ity.é6l déz grafénda oy ére aldd i®nornegéd mée paelytiénda ¢
tepesio "Y;, @Wk¢mesindeki tem tepel@RQidbe akgmkudur . D
pdir . Teorlfeny 2. Igeldecdlin

Teorem 3.2.2.W, ,, n+1 tepeli bir tekerlek graf olsun. Bu durumaa> 5i - Wiy *gr af énén yar
toplam basyklwnileksdgayeése

Ks pakte megiiT,gr af & [i-sefolsuni#i,gr af @enén merkez tepesini
tepesiO gr af énén gapése® edEdYepliiBRE p} kemesindeki her
komkudur. Pdtbhmnakbéegén. Geriye bastérél mamek {23,
i -in de {XxaglydcdkYuwgrrd didree 2 wpa&herxyiwmne ekw etnanesi y |
basteéer &l méxk ol WKk meAyyin é i zarmasnidrad e K i tepel er i ki
A cel de edilir. Teorémwz. 3.covVeduTeogéms2 mekd &
ve ¢(st pséeweér | aeldeadilr.

Teorem 3.2.30 , ¢ tepeli bir tam graf olsun. Budurumda, gr af énén yaré topl am
[0 odg¢r .

Kspat..mesi,grafée [ —setnolsubh.bo OO graféenda  QW®er al ar
plkBRE phY QpfBRE tepelerini i indisibeptanéfgryayr upl ar
al makt adeér Qitpedivkyg meegneb eed@mdp [ ainvél ghraarfie-ndaki t ¢
tepel er ba gtrérf riBeddepoel luerr.i S k¢ mesii grafé&hedalir ek met
hemded 0 gr af énd&veWerrupallaarné nd ak i temYkemedieri barsit €ir 1
i K uzakl @k kokulw dases agldeadilidé] endan

337y Transformasyon Graflareée

Teorem3.3.1°Ys & pt epel i bir yeél deée?ZY, ggradf éon émnuny. arBau tdauprlue
sayésYy ¢ dir.

M

Ks p¥sty.é1 déz grafénméhemadk @n d© em g immydtepesit "&n O a

Vi alt grafeéndaki te¢m tepel & enkdomkgdarf én@arkiy ¢ el
Bu yapé da bir tam gr af ol dujundan bir tepenin
2.2.76d%®n col dbjui nmektedilr 7Yy Sonedeeddil ar ak

Teorem 3.3.20 ¢ tepeli bir tam graf olsun. Budurumda, gr af énén yaré toplam
[ U — dir.
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Kspkhkgdpat, Teorem 3.1.306¢n ispaténa benzer «kKkekild
3497 Transformasyon Graflareée
Teorem3.4.1°Y;FE pt epel i bir yeéeldézVqgraranesfeumas\Ban dara

toplam baskéyl elkgdisayésé

Ksp¥ity.el déz grafénda @idre aldd atepasEdladl2 moepanei ajligpé n
0°Y; O, alt graféndaki t¢m thé¥peleal il grabekddubir
olukturdujundan, bu tepelerin herhangi "ir t ane
ohgan phfB R pAY pkBR p ke mé¥gigr af & [i-settimvel b i'Yg

¢ elde edilir.

Teorem 3.4.2W, ,.,,&  ptepeli bir tekerlek graf olsun. Bu durumda, @i - @ p transformasyon
grafénén yar saatfemdgam btask.énl ék

Kspheorem 2.3 vel Tepremw?. 8ddeonl duj uwhigriamieypem.
merkez tepesinioi | e adl Agree wilpédger af & i-in bir yaré topla
graféenén en bg¢ye¢kDodier esphaBifnett epeell errii - W0 duj un
epictneepesi ni ekl ey e rpetkpesiile plgists Motbm tk bBagpatépéler.

téeréel mék dphichoft t Bgelt emie s ba@tbpeseird} ©Galt grafeénd
térél mamék t¢m tepel erote@elsastk@and &@lfving kBais it em.e n!
enmesiyle t¢gm t &pehesi biasdréiril meéa iokiuruzakl!l ek
R st tel de edil ir. Byl ece alt ve ¢st sénérd

7793 QJC‘ ¢

W
K¢ m
bas
bas
e k|

[

4.SONUC

Bu -al eékmada, graf teor i syiarmién t°rpd nakra vbkaasnkee] na reéakp 4
fazl a i ki ol an baze t eméd tmsaffor mgehanl ampaereda n
incelenmi ktir. Transformasyon gr af K, vtekerlele ¢ z er |
gr af j@tam graf0 gi b i yaygén kullanélan graf senéfl ar
O do°n¢kemleri altéenda whdé edplem bhekeghekimamy
¢al ekxkmanén bul gul arkér,i t°izke |tld pkd leeraijn ysaep-€il mir,é nkdoan t
veaj én et ki |l i @biuygulerdacalaribZInealmame/ sair € t opl am baskeénl e
ara- olarak kullanélabilecejini gstermektedir.
il erleyen -al ékmalarda daha b¢yéek ve kar makék
dejertehthekt edir . Bu dojrultuda, gel ecekte yape
transformasyon tg¢grleri czerinde yaré toplam bask
de uygul amal e kat kel ar a-kétsaed&ra.n °neml i bir pot a
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¥zeGeéda ¢retimi, t ¢keti mi ve tedari k zinciri s¢re-1 e
olukturmakta ve bu durum, s¢erder el ebilir besl enme v
etmektedir. ageaell |l vel @i hkhiysgel crenloer arasénda karbo
bul unmaktadér . Bu -al ékmada, géencel l'iterat¢rden el d
-evresel etkileri karkél aktees@ljmekteéili. vdagyangabi¢gegrx
gédal arén ¢retim s¢re-lerinde y¢g¢ksek oranda metan ve
bitkisel sretim, °zellikle meyve, s eebre dostuwbie alterreatif € | | ar ,
sunmaktadeéer . Ayreéca, organi k tarém ve permake¢l tgr g
-evresel et ki sini azaltma potansiyeline sahiptir. ¢ a
karbongy ak i zi ni d¢e¢kegrmenin mgmkegn ol duju ve bit ki t emel
i nsan sajl éjéna da ol umlu kat kel ar sunduju wvurgul a
uygul amal arénén yaygénlaamd tékrl alrmaneénh wWe n g tkernt d Immeal @k
sistemlerinin temel bilexkenl eri ol dujunu ortaya koym:
Anahtar KelimelerrKar bon Ayak Kzi, S¢rdereéelebilir Besl enme, Se

Comparison of Carbon Footprint in Plantand AnimalBased Products: A Roadmap for Sustainable
Nutrition

Abstract: Food production and consumption are among the leading contributors to global greenhouse gas (GHG)
emissions, making it essential to evaluate the environmental impacts of diffietany dhoices. This chapter
compares the carbon footprint of plamased and animdbased food products and explores their roles in shaping
sustainable nutrition strategies. Research findings indicate that astiasad products, particularly red meat and

dairy from ruminants, generate significant GHG emissions due to methane release during enteric fermentation
and CO emi ssions t hr ou g h-based praducts,cespectally éruits, vedetables, andt r a s t
cereals, offer environmentally frielyd alternatives with relatively lower carbon footprints. Furthermore,
sustainable agricultural practices such as organic farming and permaculture are highlighted for their potential
to reduce the environmental impact of food systems by enhancing saoiy,quealucing synthetic inputs, and
promoting biodiversity. The chapter also emphasizes the critical role of consumer dietary choices in reducing
GHG emissions. Shifting toward plaphsed diets not only mitigates carbon footprints but also supports human
health through nutrientich food consumption. Overall, the findings underline the importance of integrating
environmentally conscious agricultural models and promoting consumer awareness to achieve sustainable and
low-carbon food systems for future geneas.

Keywords:Carbon Footprint, Sustainable Nutrition, Greenhouse Gas Emissions, Climate Change

Girik
Uygun besl enmeye eri Kim, -ekKi tli sosyal, pol it:i
i htiyacéedeér. Knsan shjréefieyeeteafaebhkil dangel Bivwve
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edi | mesi , tedari k zincirinde ve ¢retim s¢grecivyl e
etkilere sahiptir Af r ou z i ve ar k., 2023) . K¢resell gnégdfau sy e
geni Kl eyen orta séneéef ve daha fazla insanén vyg¢k
artmasé da dahil ol mak ¢zere -o0ok sayRalanapak sk eyl 8
izl eri, tée¢ketim mallearmpéenmarkepdet ismit,é Kiek Iseemr messéin d a
mi ktaréné tahmin eder. Ama - , tedari k zincirler.i
paydaxkl ar é bilgilendirmek ve beyl ece emisyolt3dar
(Plassmann ve Edwardso n e s , 2010) . Bakka bir kavraml a; Kar t
nedeniyle ¢retilen sera gazlaréna ekdejer ton ci
ark.,, 2023).¢ ek i t | i crén ve sigrdeferiendievmekel - ieh kksi
emi syonl aréné y°netmek i-in °ne@é&da biikl eamen,- te&me r(
s¢re-tir ve genellikle teKhls edil emeyen ve dol a
etkiye sahiptir (Naresh Kumar ve Chakabarti, 200 r b o ayak izi, dojrudan

bajlanteéel éder ve buwueda qe,\xdre,enskyealj i-sappréunndlaa roérnt avke et

gelmesine neden oluAf r ou z i ve ar k., 2023). Géda sistemi,

bulunanlardan br i ol ar ak tanémlanméxkt ér ( R°©°s vV e ar k. ,
k a y n atkpraklardan gelen azot oksit @), hayvanlarda enterik fermantasyondan kaynaklanan

metan (CH)ve or manseézlakma gi bi ar azinarkkarbdndioksétm dej i |
(C02) (R°°s ve ark., 2014).

Gi derek daha da °neml i hale gelen bir dijer kont
et kil er araséndaki i i kkidir. Téeéketicil et én, en
alma se-eneklerinin -evresel sg¢rdiGonlzegaielzizra ivjei

ark.,, 2018).Gé d a endg¢gstrisi, i nsan t ¢ ket i mi i -in ged
bulunabilirlifji, daj ét &mé yae l haleinttekiarx€éaaenddi z
en dinami k ekonomi Badikuevk darle, eOlGreidmd esnn shiemii di res@s ol
emi syonu, su gereksini mi ve arazi kull anémé il e
°neml i sektorl erdenGomiz&hex? ar avke Tlkaa beuns ad2digl8iira (s e
ekonominin birbirinden ayreélmaz i ki sekt®or¢gneg i
tarém ve tarémsal e r ¢ nzlaemai nnd aa ntaa r &lmscd s éh aarineard d e «
etmekten ve y°nlendirmekten sorumFAOoNani gedanik
hayvansal sretim, yani et ve st srenl eri, ke¢re
T¢ketinl éenregmnmie bajl é& ol ar ak, etsiz bir diyetin e
ol duju tahmin edil mekt eddlama Hir léréa retwigen,KL2,4 pound karbok . , 2 (
cretir. Ajér et yiyen birnianiamadibyet vell ethayieal ak
karbondi oksi't cretir. Bu, aj eéer et yiyen bir di
(Afrouzi ve ark., 2023).

Geda retiminin ¢evresel Et kil eri

Géda ¢retiminin -evrreasaebazé kemiayonlbaré °dl-gmsak

karbon ayak izinin yak ®mwndwsk e ark. 2018Kkarban aybkdzilori r me s i
crénegn veya hizmetin ham maddeden bertaraféna ke

dej edrilreemn biHHayvyame-€tliek. ¢retiminin -evresel et ki s
bildirilen etkiler nedeniyle ©°nemli ve tarteéekma
hayvanlaré i-in ge-erlidmrsyamicakeée °caedénikylee ené |
(Rotzve Rotz,2020Hayvanceéel ék sekt°r¢ doj al kaynakl aréen ©°
karbonun biyojeokimyasal d°ng¢l erini dejiiktirere
-ekitlilik ve su kalitesi czerinde °nemli et ki ye
ar k., 2019) . ¥rnejin Geda ve Tareéem ¥rg¢te' ne g
emi syonunun %18' i nden sdrosmllyedynankaést®8uv 18 maks &z
kaynakl anan karbondi oksit emi syonu, gé¢broe vV e

fermantasyonu sonucu ol ukan met an emi syonu vV e
kaynakl anan azoteé llkern(DeeVkasderdeyBoen, 2010).1 e a -

Hayvanceé

°l - ¢de e

ek faaliyetleri, czelli kl e seé ti Kt
a ka

I ] ér ye
tkileyen metan emlsyonlarenen bakl éc
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at mosferde oksitlenerek karbondioksite d°ng¢gker
cretime dOhil olur kekil 16de verilmiktir (Rotz

1135

kekigéjler ve dijer -iftlik hayvanlar é itererelaf éndar
karbonu tekrar karbondioksite d°n¢gkteerdegjé¢ doj a
bakl angée-ta b¢yeéeyen yem bit kil er i(Rotdwe Ratz200pb nhi dr a

Tarém sektoor¢ ke¢eresel géda ge¢évenl il i -in el zen
deji ki klijJine de en bg¢yé k (Kkoastvikaakd 20225@ldanath i $ ekte® f
hammaddel er sajlayarak Ltasgemehbarasrisnempbedidr dlnme
Ancak bu sistemlerin -evre ¢zerinde °nemli bir
varder (Ull ahOwvegarsihlabi arem028)otl a besl enmik sé&
tarémeseleet kil erini azaltmanén potansiyel yol |l
tarémsal kimyasal girdileri g¢bre gibi dojal gir
dejiktirdifi i -in, y ¢ ks esd agidradial id ¢okeilke n-eekvsreels ed i ¢
sékl ekl a Clakve Tiknane20i7)Tiopmr @kt a kar bon depol ama yet
ol masé nedeniyl e, organi k tarem b¢yek °1 -ekte be
temsil edebilir(Gomiero ve ark., 2011)Tar ém sekt °r ¢ndeki sera gazeée e
kull aneméndan ( makine, mekan ve proses €sétmaseé
ve tarémsal arazi kullanéeméengdlmel enmeeratotvebivieegmr
durul anmasé crén art ékliarléeménme sd y, r évkbt. ) r €kl anyansaék, | al

sera gazé mi syonlaré ise tarémda el ektrAk t ¢ ket

e
Mansour velejcic, 2017).

Hayvansal r¢enl erin Karbon Ayak Kzi

|

I
Hayvancél ek sekt°r¢gnegn toprak, SuUu ve enerji gi b
sekt®°r¢n hava, su ve toprak ¢zerinde ciddi bir -
emi syonl ardan ve ¢retim s¢gre-1leriyl e iDiekiagki | k
2015). Et , en b¢yéek -evresel et kiye sahip géda ¢r ¢
do°n¢kt ¢rmedeki verimsizI|liJ-9@vig&cut- ¢bnakkié nige kie-tiin ege

&
g¢bre ve deri ve kemi kR°Cishive aaltk,.rtéinm2l@trdl)e. ak aaysbea
tiren hayvan ¢reti mi genel i kl e gevik getir me

ge I

k¢mes hayvaearee l¢glrieklienimemel i | ere g°re daha az em
karkél akt éréldéjéenda -evredeki ni speten y¢ksek b
ol an met anén e nGoffrayevendrk., 20685\ fi ®&jr é ce®&nt k¢t eeresebdeni vyl
il gi g°ren ¢r¢n ol arak ortaya -éekmaktadér Bunur
kull anémeée gi bi k¢r esel -evre sorunlaréna yaptej €
zincir laem idnfinng ¢ysack y a k1 a kK & mégigdtom CO2aqy @alnar alk my alkly a @
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emi syonl arénén yaklakék %4GeEbér yagdajr&. t almili)
sretimi, i Kl enmesi ve takénmaséen&gpséodham2ant ob
tahmin edilmektedir (Bertrand ve Barnett, 20K1). f t | i kt eki s¢t ¢retiminin b
kullanelan eneriji, s ¢t end¢gstrisinin toplam ser
unsurdur . ¥rnejipney ntierieyvae] éy,aj-seédza s¢t t ozunun Ki
s¢tten séraseéyla 1, 2, 5,1 ve 7,9 kat daha y¢ksetk
yvalnézcderlg® "dérainf k., 2013) . Kké etneni kepgags!| g r|d3dha
karbon ayak i zi dejerine sahip olduju bulunmuxt
azaltma stratejileri °ner il mi ktir; °rnejin | akt
dengel i yem r atsryeolndrair,é azeotk obnaszalné g¢br e kul l anén
sérasénda uygulama verimlilijinin artéreéel maseé, i
(AD) ve etkili g¢bre y°neti mi gi bi (Sahu ve Agar
Met an, b ¢ yr¢gkmsPall- ¢gdeen itkadl emeye bajl é& ol ar ak, at mos
artan g¢-1¢ bir sera gazédeéer .('Sedmtddrrii km fsedrr masnétnads
getrenhayvani datenliji, bu b¢yé¢meye ©ndasseyg 2008.n bir
Séjéerlagma&halkman metan emisyonlaréné etkileyen bi
alemé seviyesi, diyetteki karbonhidrat te¢reé, yen
mi kr of | or ada k iJohhsofj vie gohnsdn,ilg9b er gi bi (

Bitkisel lfrenlerin Karbon Ayak Kzi

Diyette meyve, sebze ve tam tahéllarén y¢ksek or
nedenl er i ol an kanser vV e kardiyovaskg¢l er hast a
azalteéel madsaay lial iBstdvkl8lriod iem s { 2019) . Bitkisel iret
%75"'"inin N g¢bre kullanéména (hem orgagmieki mem
uygul ama vV e uygul amadan kaynakl anan topraktan
kaynakl amiarkve arld, 009) K ahve ve bah-e bitkileri de b
Ratchawav e ar kadak!l aré (2020), Robust gk klahkwahwve kil re
i-in 0,40 N 0,12, kavr ulmwwk kkasghtvvee ii--iinn 00 ,5%5 NN 0Q ,C
(Lal, 2022).Hi ndi stan' da bazeée sebze ve meyvelerin (°rr
karbonl arén tahél créenlerinden (°rnejXuvelampat i v
2016).0pani k ol arak uygul anan géda sistemlerinde da
ol ar ak, azaltél mék toprak ikl eme, azaltél mék se

tar émdan kaynakl anan sera Wgatliamsaowmea azralartkéej,e

icretiminden kaynakl anan sera gazé emisyonlar é,

sonr a, bitkisel cretim dP°ng¢é¢seéenegn tamaménda g¢t
kaynajéeder (HolPkear ma&k ¢ &t kr, ve0Od2)yoyojun mikro b
i Kl evlierinin ve ekosistem hizmet | ehitki sistemindgker i ml i
et kil ekimler:i ptimize et meyi ve ayné zapmanda kg
verimlilifini orbegr mMmembeamaveamakt adegnNnlg) Per n
organi k madd ajél éemé ¢zerindeki potansiyel et

fazla par-alan
ve azot i-erik

mer mbluanlutng rd ay Srmeaetui- miol alrtagknda d
ne yol a-téjéné bul muktur (Wil

® M
- —>
- O

Bitkisel Ve Hayvansal rreéenlerin Karkél akt ér él mas

D¢nya apénda, yaklakék 2 midiyyaert lien syaankéand éjeémetl a h
yakl akék 4 milyar insanén t emel ol ar a kPimentet ki ter
ve Pimentel, 2003)Her ggdh tedari k zi nci-i6B00 yitydnutonlCD2 ya k|l a
cretil mekt edl@nr 2v0e5 Ob uy érl &8knaa kadar %30' a -ekmaseée |
hayvansal et vV e s ¢t créenl er i azotb lesipti r € mi s ysorneltairn
mahsull erden el de edi |l en gShabmveark., 2028BHearyivrachesma | k a;yr nea
ve t¢sgketi m, ser a kgdZé&a nemés wen | baorzéu, | maarsaezi ket |l ék
Kirlilifji °rnejin asitlenme ve ©°trofikasyon),
boyunca t¢ketici d¢zeyinde geda israfeée dliahil ol
-evresel y ¢ k| &spithasaMa s or o mivedAanrtkgn, d2:;0n2y2a) .n¢f usu v e

(
k
2
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€, géda g¢venligs! eeremegesineil - ing fduashuan dajld &Y ¢
(Castaf® ve AMAmdrinka'2dal,7)aj ér hetr wiéyemtlimorsi i e
kat kéda bultuntugr.l eDiijner t ¢ket en anc adtsesea pirtnin et
diyetine keéeyasl aolahl%tontCozx ' ¢ 62 kukinuk@rduai veaark., 2023).
Kuzu et (@ ,/96k&k)g WO ség@dr/ ekqg) (dB, Iy Klg IKCOr bon
Hi ndi , z eti, t ajveurk , ¢ rygumiuertian vge® sbtad régke lge (437 bd
as , 56, 4,98 A,R@BePdBr03Bve RjBBgkgmCe®eé]j
CeOr:Bu)nayakyaarrKeIek bezelye kg bsalkéna s:
i bazl & ol anlardan daha y¢ksek bir 8
éna 20 kilogramdan fazla CO2 exkdejer
e sahiptei7vkgCZexalejeirne ide soif as dylt&kic
iirticm-i ei, - i2ZM20gr bon ayak izi, el ti k
t ki sel crénl er arasénda nispeédaen ygék
iz crettijini °ne s¢rdel er . Hi ndi s
can, patates ve muz) karbon ayak izi'lerini
unu KweXiaoMing veiakt 2006E0 d¢k ¢k sera gazé emi syonl
ar asyénkdsae k ener ji i -ebiepime de athkarhpsenea naciaetlol i éd dame lkkyt € r
(Drewnowski ve ark., 2015).

ol arak géda t¢ketimindeki ke¢resel ortal ama arté
)

@i

n

i 8

—OD OO T DD D
o+ " ax®—ao = =

C —oToOoWwm

OT XS ®xQOLWW®
— ®mOo S

>

o)

Bit ki bazl e gédalarla karkélaktereéeldej énda, hay
Kar bon ayakYdrziil € sdbivlairrd élamlelr admélkmys@akvarcagmnet i
pestisitlerinderv azge- i | mesé mii 1y csrelr ar &gmaé& ed ¢ K ¢ 8habr ggark.,, ° ng°r
2023).Yani géda enerjimize dayanar ak, hayvancél ék
karbon ayak izine sahiptir. Somw-aloimamak Géfar
arasénda daha az g¢bre kullanarak daha veri mli
(Murphy-Bokern, 2010).

Besl enme Kekl i miz, -evresel s¢rder el ebilirlik .
hayvanseal, ¢sregml gazé emi syonlaré a-ésénda
al er . Etl er %56, 6, s ¢t srenl eri ise %18, 3 orane
26de verilmiktir (Poore ve Nemecek, 2018)

&
2
&

BESIN TURUNE GORE DIiYET EMiSYONLARI
Sera Gazlarinin Ortalama Beslenmeye Katkisi @
000

aiy o ¢ @
02.1
Tahil e

urinleri

=i

%2.6 Sebzeler

5.9% icecekler

Etler

kekiBlesa2.met gPge sera gazée emisyonlarénéen diyete

geda gruplarénén -evresel et kilerini karkeéel akt é
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Sonu-

Géda ¢retim s¢gre-lerinin -redgregleébieltiknlliek i hedegmlg
artan bir ilgiyle ele alénmaktadeér. ¥zelli kle s
cretim faaliyetleri, geda sistemlerinin -evresel
hayvansaleg bit ki sel kaynakl e gedal arén karbon ayak i:
sistemlerinin tasarlanmasénda temel bir dejﬁgle
crénlerin ¢gretiminde; yem ug,rkeutlilmlatin,e':m1€retgainbisaflaénté‘J
bitkisel crénlere kéeyasla daha y¢ksek d¢egzeyde ke
Buna kar kKén, bitkisel creéenloer genelli kle daha d;¢
yé¢k a-easlaadawnwantajl é bir profil sergilemektedir.
geliktiril mesinde bitkisel temell:i geda tercihle
créenl erion kar bon ayak i zI| eme snii,n (kalrrkééZd cax t € e mak
belirl enmesi a-éséndan dejil, ayné zamanda pol it
al ma s¢re-lerinin destekl enmesi bakéméndan da kr
-evregsegirglebilirlijin sajlanabil mesi i -in d¢kek
t¢cketici farkéendal éj éenén artérélmasé ve ¢retim
ol ar ak, s¢rdereglebilir mbeghdame gedabhbaegn!| &mir iiom
alénmasée ve but gdlogtriumtdednangeesendm -evr esel et kil
yeni den kKekillendiril mesi, hem -evresel hem d
sajlayacakter.
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Geda Sekt°r¢gnde Karbon Ayak Kzini Azaltma S
D°n¢Ke¢m

Araktér macé, KDce-m Brak-Fat ma Hepsaj
'Osmaniye Korkut Atd ni ver si t esi

*Corresponding author: Krem Bak- €
¥zek¢resel i klim dejikiklijiyle m¢gcadel ede géda sekt?®
takémaktader. Géda tedarik zinciri, tareéeusaKkamra ek a dnalre
ge-en t¢m akamal arda ciddi -evresel etkiler yarat mal
karbon ayak i zi azaltma stratejileri be¢tegncel bir yal
ve pestieag, tt kmprndlnéswu ve hava kirlilijinin yané séra
kapsamda, organi k tareéem, agroekoloji k uygul amal ar ve
-evresel et kil erininnaeddllti&l manse& jm¢ hkkagymdakrl .ar¥ereinl, e bi
sulama sistemlerinin kullanémé, eneriji verimlilifini
géda i Kleme ve ambal ajl ama akamal sir,6 naltaé k emir ket alroésmn a ¢
karbon sal énéméné d¢kegrmektedir. Tek kullanéemleéek pl
mal zemel er i al erken, karbon etiketdi uygul amal arée t ¢k
Zzncirinin t¢m halkalarénda -evresel s¢rderel ebi il
azaltel maséna ve daha yexil bir géda sistemine ge-i K:
Anahtar KelimelerrKar bon Ayak Kzi, Serai GazreTEmésmyohAkat ég Fagré

Strategies to Reduce Carbon Footprint in the Food Sector: Green Transformation From Production to
Consumption

Abstract: Reducing the carbon footprint across the food sector is a crucial component of global claate
mitigation efforts. Each stage of the food supply chain, from agricultural production to food processing,
packaging, and final consumption, contributes significantly to environmental degradation. This chapter presents
comprehensive strategies to niize the carbon footprint within food systems. Excessive use of chemical
fertilizers and pesticides in agriculture is identified as a major source of soil, air, and water pollution, as well as
GHG emissions. In response, the chapter discusses the immrdradopting sustainable farming practices,
including organic agriculture, agroecology, and precision agriculture technologies, which help lower
environmental impacts while enhancing resource efficiency. The integration of renewable energy sourases, such
biogas and solar energy, along with smart irrigation systems, further contributes to emission reduction and energy
efficiency. In food processing and packaging stages, the use of innovativigieedly technologies and
biodegradable packaging materials emphasized. Additionally, carbon labeling is presented as a tool to raise
consumer awareness and encourage environmentally responsible purchasing decisions. The chapter concludes
that implementing holistic and integrated environmental managementag@® across the food supply chain is

key to achieving a greener, more efficient, andémmwission food sector, while also fostering economic and social
sustainability.

Keywords:Carbon Footprint, Greenhouse Gas Emissions, Sustainable Agriculture, Smarulitige
Technologies
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Girick

"Karbon ayak izi teri mi, -evresel sorunlar ve
yaneéet ol ar ak son on y Eadstd 2008)p Bp pgeteale, |karthon dyakzizaz n mé K t
hesapl amal ar é ntia(Dwdjagerve arka2020p Sop, kysed kd ér endg¢gstri yel
yapélan gelikmel er, d¢enyamézeéen begyek bir al anén
ayreca i klimini olumsuz y°nde etkiBameydedbeliﬂyé
boyunca, bir di zi ulusl ararasé strateji ve '"pol
emi syonl aréné azaltmayé ve iklim dej(Lombakdive] i ni o
ark., 2017)Karbon ayakizi,genekil e kar bondi oksit emisyonl ax @éné ve
ekdejer tegr)i a-E@&2ndan °1 -mek i-in Khowdhgy 201i0er ge ol
K¢resel sanayil ekme ve yenil enemeyen @nosterej i kay
b¢y ktarda sera gazlaré salénmaktadér. Bu, }
boz [ il bir dizi sor Kmma byml ayakaktzad &1
dav n iekii metdkeijsiiknikl ¢anl & zleiri neaekil de
e mi € bilimsel olarak °l -mek i-in etkild@
ana nézca karbon emisyonlarénén yojunl ai
kol a Ktéermakla kal maz, ayné zamanda hedefl enen
enmes.i i -Shinve Yini, 2021YKekrhd Im <ajrluamra, ( moder n d¢ny
tu

"

N O
o @
- 5

r. Defiken bir ikkdném lk,a5 kAeG & nldea ,s eknsérrel saenhe
vardeéer . At mosf erdeki doj al olarak olukar
da sera etkisinin ve k¢gresel €sénmanén Ki
ree@emae ol arak da adlandeérélan iklim dejJi«kik!
an gibi gazl arén artmasé sonucu d¢gnya 0 kil [
nmaséna ¢el elil makekkidlairm {d eejeiDRiIBWIpirkak sajl éej
mevcudiyetini ve ni haHaeve@rk, @024).;,r ¢n ver i mli
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syonl ar ayréca g¢bre yo°neti mi, mi ner al geé¢br
et |l eme, depokl aymfan,e tdianjié tgéinmb iv e iafttél i k sonr as
°s ve ark., 2014) . ¢i ft-ilikten ¢retinsam s o
pPpéEMé sera gazé emisyonu ¢retmekten soramémdvue.
yvancél éek ¢retiminin yané séra ilgild@ arazi K u
haseé, ki myasal gebrelerin, becek il a-larénén v
[
k

o x -
@ ™o

sit emi sy onuknéar eysoell aé-saébninaiyré veet ki | e yamrhaiddei r ( N
i i K|l eme, paket !l eme, kor uma, t ak éma, t ¢
ni iyilektirmek ve gelikmik takhaséEoj.i
k X@nemeasahipt2ion5§ . Bu sekt°rde s¢rd

el i Ktir mek amacéyl a bu zorlukl a
I i 7 1 s a]akzatmaarkyenilengbilir ereerjinen lerjtegrasyoauna ml i |
tli yaklakémlar benimsenmelidir (L
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| er ,
i-in esas olarak tareéemda veya hal k sajl
a r Rieo®polloaStaandtieve ark(, 20165 ¢ br e uygul amal ar éda ¢r ¢
i mde artanlivemesgn nl-emi geajelkam. - Akd a k , bir
| cré¢nlerde ve hatta insan kanénda ve yaj
axwgi ve(ar k. , 2018) . Literat¢¢uydeulbadmanganjé
et kil er i Kunl arder : Azotl u g¢brenin bit |
maséeyla atmosfere sera gazlaré ol an karbc
nsi z i Bt kend&k okul baabnhirk KiDmy ds avle gBsabrraenl
iz oranda wuygul anmasé, toprajén vazge-ilm
erindeki mi ner al ve vitamin miktawyege&em aza
k asitl enmesi, akéreée kimyasal g¢bre kull an
na gelebilir ve bitkilerin yakaméné tehdit

i tkil er.i zarar |l él ardam,asyabahki aod
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Enerji, bir ¢l ke veya Db°| ggeerdiiki enk onomink thegned megs
biridir. Ener j i verimlilijinin arteéereéel maseée, yal nézca
yardemcé ol makla kal maz, ayné zamanda sera gaz
indirilmesiyle des o n u - Me@haménadi e ark.,, 2014Mal i yet | er i d¢ker mek ve
sajl amak amacéyla -ift-iler e - ecx Djevicive Dimirijesic, yapeél a

2009)Sera taremé bir-ok ¢l ekedekbaymasnwneb-lie fbbun dy;oglou
se-meye karar vermeden ©°nce di kkaCaeakcave @kinoia s ¢143 e
2006) . Sera ¢retim sistemleri, a-ék tarla yetikt
%40 oranénda azaluern ehapbkkyeahmtnrisul egketi mi
%

uygularl ar ( Ni kol aou ve ar k. 2019) . Sul ama, or
operasyonel ener ji tal ebini e potansiaynahsul ol ar al
sreti mini artérmak i-in bir -%z¢m ol sa da, top!
dejiktirebilir ve bu da toprak karbon tutma pot a
Hayvancél eéktan kayndé&l andoj emetdan beyykja@h-hayvan
zor olabilir. Metane mi sy onu azaltma stratejileri, yaket (o]
°nl enmesi ne, czellikle -iftlik i-i depol ama (kary
mad deni n bozunmasé) ve kritik faktorlerin (°rneji
(Monteny ve ark., 001) . Hayvancél ektan kaynakl a
emi syonu vardeér Ente i K afrear mmaendteans yool nu rd o Jarnucdaakn ye
b¢yée¢mesinin neden ol duju ormansézl akma g¢gi bi décxk
Seyedin ve ark.,, 2022Met an emi syonl ar &, g¢e¢brel erden ¢retil
opti mudce kklul l anél maséeyla da et kild. bir Kekil de
eksi ksiz g¢br ebiyoigezgni et i imiyl eibtitl Bkeirildijinde,
° r n e Manteny ve @rk., 2006).

Pl asti k, akekkan, kal épl anabilir, éséyla kapatel
oms é& nedeniyle géda ambal aj | ar é&n &an ve/Millerg2922). ol ar ak
Tek kull anémleéek plastik Onemli bir -evresel et
kKirl I i azaltmak i-ithjebeunhu¢sgbeti mdegmkderl ab
et ki [ inde de °nemli bir etkiye sahiptir; b
y akl K € a tahmin ediPllaitliijri n( Dii rPaalba |l vag amrakl .z
daha dg¢ bi rs akhd rpb ond dauyf aukn ui Dbiunedul ar (°rnejin, ¢
cretile ebek mamasé kaplarénén camdan ¢retil en
ayakizinesahi p ol d WDprmervea@ark. 288 u. (Ekonomivyi s¢rdeéegr mek ve
m¢cadel e etmek i-in géda israféené azaltmaya y®°n
i sraféyla m¢gcadelenin en pop¢ler ve gel eneksel y
kompost | ama, g¢bre temininde kullanma ve hayvan

ark., 2023).
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Kar bon Ayak Kzini Azaltma Y°nt
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l ebilir tar ém, -evre ¢zerinde olretinmm uz bir

-evre dosgani-k ftaié€mk $ekadikilebh
ulanmasé ger ekOxng almiirk yakléax &ned a1
] irnmonlagy.dom ek @ r kK évibma) d dksuil¢ld denré, mémaeE °
I
n

ay a nGamageave ark., 228m'gaan ka mam & mg e lgie i
e keyasla olumsuz -evresel et ki
organi k tarem -iftlik d¢ze
t i r me kGiriive Pokhrelu2922 Bau daor gédni k gi
ok¢tlesinin aktivitetsiimiir avd
r: bunl ar én hepsi bitkiler -
e etkiler organik olarak y°net.i
éms al sistemlerin ekol oji si iz
Tardems al ekolojisisgtenhignighetbginipar (
ve dejJikKimin b¢teéinlsosmadi diGe:.daelsolsdjeimi, def
ve deneyi me de]j erGliegsenand20§8). i - i n disiplinler
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https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/greenhouse-crops
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/biogas
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/feed-additives
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Tarém ekolojisinin temel il kel eri araseéenda, har i
ener jiyi g er ia kd °omr¢égkatng rkmerka;d dtecsgrni  ve toprak bivyol
mekanda tar émsal ekosistemlerde bitki terl erinir
ve hayvanlarén entegre edil mesi veibtrelyskl st gt
etkilekimlerinin ve ¢retkenlijinin optimize edi
topluluklar ve yerel olarak wuyarlanmék -°z¢mler
°l -ekli bir siistveemdeargentan gowdrulkiljar & ¢zer i ndldddet
koymakt adeér . ¥te yandan, l'iteratg¢r, s¢rder ¢l ebil
géda taleplerindl -keaklkiél lmimaksiistiem -yoakk | ame@mléi be@lnd
ortaya koyme&ktmahdregbTere8nar k. , 2025) . Toprak sa
tutul maséné ve genel tar émsal ekosistem dayanék
°nemlfiakbtirrde¢gr (Sa0R8) veSajrlkekl & bir toprak, s u
s¢rder me, toprak besin ger i d°n¢gkKegm ayr ékmasén
uzaklakt érma gi bi birden fazla ekosistemhahi zmet i
ve ar k., 2020) . S¢rdegre¢lebilir toprak y°%°neti mind
ekosistem hizmet sunumunu 2008).Taprakialk ikl ve ekokistelerl e wh i t
taraféendan belirleneel kéegéemhamal avedodhiyloil mg é kf i°:
doj al bir kaliteye sahip olsa da, toprak kalite:
nedenl e, toprak kalitesinin veya sajl &jrénléenbideijre
y°netimin bir iDoanj2D002)g°® st ergesi dir (
Knsanl ar én tar émsal s¢re-le il gili algélaréna r a
hassas ve her zamankinden daha akeéel Iné dhéérz.| aN eosrntea
-ékmaseé, end¢gstrivyi istatistiksel yakl akéml ar da
czere hemen hemen her end¢stri ydasysarsi dteanr éthg s adrilj
teknolojileriniKnnkimllaammd&ména IS4 I1sé¢ 2 anli (GPS)/ K¢r ese
(GNSS) tabanle rehberl ik, toprak ©°rnekl emesi, k
sistemi, sens®°r Kkull anéme, otonom ar a-vMraamlveer & -
tanét makt adér kPalvelark 202dyek évlielré |Ismilkamané&n bakar éseé
tahminine (WNE), yani sulama sisteminin toprafja
férsatéena kadar yeEerslaij |l ageama sdbhap sbLbmadg &t ar én.
(Togneri ve ark.,, 2023)Jzakt an al gél ama, uydu, u-ak, dr one (
platformlara monte edilmik optik, t er mal ve mik
kul | a®éetrmre l ol ar ak, mekansal -0 zeénegrl ¢k vV e gzl en
uygul amal arda moue2020).t i k ol muktur (
Sonu - ol ar ak, ver.i odakl e karar alma ile -ift-il
el e mllkakreak kull anéméné ve RAFHwrar&s2624). zar ar € en a
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Hassas Tarim sistemi
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kekilBdyé¢k veri tabanl & h®&AFweark,2024).ém si st e mi

Sl ebilir kal kénmayé takiben yenilenebilir
l an ara-I|lardan biri ir (Czekaga, 2022) .
l enebilir enerji yakl dk@amé shkirleinmsaerla kd |éa rmak \
nmakt adér . Kokull u enerji kaynakl|l arénén aks
. Bunlara hidroelektrik, géhek ve régzga
i ser ive mMigkrd ®j en yaketeBdabghdltekhobuﬁlse,
a-lareéene kar kél amak i -in bel irli bi yokg¢t |
ktadeéer . Dijer yenil enebi leinrer ¢ neréjriet mieki ml-4d
|l amal arée ve ger ekl i t eknol RaltivsBalaty2000)t ur ve Kk
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Kkl eme Ve Ambal ajl amada Yexi | Uygul amal ar

yeIIarda mi kr oi Kl emci tabanlhe&edef begeaheradeak
rinde hezl é bir b¢Begtha ghdegsmeksedde P
zasyon, buhar!|l aktérma ve kurutma il e s
ar ésnzeemr ey ebraiznéi yaelnmia kgéda i Kl eme teknol o
én-1é ikleme (HPP) gibi t er mal ol maya
-evresel et kiye sahiptoekhdbiéndan Agl @ e
gibi yenilenebil i Ladda@apun e lark.22018mon] uckr et i |
a
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-apénda bilim insanlarénén dikkatin
n kRaeské kvVveryapékmal ektirmek ve el ekt
vmark,201TBu( ol gu, yapékmayeé °nl emeyi, iy
Firliji, buju ©°nleyiciar®zallai Kklaarkié sda
tekvi k etmek i-in paketl eme polimerl er
a ma yézey fonksi yon Pdndajerearki, 20bhdiParhielinekblarik &dan| | a n é |
( PE tabankéooxkdgamiez mamh enzim inaktivasyonu, bi
dehidrasyon ve dondur ma gi bi bir-ok geda ikl eme
dostu bir tekniktir Arshad ve ark., 2021)At ék sekt °r ¢, S eraar égnaaz €° n(c@H G )k
karbondioksit ( CO3, metan (CH4y e nitr°zvekdaha (&209neml i mi ktar
gaz bi-iminde katkéd bul unur . Bu emisyonlar, at
(toplamadan mal zemgobeji kkaeanemmah, s, ¢re-|lere ve
(Maalouf ve EiFadel, 2018)Ger i d°n¢gkegm ve dairesel ekonomiyi
t¢eketiminin neden l duju -evresel et ki |. &erii en a
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don¢gkt egreéel mgk mal zemel er ve ¢reéenloer se-ilerek at
olukan enerji t¢ketimi ve ¢tedreklgawmée &mirdgyqnl2a0r28)
Plasti k ¢retimi, enerjioltdgkied iimiindee ®erreiml iy djiun p
-evreye ve atmosfere bir dereceye kadar zarar ve
ark.,, 2022).Son yél |l ar da, yenil enebilir doj al kaynakl a
ma zemel erinin geliktiril mesi AB ¢Ike|erinde|j}/46ayq
kol ayl aktérmak i -in bir- ok ulDavisaelSong,30aRiyaldjiku s | 'ar ar
bazl & mal zemel er deki gemitkd mmeaak am d%nm@¢ lgarzie ey
et kil er ve séneéerl e kaynakl ar yerine yenilenebil
faydal areée vardér. Biyol ojik olarak par-alanabil:
bapléi merl erin bertaraféyla ilikkili -evresel et
(Song ve ark., 2009Karbon ayak izi etiketlemes, e r a g a zaéz ad miésmiaamr éné mot i v
anlamlé bir ar a-Luvdakr2016). gel i ktiril miktir (

Bir karbon ayak z i eti ketinin, te¢keticilerin ¢greéen se-i mli
di kkat et mel erini sajl amase vV e dyragldée kwae b od Ima

beklenmektedir Th 3 ger sen v e Karbom hyskeizi etiketlelinn6 )y.¢ ks ek et ki | i
yemekl erin pazar payéné azaltmaséné ve t¢gketici
bekliyoruz Lohmann ve ark., 2022).

Sonu-

Géda sekt°r¢n¢gn her akamasénda kalrbomiagdél edenk
bir r ol oynamaktadér Géda ¢retiminden tg¢gketici
beyekt ¢r . Bu b°l ¢mde, karbon sal é@&ménén t emel k a
i Kl eme ve ambal ajalkmamayar dadarnygukeanabil ecek yexki
al énméxkt éer .

l'retim akamasénda s¢rdereglebilir tarém tekni kIl er
kull anémeée, karbon ayak izinin SQaomnd-aédkkhasgada =2t k
her hal kasénda entegre ve bilin-IIi stratejileri
sadece -evresel dej il , ayné zamanda ekonomi k ve
takémakt adeéer . s tGermleereijninn gkalma syieki | daha veri ml
atél acak ademl ar , keéeresel °| -ekte olumlu etkiler
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Makine ¥Jrenmesi Tabanl é YakldfaeBerml arl a Sm

Kar kél akt @ér masé

Araktérmacé k¢heddD¥zk¥ynak! YesdeUeamz Yavan

'Gazi 'niversitesi
¥zeG¢gnegmegzde késa mesaj servi si (SMS) , bireyler ve ki
spam i-erikl:@ mesajl ar c isdodriu nd caweemlai ky oV e ak uralka naédcééer .
mesajl arénén spam olup ol madejéené tespit etmeye y°nel
°Trenmesi-l DEbanlLl &) iTFti Kk Regresyon yaklalk@ nBBERT ificeddal ii
FineTuning y°ntemiyle uyarl anmaseéedeéer. ¢al eékmada kull an
adl é ger - ek mesajl ardan ol ukan kol eks-i pBndwerkt © KI &r iy
don¢kKt ¢gr ¢limg KRevger dsnyjdmstil e sénéeflandérma yapél méexkteér
model i yeniden ejitilerek ayné ver.i iszerinde test ed
ve %97.8 F1 skoru il e bafj¢satngsnalp earnfloarnmaa nyse tseenregjiil esda yj ei
Tl DF + Lojistik Regresyon kombinasyonu, %96. 2 dojru
ortamlar i-in pratik bir -°z¢m sunmakt adé&kvemoBain kar K é|l
yakl akéemlarén g¢-1¢ ve zayeéef yonlerini ortaya koymay ¢
Anahtar Kelimeler:Sms, Spam Tespiti,-Tfd f , Lojistik Regresyon, Bert, Ma k i

Machine Learning-Based Approaches for Sms Spam Detection: A Comparison dfif&nd Bert

Abstract: Today, short message service (SMS) is widely used by individuals and organizations, and spam messages
cause serious security and user experience problems. In this study, two different methods for detecting whether
SMS messages are spaer@vcompared. The first is the traditional machine learddaged THDF + Logistic
Regression approach, while the second is the adaptation of the BERT model based on contextual representations
using the FineTuning method. The dataset used in the stuag@lection of real messages obtained from Kaggle,
named fispam.csv. o0 I n the first me t h o d-|DF vebtars, dné x t dat
classification was performed using Logistic Regression. In the second method-tianed BERTmodel was

retrained and tested on the same data. Experimental results showed that the BERT model demonstrated superior
performance with 98.4% accuracy and 97.8% F1 score thanks to its contextual understanding capability.
However, the THDF + Logistic Regession combination offers a practical solution for resotsopstrained
environments with 96.2% accuracy and low computational cost. This comparative analysis aims to highlight the
strengths and weaknesses of traditional and modern approaches in spargerdetsation.

Keywords:Sms, Spam Detection-[tff, Logistic Regression, Bert, Machine Learning

1. GKRKK

Késa Mesaj Servi si ( SMS) , mobi I iletikim teknol
mal i yet. ve geni kK eriirkeiylleebri Ihiermt idjei ksuaryuenslianrd et ahrean
kull anél maktadeéer . Ancak bu iletikim y°ntemi, zan
-ekKit i sosyal m¢hendi sl i k saldereéelaré ger-ekl e
genelli kle zararl e bajlanteéelar, kimlik aveée 1 -eri
gevenlijini tehdit etmektedir [1], [ 2]



- -
(2 23"UBAK, 0506 July205, Ankara (<0

UBAK UBAK

Yapélan araktérmalar, d¢nya genelinde g°nderil en
koy mwk . Bu durum yalnézca bireysel kull anéceéel ar
da maddi ve operasyonel zararlara ujratmaktadér.
aynée zamanda ge¢venl ik, kul-leaad@andeme Kir mit i ke °miexz
Gel eneksel y a k| alkBAnl gqirbig einetl 4t ikd tei KTsFe | °znitelil
Nai ve Bayes, Karar Aja-1are, Dest ek Vekt©or Mgki
°Jrenmesi rahgordiatymalma kt adeéer [ 4] , [ 5], [ 13] . %u
yorumlanabilir -%z¢mloer sunmaséna r aj men, bajl a
¥zelli kle késa ve anlam bakéeméndan yzbklendahames aj |
a-eék bir kxekilde ortaya -ékmaktadeéer [ 11]

Bu noktada, bajl amsal di | model | er i °neml i avan
Representations from Transformers) modeli, iki vy
dahad er i nl emesine analiz edebil mekte ve sénéfl and
(71, [12].

Bu -al exmada, SMS Sspam tespiti.i probl emine y ©
dejerlendirilmicktir:

1. TR DF t emel | i ©°zniikRebreskon maEidiar émé ve Loji st

2. ¥nceden ejitil mi kt uBnERTg nyo°dnetleimmiiynl e iyneeni den e]j
Her i ki y°nt em, Kaggle platformundan el de edil e
temi zl eme ve °n i kKleme adéemkarenkmi ktridre.nd Ma d e lel
(accuracy), hassasiyet (precision), duyarleleéek (

El de edil en defdeys e Lsoojnius-tliakr ,ReTghhr esyon y°nt emi |

sadelljl il eakxnBERGkmedjdehéni an anlam ayr émé ger e
daha y¢ksek bakaré sajladéjéné ortaya koymaktadeé
Bu -alékmanén temel amaceé, kl asi k makine ©°Jr enme
kar kel arkt e kmall &e bdejerlendlrerek SMS spam tespi
daha wuygun ol dujuna dair uygulanabilir -ékar éeml «
yapélan bu deneyl er, akademi k -odl éx°rmatl earri cvie be nr
sunmaktadeér
2METHODOL OJ K
re-pre d P g i
: :4:5:::::9 5 Classification
T 1
Al 1 IL il
Static Dynamic r Le:::?ng :’I:a(r:ii:z
: > veene )
I+ epportvecormocine
- ondomraren )
Fine-Tuning
s (oo Roroer
keki¥lner.il en SMS Séneflandér ma Mi mari si
Bu -alékmada izl enen modell eme s¢reci, metin ©°n
ve sénéeflandérma adémlaréndan ol ukmaktader. ¥nc
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uygun hoO©l e getirilmiktiemsiArldeé nsdaayng s anhe svag K ta°rr |iekr
gel eneksel THIBFnwtee nb ag |l aanms a | BERTe Tird iDIFe t ceamysa ll @ -ekKit
°frenmesi algoritaamanhamg iyPeatRBRERTYI|ies &« eFiime °]r enme
dej erillemmidkitri r .
Bu mi mari yapé sayesinde, hem geleneksel istatis
spam tespiti czerindeki et ki si karKéIaKtérmalllégo
2.1. Veri Seti Hazérl ejé
Bu -al ékmada kul |l anérhwumda ea-i & ks ek dy n akk8M8ySpaeh gorl aakt f v
Collection Dataseb t i r . Ver i seti, Al mei da et al . (2011)
konusunda I|iteratg¢grde standart bir karkél akt ér ma
Ver i k ¢ me s 5.572kkeé stao pnieasna j yer aldma8RtBdi oliln@m,mob  ylaar
mesaj)ve7 4 7 6si ol aparkd et i ketl enmiktir. Veri seti, de
uygun kKekilde yapélandéreéel méektérdoEtudan!l kubl ara
hale gel mesini sajlamaktadér.
Ayr éca mesajlar, -ekKitli spam tg¢egrlerini (°dg¢l b
ham mesajlarée (g¢nl ¢k diyaloglar, hat érl at mal ar
yapélarénda genell eme yetenejini test etme a-eésé
Distribution of Ham ws Spam

5000 -

4000

3000

2000

1000 4

o A

Ham Spam

kekiSIMS2 .veri setinde ham ve spam mesajlareén d
2.2. ¥n Kkl eme Akamaseé
Makine ©°Jrenmesi al goritmal aradrekmbmémesi veri si Vv
bi-imde d°n¢kt er ¢l mesi gerekmektedir. Bu -al ékn
czerinde akajédaki ©°n ikleme adéemlaré ger-ekl ekt

1T Ké¢-¢6k har fe Tdmm ¢gnettrnnheeir k¢ - ¢ kk &&&r har fevduiylaed
ortadan kal déerél méexter .

1 Nokt al ama i karetlerinin ve Sadécekaamkdamr Itar
kel i melerin kalmasé sajlanméxkteéer.
1 Sayél areén t 8By 21 ein-mersen i -erikler anl am a -

sajl amadld ealdmak t- &r .

1 Gereksiz bokl ukRazléanl &k delru dtmersan bokl ukl ar
edi | mi ktir.
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T Stopword Kregnilzilzde':deki yaygen anlamseéez kel im
model in daha anl anhléék Mazseél Isiakjllearn mgézketréirnde - a

Ek ol ar ak, bazek®%HK aisn &ki rnpedmdkll(eesnia rdmenngy gul ann
sayede #Arunningo, Arunso, Arano gi bi t ¢revl
azaltéel méexkter.

Bu °n ikleme ademtaespitii akanépddeséabhéekl|l a kb4 a
uyumludur [3], [4]. Dojru bi-imde uygulanmék ©°n
bir akamadér [5].

BERT model i, c¢eml el eri ol duj uu gvuédibaijkllaeamé -gmlkam
°nemlidir [6]. Bu nedenle, stopword -ékaréemé vey

2. 3. Mo d e | Ej i ti mi

Bu -al éekmada, SMS TEFd @ tteasbpaintlie @ogreed d g kkh e-k@ k ari d m
ardéndan -%jkrignmesmakalngor i tmalaré kull anélarak m
arasenda Lojistik Regresyon, Nai ve Bayes, Dest e
Rastgele Orman yer al maktader . Bu y°ntelklede m
kullanéel makta ol up, °czellikle spam tespitd.i gi bi
vermektedir [3], [5], [6].

2.3.1. Veri B° Il me

Kaggle ¢zeri sphmoswelr de sedi |, e®80 ejitim ve %20 te
Ejitim verisi ayreéca %80 ejitim, %20 dojrul ama kK
sénef dengesi nistratfyprau manlket a ma ¢ € Klua | anél akla&kk égne,r - e
sénéef dengesizIlijinin model perfor manséné ol umsu
2.3.2 ¥zelli k ¢ékarémé S¢greci

Efjitim s¢r eci nd@F (TaentFiequengyd miviee rsie, DDE ument Fr equer
sayeéesal vektdnglker,e .d Bue wee at g€ m, kel i melerin belge
°zelli k matrisinin olukturul maséné sajlar [2], |

TF-IDF(¢,d) = TF(¢,d) - log (D;t))

Burada TF, bir terimin belgede ka- kez ge-tijJini
al er . B uk kseekki Igdee-,en- oama ayr éktéerécé ol mayan teri.

TF-IDF Parametreleri:

1 max df=095¢ok sék ge-en kelimeler g°z ardé edil]i
! mndf=5:En az 5 belgede ge-en kelimeler dahil e
1 stop_words ='english:Kngi |l i zce yaiymgelneran-l @aknsre&l &re.l

23. 3. Séneflandérma ve Dejerlendir me
7 Lojistik Regresyon:Var sayél an hiperparametrelerle -aléck

max_iter=1000).

1 Dijer Mblde veeBayes, SVM, Kar ar Alpaan-1 ar é ve R:
k¢t ephanaesdadekayat!l arla ejitil miktir.,
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Model ejiti mi t ama actusaoydrécisionaecnallve Blisaorametrikieayle sest €

veri si czerinde dejerlendirilmiktir. Bu dejerlen
©zel evalmEemodelf) onksi yonu aracél éjéyla ger-eklexktir
Confusion Matrix (HKar makeéekmedeManhriahimin perfornm
Positive, True Negative, Fal se P o sindtrisler,enodelifral s e N
hangi hata te¢rlerini daha fazla yapteé] éna da|i1§5 a
TP (True Positive), ger-ek mesaj sénéefénén spam

TN (True Negative), ger-ek enkislagnis®nedde ema&m dladnu jo

FP (False Positive), ger-ek mesaj sénéefénén ham
FN (False Negative), ger-ek mesaj sénéefénén spam

Confusion Matrix - Lojistik Regresyon
800

500

True

- 400

— - 29 120
- 200
o 1
Predicted
k e kiLbgistBRRegr essi on model i i -in Confusion

ROC Ejrisi v eR OCU C( R*kcoeri w:er Operating Characteri:
dejerl eri altendaki duyarl él ek (sensitivity) ve
Under Curve)dj er i , modelin ayéert edici géceneg °1 - mek i

Per for mans Kar kK &aive Bayas,rSWM, Rahdom fargstj Logistic Regression, LSTM

ve BERT gi bi t¢ém uygul anan mo d-scbré matriklar d aj- Eslemkian
-ubuk grafik kKeklinde karkélakteéer él mexkt ér . Bu gt
g°rsel olarak dejerlendirmeyi m¢ mken kéelar [ 7].
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Model Performans Karsilastirmasi

BN accuracy
B precision
m recall

mm f1_score

a 1N 159

1.0 1

0.8 4

3

0.6

ES

Skor

0.4 4

kS

0.2

0.0
& >
g &

kekil Khasi k modell erin dojrul uk, precision,

24Dejerl endirme Metri kIl eri

Spam mesaj tespiti gi bi kil sénéflandéer ma pr ot
i-in -exkitli metriklerden yararlanéleéer. Bu -al éx
metrikler gkendhn@ffk[Bmdef er .
T Accuracy (NModeagluilrukdajru tahmin ettiji ©°rnekl e
Genel bakaréeye yanseétér ancakl8ldengesiz veri ¢
A - TP + TN
COUTay T TP Y TN + FP + FN
1 Precision (Hassasiyet)Modelin spam olarak tahmin 4ttii mesajlarén ne kada
spam ol dujunu g°sterir. Yanleéek pozit@flerin ©
Precision — TP
TEeECLSLOoTL 7TP T P
T Recall (Duyarl el 6kr /fekTespdm mgsaajél)ar én ne Kk
edildijini g°skafrérmaeel|l makilgeslpiamdd.duj u sen
TP
fecall = rp T PN
1 Fl1-Score: Pr eci si on Ve Recall metriklerinin har
dengel enmesini sajlar. Sénéf den@.esizliji bul
Precision - Recall
Fl1=2.

Precision + Recall

Bu metri kl%zeélnl itlkalmmemeengesi z sénéflarén bulundu]j
model in genel bakaréséne dejil, kritik durumlar
dejerlendirilmelidir [4], [5].

3. DENEYSELSONUG¢ L AR

Bu bo°l ¢DfFeabah EF°zel |l i k -ékar é
BERT model i i luen i ynagp &laskr afkiéme n

ejitilen -exi

meyl a
én deneysel sonu- |
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ayné veri seti ¢zerinde dejerlendingil chuwaveée ed@jkr
veFts koru gi bi metri kler ile karkeéelakteéerél mékteér .
performansl|l aré ayreénteéeleé olarak analiz edil mikt]i
Ger -eklexktirilen deneysel kar ka&-l&axéanrdamlawa ntkd jals
ancak BERTO6in bajl amsal anl ama kabiliyet:i sayes
ettijJini g°stermektedir Bu veriler, her ik|i157yo
strateji oétetrbektede.cej i ni i kar
3.1. KlasikMakine ¥ r e n me s i Model |l erinin Sonu-1aré@
TF-I DF il e temsil edilen SMS metinl eri iczerinde al
1 Naive Bayes

1 Destek Vekt©°r Makineleri (SVM)

1T Karar Aja-1Iare

1 Rastgele Orman (Random Forest)

71 Lojistik Regresyon
Model dejerl endirmel eri akajéedaki tabloya yanset
Model Dogruluk (Accuracy) Hassasiyet (Precision) Duyarlilik (Recall) F1-Skoru

Naive Bayes 0.972 0.936 0.897 0.916

SVM 0.982 0.960 0.925 0.942

Karar Agaci 0.963 0.905 0.878 0.891

Rastgele Orman 0.980 0.951 0.918 0.934

Lojistik Regresyon 0.982 0.965 0.919 0.942
Tablo 1. Maki ne °Jrenmes:i algoritmalarénén dojruluk
(recall veFis k or u metri kl erine g°re karkélaktéreéel mase

Bu s onu - LopstikaReggedyonve SVM, dojrubkbkrueaFé&séndan en ba
olarak °ne -ékmaktadér. Naive Bayes modeli ise h
dijer modellerin gerisinde kal méxter

--- TF-IDF + Lojistik Regresyon ---
Classification Report (Logistic Regression):
precision recall +fl-score support

e .97 1.00 .98 966
1 .98 ¥ .89 149

accuracy .97 1115
macro avg -93 .0 - 1115
weighted avg .97 . .97 1115

Accuracy: 8.97219738941 78484

kekiTF-Il BFE ve Lojisht @&mRegresgbdeyedilen séenéfland
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3.2.BERTModelnnSonu-1 ar é

BERT (Bidirectional Encoder Representations fron
tuning y°ntemiyle ejitil mikérve EKIi agbatkh siceakbes|eéinaral
epochs=2learning_rate=26g i b i hi perparametreler kullanél mexkt é
metrikleri verilmiktir:
| 158

Model Dogruluk (Accuracy) Hassasiyet (Precision) Duyarhlik (Recall) F1-Skoru

BERT 0.987 0.980 0.942 0.960

Tablo2.BERT model i il e el de edilensdojuubdekerhassgas

BERT model bajl amsaknagakseeky dbskonuaueld kdisea gee $mi rkd;

iy
spam mesajlarén anlam derinlijini daha iyi kavr a

Confusion Matrix - BERT
—0.50

—0.25

000

0.25

o.50

True Label

0.75
1.00
1.25

1.50
—0.50 —0.25 0.00 0.25 .50 o0.75 1.00 1.25 1.50
Predicted Label

kekiBERGT. model i i -in Confusion Matrix g°rsell exkti

4. SONU¢ EMEKGELALI k MAL AR

Bu -alékmada, késa mesaj servisi (SMS) ¢zerinden
y°nelik olarak hem gel eneksel makine °jJrenmesi ‘
model i kul |l aneéel arlaikz kgeark-éd kalke ketr ifirddIHENiBkintriti erann a¥izled |-
czellikler czerinden Nai ve Bayes, SVM, Kar ar A7
model l eri ejitilmick; bdnaialg gPat ani BERTt medeleidi
Yapél ansdalensonu-1ar-l pFstelmijitsiti kKkiRegTEsyon mod
dojruluk orané ile pratik uygulamalarda et kil o
duyarl & olan BERT model i, ©° zZelnldiéklma dkaa rdnaahkaé k¢ sstpéa
sergilemixktir. Bu sonu-, derin °Jrenme tabanl é

et kil bir kekilde °Jrenme ve yorumlama konusund
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Comparison of Classification Metrics

s Logistic Regression
s BERT

Score

Accuracy Precision Recall F1

|159

k e k i BERTAve Lojistik Regresyon motlel er i ni n dojrul uk, precision,

g°re karkeélakteéer el masé

Bu karkeéelakteéermaleé anali z, SMS spam tespiti

yenl erini ve séneéerl él ekl ar e nhilg rikimini prati aygukamao | ar a k

gereksinimleri ile bulukturmaktadeéer. Elde edi

y°ntemlerin hala rekabet - ol dujunu, y ¢ ksek

°Trenme modeelricdrhi reidi | me s i gerektijini g°ster mekt

Gel ecekt e, edge computing teknolojilerinin

ci hazl arda daha veri mli -al ékabil mesi , bu al anda

tespitiala@ nda s¢r ekl i evrim g°steren bir teknolojik

ortama adapte ol masé gerektijini vurgulamaktadeér
1 ¢ok dilli wveri setleri kull anél arak model

T SMi Shing (SMSamaer ignddn dalhtaal® z el tehdit
kategoriler eklenebilir.

1 BERT dékénda RoBERTa, ALBERT, Distil BERT
karkeéel aktérmalar yapélabilir.

T Spam tespit s i st e mtime) nobil ghgulamaldrantegee edilerék sahg r e a |
testleriyle dejerlendirilebilir.

T Veri artéréemé (data augmentatioed)kemkmoddelelr ér
setleri olukturulabilir.
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Yojunl aktéréel méek G¢gnek Enerjisi ve Stirlir
Mal zemel er ile Elektrik Enerjisini |

Araktérmacé MuhammePr 86abDt. K¥ammr. B®iysdTJTahsin A
Ark. G°r. MYusuf Yakut
'Ondokuz Mayés !niversitesi

*Corresponding authoMuhammet Sabit Kurnaz

¥zeQi:derek artan enerji talebi karkésénda, yenilenebi
h©ol e gel mi ktir. Mevcut enegenil emémgackkagmablogrdamikal
kaynakl arén zamanla t¢kenme riski), artan enerji i hti
sistemlerine olan il giyi hezl a art éerimeglke eébbi. r ISiokt ¢ &1 d &
g¢- seviyelerinde -alékan sistemlere olan ihtiya- da
ve ArGe f aaliyetlerindeki gel i kmel er sayesinde, d¢Kek g
sg§ |l anabil mektedir. Bu bajlamda ger-eklextirilen dene
aracélejeyla yalnézca bir piezoelektrik sens©r kul I
B°yl ece, kar mackéiks tveemlyegrkes eikhtmayd-yeddyulsmadan g¢nl ¢k oy
karkéel anabil ecefj i ortaya konmuktur. Deney d¢zeneji;

piezoelektrik sens®©°r, k°pr¢ dégvakl @je&resi gegiclhiem @€keé
-ekitli bilekenlerden ol ukmaktadér. Dern2@s¥élasglref é sa
bir gerilim elde edilmik ve bu veriler krudll rmnetlamr.ak ¢
Anahtar KelimelerrG¢ nek Enerji si, Piezoel ektrik, Stirling Mo t

Yenilenebilir Enerji Sistemleri

A System for Generaténg El ectrécal Energy Uséng Péez
andaSt érl éng Engéne

Abstract:In response to the growing global demand for energy, the significance of renewable energy sources has
become increasingly evident. A substantial portion of primary energy needs is still met throtrgheveable

sources. Howeverconcerns over the eventual depletion of these resources, the parabolic rise in energy
consumption, and their adverse environmental impacts have driven a shift towards renewable alternatives. In
recent years, advances in automation technologies havaiglsighted the growing need for systems that operate

at lower power levels. Developments in power electronics, sensor technologies, and research and development
activities have enabled higher energy efficiency and greater functionality even atfpoveeolevels. Within this

context, an experimental setup was developed to investigate-som@e energy generation using a single
piezoelectric sensor driven by mechanical vibrations. The findings demonstrated that sufficient electrical energy
can be producetb meet specific needs in daily applications without the need for complex arcbbigtystems.

The constructed system includes components such as a solar tracking mechanism, Fresnel lens, Stirling engine,
piezoelectric sensor, bridge rectifier circuiplar irradiance sensor, focused heat measurement, and voltage
measurement units. As a result of the experiment, an@pziit voltage ranging from 27 to 30 V was obtained,

and these measurements were tabul aysed as part of the

Keywords:Solar Energy, Piezoelectric, Stirling Engine, Fresnel Lens, Micro Energy Production, Renewable
Energy Systems
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1. GKRKK

Yenilenebilir enerji, genegmegzde -evresel se¢erder ¢
sahi pztliar .arHéan enerji talebi, -evresel sorunlarer
enerjiye olan ihtiyacé daha da belirgin hole ge
mal zemel erin ve Stirlingi morteotril mirnedekni yeetnkiilleenreit
kapsaml é bir kekilde ele al énacakteéer. Plezoelhé:2
s¢rderéelebilirli k hem de enerji gevenl i Sér
motorlae da sécakl ek farklaréndan enerji ¢reti mi k ol
teknol ojinin birlikte kull anéméyl a yenil enebil |
geliktirilebilecefji bu - aluérknmaakntéand étre.me | aracktern
Yenil enebilir enerji, doj al kaynakl ardan el de e
araséenda g¢nexk enerjisi, r¢zg®O©r enerjisi, hidr oce
-exkitli kaynakénar|l greebiall i makeé aedéjri RKaynaklareée, fo
daha -evre dostu ve s¢grdereglebilir bir ener ji
yenil enebilir enerji kaynakl aréna olan ilgi ve vy
tevresel s¢erdereglebilirlik a-éséndan yenil eneb
azalteéelmaséna ve iklim dejikiklijiyle m¢gcadel eye
t¢eckenmesi ni engell erken -ever agzeaeri mdierkme kotl erdnisru..
a-éséndan ise yenilenebilir enerji kaynakl ar éna
ol maséné m¢gmkegn kél maktadeéer .

Piezoel ektrik mal zemel er |, me k ani kla dieltrikéenerjisi Vv ey a
cretebilen ©°zel Smihp 8 1A et aba2022Bme lidrgdinr- (c zel | i k,
mal zemel er i ener ji cretiminde kullanél mak ¢zer e
et ki, mal zemeni i rhetirsitrmiln ylapZ2sléemalsa&kna dayal edeér
mekani k geril menin elektrik enerjisine déong¢ktr g
Piezoel ektrik mal zemel er |, ener ji cretiminde f ar
k°opr ¢l ar-dakiafanf i, piezoelektrik katmanlarla kap
el ektri k ener j Johnsamel. G 2021 Bununiarbilikte, piezoelek(rik malzemeler
ré¢zgor t¢rbinlerinde ve okyalnaurséldaabliglai reneR¢jzigs@r
kanatlaréna yerlektirilen piezoelektrik sense©°r]l
titrekimlerle ek enerj.i cretebilir. Benzer «kKeki
piezoelektrikc i haz|l ar sayesinde el e®&GreaniMkD.etnale202D)i si ne d°n,
Stirli g motorl ar ise sécakl ék farkéna al

n 2 day é
mot or | ar , sécak ve sojuk kaymak!| aal aWalnes, IEné d &1 6 €

r
Senft, J. R, 2000).

Piezoelektrik mal zemel er ile Stirling motorl are
-evresel s¢rdegreglebilirlik ve verimlilik ra-ésén
t¢erbinlerinin kanatl aréna yerlektirilen piezoele
enerjiyi de elektrik enerjisine do°n¢kterebilir.
il e Stirling imadtlaomelsdar, @ gé&m etxi relneewtj i si nin daha ve
birlekik yakl akeém, yenil enebilir enerji kaynakl e
etmektedir Brown, P. et al, 2019).

Piezoelektrik malzemelerin ve Stirling motdé ar énén yenil enebil ir ener ji
isretiminin -evresel s¢rderéeglebilirli k ve enerji
koymaktadér . Bu teknolojilerin birliktimiveul |l aneé
et kil i kull anél maseéeneé sajl ayar ak ener ji sekt?©or
y°nel mesine katkeé ajlayacakt ér.

Sonu- olarak bu -al eék ma; -evresel s¢rder gl ebilir
maliyetlerinind ¢ K ¢ r ¢ 1 me s i ve vyenil i k-i teknolojilerin g
hedefl er takémaktadeér . Gel ecekte yenilenebilir
sajl ayarak enerji sekt®or¢gnegn ldrmadai rsig rama-cll ®ambaklt a
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Bu -al ékmada, g¢nek ékeéjéenen farkle bir dejerl en
odak noktasenda toplanmasé ve elde edilen éséneéi
ama-|l anméxt érr.un8tinr leildge mati | en mekani k enerjini
el ektrik enerjisine den¢gktereéel mesiyl e, d¢kKek g -
s¢rdegreglebilir bir ¢retim yapé lembasiseemherdakaddmikn mi K t
arakxteérmalara hem de uygulamaya y°nelik -al éekmal
ol - ekl i ener ji icretim sistemlerd. |l iterate¢r ¢njde ©
Bu tezin temel hedeflerinden biti,i t er at ¢r de yeterince el e al é&nmame
ve deneysel bir hibrit enerji cretim de¢gzeneji k
el ektri k enerjisine don¢gkteereéglebil eaejui ki®© por,t ay e
devr esi ile -ékék gerilimler:i o1 - ¢l m¢ k, bu saye
ol arak belirlenmiktir. Bu y°n¢gyle -alékma, hem e
t emel | i mi kr o tq9Im- etkelkinoéme¢rnjierigcréiterate¢re¢nde y

sunmaktadeér .

k eki Deneydeklu | | aPniéelzaone | ekt ri Kk Sens?©°r
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keki KunulRan Deney D¢zenejinin ¢izim G°r

| 164
Yukaréeda verilen kekil 1.1 veukke&anél an2ptezkal ak
d¢zenejin Aut oCAD progr ameé czerinden -izil miKk
d¢zenejinin daha anlakel ér ol masé i-in modell et
yézeyine yer |l exktnisrlirl¢genvepibewz oled mkame rkt Iseer i n sajl é
cretilen ahkap entegre sistemi i -er mektedir.
2. MATERYAL VE Y¥NTEM
Bu b°l ¢ mde, deney s¢recinde kullanéelan d¢gzenek,
sistemin kurulumuveuygulann °1 - ¢ m tekni kl eri sistemati k ol ar a
hedef i, dojrudan g¢nek ékénéemé ile elde edil en
don¢kt ogrél mesi vV e b u hareketin pi ektrik erergsine r i kK s
-evrilmesidir. Ayréca kurulan hibrit yapéda yer
veriler bu teknik ©°zellikler dojrultusunda temel
2. 1. Kul l anél aihazial zemel er ve C
Deney d¢zenejinde enerji d°n¢gkeéem zincirini ol ukt
piezoelektrik sens®°r, kopr¢ diyot devresi ve - el
akamasénda ger - @dlRlnggamglh ;mnl arereh emijiini sajl ekl é& |
ve hassas teknik ©°zelliklerinin var ol masé sebeb
Fresnel mer c ek, a-eék havadan gelen g¢nek é€ékéjéne
sajlayahal kasalvéeir tasaréma sahip optik el emand
uzakl ejéna sahip oIan bu mercek, gel en éKéneéme
250AC arasé sécaklek ¢retimi sajlaméexkter.
Piezoel ektrik O0ABRXSrI 3 ¥BamakhelQ22t er ci h edi | mi kKt
zorl amaya maruz kaldéejeéenda el ektri ksel gerilim ¢
esasl é& serami k bir yapé i-ermektedir. ruygurg k fr ek
olan bu sens®°r, Stirling motorun periyodik hare

o

Systems, 2023).
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Tablo2.1Pi ezoel ektri k Sens®r¢n ¥zellikIleri
¥zell ik Dej er
Model Q220A4BR-2513YB
Mal zeme T¢r ¢ |PZT (Kurkun Zirkonat Titan
Boyutlar (mm) 32x16 x0.5 1165
Maksimum Gerilim 35.3V
Duyarl él ék 51 10 mV/N
Frekans Yanet 0571000 Hz
¢al eékxma PrensMekani k zorl amaya bajlé ge
Uygun Uygulama Tipi D¢kek frekansl é periyodik

keki De2eyy D¢zenejinin Ggnek Takip Sistemine

















































































































































































