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FABRICATION AND CHARACTERIZATION OF HIGH -PERFORMANCE
AU/PENTACENE/p-Si HYBRID SCHOTTKY PHOTODIODES

Assoc. Prof. Dr. Al Reza DENKZ
Hakkari University
alirizadeniz@hakkari.edu.trORCID/ID 0006000330190522

ABSTRACT

In this study, a highly efficient Au/Pentacen&pAl hybrid Schottky photodiode was
successfully fabricated by combining an organicisenductor pentacene layer with inorganic
p-type silicon (pSi). The pentacene film was deposited on a clearfeidspbstrate using high
vacuum thermal evaporation. Aluminum (Al) served as an Ohmic contact on the back surface
of the device, and gold (Auksred as a Schottky contact on the pentacene. The electrical and
optical properties of the device were investigated in detail. Dark(CurrentVoltage)
measurements demonstrated a high rectification ratio and demonstrated that the pentacene layer
succestlly modulated the barrier height at the interface. The ideality factor (n) and Schottky
barri er p) haluegobtained( explained the charge transport mechanisms at the
pentacene/si interface based on the thermionic emission model. The devivetsdmode
performance was characterized at various wavelengths (especially in the visible region, where
pentacene exhibits strong absorption) and light intensities. The photodiode demonstrated a high
photocurrent/dark current ratio under reverse poladmaffhe measured spectral sensitivity

(R) and External Quantum Efficiency (EQE) valuksmonstrated the high efficiency of the
hybrid structure, which combines the broad absorption spectrum of pentacene with the superior
carrier collection ability of (5. These results demonstrate that the Au/Pentac&idigbrid
structure holds significant potential for levest, highperformance, and brosgpectrum
photodetectors and optoelectronic applications.

Key Words: Schottky Photodiode, Pentacene, Hybrid StriestpSi, Organic Semiconductor,
Spectral Sensitivity

1. INTRODUCTION

Photodiodes are the fundamental building blocks of modern optoelectronic systems such as
optical sensing, imaging, optical communication, and photovoltaic energy conversion. The high
manufcturing costs and limited spectral sensitivity ranges of traditional inorganic
semiconductor (Sibased devices have led scientists to explore-gmweration materials and
hybrid structures. In recent years, hybrid Schottky barrier diodes (SBDs), wiidhinsothe
superior carrier transport properties of inorganic semiconductors with the advantages of organic
materials such as letemperature processability and adjustable energy bandgap, have become
a major focus of interest in this fig]d].

Among organt semiconductors, pentacene stands out due to its high carrier mobility and
thermal stability. With an energy bandgap of approximately 1.82 eV, pentacene is an effective
absorber in the visible light spectrum, making it an attractive candidate for pleatiodet
applications. The combination of a pentacene thin film with-pgtiormance fiype silicon
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(p-Si) allows the formation of a metatganicinorganic semiconductor (MOIS) structure that
benefits from both the efficient lightarvesting ability of therganic film and the excellent
carriercollecting properties of silicon.

In this study, the electrical and optoelectronic properties of the Au/Penta&td/hybrid
Schottky photodiode structure were investigated in detail. In the structure, the organic
pentacene layer acts as a critical interlayer, sandwiched between the metal (Au) ad the p
semiconductor. This layer not only enhances the spectral sensitivity of the device but also plays
a key role in modulating the Schottky barrier height at theksetmiconductor interface and,
consequently, the overall performance of the device. This hybrid structure, constructed using
Al (ohmic) and Au (Schottky) for the bottom and top contacts, respectively, provides an ideal
platform for investigating phototraport mechanisms at the heterojunction formed at the
pentacenehsi interface?].

The primary objective of this paper is to characterize the performance of this hybrid photodiode

in the dark and under various illumination intensities. Through cuvadtda ge (| T V) an
capacitancey ol t age (CT V) analyses, key electrical
factor, series resistance, and interfacial trap densidy (NIl be determined with precision.
Furthermore, the photocurrengdjl photoresponsity (R), and specific detectivity (Ip of the

device will be investigated to demonstrate the promising potential of the Au/PentaSgA&/p

structure for higkperformance and lowost optoelectronic applications. This work provides
significant contributions towards the successful integration of organic and inorganic
semiconductors and the enhancement of device efficiency through interface engineering.

2. MATERIALS AND METHODS

The fabrication of hybrid Au/Pentacene®yAl Schottky photodiodes corsts of four key

steps, requiring meticulous sequencing and cleaning to obtainpaifdrmance and
reproducible devices.-8i wafers are cut to the desired device dimensions (usually around 1
cmP). A sequential and meticulous cleaning process is appliedniove particles, organic
residues, and native oxide from the surface. This process is usually carried out by ultrasonic
baths in acetone, isopropyl alcohol, and deionized (DI) WajeAluminum (Al) metal D10

nm thick) is evaporated onto the back aoé of the 5i using a thermal evaporation or electron
beam evaporation system. A good ohmic contact is formed between the aluminum and the p
Si. To improve the quality of the ohmic contact, in some protocols, theSAlgbructure is

briefly annealed ahigh temperature (at 430 for 5 min) under an inert gas {\Natmosphere.

The prepared pentacene solution is dropped onto the surface-8f supstrate with an Al
contact. The substrate is rotated at high speeds (in the range of 2000 rpm) usirgpatsgn
device. To remove residual solvent molecules from the formed film and optimize film
morphology, the device is annealed at low temperature in a controlled environment (under a
nitrogen atmosphere) or allowed to dry for a specified time. Film thickeesantrolled by
adjusting the solution concentration and rotation speed. In the final step, the top contact, which
forms the optically active region, is evaporated onto the pentacene filmxpHigi gold metal

(50 nm thick) is deposited onto the pemtae film through the mask apertures in a vacuum
evaporation unit. Au, with its high work function, contacts the pentacene, forming the Schottky
barrier necessary for device operation. Once the mask is removed, numerous Au/Pentacene/p
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Si/Al hybrid photodio@ devices are deposited on the substrate, ready for electrical
characterization.

3. RESULT AND DISCUSSIONS

The basic mathematical expressions required to calculate the ideality factor, barrier height, and
series resistance of an Au/Pentacer&/pl photodiade are typically derived from
measurements of theM characteristics. These valua® usually calculated using the current
voltage equation, which is modeled according to thermionic emission theory of the diode. The
standard forward bias current eqoatifor semiconducteorganic (or metatemiconductor)
Schottky barrier diodes [4]:

) ) AgBd E4 p (D)
In this equation,olis the reverse saturation current and is given by the formula:
lo= A A'T?exp ¢q @/KT) (2)

g is the electron charge, k is the Boltzmann constant, T is the absolute temperature, A is the
active device area, and' & the effective Richardson constant. The n indicates thateixte

which the diode deviates from ideal behavior and indicates the extent to which the charge
transport mechanism is affected by Aidaal processes such as tunneling, recombination, or
skin effects. For an ideal diode, n = 1, while in practical dioate$,is usually sufficient. The

value of n is given by the following equatif5i:

n = e/kT dv/d(Inl) )

T h ep represents the height of tpetential barrier at the metaémiconductor interface and
directly affects the electrical performance of the diode. To calculatey thaue from the
RichardsorDushman equation, the reverse saturation current is first obtained from the
intersectonof he | n(1 ) vs. pValupisgven bnthe folowihg equbtioe G

Q  QWid Yro (4)
In this study, the changes in thevhluesa n d n , Eamadetens obtained from the/|

measurements of the Au/Pentacer®if\l photodiode under light intensity using the above
formulas were investigated in detail depending on the illumination power.

The curremversusvoltage (V) characterists of the Au/Pentacene®i/Al photodiode,

shown in Fig. 1, clearly demonstrate the device's behavior as both a Schottky diode and a
photodiode. The general shape of the graph indicates that the diode tends to conduct current in
only one direction, the favard direction (V>0 Volt). Under forward bias, the current increases
exponentially, while under reverse bias (V<0 Volt), the current is very low. This is the expected
diode/Schottky barrier behavior. In the reverse bias region (dovih\tp, the currents very

low (betweerD10"and 1 A). This low current indicates that the device has a low noise level
and a good rectification ratio, making it ideal for photodiode applications. When light is applied
(red and black curves), the photodiode characteristics of the device emerge. I thotivaind

and reverse bias regions, the current increases with light application. This indicates that the
photodiode detects light and creates elechole pairs through photogenerati@h. Especially

under reverse bias, the photocurrent (the differdreteveen the light current and the dark
current) is significant. The photocurrent increases with increasing light intensity.
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Fig. 1 The FV plots of Au/Pentacene/Si/Al photodiode
Table 1 Electrical parameters of Alentacen@-Si/Al structure undedifferent light

intensities
Light Power Saturation n 0o (eV) Rectification
(mW/cm?) Current (A) ration
In Dark 3.17x 108 1.52 0.77 1830
50 6.80x 107 2.45 0.69 634
100 1.25x 107 3.34 0.57 27.6

Table 1 summarizes the four key electrical parameters of the Au/Pentacgindlphotodiode
structure obtained in the dark and under different light intensities (50 nslfahiL00 mW/cr):

lo, n,, andarectification ratio. The changes in these parametersaiadibe behavior and
performance of the device as a photodiode under light. The ideality factor indicates how much the
diode deviates from the ideal thermionic emission pattern. In the dark, the n value was determined
as 1.52. This value indicates that addition to thermionic emission, recombinatiapping
currents at the interface are also effective in the diode's current transport medfiianiEne n

value systematically increased with increasing light intensity (2.45 for 50 miféodn3.34 for

100 mW/cn?). This increase indicates that high light flux leads to more charge trapping and
recombination, especially at the Pentacei®&/pnterface. The increased trap density and
recombination move the diode's behavior further away from ideal. The bargket tepresents the
fundament al hei ght o fyvaluhveas 057¢ \oirt theldgrk abdadeareased .
with increasing light intensity (0.57 eV below 100 mWAnThis decrease in barrier height is a
typical indicator of a negative photoelectaffect. Photocarriers induced by light accumulate at
the interface, lowering the potential barrier. This, along with an increase in n, confirms that the
electrical properties of the device are strongly modulated by light. The rectification ratio represen

4
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the ratio between the diode's forward and reverse bias currents (the higher the rectification, the
better). The rectification ratio is highest in the dark at 183.0. This ratio decreases dramatically as
the light intensity increases (27.6 under 100 mWjcrihis decrease clearly indicates that the
device operates as a photodiode. Light increases the reverse current (photocurrent), reducing the
difference between the forward and reverse currents, thus reducing the device's efficiency as a
rectifier. The dta in the table confirm that the Au/Pentacer®iff\l structure operates as a
photosensitive and active photodid&. The significant modulation of the electrical parameters

of the devi ce pbyglgpadicataslcomplexmhomeiedtric ploenena such as
charge trapping and barrier height change occurring at the interface.

Fig. 2 shows theyh response of the Au/Pentacen&pAl photodiode to different light intensities.
This is a critical graph used to evaluate the fundamental perforro&aceghotodiode. The graph
shows two different light intensity points, 50 mW/camd 100 mW/crf) at T=300 K, and the trend
between these points.

2E-005 |— %

1.6E-005|—  Au/Pentacene/p-Si/Al Photodiode ,/

1.2E-005— 7

Photocurrent, Iph, (A)
N
N

8E-006 [— ’
’, T=300K

4E-006 [— 4

40 60 80 100
Light Intensity (mW/cm?)

Fig. 2The bn1 P plots of Au/Pentacenefi/Al photodiode

The most striking feature of the graph is the strong linearity between photocurrent and light
intensity. The light intensity was increased from 50 m/em100 mW/cr, exactly doubled.
Conversely, the photocurrent value also approximately doubled. This linear relationship
demonstrates the excellent fundamental photodiode performance of the device. In other words, an
increase in light flux translates directly into natrent generation without causing any significant

loss in carrier generation or collection. The linear increase trend demonstrates that the device has
high and stable photosensitivif9]. It is understood that each photocarrier pair (elechae)
generged is efficiently collected by the depletion region of the device. This indicates that no
significant recombination or saturation loss occurs at the interface, even at high currents. This direct
and simple relationship between photocurrent and lightsitfemakes the device ideal for many
applications: It can be easily calibrated as a sensor or photometer, providing precise and easy
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measurement of light intensity from the photocurrent v§lld. The linear response offers a
significant advantage for as@tely detecting amplitude changes in optical signal receivers.

Photosensitivity indicates how much current the photodiode produces per unit of light power and
is a basic measure of how efficiently the device operRtescalculated by the following formula

[11]:

R= |ph/P|nc = |IightT dard Atlint (4)

Fig. 3 shows he relationship between the photosensitivity value of the Au/Pentaesitalp
photodiode and the applied light intensity.
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Fig. 3The R P plots of Au/Pentacenef®i/Al photodiode

The most striking observation in tigeaph is that the photosensitivity level increases dramatically

as the light intensity increases. This increase in photosensitivity indicates that the device produces
more current per unit light power at higher light intensities, indicating an increaffeciency. If

the response were perfectly linear, the photosensitivity should remain constant regardless of the
light intensity. However, the photosensitivity in the graph increases by a factor of almoBShur (

This suggests that carriers lost at BentaceneASi interface at low light levels become saturated

at higher light levels and contribute more to the residual current generation. This trend suggests
that the device's quantum efficiency improves at higher light levels, requiring a high8ukgbt

reach the photodiode's maximum potential. The device will exhibit its best performance and
sensitivity at higher light levels rather than at lower light lej&.

Detectivity is one of the most important performance metrics of a photodetedtmdicates how
well the detector can distinguish signal from noise.
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The standard formula [43]:
OBE ANELITRD (V) _ Y ©)

OAXEFOA O =

Fig. 4 shows the relationship between thev8lue of an Au/Pentacenefi/Al photodiode and the
applied light intensity. Dis one of the most critical performance metrics indicating how effectively
the device can distinguish signal from noise. A key observation from the graph is that the
detectability of the photodiode increases significantly as the light intensity incréasedramatic
increase in Dindicates that the device not only produces more photocurrent (signal), but also that
the signafto-noise ratio improves significantly at high light levels. ThevRlue increases by
approximately 3.4old from 50 mW/cmi to 100 mW/cn?. This increase is consistent with the
increase in photosensitivity. This trend confirms that the Au/Pentae8niélphotodiode exhibits

its best performance under high light fltd]. At low light levels, noise from dark current limits

the abilty to detect signals. At high light levels, the large signal (photocurrent) generated dominates
the noise, resulting in a higher Dalue and an increase in the lighdtection efficiency of the
device[15]. In summary, the graph clearly shows that théP&ataceneA%i/Al structure is an
effective photodetector and exhibits excellent sigoaloise performance under high illumination
conditions.
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Fig. 4The D7 P plots of Au/Pentacene®i/Al photodiode

4. CONCLUSIONS
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The Au/Pentacene/§i/Al hybrid photodiode structure investigated in this study exhibited the
potential for a higkperformance optoelectronic device by combining the advantages of organic and
inorganic materials. Experimental findings confirmig device's fundamental electrical and
photoelectric properties. The device exhibited clear Schottky diode behavior and a good
rectification ratio under dark conditions. However, an n value greater than 1 indicated that
recombination currents and serresistance at the Au/Pentacen8ignterface play a significant
role in device performance. As | degrdased. iThist e n s
demonstrated that light triggered charge trapping and the negative photoelectric effect at the
interface, effectively modulating the device's electrical parameters. The photodiode produced a
strong and consistent photocurrent in response to the applied light intensity. The near linearity
between photocurrent and light intensity suggests that the deasdagh potential for light sensor

and sensing applications. The device's detectivity value showed a significant increase as the light
intensity increased. This result demonstrates that the photodiode has excelleribsigisd ratio

under high illumnation conditions and performs competitively with commercial siticased
photodetectors. In conclusion, this Schottky barrier photodiode fabricated using a Pentacene
organic layer opens a promising avenue for future hybrid optoelectronic devices byiogrtdm-

cost organic semiconductors with higarformance silicon technologies.
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ABSTRACT

In this study, a organieinorganic hybrid photodiode with an Au/PEDOT:PSSIAI
structure was developed and investigated with the aim of producing highly efficient and stable
photodetectors. Highly conductive PEDOT:PSS (Poly(3,4 ethylenedioxythiophene)
Polystyrene Sutinate) was deposited as a thin interlayer oftygop silicon (pSi) substrate via

a solutionbased coating method. Aluminum (Al) served as an Ohmic contact on the back
surface of the device, while gold (Au) served as a Schottky contact on the PEDOT:#8S on
top surface. The electrical and photoelectric performance of the device was analyzed in detail
to determine the effects of the PEDOT:PSS interlayer. Da¥k (CurrentVoltage)
characteristics revealed that the diode exhibited an excellent rectificatim, and the
PEDOT:PSS layer significantly reduced the dark current by optimizing the barrier height at the
interface. The obtained i dealjvalyesridiaatetdthat ( n)
the charge transport mechanisms at the BD®T:PSS/gSi interface are consistent with
thermionic emission, particularly modified by series resistance and interfacial states. The
optical response of the photodiode was characterized over a wide spectral range and various
light intensities. The devecexhibited a high photocurrent/dark current ratio and impressive
spectral sensitivity (R), particularly under reverse polarization. The high PEDOT:PSS
conductivity facilitated carrier separation and collection, maximizing the overall External
Quantum Efftiency (EQE) of the device. The obtained results confirm that PEDOT:PSS plays
a critical role in enhancing the performance of conventional inorganic semicontastat
devices, and this hybrid structure offers great potential fordast, solutiorprocesable, and
high-performance optoelectronic applications.

Key Words: Schottky Photodiode, PEDOT:PSS, Hybrid Structur8&j,pnterlayer, Spectral
Sensitivity, Organic Semiconductor.

1. INTRODUCTION

Crystalline silicon (Si), which forms the basis of the etmutrs industry, remains widely used

due to its stability and wellefined electrical properties. Schottky diodes based on the-metal
semiconductor (MS) interface are an attractive option for-higduency applications and
photodetectors thanks to their @il® structure and fast response time. However, traditional
metalsilicon Schottky contacts (e.g., Auff)) can often exhibit suboptimal electrical behavior,

low barrier height, and high leakage current due to interface defects and pinning of the Fermi
levd [1].

10
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To overcome these problems and optimize device performance, the strategy of interposing a
thin organic layer between the metal and the semiconductor has gained prominence in recent
years. The polymer poly(3dthylenedioxythiophene):Poly(styrenesulfonggDOT:PSS) is

one of the most ideal candidates for this purpose, thanks to its high optical transparency and
electrical conductivity, which can be increase®1®00 S/cm with secondary doping methods.

The incorporation of PEDOT:PSS as an interlayeratiktalsemiconductor interface has the
potential to both reduce interface defects by acting as a surface passivation and modify the
Schottky barrier height in a desired direction by creating a dipole at the int@face

In this context, the primary olggve of this study is to comprehensively investigate the effects

of adding a thin layer of highly conductive PEDOT:PSS to the /Au/gtructure on the

electrical transport mechanisms and optical sensing capabilities of the resulting hybrid Schottky
photodode. The study aims to determine key electrical parameters such as ideality factor (n),
bar ri er p),lamisgribstresigtamces(Rf the fabricated AuU/PEDOT:PSSH hybrid

Schottky photodiodes by analyzing their dark curert | t a g e ( listice.Jtalsohimsr act er
to characterize the builb potential (M) and carrier concentration {\by using capacitanee
voltage (CiV) measurements. It also aims to
as sensitivity (R), detectivity(@andguant um ef fi ci ency (QE) of th
and spectral response measurements under illumination. The findings will scientifically
demonstrate the effectiveness of PEDOT #&Sed interface engineering in the design of-high
performance hybrid liptodetectors and solar cells and will shed light on the development of
nextgeneration optoelectronic applications.

2. MATERIALS AND METHODS

The fabrication steps of the Au/PEDOT:PSSIfAl photodiode involve the fundamental
fabrication processes of semicluttor devices and the special requirements of
organic/inorganic hybrid structures. Theype silicon (pSi) wafer to be used was cleaned
using special chemical solutions (RCA cleaning) to remove organic and inorganic ré&jdues
The natural oxide layem the wafer surface was removed using a hydrofluoric acidifEsgd
solution. This is important for good contact between subsequent layers. An aluminum (Al) layer
was deposited on the back surface of the clearf@idyafer by thermal evaporation. Alused

to ensure good ohmic contact with the&Sp To improve ohmic contact, the Al layer was
annealed at low temperature (around A5Q@nder a Ninert atmosphere). The commercially
available PEDOT:PSS solution was mixed with additional additives (DMScrease
conductivity and improve film quality. The prepared PEDOT:PSS solution was applied as a
thin film to the front surface of the-pi wafer, typically by spin coating. The deposition rate
and time control the film thickness. A mask is used to defieective area for light entry and

to ensure the desired geometry of the Au electrode. A thin Au layer is deposited onto the
PEDOT:PSS layer through the mask. Au is then deposited as a very thin (20 nm) layer to
achieve high transparency. After fabricati the electrical and optical properties of the
photodiode are tested to characterize the device performance.

3. RESULTS AND DISCUSSIONS
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This hybrid organignorganic photodiode structure is based on a heterosurface layer formed
between (gSi) and theconducting polymer PEDOT:PSSVI curves measured under dark
conditions and at different light intensities (50 and 100 m\Ayamere used to analyze its
electrical and optical performandéd. 1). Various electrical parameters were calculated from
thisanalysis. The ideality factor defines the forwhrdsed current mechanism of the diode and
indicates the deviation from the theoretical ideal value of n = 1. For an ideal diode operating
with thermionic emission mechanism, n = 1. However, in real diodepgcially in
polymer/semiconductor heterosurfaces, the value of n is generally greater than 1 (n > 1). An n
value greater than 1 generally indicates that recombinggoeration currents or series
resistance effects dominate. The barrier height is tleeggnvalue of the potential barrier
determined by the device's Au® Shcottky contact and the)/PEDOT:PSS heterosurface.

The rectification ratio is a performance measure that indicates how effectively the diode

conducts currentinone directionandld ks it i n t he rgancktRRyauesdi r ect
were calculated using the Thermionic Emission Theory equgddnFhese valueare given
in Table 1

0.0Q

Current (Ampere)

Au/PEDOT:PSS/p-Si/Al
100 mW/cm?

50 mW/cm?
Dark

-2 -15 1 0.5 0 0.5 1 15 2
Voltage (Volt)

Fig. 1 The }V plots of Au/PEDOT:PSSASI/Al photodiode

Table 1 Electrical parameters of Au/PEDOT:PSSpAIl structure under different light

intensities
Light Power Saturation n Ub(eV) Rectification
(mW/cm?) Current (A) ration (
In Dark 5.82x 1¢° 1.25 0.87 368.0
50 2.13x 16 1.86 0.75 284.0
100 9.36 x 1¢° 2.71 0.66 177.0
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The data in Table 1 clearly show how the electrical parameters of theSKBEDOT:PSS/Al
photodiode change in the dark and under different light intensities (50 and 100 R)\Witese
changes characterize thehavior of the device both as a diode and a photodetector. According
to the table, theplvaluesshow a significant increase as the light intensity increases. This rapid
increase clearly demonstrates that the device is highly sensitive to light amdespes a
photodiode. Light increases the formation of electiole pairs at the interface of the
semiconductor (®i) and the polymer (PEDOT:PSS), shifting the curkeritage curve
upwards and causing the calculatgdvdlue to increas¢s]. The idealiy factor increases
significantly as the light intensity increases: The value, which is n = 1.25 in the dark, reaches
1.86 at 50 mW/crand 2.71 at 100 mW/cinThe value of n = 1.25 in the dark indicates that,

in addition to the thermionic emission mechamisf the current in the diode, the effects of
interfacial recombination currents or series resistangeafR also important. The deviation of

n from 1 under light can be attributed to the strong effect of high carrier concentrations
generated by light oRs and/or the increase in the recombination rate at the interface. This
indicates that the behavior of the device under forward bias deviates more from the ideal
thermionic emission model as the light intensity incred6gsThe barrier height values
decrease steadily with ip,r6©.87e¥ Bihadparklitdegrhasesi nt e
to 0.75 eV at 50 mW/cfand 0.66 eV at 100 mW/cmThis decrease is directly related to the
photovoltaic effect (photovoltage). The incident light creates aopblibge (VOC) at thep
SI/PEDOT:PSS interface. This voltage partially neutralizes the internal potential barrier,
causing the effective barrier height of the diode to decrease. Increasing the light intensity
produces a higher photovoltage, further redg¢ive barrier heigH#].

Photocurrent is generally defined as the difference between the current under illumination and
the dark current. If the photocurrent value is calculated using the following equation:

Iph=liight T dak

Fig 2 shows the-V performance of a photodiode with Au/PEDOT:PSSIfAI structure
operating at 300AC. The basic representation
relationship between the photocurrent, represented by the dashed red line drawn between two
points, and the light intensity. Increasing the light intensity increases the number of photons
absorbed in the active region of the device, leading to the production of a proportionally higher
number of electrotole pairs. The observed linear response indéctitat the generated charge

carriers (electrons and holes) can be efficiently collected under the device's electric field and
that carrier recombination losses are low in this light intensity rdBfeThis device
(Au/PEDOT:PSS/5i/Al) exhibits good phmsensitivity (light sensitivity) between 50 and 100
mW/cn?. This is a key feature desired for its use as a photodetector.

Fig 3 shows the change in photosensitivity of a hybrid device with an Au/PEDOT:B&&l/p
structure as a function of light intetysat 300 K. The most critical finding of the graph is that

the photosensitivity value increases significantly (approximately fivefold) as light intensity
increases. In an ideal photodetector, the reactivity (photosensitivity) should be constant and
independent of light intensity. The increase observed in this graph indicates that the device is
operating in a nonlinear regime. This increase in photosensitivity generally indicates the
presence of a photogain mechanism within the device. The most commos afilse are as
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follows: At low light levels, defects (traps) at the interface or in the volume of the device trap
the generated charge carrig®$. As light intensity increases, these traps fill. When the traps

are filled, more free carriers reach th@lection electrodes. This causes the current increase
rate to exceed the light increase rate, leading to increased photosensitivity. This device operates
with higher efficiency at higher light intensities and exhibits a slipear response in this

rangedue to photogain or saturation of the traps. This may be an attractive feature, particularly
for high-light sensing applications.
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Fig. 2The FV performance of a photodiode with Au/PEDOT:PSSIifAl photodiode
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Fig 4 shows the change in detectivity of the AU/PEDOT: PS84 hybrid device as a function

of light intensity at 300 K. The Dvalue increases almost linearly with increasing light intensity.

D" primarily depends on the ratio between the device's response (signal) and noise. This
increase is directly related to the increase in photosensitivity seen in the previous graph. The
increase in photosensitivity means that the signal increases at adéstdan the noise. This
increase in Dindicates that the device reaches its highest sensitivity and besttsignuése

ratio at higher light intensity. This result indicates that the device's ability to detect weak signals
is better at higher lighhtensities, and that this region is closer to the device's optimal operating
conditions[10]. The Au/PEDOT:PSS/gi/Al device increases its detectability with increasing
light intensity. This is a positive performance characteristic, indicating that ¢vicedgperates

with less noise and is more sensitive under higher light conditions
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4. CONCLUSIONS

This study investigated the fundamental electrical and optoelectronic characteristics of an
organicinorganic hybrid photodiode withe Au/PEDOT:PSSASI/Al structure at 300 K under
varying light intensities. The findings indicate that the device exhibits complex and highly
photosensitive behavior both as a diode and a photodetector. Electrical analyses revealed that
loandnvalues ncrease significantly widdécreasescTheeasi n
rapid increase inbtonfirms the high light sensitivity of the device, while the increase in n from
1.25 to 2.71 indicates that under the influence of high carrier condens;athe forward
conduction mechanism deviates significantly from the ideal thermionic emission model, and
recombination currents or series resistance become dominant. The decrease in barrier height is
a direct result of the photopotential induced bytigartially neutralizing the potential barrier

at the interface. From an optoelectronic performance perspective, the photocurrent showed a
linear increase with light intensity, indicating high carrier collection efficiency. However, the
superlinear increasin photosensitivity and ‘Dvalueswith light intensity demonstrated a
nonlinear regime in the device behavior. This significant increase in photosensitivity was
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explained by the traps, which are active at low light levels, reaching saturation aighigh |
intensities and the activation of the photogain mechanism. The concurrent increase in
detectability indicates that the device has a higher sigaabise ratio at high light intensities

and achieves the most sensitive operating conditions. In cantluke Au/PEDOT:PSS/p

Si/Al hybrid structure stands out as a highly efficient, sensitive, and-resggant device
candidate for photodetection applications, thanks to its increased detectability and
photosensitivity valuesnder high light intensity
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ABSTRACT

In parallel with today's growing population, the needefoergy is increasing daily, and electrical energy
accounts for a significant portion of this demand. Among the hazardous work areas, electrical work
accounts for a significant portion of the energy sector. Work accidents in electrical work in this sector
indicate errors in implementation or a lack of precautions. Current laws contain important provisions
regarding occupational health and safety, but for effective results, the implementation of occupational
health and safety laws must be considered and ebecd to which they are implemented must be
determined. In electrically operated sectors, the harmful aspects of electricity have been investigated
and the necessary precautions have been taken. Systems, applications, structures, vehicles, tools, and
prodwcts that rely on electrical energy are now an indispensable part of life. This is becoming
increasingly prevalent with digitalization. Nowadays, we see the transportation of electrical energy. We
can see this energy everywhere, in factories, homes, battarid space. Even in these systems, safety
measures are now paramount. More than 10,000 people died in India, 1,000 died in the United States,
and more than 50,000 were injured. According to a World Health Organization report:

1 Thousands of people worldae lose their lives to electric shock.
1 Most electric shockelated deaths and injuries occur during the summer months.
9 The rate of electrical accidents in all accidents has been reported-@be 1

Keywords: Electrical energy, work accidents, electricaheelectricity requirement, population growth
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el ektri kli -al exmal ar enerji sekt®°r¢gnde begyeéek poa
i K kazalarénén ol masé uygulamada yanl éeklarén ol m
hazérda ye¢reéerl ¢kte&i gkaaenhijpar, korRuswngda&] €neml i
baréendérmaktadér; fakat sonu-Ilarén iyi olabil mes
tatbik edil me ve uygul anabil me der ecktsrii jbied |2 arod
y°nl eri araxktéreéeléep bu y°nde gerekli °nlemler al
Elektrik enerjisine bajlé sistemler, uygul amal &
vazge-il mez bHBu edurpuammd-aa lhaerré dgeer- en ge¢n dijitall ek
gel mektedir. Géenegmegzde arteéek elektrik enerjisini
fabri kal ar da, evlerde, bataryal ardabukaydat Bkr ge
°nl eml er i °n plandader. Hi ndi standa 10.0006i n ¢
°l d¢jé¢ ve 50.00006den fazla kikinin yaralandéjeée g
geore:
T Dénya genelinderibkndarcmagkégliaehakat éeéné kaybe
Elektrik -arpmal aréna bajlé °l ¢mlerin ve yar e
ol maktadér .
T Té¢m kazalar i -erisinfeokedaekturirkpkakanmeanéneér
Anahtar Kelimeler: EI ekt ri k enerjisi, i K kazal ar é, el ektri
INTRODUCTION

With the continuous advancement and proliferation of technology, mechanization and industrialization,
both in our country and globally, have ledniamerous safety and health hazards. Since the Industrial
Revolution, the transition to a factory system has increased the demand for labor. People living in
regions experiencing increased industrialization have faced risks of malnutrition, inadequate wages
unhealthy work, and unsuitable environments. For occupational health and safety, it is crucial that
workers work in a more healthy environment. The level of attention given to occupational health and
safety varies depending on the level of developmemtach country. This attention is shaped by the
awareness and cultural level of society.

The primary purpose of occupational health and safety activities is to ensure the safety of employees.
Scientific studies demonstrate that the damage caused by werlgueitients far exceeds the costs
incurred in maintaining occupational health and safety. Examples of occupational health and safety
practices are being seriously examined in developed countries.

RESEARCH AND RESULTS
Grounding in Electrical Installations

Any insulation fault in electrical installations, electrical machines, or electrical devices can cause the
enclosure or fastening parts of conductive and metallic bodies not directly related to the operation of the
installations, machines, or devices tactwmme energized [1]. These dangerous voltages, called step
voltages or touch voltages, pose a-tiieeatening risk to both operating personnel and anyone who
comes into contact with the electrical installations in question. Grounding is a crucial preegatitst

the risk of electrical leakage from electrical devices. In other words, it is a simple mechanism that allows
electricity to leak to the ground through a conductor. Grounding is used in facilities to protect the
operator's personnel and anyone wiibcome into contact with the electrical installation against step
and touch voltages. Grounding in systems and electrical installations is performed both to affect the
system's operation in the event of a ground fault and to contribute to the sdifgéhgdieings near the

fault point [2]. Grounding is performed for three primary purposes, depending on its function:
operational, protective, and special (functional) grounding.

Figure 1 shows the connections for different types of grounding, includibgcgive grounding for life
safety, operational grounding for system operation, and functional grounding for special purposes. The
primary purpose is to ensure the safe and proper operation of the electrical system.
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Protective Operational Functional Protective
grounding grounding grounding grounding

Figure 1. Grounding types [3]

In Figure 2, there are two metal parts, circled in green, at the top and bottom of the Schuko socket. This
is the grounding connection. This connection mates with the metal contacts on a compatible plug that
plugs into the socket. If an electrical device leaks,leakage current is safely conducted to earth via
this grounding connection. This prevents anyone touching the device from receiving an electric shock.

GROUND PHASE or NEUTRAL
Figure 2. Grounded socket example [3]

The line grounding element, shown in Figure 3, is an impopiané of equipment used to ensure safety

in electrical installations, particularly on power transmission and distribution lines. Its primary purpose
is to deenergize the line being worked on, shartuiting it both internally and to ground. This prdagc
workers from electric shock in the event of an unexpected power failure.

Figure 3. Line grounding element [4]

Grounding Types
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Operational grounding

Under normal conditions, the process of connecting live parts to ground is called operational grounding
In other words, it involves connecting the transformer's star point to ground via a conductor.

The purpose of facility grounding is to prevent overvoltages on electrical installations by maintaining a
certain level of potential for the current circuitgiaund. Facility grounding prevents typhase ground

faults and ensures the immediate opening of circuit breakers. To limit the hazardous effects of short
circuit current in these types of networks, grounding through resistance or, for less significant po
levels, direct grounding can be used [5].

As shown in Figure 4, the transformer's neutral point (the blue dot in the lower right corner of the dashed
box on the far left) is directly connected to ground. This connection is called operational grotinding.
figure shows the term "Operational Grounding" and its symbol (Ro) below this connection.

AR LI
B.S, L2
C.T.L3
0.N

Operational !
grounding
Ro=

Figure 4. Operational grounding example [6]
Protective grounding

Metal parts that are not normally live but are expected to be live due to a fault are cormgodedd

using a conductor. The purpose of protective grounding is to prevent step and touch voltages that pose
a danger to electrical device users and animals. This prevents high touch voltages from remaining
permanently in the nelive conductive seabin of the installation.

Figure 5 shows that the metal bodies of the loads (resistors in the dashed boxes on the right) are
connected to ground via a separate line (green dashed line). This connection is called protective
grounding. Its symbol is Rk. The mose of protective grounding is to ensure that, in the event of an
electrical leakage on the metal surfaces of the devices, it is safely conducted to the ground without
causing harm to people. This eliminates the risk of electric shock.

R e ARLI
Ty TN = - B.S, L2
: — N =y C.T.L3
o 9 | . 0N
At ] —f— *
ulviwlm I
PTT -
! I
I
Operational E i
grounding i i
R[I____ _: RJ:—*—

= Protective gl'o.lmding.

Figure 5. Protective grounding example [6]

Functional grounding (special grounding)
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Unlike protective and operational grounding, this type of grounding is applied to a transmission facility
or operational element to ensure it performs its interfidection. It also includes grounding for LV
equipment, lightning protection, and communication facilities and rail systems.

In Figure 6, the surge arrester (lightning protection device) is connected to the N (neutral) line. The
ground connection of this gyge arrester is designated as "Functional Grounding." This is the ground
connection required for the device (surge arrester) to function properly against overvoltages (such as
lightning strikes).

Transformatér | L |

Parafudr
Protective | .. | Operational L Functional
grounding " grounding " grounding

Figure 6. Functional grounding example [6]
Purpose of Grownding
The purposes of grounding are given below:

1 To ensure life safety.

1 To transmit leakage currents arising from electricity to the ground.
1 To maintain voltage balance in the electrical system.

1 To prevent devices from being damaged by electrical energy.
Safety in Electrical Installations

Occupational health refers to eliminating or minimizing the risks that may arise from an employee's
work environment and equipment [7]. Many electrical accidents, both fatal asfidtagroccur due to
negligence in eledtral accident prevention measures, their inapplicability in field work, and the similar
disregard for regulations. According to the Social Security Institution Report (Turkey 2017) [8],
workplace accidents in Turkey have increased significantly. Precautidme taken against electrical
problems and the causes of electrical accidents, first aid protocols, and repair/maintenance activities to
be performed in the event of an accident have been examined in detail.

Example Work Accidents
The example work acogts are presented below:

Pole falling.

Falling to the ground with the fallen pole.
Electric shock on medium voltage line.
Death of employees due to electric shock.
9 Electric shock to the head and arm.
Security Precautions

)l
)l
)l
)l

The securityprecautions are explained as follows:

1 A grounding system must be installed and the installed grounding system must be checked
regularly.

Electric leakage should be cut off immediately by using a residual current circuit breaker.
Necessary precautions sholile taken in humid environments and the risk of contact with water
should be reduced.

1 Attention should be paid to the cables and insulation materials to be used.

il
il
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1 During the grounding process, conductive parts should not be touched with bare handsiaind spec
grounding equipment should be used [9].

When working in higkvoltage electrical installations, a safety belt should be used to prevent the risk of

falling, and grounding should be avoided. To prevent body contact with electricity, the system should

be de-energized and the work area should be properly grounded. This provides-sideblesafety

against both falls and electric shock. The paracbtyte safety belt is shown in Figure 7.

Figure 7. The parachutstyle safety belt [10]

Insulating gloves & protective gloves made of special, vommductive materials used to protect people
working with electricity against electric shock. They are typically used when working irvbigge
environments and must be checked for damage and integrity before use.

CONCLUSION

As a result of this study, grounding and safety measures in electrical installations are of paramount
importance for the life safety of all individuals, especially personnel working in these areas. With the
rapid advancement of technology, ef@al accidents, such as electric shocks and electrocution, have
become more common problems. Electrical energy consumption has also increased significantly with
the increasing population. This increase has made the safety measures required to prgagitradc
accidents in electrical installations even more crucial. Chief among these measures is an effective
grounding system. Grounding ensures that stray currents that may occur in devices are safely conducted
to the ground, significantly reducing thisk of electric shock. According to the laws and regulations in
force in our country, every electrical installation is required to have a proper grounding system and to
take measures to ensure employee safety. In this context, not only technical medsusesiersonnel
awareness and training are of paramount importance. Serious health problems that could arise in the
event of an electrical accident, such as:

I Heart attack

1 Respiratory failure

9 Electrical burns

Providing first aid training to personnel wamg in facilities is a vital necessity. This training allows for

fast and accurate interventions in the event of an accident, preventing loss of life. As a result, in order
to create a safe working environment in electrical installations, personneldramdrcompliance with

legal requirements should be considered as a whole, as well as the technical infrastructure.
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ABSTRACT

Electricity grids are complex systems comprised of many interconnected stages, including generation,
transmission, and distribution. Advanced monitoring eoutrol infrastructures are required for these
systems to operate efficiently, securely, and sustainably. This is where SCADA (Supervisory Control
and Data Acquisition) systems come into play. SCADA systems are technological infrastructures
capable of autmatically performing remote data collection, analysis, control signal transmission, and
monitoring processes. Thanks to these systems, transformer substations, circuit breakers, distribution
lines, and other control points within the electrical grid carebetely monitored and intervened when
necessary. One of the most significant benefits of SCADA systems is their significant reduction in fault
detection and response time. Thanks to instantaneous data transmission, the system immediately notifies
operatos of adverse conditions in the field. This minimizes potential power outages and reduces the
need for human intervention. SCADA also records energy consumption data and enables analysis, which
can increase energy efficiency and reduce losses. Its advapaeting capabilities also contribute to
decisionsupport processes. Consequently, SCADA systems not only increase efficiency and service
quality in electrical grids but also ensure system security and continuity. In developing energy
infrastructures, SEDA has become a core component of smart grid systems and an indispensable tool
in energy management.

Keywords: SCADA, electrical grid, automation, energy monitoring, fault management, remote control,
energy efficiency, digitalization

¥YZET
El ektrillerkebegketi m, iletim ve dajéetém gibi birtk
sistemlerdir. Bu sistemlerin verimli, gevenlo vV e

ve kontrol altyapeél ar éna i ht {(Supervisord Gontol amalataa d € r .
Acquisition) sistemleri devreye girmektedir. SCADA sistemleri; uzaktan veri toplama, analiz etme,
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rol sinyal. g°nder me vV e izl eme i Kl eml erini
apélardeéer ndBu ediekt emlkek ebakesii ndeki trafo m
iJjer kontrol noktalaré wuzaktan izlenebilir v
stemlerinin en °nemli katkélardddafAl bigdie, aaaéi
st em, anl ék veri il eti mi sayesinde sahadaki 0
ase enerji kesintileri mi ni muma indirilirken,
zamanda SCADA,veendrerii nti¢ kkeatyidneder ek anal iz i mkoOn:¢
arteréelabilir, kayéeplar azaltelabilir. Gel i kmi K
sajl ar. Sonu - ol ar ak SCADA si st e mhizenetikalitesieil e Kt r i
artérmakl a kal mayeéep, Sistemin gevenligini vV e
altyapélaréenda SCADA, akéll e kKebeke sistemlerini
vazge-ilmez bir ara- ol muktur.
Anahtar Kelime:SCADA, el ektri k kKkebekesi, otomasyon, ener
enerji verimliliji, dijitall ekme

INTRODUCTION

The supply of uninterrupted, higfuality, and affordable energy, as well as the optimization of energy
consumption, formthe foundations of development and progress. The most effective way to increase
efficiency is to control energy consumption. Despite the limited availability of common energy
resources, the rapid increase in consumption highlights the importance en¢#icergy consumption.
Figure 1 shows Turkey's demand projection for the period-2087, which shows that demand is
rapidly increasing and will continue to do so. Energy quality is crucial not only for energy savings but
also for increasing productiofffieiency and reducing the frequency of faults. Numerous energy quality
problems, such as the presence of reactive power in the grid, voltage sags/swells, transients (very rapid
changes occurring in less than a single cycle), harmonic distortions, nuis&M, arise, causing
material and moral harm to both producers and consumers. To minimize all these risks and ensure energy
efficiency, energy must be monitored from generation to final consumption and controlled according to
the most appropriate scerariThis will be possible by installing comprehensive energy automation
systems at generation, transmission, and distribution points. Power quality problem analysis, along with
SCADA monitoring and archiving, was accomplished through energy automatiomsysseablished
to monitor the company's energy distribution system [1]. When there is a power outage in the company,
the SCADA communication center is informed by the call center. In line with this information, the
malfunction is detected by systematicadlyamining the GIS (geographic information system) of the
area where the malfunction occurs. The malfunction is then transmitted to the FRM (fault repair and
maintenance) teams serving in the specified location. After this, the personnel in the fiekhmiar
the malfunction. In addition, when there is maintenance or repair work in regional locations, the SCADA
communication unit notifies consumers via message in the areas where the outage occurs.
90
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Figure 1. Turkey's electricity demangrojection [1]
RESEARCH AND RESULTS

26



AVRASYA 14th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESOctober 1719, 2025 TBILISI
CONFERENCEBOOK - ISBN :978-625569442-3

Definition of SCADA

SCADA is formed from the initials of the words "Supervisory Control and Data Acquisition,” meaning
"supervisory control and data acquisition.” The term "SCADA" was coined by the Bonneville Power
Administration in the 1960s. SCADA is a type of technology that allows users to collect information
from one or more facilities and send control instructions to these facilities. A SCADA system consists
of a Central Control System (CTS) (MTU, Master TerminaitUand one or more Remote Terminal

Units (RTUs), which provide data transfer. Thanks to SCADA systems, the need to assign an operator
to remote facilities while everything is running smoothly within the system has been eliminated [2]. The
SCADA system wil alert the central operator if an alarm occurs, allowing the operator to take the
necessary precautions. In short, a SCADA system consists of hardware and software, but these hardware
and software are used for many different purposes and are constamgydbeeloped to meet these
needs. SCADA System Structure: We can also briefly define a SCADA system as-distange
operation. Longlistance means that the location of the control and the location being controlled are too
far to communicate with a diceconnection to the hardware.

Using SCADA in distribution systems allows for the use of numerous functions. Its data collection
function displays the network's measurement (current, voltage, frequency) and status information
(breaker/disconnector open/stl) on the screen, based on the number of devices connected to SCADA.
Figure 2 shows that with advisory control, operators can remotely control devices such as circuit
breakers and load break switches. Labeling defines device restrictions, preventitipnized use.

Trends in measurements (current values) are displayed on the screen at selected times (e.g., short
circuits) [2].

Control level

IEC 60870-5-101,
IEC 60870-5-104,
DNP3, DNP3 over WAN

Communication level

Station level

IEC 60870-5-101, -104,
DNP3, DNP 3 over WAN
e

w0

. YYYS Sy

TN

Process level

Figure 2. Structure of a SCADA system in a distribution network [2]
The hierarchy of a SCADA system is presented in FiguBd.3 his hierarchy is given as follows:

Field level measurement and control devices
Communication system of panels and RTUs where field information is collected
Main station(s)

1
1
1
1 Main screen computer
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Figure 3. The hierarchy of a SCADA system [3]

SCADA sydems exhibit opetoop control characteristics and generally function in idiggance
communication. They have also been used in chsagl control and shodistance communication.

Figure 4 shows a typical SCADA system. Traditional SCADA systems allarsionDistributed Control
Systems in terms of process control and monitoring. However, DCS (Distributed Control Systems) differ
from SCADA in that data acquisition, control units are located in more confined spaces, and
communication is achieved via agyhispeed LAN (Local Area Network) connection. On the other hand,
SCADA covers larger geographic areas and is more reliable than LAN (Local Area Network) systems.
The data transfer function of SCADA systems consists of transferring inputs to RTUSs, tiag#fese

inputs via RTUs to MTUs via communication links, and processing them again. Furthermore, SCADA
sends commands to the RTUs via these links, which the operator can then set automatically or manually.
The HumarMachine Interface (HMI), which we cathe interface in SCADA systems, is generally
implemented using graphical displays representing the equipment and facilities under control. Real data
can be dynamically transferred onto a static background. When the input in the controlled area changes,
the background is updated, and the change is reflected on the screen as digital or analog values [4].

Server ‘ o e
operator operator l ¥V = <RTL'
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N 3 -
&; Communication

D

%@ N

operator operator

0
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@

Wired
communication

Figure 4. Typical SCADA system [4]
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A typical RTU hardware consists of various components: a control processor (CPU) and integrated
memory, analog inputgnalog outputs, counter inputs, digital inputs, digital outputs, a communication
interface, a power supply, RTU rack, and accessories. The structure of the RTU is given in Figure 5.

Antenna

[l

Radio
Transmitter Communication
Receiver

\ Modem

Central Transmission

-~ ———————— . — e — e
< £ R < < > Y d

]| f ‘

< ¥ 5 o < ¥ < > < 5

- . . Sl — -

= = L [ e
CPU } Volatile Non- Analog Analog |Digital |Digital |

| 1
1 |
! |
] |
1 |
] I
1 r I
] \ |
: | Source ‘ | Memory Volatile | Input  Output fppyt |Output, :
o l ‘ ;| Unit Unit T Unit
240V AC : ‘ ‘ ! | Memory ni ) Unit :
Source : ‘ \ ‘ ] ‘ E 3 . . 'I
» v ‘ | | | . . . ol 3
' | . . . . ]
1 L wealboo ] % : 2 L3l 3
; s — J = —el |
| ]
LA $ K N
SRR SRR T R e e Rl o O bt R0 RO O VRN P
-t Serial Communication Ports
[ 1 L. % 'S
| TR
A8 A : |
B §34 ] |
e — 8958 | | 1
——] T LI LIRS L LRI s | |
o ey | - — J
Operator Station / : PLC
|

Programming Terminal

Figure 5. The structure of RTU [5, 6]
The Role of SCADA in Electrical Grids

1. Remote Monitoring, Data Collection and Analysis

SCADA collects reatime data (e.g., current, voltage, power, meter data) via RTU/PLC at remote
substations and lines within the grid and transmits it to the central control unit. This adlotnalized
monitoring of every point in the electrical distribution network, even over a wide area.

2. Feeder Automation and Fault Management

SCADA, thanks to feeder automation, quickly detects faults and remotely performs isolation and power
reconnection ogrations. This reduces dependence on local teams for the grid, reducing downtime from
hours to minutes with traditional methods.

3. Reducing Downtime
With automatic on/off operations instead of manual interventions, the duration of the outage is
shortened, dagers are reduced and the user is provided with higher quality, more reliable energy.

4. Network Control and Optimization

SCADA provides remote control over circuit breakers, relays, and transformers on the network. Voltage
levels can be regulated, load balany can be achieved, and automatic maneuvers can be performed in
certain situations. Numerous alarms, status detection, and interventions are automated with SCADA.

5. Quality, Safety and Planning
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SCADA provides information about power quality through remmtmitoring and enables planned
interventions. Additionally, system data is logged for future andlysigporting planning and
improvement efforts [7].

Contributions of SCADA to the Electrical Grid
The contributions of SCADA to the electrical grid are pnése as follows [7]:

Provides uninterrupted energy supply.

Reduces human error.

Provides rapid troubleshooting.

Increases energy efficiency and eeffectiveness.

9 Balances load distribution and maintains energy quality.
Components of the SCADA System

Thecomponents of the SCADA system are given as in the following [8]:

T
T
T
T

1 RTU (Remote Terminal Unit): Collects data from field devices and executes commands.

1 PLC (Programmable Logic Controller): Executes local control functions.

1 Main control center ansgloftware: Processes data and provides the operator interface.

1 Communication infrastructure: Carries data over networks such as fiber optic, radio, and GSM.
SCADA and Smart Grids in the Future

SCADA systems form the foundation of smart grid infrastruct8@ADA technology is constantly
evolving for renewable energy integration, grid flexibility, and constreetric energy management.
SCADA systems are indispensable in electrical grids, both operationally and economically [9]. The role
of SCADA systems in wdern electrical grids is constantly increasing to ensure energy supply security,
system efficiency, and quality.

SCADA's Functional Tasks and Components

SCADA collects parameters such as voltage, current, and frequency, enabltirgeeabnitoring and
remote control through RTU (Remote Terminal Unit) and PLC (Programmable Logic Controller)
devices installed in transformer substations and distribution lines. Communication channels (fiber optic,
radio, GSM) ensure continuous connection with the centredrsys

Functions and Benefits of SCADA

Faults are quickly detected and isolated automatically or through operator intervention, thus minimizing
power outages.

Energy Efficiency and Quality Management

SCADA systems analyze energy consumptiongurality parameters and suggest strategies to increase
efficiency. Renewable energy sources (RES) and grid systems are monitored and managed by SCADA.

Security and CyberRisks

The internetconnected operation of SCADA systems creates vulnerability toaiydeks. Therefore,
advanced security methods such as data integrity, encryption, IDS (Intrusion Detection Systems), and
Blockchain are recommended.

CONCLUSION

Today, the reliable, efficient, and sustainable operation of electricity grids has beconeeiticat¢han

ever due to factors such as increasing energy demand, variable load profiles, and the integration of
renewable energy sources into the grid. SCADA systems form the backbone of modern energy
infrastructure, providing uninterrupted monitorirgpntrol, and data collection across all processes,
from generation to transmission and distribution. SCADA systems allowimealmonitoring of the

entire energy flow, from transformer substations to transmission lines, from distribution networks to
consumers. Potential faults can be detected immediately and rapid intervention is provided, minimizing
the duration and impact of power outages. Riea¢ data collection enables not only fault management

but also important objectives such as load balancirtyicieg energy losses, and improving energy
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quality. The role of SCADA systems is becoming increasingly important, particularly in the integration

of renewable energy sources into the grid. The sound management of variable generation sources such
as solar ad wind, and the balanced and safe transfer of energy from these sources to the grid, are made
possible through the advanced monitoring and automatic control capabilities of SCADA systems.
Furthermore, as a fundamental component of the smart grid coS¢epDA contributes to making

future energy infrastructures more flexible, interactive, and-cesairic. However, the proliferation of
SCADA systems and their integration with increasingly complex networks also introduces cybersecurity
risks. Because potdal cyberattacks on critical energy infrastructures can lead to widespread power
outages and economic losses, advanced security protocols, encryption techniques, dayenedlti
defense strategies must be implemented in SCADA systems. Consequently, S§#B#s are an
indispensable technology for increasing the operational efficiency of electrical grids, ensuring energy
supply security, facilitating the integration of renewable resources, improving energy quality, and
minimizing the risk of failures andutages. Therefore, the development, expansion, and cybersecurity

of SCADA infrastructure in today's energy sector are critical to achieving sustainable and uninterrupted

energy supply.
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ABSTRACT

The aim of this study is to design and implement a control system for-wifmatdrive (4x4)

electric altterrain \ehicle (ATV) capable of operating under challengingrotid conditions

with high maneuverability. Four individually controlled brushless direct current (BLDC) hub
motors were used as wheels, and their speeds were regulated inletypsedode using
feedba k from Hall sensors. The vehicledsi steer.
integral derivative (PID) algorithms based on analog signals from a potentichesed
throttle. The control system was developed using the STM32F407 microcontro(ldy)(M
which also generated the pulsédth modulation (PWM) signals for the motors. Two Bosch
BNOO55 inertial measurement unit (IMU) sensors were employed for slope and orientation
detection, enabling differential angle calculations. The data obtainedHies®a sensors were
integrated into speed balancing algorithms to enhance driving stability. The system incorporates
multiple subsystems, including analog sensor data acquisition-muiibir drive, PIBbased

speed control, and reaime slope estimation.e vehicle is designed to adapt to various terrain
conditions and features a modular structure, making it suitable for reuse in similar future
projects.

Keywords: Electrical Vehicle, PID Control, Sensor Fusion

1. INTRODUCTION

All-terrain vehicles (ATVsgare gaining increasing attention due to their high maneuverability and
environmentally friendly performance in challenging terrain conditions compared to traditional
internal combustion engine vehicles. However, the operatgutbfvehicles in rough terrains presents
significant engineering challenges, including independent control of all four wheelgmeeal
stabilization, and energgfficient operation [1]. Brushless DC (BLDC) hub motors, known for their
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high torque densitand rapid dynamic response, have emerged as an optimal solution for electric
vehicle applications [2].

Despite extensive research on electric vehicle drive systems, critical gaps remain in areas such as multi
motor control architectures, embedded systdéagration, and energy management. While previous
studies have demonstrated the potential to reduce PID control settling time in BLDC motors to 18 ms,
investigations on parameter synchronization across multiple motors remain limited [3]. Moreover,
communicéion delays among heterogeneous electronic control units (ECUs), such as STM32 and
ESP32, can hinder retiine control performance. Energy efficiency also remains a concern,
particularly in hybrid batteiysupercapacitor systems, where efficient power feeanduring
regenerative braking is still an unresolved issue [4].

To address these challengelsasddicorsttrualy fporope®
48 V/ 1000 W BLDC hub motors, with indb¥Wddual
= 500), enabling microsecotel/el synchronization [3]. Re@ime data flow is achieved through a
time-triggered architecture, with 100 ms intervals of UART/USART communication among
STM32F407 (control unit), ESP32 (data acquisition), and Andusit {nterface) modules [5]. Sensor

fusion is applied by integrating slope and orientation data from dual BNOO055 IMUs with wheel speed
feedback from Hall sensors, enhancing cldsed PID performance and overall vehicle stability [6].

The methodologicablundation of this work leverages the proven advantages of PID controllers, which
have demonstrated 32% lower overshoot compared to Pl and fuzzy logic controllers [3] and aligns
with distributed Electrical and Electronic (E/E) architecture principles [ddlit’®donally, mechanical
efficiency improvements were guided by afiak motor design strategies [7]. The subsequent
sections of this paper describe the system in detail: the Materials and Methods section explain the
triggering architecture of KLS7212N oo drivers using IRLZ44N MOSFETSs, the Results section
presents torqlispeedslope performance tests conducted on muddy and sandy terrains, and the
Discussion section evaluates the industrial applicability of the proposed system.

In this study, the develed control system was implemented on a-foleetdrive electric ATV
platform, and its performance was experimentally validated under muddy and sandy terrain conditions.
Torque, speed, and slope responses were measured to evaluate system stabileffj@eecgyand
responsiveness. The results indicate that precise-mmititir control, realime stabilization, and
adaptability to challenging efbad environments were achieved, demonstrating the potential
applicability of the proposed system in Rgaheration electric mobility solutions.

2. MATERIAL AND METHODS

The aim of this study is to design and implement an embedded system fewhdetdrive electric
ground vehicle that enables rtate speed control, battery monitoring, and data transmisseouser
interface. The system performs various functions such as motor driver control, communication with a
Battery Management System (BMS), steering angle calculation, and information delivery to the user.

The system consists of three main componemtsontrol unit based on the STM32F407VG
microcontroller, a data acquisition and preprocessing module based on the ESP32, and an Android
tablet interface.

The names and properties of materials used in the installation of the system are presented in Table 1.
Table 1. The names and properties of the materials.
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Material Properties
STM32F407VG Executes PID control algorithm, PWM signal generation,
Discovery MOSFET switching

ESP32 DevKitC V4 Collects BMS and sensor data, transmits to STM32 via UA

KLS7212N Motor Driver| Controls 48V 1000W hub motors

IRLZ44N MOSFET Controls 12V trigger signal to KLS drivers from STM32 GP

4x Hub Motor (48V,| Drive system

1000W)

Rotary Encoder Detects handlebar rotation angle (used as input to the syst
2xHall& ns°r Measures wheel RPM (connected to ESP32)
Potentiometer Input device for driver's throttle command

BMS module Provides battery voltage, current, SOC, and fault informatic
Android Tablet User interface device that receives data from STM32

The control system operation begins with system initialization, during which the STM32F407
microcontroller configures the PWM channels and sets up the ADC, UART, and Direct Memory
Access (DMA) peripherals. At the same time, the ESP32 activates interruptgduotirthe Hall

sensors and the rotary encoder and starts receiving data from the BMS. Once initialization is complete,
the driver provides input by setting the desired vehicle speed through the throttle and the steering
direction via handlebar rotationh&se inputs are processed by the PID algorithm running on the
STM32.

The ESP32 continuously acquires sensor and battery data, including motor RPMs from Hall sensors,
steering angle from the rotary encoder, and voltage, current, state of charge (SC&Liit andds

from the BMS. This information is transmitted to STM32 over UART1 in a structured format, which

is then parsed by a function and assigned to the corresponding system variables. Using this data, the
STM32 calculates the required motor commandh tie PID controller, considering both speed
differences among the motors and the steering angle. An updated motor PWM function generates the
appropriate PWM signals for all four motors, while GPIO outputs control the IRLZ44N MOSFETS to
determine motor tation direction.

Finally, the processed data is sent to the Android tablet via USART2 féimeahonitoring. Four

separate data packets are prepared using a function and transmitted sequentially through a call back
function, ensuring that the operateceives continuous updates on vehicle performance and system
status. The system setup of the ATV is presented Figure 1.
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Figure 1. Electronic system diagram of the ATV

Timing and synchronization in the system are managed through different mechanisenE 8R32

and STM32 sides. On the ESP32, data processing is coordinated using the FreeRTOS task a function
ensuring timely handling of sensor and battery information. On STM32, UART communication is
interruptdriven, while the main loop handles data praogssData transmission is scheduled
periodically, with the ESP32 sending information to the STM32 every 100 ms. In turn, the STM32
transmits data to the Android tablet approximately everyZWDms, using a foypacket transmission

cycle to provide contmous system monitoring.

The schematic of electronic system of the ATV is given Figure 2.
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Figure 2. Electronic hardware layout of the ATV
3. RESULTS AND DISCUSSION

The developed system has been successfully operated as an electric grounmlatéhitlentegrated

with reaitime data monitoring and communication infrastructure, controlling four 27000 W 48 V hub
motors. The PlEbased motor control algorithm implemented on the STM32F407 Discovery
microcontroller processed the throttle input frompbtentiometer and steering angle from the rotary
encoder to generate appropriate PWM signals for each motor. These PWM signals were transmitted
effectively to the motor drivers.

Control signals at 12 V were delivered to the Kelly KLS7212N motor drivessigh IRLZ44N
MOSFETSs located on the motor control board. During the tests, each motor was independently
actuated, and accurate responses were obtained for forward and reverse movement commands.

The ESP32 microcontroller was responsible for reading betitélering angle and the wheel rotation
speeds via Hall sensors and transmitting this data to the STM32 via UART. Additionally, it
communicated with the BMS every 30 seconds over UART to obtain voltage, current, SOC, and fault
codes. These data were pasased sent to STM32, which then processed and transmitted the
information as structured data packets to a Bluetomtihected Android tablet interface.
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In the tests conducted, the system successfully rotated the motors, consistently read sensor values, and
correctly acquired and processed battelsted data. Furthermore, the fault codes received from the

BMS were decoded and analyzed to provide preliminary diagnostics for potential issues. These results
demonstrate that the system operates reliably ayhainronization, as originally designed.

4. CONCLUSION

In this study, the motor control and condition monitoring system of amoeetdrive electric ground

vehicle was successfully designed and implemented. At the core of the system, the STM32F407
micromntroller effectively managed both the PWidsed control of motor drivers and the
synchronized data communication with the ESP32 microcontroller and the BMS.

The ESP32 modul e measured motor rotational sp
via a rotary encoder, transmitting this data to STM32. It also communicated with the BMS to collect
battery voltage, current, SOC, and fault status. These data were processed by the STM32, integrated
into the vehicle control algorithms, and transmittedeal time to an Androittased dashboard

interface.

The system successfully performed essential functions such as motor direction control, speed

regulation, and battery status monitoring. Test results showed that all components operated in harmony.
These ihdings demonstrate that the developed system provides a functional and expandable

foundation for similar electric vehicle platforms.

ACKNOWLEDGEMENT

The authors thank Arbak Defense and Energy Technologies Inc. for providing the necessary
conditions for conducting the research.

REFERENCES

[1] Chakraborty, S., Lukasiewycz, M., Buckl, C., Fahmy, S., Chang, N., Park, S., ... &
Adlkofer, H. (2012, March). Embedded systems and software challenges in electric
vehicles.In 2012 Design, Automation & $ein Europe Conference & Exhibitip(pp.
424-429). |IEEE.

2] G° kozan, H. (2020). Traction mot oAvepaand mo
Bilim ve Teknoloji Dergisi(19), 105111.

[3] Mahmud, M., Motakabber, S. M. A., Alam, A. Z., & Nordin, A. N. 22). Control
BLDC motor speed using PID controllémternational Journal of Advanced Computer
Science and Applicationg1(3).

[4] ElGhanam, E., Sharf, H., Hassan, M. S., & Osman, A. (2023). Performance evaluation of
hybrid batterysupercapacitebased energy storage systems for withaven electric
vehicles.Sustainability 15(11), 8747.

[5] Rao, C. K., Sahoo, S. K., & Yanine, F. F. 22). Smart energy management and
monitoring system for electric vehicles with 0T integratiBlectric Vehicle Design:
Design, Simulation and Applicatiors/-80.

[6] Shenoy, P., & Gupta, A. (2022). Design and validation of an IMU based full hand
kinematic masurement systenEEE Access10, 9381203830.

[7] Qi, H., Ling, L., & Liwei, Z. (2019, September). Design and research of axial flux
permanent magnet motor for electric vehithe2019 IEEE 3rd International Electrical
and Energy Conference (CIEE(p. 19B-1923). IEEE.

37



AVRASYA 14th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESOctober 1719, 2025 TBILISI
CONFERENCEBOOK - ISBN :978-625569442-3

REGENERATIVE BRAKING SYSTEM WITH BRUSHLESS DIRECT CURRENT
MOTOR DRIVE FOR ELECTRIC BICYCLES

Emircan HIZARCI
Mani sa Cel al Bayar University, El ectrical
emirhizarci@gmail.com, ORCID ID: 0068001-70803998

Mustafa G°khan DAJHAN
Mani sa Cel al Bayar University, El ectrical
mgokhandaghan@outlook.co@RCID ID: 0009000422392794

Mohammad Ruhul Amén BHUI YAN
IslamicUniversity, Electrical and Electronic Engineering, Kushtia 7003, Bangladesh
mrab_eee@iu.ac.bdORCID ID: 00060001-73354158

Hayati MAMUR
Mani sa Cel al Bayar University, El ectrical
hayati.mamur@cbu.edu.tr, ORTID: 0000-0001-75555826

ABSTRACT

This project aims to drive brushless direct current (BLDC) motors used in electric bicycles and
develop a regenerative braking system. The aim is to increase energy efficiency and return the
energy generatedlring breaking to the battery. This extends the range of electric vehicles and
contributes to environmental sustainability. Within the scope of the project, the BLDC motor
is driven using the STM32F103C8 microcontroller, based on data from Hall sensors an
appropriate phase switching. A boost converter circuit, designed for energy recovery, amplifies
the energy generated during motor braking and transfers it to the battery. Simulations were
performed using Proteus and LTSpice programs; the system's sofalgorithms were
developed, and a prototype circuit was built on a breadboard. Following hardware tests, the
final system was mounted on a perforated pertinax, providing a more robust and portable
structure. At this stage, component placement was optinaecuit security was increased,

and system operability was tested. All tests demonstrated that the system successfully performs
both motor driving and regenerative braking functions. The project has created an effective
solution for energy recovery byfering a lowcost and efficient structure.

Keywords: BLDC, energy, regenerative braking, STM32F103C8, sustainability
1. INTRODUCTION

Electric vehicles (EVs) are becoming increasingly widespread. They are environmentally friendly and
important tools for deeloping sustainable environments. The use of EVs is encouraged by government
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subsidies in countries with limited fossil fuel resources. Their quiet operation offers a significant
advantage compared to fossil fuel vehicles. However, one of the biggegadisges of EVs is their

long battery charging times. Another is their shorter range compared to fossil fuel vehicles. Efforts to
shorten charging times and increase the range of EVs are ongoing.

To increase the range of EVs, the aim isitoease the energy cycle by using regenerative braking
systems. Regenerative braking is the conversion of kinetic energy into electrical energy while driving
downhill and stopping without wasting it. Numerous studies are underway to implement this process

An advanced regenerative braking system design prototype for an electric bicycle was developed by
Naveed et al. [1]. In this project, only the regenerative braking structure is discussed. In the project, the
ATMEGA328P microcontroller is used for mot@egd monitoring, and according to the motor speed,
accelerator pedal pressure and braking, the phases of the motor are disconnected from the driver with
relays and connected to a thpese rectifier. In another study, Candan and Mamur provided the use

of regenerative braking in hub (core) type BLDC in electric bicycles [2]. STM32F407VG is used as
microcontroller in this project. The microcontroller controls the motor driver and while driving the
motor, in case of a brake command, three phases of thearettisconnected from the driver with

relays and connected to a thp®se rectifier. Thus, the energy is transferred to the ready boost
converter after the rectifier and increased to the required voltage, and the battery stores the recovered
energy. lnanot her study, Krkljeg et al. The contro!
project, a sensdrased control method was used for BLDC control. The team chose ATMegal6 as the
microcontroller. Their design covered a wide input voltage range feomtd 24 V, current limits

from 2.5 Ato 5 A, and supported motors with output power up to 120 W. Jiaqun and Haotian developed
a BLDC regenerative brake for lightweight EVs in another project [4]. The key difference in this
project is that a boost convaris not designed for regenerative braking. The boost converter, using a
single MOSFET switching method, uses the inductance of the brushless motor coils and the body
diodes of the MOSFETS in the inverter. Thus, thedame MOSFET is switched, shaitcuiting the

coil first, and then the current in the coil flows through the body diodes to the DC bus capacitor. In their
project, they achieved regenerative braking without using a boost converter or relay systems. However,
this project required more compleontrol algorithmsA variable switching regenerative braking
technique for twawheeler electric BLDC AVs was developed in a project by Dubey and Bobba [5].

In this project, three methods for regenerative braking without designing an extra boostrauakerte
describedSalah et al. developed a drive system to improve the output characteristics of BLDC motors
[6]. In this project, they used a levost drive topology developed for thyglease operation. A sstep

PWM switching algorithm improved speeddanrgque control modes, reducing costs by eliminating

the need for an additional intermediate DC link capacitor. A similar study was done by Karabacak as
his master's thesis [7]. In his study, he provided speed control and regenerative braking functions of
BLDC motor using STM32F407 microcontroller. In the system developed by Erdem, the effects of
regenerative braking were analyzed on an EV modeled with a 75 kW asynchronous motor and 25 kW
leadacid batteries [8]. Tabak's study also examined the applicziticgenerative braking to an
electric scooter. Those reabrld driving tests showed that regenerative braking could increase range
by 18.24% for leagcid batteries and 25.36% for lithition batteries.

This proposed study aims to increase energyaffigi by restoring energy lost during braking in EVs
to the battery, thereby extending vehicle range and reducing carbon emissions. Literature research
indicates that microcontrollers such as ATMEL AVR, Microchip PIC, and STM32'sshighhigh
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cost microcatrollers are often preferred. However, in this study, the STM32F103C8 microcontroller
was chosen because it offers high performance while offering cost advantages. This microcontroller,
with its ARM CortexM3 processor, 72 MHz speed capability, and sfigetbfeatures for motor drive
operations, offers a cesffective solution. The boost converter used to manage the regenerative
braking process in the project was designed and controlled by the same microcontroller. By using op
amps and resistors insteaidorebuilt integrated circuits for current and voltage measurements, chip
dependency is reduced, thus reducing costs and simplifying production. This system achieves an
efficient and coseffective structure.

2. MATERIAL AND METHODS

The rotor of a BLDC rator contains permanent magnets, which create a permanent magnetic field
between the rotor and the stator. If an external torque is applied to the BLDC motor, voltage is induced
in the windings of the rotor as the rotor rotates. This allows the BLDC taatperate like a generator,
generating energy [10]. The aim is to safely channel this energy generated by the BLDC motor to the
battery during braking and coasting, increasing the vehicle's range and efficiency.

In this study, the BLDC motor was operatisthg a sensdvased drive method. It is possible to detect

the rotor position in BLDCs using Hall sensors. Hall sensors can provide logic or analog outputs by
detecting the change in the magnetic field applied to their surfaces; logic outputs arg geefenaéd

in BLDC motors. BLDC motors with sensors usually have three Hall sensors. Each Hall sensor sends
logic signals based on the position of the rotor's magnets. The microcontroller analyzes these logic
signals to determine the motor's position.d8lasn the motor's position, the microcontroller drives the
MOSFETSs in the inverter in the appropriate sequence, ensuring the motor rotates in the desired
direction and number of steps. The advantage of this method is that phase transitions are abhieved wit
accurate timing by providing feedback via sensors, allowing the motor to operate with high efficiency.

It also provides smooth and stable torque production even at low speeds. However, the biggest
disadvantage of this method is that, because the matati®ary at startup, the Hall sensors do not
provide output, and therefore, the motor's position cannot be determined. Therefore, when the motor
first starts, the microcontroller manually instructs the motor to step at a specific speed, ensuring initial
movement. Data from the sensors begins to be read at this stage [11]. A 3 phase BLCD motor is given
in Figure 1.

Rotor Stator

AY)

fa¥a

Stator

Figure 1. 3 phase BLDC motor
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There are numerous BDC motor control methods. The most basic method involves driving motors
with MOSFETS, FETS, or BJTS, either higide or lowside, using PWM speed control at the logic

signal level [10]. However, this method can only control the motor in one direction. For bidirectional
control, an Horidge circuit is used. Similar to the baskbiitige drive method, the motor is connected
between two halbridge circuits using four switching elements. The direction of the motor is controlled

by controlling the current direction based on theffistate of the switches. Furthermore, the speed of

the motor is controlled by driving the switching elements with PWM. Encoders, Hall sensors, and
BEMF readings can be used as feedback. This allows the motor to rotate at the desired speed despite
the load.

The sixswitching inverter topology allows the driwé structures such as thrpbase motors or
transformers with a DC source. Using h&itie and lowside switching elements on each of the three
phases, the inverter controls the direction of currents in the phases through commutation and their
magnitudeshrough PWM or SPWM. This ensures precise motor operation and energy efficiency. A
buck converter is a DOC voltage reducer. It provides higfficiency and lowcost voltage reduction

when there is a large difference between the supply voltage anditbd deltage level. Moreover, a

boost converter is a DDC voltage amplifier. It provides high efficiency and low cost voltage
boosting.

The STM32F103C8 microcontroller is a-B processor with a higepeed ARM Corte3
processor. It can operate at fiegcies as high as 72 MHz. This microcontroller is specialized for
driving a fourchannel, 16éit TIMER1 motor and includes features such as a dead timer and an
emergency stop. Furthermore, four PWM signals can be controlled simultaneously with argengle ti
The 12bit analogto-digital converter (ADC) reading resolution enables {gggtision analog data
reading. The number of GPIO pins, flash memory capacity, and SRAM capacity are sufficient for our
project. Furthermore, this microcontroller supports @AN communication protocol [14]. Since
communication between units in the automotive industry is carried out using LIN and CAN protocols,
the project can be easily integrated into these systems.

In capacitive storage, the motor's phases are rectifiedjduwaking and connected to a supercapacitor
bank. The energy induced in the motor during braking is transferred to the capacitor bank and stored.
The stored energy can be used to power the system or charge the battedp@a@tverters.

To charge a ligery with a converter, the motor's phases are connected teowgh converter, such

as a boost converter or flyback converter, during braking, using relays or contactors. The converters
are operated to provide the desired output current, transfibeiegergy generated during braking to

the battery and charging it. The voltage booster is used because the angular velocity, and therefore the
induced voltage, decreases as the motor approaches a standstill. This low voltage is then boosted to the
batterys charge level by the converters, enabling charging. The system design is given in Figure 2.
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Figure 2. The system design.
3. RESULTS AND DISCUSSION

Within the scope of this study, a laest and efficient regenerative braking system for Bloxfors

used in electric bicycles was designed and successfully implemented. The system converts the kinetic
energy generated during braking into electrical energy by enabling the motor to act as a generator and
feeds it back to the battery. The voltagerent, and Hall sensor signals obtained during the test clearly
demonstrated that the system operated as expected. The trapezoidal phase voltage progression with a
120A phase difference confirmed t h-phasmcarenir acy
measurements demonstrated the effectiveness of the control structure. Furthermore, the reverse current
generated in the DC busbar during braking confirmed that regenerative energy recovery was taking
place. The overall operation of the systergddr aligned with the initially defined objectives. The
developed system demonstrated consistency between the theoretically designed structure and the
practical results. The affordable cost of the components used in the project provided an economical
soluion, and the overall system remained within the targeted budget.

Figure 3. shows the phase voltages applied to the three phases (A, B, C) of the BLDC motor. Phase
voltage graph, power electronics. Each phase voltage is in the form of a trapezoidal feevbyshi
120A phase difference.
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W 122,06 K M VAmp: clipping+

.
Figure 3. The phase voltages applied to the three phases (A, B, C) of the BLDC motor

The graph in Figure 4 shows the output signals of three Hall sensors used to detect the rotor position
of a BLDC motor. Knowing thenotor position with the Hall sensors allows the motor speed to be
calculated. The sensors' squam/e signals verify the rotor position, rotational speed, and
commutation timing. The signals obtained from Hall sensors A, B, and C are in the form of square
waves and are out of phase with the rotor pos

59,56 ne 16056 ne 199,55 =

Figure 4. The output signals of three Hall sensors

4. CONCLUSION

Within the scope of this project, a les@st, modular, and expandable system capable of regenerative
braking for an electric bycle powered by a BLDC motor has been successfully designed, prototyped,
and extensively tested. The developed system converts the motor's kinetic energy into electrical energy
during braking, enabling it to be fed back to the battery, thus improvingyeefficency and
contributing to sustainability. The designed hardware structure and software demonstrated that the
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system successfully fulfills its basic functions; the experimental data obtained was largely consistent
with theoretical expectations. Fugtinore, technical issues encountered during the project were
analyzed and resolved, ensuring stable system operation. In future stages, the system is planned to be
standardized with a PCB printed circuit board design to achieve a more compact and rmabfessio
structure. Furthermore, the integration of more advanced drive techniques such as Field Oriented
Control (FOC) is targeted through hardware-adsl that can precisely measure phase currents. These
improvements will further enhance both the systemsal@accuracy and energy efficiency, making

it suitable for integration with more advanced projects aneedd applications.

ACKNOWLEDGEMENT

This project was carri ed &BWnhdergraduate Resdareh Pojactsp or t
for Industry. The authors thank Vestel Mobility Automotive R&D providing the necessary conditions
for conducting the research.

REFERENCES

[1] Naveed, H., Nagrial, M., Hellany, A., & Rizk, J. (2022, November). Advanced
Regenerative Braking System Design and Prp®fpr an Electric Bicycldn 2022
International Conference on Electrical and Computing Technologies and Applications
(ICECTA)(pp. 387394). IEEE.

[2] Candan, K., & Mamur, H. (2021). Regenerative braking of hub type brushless direct
current machine used on electric bicy€elal Bayar University Journal of Science
17(4), 437445.

8] Kr kl jeg, D. , Mor vai, L., Babkovidhived K., & N
Development of control and power electronios2010 27th International Conference on
Microelectronics Proceeding®p. 345348). IEEE.

[4] Jiaqun, X., & Haotian, C. (2015, October). Regenerative brake of brushless DC motor for
light electric vehicleln 2015 18th International Conference on Electrical Machines and
Systems (ICEMSpp. 14231428). IEEE.

[5] Dubey, M. K., & Bobba, P. B. (2019). Variable Switch Regenerative Braking Technique
for PM BLDC Motor Driven Electric Twewheeler.In E3S Web of ConfenceqVol. 87,
p. 01029). EDP Sciences.

[6] Salah, W. A., Ishak, D., Hammadi, K. J., & Taib, S. (2011). Development of a BLDC
motor drive with improved output characteristiszeglad Elektrotechniczny (Electrical
Review) 87(3), 258261.

[7] Karabacaky., feTrelke k i - i el ektrik motorl aré i -1in
tasar éméeo, Yéksek Lisans Tezi, Karabg¢k | ni
Mekatroni k M¢ghendi sl ifji Anabilim Dal &, 201

[l Er deRmej einer at i f Frenl emenin EAnra&ltirzikd,i YAJkas

Li sans Tezi, Yél déz Tekni k,2019i versitesi, F
O] TabakEI &kt r Akl i bir scooterda rejeneratif
ar ambe¥eksek Lisans Tezi, Si vBilgne€CQumhuriyet

Enst. i2023.s ¢

[10]yedamal e, P., ABrushless DC (BLDC) motor f
20, 1, 2003, ss.135.

44



AVRASYA 14th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESOctober 1719, 2025 TBILISI
CONFERENCEBOOK - ISBN :978-625569442-3

[11]Wu, H. C., Wen, M. Y., & Wong, C. C. (2016, July). Speed control of BLDC motors
using hall effect sensors based on DSR20h6 International Conference on System
Science and Engineering (ICSSE) (pgl)1IEEE.

[12]Condit, ABrushed DC Motor Fundamental so, M
10 October 2024. https:/fpiates.com/downloads/AN905. pdf

45



AVRASYA 14th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESOctober 1719, 2025 TBILISI
CONFERENCEBOOK - ISBN :978-625569442-3

FROBENIUS NUMBER AND GENUS IN NUMERICAL SEMIGROUPS OF FIXED
DETERMINING NUMBER FIVE

Mehmet Sait ALAKUK

Dicle University, Institute of Science, Department of Mathematics,
alakusmehmetsait@gmail.com Di y ar b a k @RC|D NODQOBGOEX697 77630

Prof . Dr. Sedat KI han

Dicle University, Institute of Science, Department of Mathemasiedati@dicle.edu,tr
Di yar bak é rORCID NGRDRBOB000266088848

ABSTRACT

This study establishes the necessary and sufficient conditions that characterize the type
sequences of certain numerical semigroups determined by five defining integers, and
subsequently derives the corresponding Frobenius number and genus based on these conditions.

1) Introduction

Let| be a semigroup aritdd O1 . The smallest subsemigroup]otontaining ~ is called the

semigroup generated By denoted by  d a Accordingly, the set is referred to as the set

of generators of . In particular,if A M EEM O] withny 1R 88 n, then

& M ey Gand s said to be finitely generated. Moreover, if there exists no proper subset
of ” that still geneateg , then” 13 1y f8 s called the minimal generating system of
1.

Let and stand for the sets of nonnegative integers and integers, respeétigelyset O
is said to constitute aumerical semigroupvhenever it meets the following structural
properties:

i.TIN R
g N N RQE T ol v h
iii. The complement | is finite (equivalently’Qd® Q p).
(See [6,7] for further details.)
For a numerical semigrolip we define several important numerical invariants:
The Frobenius numbé&® G 6 caIoN ¥ |
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The multiplicity & | G Q&N | g TT;

The determine numbér 6 i @pkeshior 1 ([1]).

If MMM a is a numerical semigup then gMBEMG

i f e RO plP 88 where ” 7 R & Y8 Here, the arrow

indicates that all integers greater th@h p belongs td . The integeld Ol pis
called the conductor of. If1 & hy BB & The parametef)] "Qis known as the
embedding dimensiaf the numerical semigrodip It is a weltknown fact that the embedding
dimension does not exceed the multiplicity, i€, & 1 . When this bound is attainéd,
is said to have maximal embedding dimension (ME#,5]).

A numerical semigroup with Frobenius numbéf] is said to be symmetric 0] QN
1 foreveryl QN u | . Itis well known that every numerical semigroup of the form 6Q FQ &
IS symmetric.

Moreover] is said to be pseudsymmetric if O] is even and there exists exactly one integer
Q O] ¢ suchthalQe |1 andO ‘Qe | (For details [2,7,8]).

The inkegersin 1 are called the gapsiof and the set of all such gaps is denoteiy
QN =dQe | . The numberQ] 0 Wi @ s called the genus of. It is known that
Ol p £ "0 (For details [1,3,7]).

Let| T ffomET R O pfP 88 be a numerical semigroup whé@

and£ | denote its Frobenius number and determine number, respectivelyr FAR
€ ¢, define the following subsets:

1 Qvide "o,
170 Qved2 1 Of

Then, we obtaitthe following chain of inclusions:
1 0 Osd] O] O p 08801 ¢ p O ¢

Forp Q &9 ,lett 11 M| Q1 Q p ,and consider the set it fest
known as the type sequencé oHere,t T91 ,butingeneraf | 11 Q. Forg
i €71 ,wehavet T p.ltiswell established that the type sequences of symmetric and

pseudes y mmet ri ¢ numeri cal semigroups ar e, respe
(see [5] for details).

In recentyears, the study of numerical semigroups has attracted significant attention due to their
deep connections with several branches of algebra and number theory, such as the theory of
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Diophantine equations, the study of monoid algebras, and the combinatopaities of
additive sets. Numerical semigroups provide a natural framework for understanding additive
closure under specific constraints, and many of their invar@niacluding the Frobenius
number, the genus, and the type sequénceffer insights nto the structural complexity of
these algebraic objects. Moreover, symmetric and pssymionetric semigroups play an
important role in algebraic geometry, particularly in the analysis of Weierstrass semigroups and
curve singularities. Consequently, a deegxamination of their properties contributes not only

to the theory of semigroups but also to broader mathematical contexts involving commutative
algebra and arithmetical geometry.

2) Main Results

Teorem 2.1Suppose that is a numerical semigroup chatarized by the property | L8
The positive numbers sequendeht ht it it is a type sequence of the numerical semigroup
1 mt pht t ot t t ot t+ t t tht t t t

t voaBifandonlyift t ¢t ofit ofit T pht isanodd number.

Teorem 2.2Suppose that is a numerical semigroup characterized by the progerty uv8
The positive numbers sequendeht ht it it is a type sequence of the numerical semigroup
1 mht obt t tht t t+ ot t ft t tht t t ¢

t voaBifandonlyift t ¢ht t+ pht  oht isan odd number.

Teorem 2.3Suppose that is a numerical semigroup characterized by the progerty uv8
The msitive numbers sequence hit At At At is a type sequence of the numerical semigroup

1 mt ot t ot t+ t ot t + t wht t T ¢
t vosBifandonlyift t+ oft t pht  uht is an odchumber.

Teorem 2.4Suppose that is a numerical semigroup characterized by the progerty uv8
The positive numbers sequendeht fit it it is a type sequence of the numerical semigroup
1 mt pht t Rt t t ot t + t tht t T ¢

T vosBifandonlyift t cht t pht  uAt is an odd number.

Teorem 2.5.Consider the numerical semigroup,

1 mt pht t ot t t ot t t+ + tht t t t
T 0vO8B,

for which the determine number is given&y v in Theorem 2.1. Then we have
a O ¢t o
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by O ¢t p
Proof. Consider the numerical semigroup

1 mt pht t ot t t ot t+ t t tht t t t
t 0988, for which the determine number is given &y v in Theorem 2.1. In this
case, the type sequentdit At At At of1 hold the conditonst t @it  ofit

oht t pht is an odd number.

Given that'0j Tt t 1t 1 1tandQ p £ "0) , it follows that
0 Tttt t t t 1t p v

2 I N IR B |

t t o o p pt t ot ot t+ opht o

¢t p
Here, it is clear thaO ¢t pfrom the definition ofO] . On the other hand, we obtain
5 # W W since’'O el 0O p.

Teorem 2.6.Consider the numerical semigroup

) mt ot + At + t+ ot t+ t+ t+ tht t t t
t vogs,

for which the determine number is given&y v in Theorem 2.2. Then we have
C) Ol T pm

d O T 9

Teorem 2.7.Consider the numerical semigroup

) mt ot t+ ot t+ t+ ot t+ t+ t+ tht t t t
t vogs,

for which the determi number is given by 1 v in Theorem 2.3. Then we have
el O T pg

o Ty

Teorem 2.8.Consider the numerical semigroup

1wt pht t thHt t+ t+ ot t t+ + tht t t t
¥ 0088,

for which the determine number is given&y v in Theorem 2.4. Then we have
9) O T pm
h) O L

To give an example of the results we have obtained,;
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Example 2.5 Based on the condition established in Theorem 2.2, if we subdtitutestit

t ¢ht t  pinto the numerical semigrolip we obtair) Tiphdp p ¢ P 88
aphdp fp tp @ For this numerical semigroup, the Frobenius number is calculaté as
T pm o pm p a@andthe genus ag T @ o ¢

In this case, the numerical semigrqugossesses an embedding dimen&n v and a
multiplicity & @. Since Q] G 1 h fails to achieve the maximal embedding
dimension (MED).

Note:Thi s study constitutes a part of M. Sait /
of Science, Department of Mathematics.
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ABSTRACT

In this paper, we investigate the structural propertiasuaierical semigroups determined by

five distinct determinantal numbers. Specifically, we establish a comprehensive set of necessary
and sufficient conditions that precisely characterize the type sequences associated with these
semigroups. Our analysis naly provides a rigorous classification framework but also sheds
light on the intricate relationships between the determinantal invariants and the additive
structure of the semigroups. The results obtained herein contribute to a deeper understanding
of thecombinatorial and algebraic aspects of numerical semigroups and may facilitate further
explorations in the theory of semigroup invariants and their applications.

3) Introduction

Let| be a semigroup aritd O1 . The smallest subsemigroup]otontaining ~ is called the
semigroup generated By denoted by & & Accordingly, the s€t is referred to as the set
of generators of . In particular,if A MM O] withny 1R 83 n, then

o hy resdm) Gand s said to be finitely gemated. Moreover, if there exists no proper subset
of ” that still generatgs, then” 13 Iy f8d s called the minimal generating system of

1.

Let and stand for the sets of nonnegative integers and integers, respectigelyset O
is said to constitute aumerical semigroupvhenever it meets the following structural
properties:

iv.tN | h

vi N N1 RQéE T ol v h

vi. The complement 1 is finite (equivalently;QdQ  p).
(See [6,7] for further details.)
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For a numerical semigrolip we define several important numerical invariants:
The Frobenius numbé®) G 6 caIoN ¥goe | ;

The multiplicity & | G Q&N | g TT;

The detemine numbet 6 i @pkeshior 1 ([1]).

If MMM a is a numerical semigroup then oM BEM G 7
i f e RO plP 88 where ” 7 R & Y8 Here, the arrow

indicates that all integers greatean™Oj p belongs to . The integeld Ol pis
called the conductor of. If1 & hy B & The parametef)] "Qis known as the
embedding dimensiaf the numerical semigrodip It is a weltknown fact that the embedding
dimension does not exceed the multiplicity, i€, & 1 . When this bound is attainéd,
is said to have maximal embedding dimension (ME#,5]).

A numerical semigroup with Frobenius numb€ef] is said to be symmetric 0 QN
1 foreveryl ‘QV u 1 . Itis well known that every numerical semigroup of the form 6Q FQ &
IS symmetric.

Moreover] is said to be pseudsymmetric if O] is even and there exists exactly one integer
Q O] I¢ suchthalQe |1 and’O ‘Qe | (For details [2,7,8]).

The integers in 1 are called the gapsiof and the set of all such gaps is denoteiy
QN =dQe | . The numberQ] 0 Wi @ is called the genus df. It is known that
Ol p &1 O (For details [1,3,7]).

Let| oo i B O pH° 88 be a numerical semigroup whée
and &1 denote its Frobenius number and determine number, respectivelyr FAR
€ ¢, define the following subsets:

TN Td
1T QvedR 1 O

Then, we obtain the following chain of inclusions:
1 0 Oasd] O O p G880 ¢ p O ¢

Forp Q &1 ,lett 17 M1 Q1 Q p ,and consider the set ht feadt
known as the type sequencé oHere,t T91 ,butingeneraf | 11 Q. Forg
i &9, we have T 1T p

It is well established that the typequences of symmetric and pseggmmetric numerical
semigroups ar e, respectively, {1, 1, e, 1}
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In contemporary research, numerical semigroups have garnered considerable interest owing to
their profound conneains with various areas of algebra and number theory, including
Diophantine equations, the structure of monoid algebras, and the combinatorial analysis of
additive sets. These semigroups serve as a natural framework for investigating additive closure
underprescribed constraints, and their fundamental invadasteh as the Frobenius number,
genus, and type sequendcprovide valuable insights into the underlying structural intricacies

of these algebraic entities. Furthermore, symmetric and pssudimetric senigroups occupy

a central position in algebraic geometry, particularly in the study of Weierstrass semigroups
and the characterization of curve singularities. As a result, a comprehensive study of their
properties advances not only the theoretical undeistg of semigroups but also contributes

to broader mathematical disciplines encompassing commutative algebra and arithmetic
geometry.

4) Type sequence of some numerical semigroups with determining number of five

Proposition 2.1Let] be a numerical semigupandt t 1 be its type sequence, for
"Q &1 such that] RS 1 o< 2 1 o O pP88 =0 O
and¢ €1 . Then,

@ t o " p

(b) T n n p H ” ” “O n”

Teorem 2.2Suppose that is a numerical semigroup characterized by the progerty uv8
The positive numbers sequendeht bt it At is a type sequence of the numerical semigroup
1 mht obt t tht t t+ ot t ft t tht t t ¢

t voaBifandonlyift t ¢ht t pht  oht isan odd number.

Proof. Consider the sequenck it it it At as the type sequence associated with a numerical
semigroup) i R R i i P 8&8. Suppose that satisfiest 1 vand that the first
elementt of the type sequence is an odd integer with + ¢ht + pht o.

In this context,

ot ot ottt
e I S A R

e I S S S SR A A T S S B S
AT T < I
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Tt pt t T ot t t 1 O T

t p T T ¢quvt t o O t f
wEQ

T p T puw T ¢ 'O ” Tt T t ¢8

As a result of this construction, the numerical semigroup it ot + tht *
t ot t t ft tht + t t t uvO8&Bisderived.

Conversely, consider the numerical semigrp it ol t+ <tht t+ ¢
ot + t+ + tht t t t t uvO&B8, where the  expression
t At At At bt refers to the ordered collection of generators that are positive integers.

iIf” " and” ” ot + t+ 1t t o0 ot t ¢.Inthiscase’ ”
and” ” o.
ii. If " " and” " t+tt t ot ottt t 1t ¢ fF
Tt ¥ <c.Insuchacasé, " and” " T.
iii. On the other hand, ” ¢ and fromherewe findt 1+ t T =t
t + t o ¢+ t p&Finally,” 7 cand from here we obtain

++r + +t+r tr oo t+ + t+ t+ v ¢+t p8

The demonstrations of the subsequent theorems can be derived through arguments analogous
to those presented earlier.

Teorem 2.3Suppose that is a numeal semigroup characterized by the property  u8
The positive numbers sequendeht fit it it is a type sequence of the numerical semigroup

1 mt pht t ot t t ot t t+ t tht t T ¢
t vosmifandonlyift t ¢t off oft t pAt isan odd number.

Teorem 2.4Suppose that is a numerical semigroup characterized by the progerty uv8
The positive numbers sequendeht hit it it is a type sequence of the numerieahggroup

1 mt obt t ot t+ t ot t + t tht t ft ¢
t voaBifandonlyift t off t pht  oht is an odd number.

Teorem 2.5Suppose that is a numerical semigroup characterized by the progerty uv8
The positive numbers sequendefit bt it At is a type sequence of the numerical semigroup
1 mt et t Rttt ot t+ t t tht t t ot

t voaBifandonlyift t ¢ht t pht  oht is an odd number.
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To give an example of the topics we have obtained;

Example 2.6 Consider the numerical semigroup

| ippptp ir it px & &g g Tk fp tp ¢ §P 888 In this case, the Frobenius
number is "0 p R the determine number is¢ | M riplghesdp x.

M miyip o tp @ v, and the conductor pfis 6 | p YIn addition, the gap set associated
with the numerical semigroup, along with its genus, are determined respectively as follows:

H(d)={d i0:d T¥ {£2,34,5,6,7,9,10,12,13,15}1 and

G(d)=#(H( 9) 43.

The numerical semigroup has an embedding dimension'@f wand a multiplicity of

a .. Hence, the numerical semigroup under consideration cannot be characterized as
possessing a maximum embedding dimension (MED), given that its embedding dimension
differs from its multiplicity, that iSQ] A

Finally, we proceed to determine tiygpe sequence associated with the given numerical
semigroup in an orderly manner.

Let

1oevde v up bt e
1P Qveda 1 01 ripip i@t ip @

and note that the numerical semigrpupas type
t 11 moeld nNee@@d@x vh

) Qv1dQ pp pipipép a8
1T ¢ Qvad 1 O1  miixhjip fp fp & ¢ tp ip i Jp P &B

and note that the numerical semigrpupas type

55



AVRASYA 14th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESOctober 1719, 2025 TBILISI
CONFERENCEBOOK - ISBN :978-625569442-3

t Ny clyp N ouxw o8

By a similar approach, we determine thfat ofit p0 @ p. Consequently, the type
sequence of the numerical semigrpuis given by vlotolphp .

Moreover, according to the condition stated in Theorem 2.4, letv,t t of ¥

p,t  u. Consequently, we obtain the numerical semigfoup Thiip o P @ (P 88
aip p tp @ ft i & b B and then express the corresponding type sequencksiadpip 8
In this case, the type pfindicates thdt is not symmetric, SINC& ¢ PX ¢ pw

1 fort 1 n ol i Mpfptdtpyx vandg™ ¥ .Moreover] isnot
pseudesymmetric, as its Frobenius numbetGs p Xwhich is odd.

Note:Thisstudyc onsti tutes a part of M. Sait Al akuk'
of Science, Department of Mathematics.
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KUVVETLK TOPLANABKLKRLKK KAVRAMI NI N MOC
FONKSKYONLARI YLA GENKKLETKLMESK

Dr. M¥yesi, Din-er Atasoy
l7dér [ niversitesi/ M¢hendi sli k Fa
dinceratasoy65@gmail.cor® R C K D : -000308881059

¥ZET

Bu -al ékma, mod¢l ¢s fonksiyonlaré aracél ej ey
incel emekte ve buykavrreyméan oklaamsii k i kikzisiwmza or
fonksiyonl arée, yakénsakl ék ve toplanabilirl:i

limit davranékl aréné anl amad@i®yuzhyébeteananhe
ve bu uzayén tam bir paranormlu uzay ol duju

Ayr 6@mo,d¢l ¢s fonksi yonunua 6R® ed b 6K bearji & nkt LBlsléa

g°steril mik, byl ece mod¢l ¢s f onksioyl ourkltaurrednug
ortaya konmuktur. El de edilen sonu-1ar, k1l a
fonksiyonlaréyla genikletilebilecejini g°ste
Bu -al ékma, mod¢l ¢s fonksi yonl ar ématematiikee m t eo
yeni di zi uzayl ar énén tanémlanmaseé i -1 n k
araktermalar i-in g¢-1¢ bir temel sunmakt adeé
Anahtar Kelimeler: Mod ¢l ¢s fonksiyonu, kuvvetl topl e
uzayl arée, paranor m.

THE EXTENSION OF THE CONCEPT OF STRONG SUMMABILITY THROUGH
MODULUS FUNCTIONS
Asst . Prof . Dr . Din-er Atasoy
ljdér University [/ Faculty of Eng
dinceratasoy65@gmail.comORCID: 0000-:0003.03831059

ABSTRACT

This study investigates the concept of strong summability defined via modulus functions and
explores its relationship with classical sequence spaces. Modulus functions serve as an effective
tool in generalizing summability and convergence theories by gingva broader framework

for analyzing the limiting behavior of sequences. In this context, the spad&®r) is
examined, and it is proven that this space constitutes a complete paranormed space.

Moreover, by utilizing the structural properties of the modulus functipit is shown that

w 6y O ¢ 6HQ, which establishes a hierarchical relationship among such sequence
spaces. The results demonst tyaoncepttahlmextehdeke c | a
through the use of modulus functions.
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Overall, the study highlights that modulus functions can serve as a theoretical foundation for
defining and analyzing new sequence spaces, providing a robust framework for future research
in both functional analysis and summability theory.

Keywords: Modul us function, strong summabi |l ity,
paranorm.

GKRKk

Bu -al ékma, modg¢l ¢S fonksiyonu kavr ameé ar a
incel emektedi1z.i Yzall aklee teorisinde °neml:.
fonksiyonl arénén, yakénsakl| ek vV e toplanabi |l
al énmaktadér .

Mod¢l ¢s fonksiyonl ar é, kl asi k | imit kavr ameé
a-éklama ol anajé sunar. Bu nedenle, dizi uza
terl erinion tanéml anmasénda °neml i bir ar a-
toplanabilirlik kavramé modg¢l ¢s téookrhkensdey onl ar
uygul amal & matemati k al anl arénda yeni perspe
Bu -al ékmada ama-, mod¢l ¢s fonksiyonl areéyl a
temel ©°zelliklerini i ncel emek, buuuglytl ear mak
ve |iterat¢rde yer alan bazée sonu-I|larla bajl

MOD! L' S FONKSKYONUNUN TARKH¢ESK

Mod¢l ¢s fonksiyonu kavr amlakano (1853)oal raarfaékn dJaanp oonr
konmuxktur . Nakanodnun -aléxkmglarée, teonksi nou
alanlarda yeni tanéml aRuakle®Q@g | beikr iem nviexkttiorr.| eD
ol ukan séneéerl & bi ruzkayme viarerménd éern? ok ¢s o;rku sFukn a
fonksiyonl|l aTcgz@apkgkEhahbeakt ané mli(Kakabha £t983ni n i
(Ruckle, 1970).

Bu gel i Kk mel Maddor (19B@Gkduévnvdeatnl, i Ces”"ro toplanabi
uzay®ol arak tanémlaméck, bu uzayge nmeoldl¢d kitsi rfnmoi
Maddoxo6un b u kat késeée, modg¢l ¢ s fonksiyonl ar
uygul amal & anali zde de (Maddbx| 1886 | abi | i r 1 i J i ni

Daha s onr @dnor (3089), bitarr edgae, | er ma tar 6HQbi el mi adar né&
bir toplanabilirlik met odu tanémlamexkteéer . E
de°n¢gkemleriyl e birlexkxtiril mesine vV e dol ayeés
s a] | a(@ammot, E989).
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Gé¢negmezde mod¢l ¢s | & orylakiéynsralkd reé&k, vfeartkopl ance
birlexktiren g¢-1¢ bir -er-eve sunmakt a; i st a
uzayl ar gibi modern analiz alanlarénda da ku

LKMKTLEME METODU

1. Birdiziwm o reel veya kompleks sayélardan ol |

A= & birsonsuz matrisved @ bir dizi olsun.

2. t anéemb edyadiasicdHi n A matrisi altéendaki d°ng¢kyg
limitleme veya toplanabilme metodu olarakd | andér él ér (Maddox, 1970;

(Petersan, 1966)

¥rnek
o -0 i ¢ piotB keklinde tanémlanan d°n¢kKem
ol dujunu g°sterel i m.
. P . . P_. . P . P ..
— i i —Si | - -0 U V]
3.3$c vcsvvscv@%@@c
a Y, t Yi oh oMBh oM
-1 o i 0
- i -0 O
Y, Yt
T( ., “YihimBhilB
= | i i
5 7Y
REG| LERLKK
Taneém:
Bir A=(00 matrisi verilmik olsun. Ejer A matrisi
d°n¢kKt ¢r¢gyorsa ve ayné zamanda i mit koruyo
3. Ej er© 0i -0d® Osajl anéyorsmaegdirder A matri si
BirA= @& matri si rege¢ler ol masé i -in akajéeédaki
1. 00B g s Hh
2. B w ph_
3. I Ed  mhhersabifQi - i n (Maddox, 1970).
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¥rnek
o -1 i ¢ piotB i1l e tanémlanan | imitleme m
¢Cenkeg bu do°néegkegm begten yakénsak dizileri, b
i OF €O H Qi Q
a'@a 1 Efi i -a Ra -a Q& nder .

MOD, L |FONKSKYONLARI

Taném
[OHb dan kendi ¢ z€fF°% medghayn@meas: bi r
(i) Qw ©P w 1
(i) ® "Qu "Qw
(i) Q "Q "Wi 0 we
(V) L E'Ro  "Qm (nakano,1953).

4. M6 oM pfonksiyonu bir mod¢l ¢s fonksiyonuo
M0 op 1T o fonksiyonu da bir mode¢l ¢s fonksiy
¥rnek

"Qw —fonksiyonu sénérl é& bir mod¢l ¢s fonksiyo
() Qv m©P — ™

(i) Qo — — Qw

(o —QQVw —— méE aMoE QI 0 W8 Q |

(v E/= m Qm ol dujunda f séférda sajdan s¢rekl
Ohaldebi r mod¢l ¢s fonksiyonudur .

¥rnek

Mw 11T wsénérséz fonksiyonu da bir modg¢l ¢s f
HI1Tgao n° o moatlig o aépQnQ &'damd P

W Thdi o0 @ i

()00 & ‘b Co0@WEDY O & p 0o O
AhEORE €A ERAI A Elglgg AAD T T o 11T
el de ederiw WoNay ORI a
(i@ rtandeéer .
Mo 1T ©oQQw — mpozitif oldujundan fonks
(vyséfeéer noktaséndan sajdan s¢reklidir.
| El I 0 m "Qn
der. ®@wohdli@ewdbir sénérséz mod¢l ¢s fonksiyonu
Lemma
Qe Q ki ayré mod¢l ¢s fonksiyonu ol mak ¢zere
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() Q@ Q¢ @€ mod¢l ¢s fonksiyonudur.

(i) & T o d A A ¢ Qi QL & Qi QO & 6 Q0 i

([i) Q M—birer mod¢l ¢s fonsiyonudur .

(iv) Q "BBHQ h-f onksiyonl arénén birer modg¢l ¢s fo

Kspat

Q Q¢ Q¢ Qonksiyonunun modeollgdu] ioakdicgymevar ém

glPsterel iMn. W QQomMmMod¢l ¢s fonksiyonudur. ¢

(i) QQw P Qv 7nP w 1

i) QQ® ©® Q0m» Qo  Q0n QOO

(i) Q¢ ETONE ¢ QIGNOEER M0 X Q" Qw 8Qw 7

(vy | ERQ®  'QQm R onksiyonu 0 a sajdan s¢rekli
N=k-1 i@ i n"Q¢ @& "Q

mod¢l ¢s fonksiyonu ol sun.

N=k 1 -in dojru oldujunu g°sterelim.

M 0EBE Q0 Qo1 ®Of onksi yonu modQbiclsetolk @ uj unc

fonksiyonu da mod¢l ¢s fonksiyonudur.

Not ™ Q bir mod¢l ¢s fonksiyonu ol mak zorunda dej

"Qw wfonksiyonundl welewe f@olinklsé monu modg¢l ¢s fonk
tenkO @ Qo Qwkaravérmtbi -in sajl amaz.

CESéRO ORTALAMASI

Bir di zinin birinci mertebeden Ces”"ro ortal a
P ,
” . l
3
ol arak taniéMmbisen €r QoluE] er
i 0 Qyazalém. O zaman
0 2 ogs
3

QOmol duj Undmn,in yet erviarcddsb ¢k ¢ k. Bu durumda

s 2 qs -2 Yo
S R T3

Tt

Teorem
Cesaro metodu reg¢lerdir (johnsonbaugh ve pt

Kspat
Verilenl - mi -in ensmardiér. N¥yleilki her n
o - i 0 -
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v . E A
dur.Hern 0i -® n ——— olsun. Burada® 6
. i i E i i
0 -
€
Keklinde yazélabilir.
¢ 0 0 - i i E i ¢ 0
£ 3

ol dujundan
W i

ol mak ¢zer

e
S & 60 -,
T T 0 3
€ € €

ma
c-
™| ©a

dér .
I ,I',‘J) 6 0 - ‘IE,I',“ ‘IE,I'p\
o lor-g- : , Eil 00) il 6 R T
ekitlijin(Ewiazab$Shamrma,.
.o & 0 0 - .
- - m L -
o g €
€ 0 0 - .
N m 0 -
€

m-

I Ei

(0]

ol duj un-d ati@Qh er
o - I Eilo® o -

™| Sa

ol ur Sonu- ol ar ak
0 iOEiiédi] 0
olur ki bu dal_Eil 6@ 0 demektir. Benzer olarak
‘IOI'E"Qé(‘)"Q 0
gerejince
1 E 0
sonu-tur

Lemma
steni en

der
| Ed
(0]
yazabiliriz ki; bu da i I
Taneém
w karmakék sayélareén bir dizisi ol sun.
| E4— w U
Os p
L ye cesaro yakénsakl|l ekteér
sham, 1972).

r (powel |

de

di zi si
gosteri vV e

limiti var ise ®
ol ar ak
Taném

OV w0LQN € G RICWD & & i 80 €

o . n
IOE:EP W US ™
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ol acak kekilde bia X d&iaz imaicesdo tepanaldlisie deaira p s
(cannor,1988)(Connor, 1988)

KUVVETEXKE S8 RO TOPLANABKLKRLKK VE MOD!L!S ALTI
GENELLEME

5. Birw o dizisivey i - i n,
I EPL » 0 T
o TF W S

6. ise,ddizisi,6ye ku€Ceeyhkéepsakteéer .
Mod¢l ¢s fARKk®I, yonu

iOE:pl M 0s ™

€
7. ise,wdizisibd y enofd ¢ | ¢ s alténda kuvvetli toplanabi
8. Ej &0 o al énérsa, bu t&reasmrilol aoipk alowabv é ti Iril
dojrudan yerlektirme il e:

P p N

5 Qxw LS T W US
olur ve i1 ki taném birbirine indirgenir.
Taneém
wkompleks terimli bir dizi ve f bir modg¢l ¢s

éE 0% &O T &0 b

ol acak weayés@ tasroga f mod¢l ¢s alténda kuvve
ve bu uzaya

0d ® o d-B QL &O TEO Hb

o (bqg "Q%rs © Thi O Hb

R cqug O%rs  H
ol arak t adogi®86aneéer ( mad
Taneém

w kompl eks teri mli b i r 1 dpoztif ree| térimlbhiir dizi obsurd ¢ | ¢ s
Buna g°°re
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o B b o df 0m & O TmHEo kb

0 B  ® ® ¢-B Qs ©° mEo kb
o Fa wqg Oxs

ol arak tané&mb altdy ése o Pjae nhiy yazacajéz. Burada
a- éséwam {yerineQxw 6 yazél mékteéer.

WECIPp)UZAYI NI N ¥ZELLKKLERK
9. w O capONEC Yl BEKk -B Qo 0s .

Ej] &N @ O6R®) vel A " E,ozaman ® T & «w 6R®N .

"@nin altadditifliji nedeniyle:
MQlw fw |0 10 Mgsw 0s Q3sw 0O 8
10. Ortalamaa |l énar ak her i ki terimin | imiti 0Oba g

Ej] &birw-benzer IQcok ox®) 6 aj lwedyiér syagun kekil de
tanémlanmék paranorm alténda tamdeéer.

¥rnek
11. p dizisi yakénsak dejildir, ancak Ces"
12. -B p i -JAT
©w —i-in,
[
Pows P oo
13. Dol ayess&-yiCasp ro toplanabilirdir.

Teori k Késmén Sonucu

Bu -al eékma, mo dyéalr g mfeg/rd las it yaonrelmdraénan kuvvet| i

yapésal ©°zelliklerini ortaya koymuktur. El de
1 & 6Ay uzayé tam bir paranormlu uzaydér.

T Mmod¢l ¢s fonksiyonu sénefénda yermal déj én
geni kKl etilebil mektedir.
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T nparametresi sayesinde, farkleée ajeéerleklar
tanémlanabi |l mi ktir.

T @ 6RM Pow 6Qi | i kkisinin ge-erliliji, bu uzay
g°stermektedir.

T Mod¢l ¢s fonksi yorylakréa,s akil Z2ik wza ytlogprl &mda i |
genel l ekxktiren g¢-1¢ bir ara- ol arak dejer
hemfonksiyonel analihemdey a k € n s a kd léskn [teero&dénda yeni uzay
tanémlanmasé ve incelenmesine temel ol ukt

GENELLEK TKRKL MKk CES&@RO METODUNUN PYTHON KLE
KNCELEMESK

(o]
3
QD
(72}
(o]

1. Mod¢l ¢s Fonksiyonlaréenéen Karkél akter
Modulus Fonksiyonlarinin Karsilastiriimasi

2517 — flx)=ris

flx) =x?

20 1= f(x)=In(1 + x)

15 4

3
10 A
Sﬁ
I I —
('J 1 2 é 4 5
G°r d4delMod¢l ¢s Fonksiyonlaréenén Karkél ak
Mod¢l ¢s fonksiyonunun se-i mi, yakénsama heézé
toplanabiliro sayélacajéné dojrudan etkil er.
¥zel I'dok |l ef onksiyonu, kl asi k mutlak dejer ° |
yakl akée®@owosurdmavi ejri)

Bakl angeée®Qmnn aulAttaalsr fonksiyondur,ancak st sénéer é varder.

WO Hbi - Mo © p. Bu nedenle grafiktQw ej r i s i y av a kl- ad eajretrmanket
y ak €éns ama k t afonksiyonddygunlukveyaa z al an ° z alrlt iéjki g° st
Yani baxkxlangé-ta hézl & artar, sonra sabitlen
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MMw w(turuncu ejri)XQnBaxk| 8pgéelkdloiphombsmabirol may e
fonksiyondur.wb ¢y ¢ d ¢ k- e - aokvih-élzd ecwi daiju grafi kte
go°r ¢l ¢yor . Bu fonksiyadnun mej ihngiz és Joaejkldain daakatk,

fonksiyona g°re -ok daha hézlée b¢gyegde] ¢ 1 -1n
Mo T1o p(yexil el ri), Raik lTangéS¢r ek bkt asar:
ancaklogaritmikb i r fonksiyondur .azB{ e &heyydadnglé- egi aretr &
yavakbavi.-DQo 1 T¢ p§w Bu fonksi'Qotan beirrzerk

Kekskder |l @abygppmeé (govostteearhiar yaggrhas ek d &jker lI&er e
Sharma, 2015)

Karkél akt ér mal @ Anal i z

¢i zell ed¢ | ¢s Fonksiyonlarénén Karkeél aktéer él maseé

¥zel li | Qw mew Qw | 1p w

Bakl angé-|HéezIl & |(Yavak |[Hezl é

Beyeéek x i|16e ya|Sonsuzagidgbogar i t mi k

B¢eyeéeme ti||Azal anHezl anflAzal an art
f(5) dej e|0.83 25 1.79

1 st séneér|Var(l Yok Yok ama -o

Grafik, foookgilyenl arénén Aartanl eko ve fAbg¢gyer
ol dujunu a-ék-a g°ster mekt etdplanabiliriBy a Kk & m s akkal r ék
veyaaj ér |l eklk@avomrmamalaa®maén analizinde ol duk-a fe&
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Ces”"ro ortalamal arénén yakénsama davraneéxke
Cesaro Ortalamalarinin Yakinsama Davranisi

1.0 -
0.8
@
2 0.6
% & Xn=1
£ \ — o= (1)
o [ —&— Xn=1/n
e
45 0.4 |
w
1] |
] |
[ [\
0.2 4 ‘\ A
1/ \ /\| n n
[ \/\I A
v \/ \\/\ /A A
0.0 $--mt- -L---i- ------- ¥ M LW D VARV ALY NN
0 5 10 15 20 25 30

%n 1 igin Cesaro limiti = 1.0
(=1)® igin Cesaro limiti = 0.0

1/n igin Cesaro limiti = 0.13316623769734634

Xn
Xn

G°r 2elCes”"ro ortalamal arénén yakeénsama
Ces”"ro ortalamaseée, ©°zellikle salénemlé dizil
durumlarda bir genleudvwanel isaff d @lran 8li Idiumr luimk Kk
ol ukturur
Birdizi w 6in Ces”"ro ortalamasé kKu kKekilde tanéeml

P .
= W
€

E ] & rdizisi bir limite sahipse, bu limit€ e s * r odeniir.i mi t i
Kl asi k y ask@® bgerakiyori@k, bueadadibir t al a ma idcelgne.r | er i yl e

Grafi kt eki Di zil er ve G°z|l eml er

1.Diziw p(mavi daireli ejri)

Her terim 1 oldujundan:
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e

Dol ayéséyla hetram@Besl amalria&adiamas@rraf-iikz ghioy un
Keklindedir. Ces”ro |imitiw= ptlizisDheBllasik k| asi k
hem de Ces”"ro anl aménda 16e yakeénsar.

2. Dizi: @ p (turuncu kareli ejri)

Budizis al & n & ml é bir(diaidirt e phaph iph8 &lasik anlamda limiti yoktur

-¢é¢nk¢ s¢tebtaséndgae gidip gelir. Ancak Ces”ro
. p x
L é—p P p p E

Keklindedir.

cartték-a pozitif wenmgedeatri,f otrdrail mimar dkeij rebrii r
durumuneg®° st eriyor: turuncu -izglD baxkxbhéaegdata d
s°n¢gmlenerek yatayl akéyor.

Sonu-:

W p kl asi k anl amda yakénsak dejildir,
amaCes " ro ortalamaseé 0606
YaniCes " ro anl am&redadiymakéendadkieer

3.Dizkw -(yexkil ctgeinl & ®haima, 2015) .

Klasik anlamdao ©m;, dol ayéséyla Ces”"ro ortalamasé da
ort aldaanhaas &y avawrmzhil makelidede

KI'k birka- terimde by¢yi¢bka kdl ea negrél -dtra0 bydskikséenk d ai le d
fakatteartt eék-a | ogaritmi k kKekilde d¢gker. Teorik

p 1 1¢ 7
Q €

™| O

(Buradg Eul er sabitidirée@thio-baA77@)avei dear i fa@dafi k

¢ omivarénda Ces”"ro ortalamasé yakl akék 0. 1:
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Sonu-
w -dizisinin hem k|l agdoéééehbhamakeCEssSirpoolit ml an

d¢zgeéen bir azal ek gl°sterir

Genel Karkél akt érma Tabl osu
¢i zel géenel karkél akt érma anal i zi
Dizi Klasik Limit [Ces " r o Yakénsama Da
w p |1 1 Sabit, dojruda
() p |[Yok 0 Sal énéeml e ama
w pfe |0 0 Azal an, yavack
3. Kuwvetlip-Ces“"ro Toplanabilirlik
Kuvvetli p-Cesaro Ortalamalarinin Yakinsama Davranisi
1.0 1
0.8 1
3 06
|
x
=w:..“
§ 0.4 -
0.2 1
- Xp=1n
- Xp=(-1)"
0.0 + —#&— Xp=sin(n)

0 10 20 30 40 50

1/n dizisi igin son deger = 0.03250
(-1)"n dizisi igin son deger = 1.00000

G° r 8. &lvvetli p-C e s Toplanabilirlik

Kuvvetli pCes " r o kavr ameée, kylaakseinks aGeaséno &dyear ege®sér
°] -ber yapé sajlar. Bu, ©°zellikle dizi far kI @

Y-ekseni Ku b¢yeéekl ¢]J ¢ gP°steriaobrak(émcaaf)i:Jin ek
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burada kKuk(wpaei akarel er Galmkrmadwdr eduvé mgmkaf iYiatn
i - i n t ermlamakaeegiimme an square) -Paztisd mi K. Bu bg¢y¢k
dizininkuvvetlimeC € s (buraday ¢)anl am@adwpakénsadé] éné s°°yl e

Mavid w plE

Hesapl anan bg¢gyeé¢kl ¢k:

PP PP
3 Q¢ Q
Bilinen sendweg: “ Tp. Dol ayéseylia b¢gyeék
N
3 Q 3
yani0 pf¢t hézénda séféra iner.

Bu y¢zden gfafi httel mayimBmbot-om) Odaanalyak énes ar .
civarénda ~0.0325 el"“die fuerd mdt onrgesuyumluderor i k dej er

Sonu -

W prEi-inngCeslhgo odbayakdeBani n ortal ama kar
gidiyor.

Turuncud p

Her terimin karesi  p T p. Dol ayéseéeyl a

p
é—pp8
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Bu nedenl e turuncu ej ri grafik boyunca sal
limt:wyakénsak dejil (1 ve 11 arasédudmundapl| énén
Oba yakl akemp=2i Aaecalkrbluendni al déjemézo i -in ¢
yani0 mkabul ¢ alténda bu °1-¢ 0'"a inmez.

Sonu -

W p i -4BAw 0 sabit 10 dol ayéeséqQeas " ge- | bjadkae mée nd
yakénsamaz.

Yeilkd @ OEt (Eki & Sharma, 2015).

Kncel enen- b:;QRBRIKIBg knk ¢mal endéeDENQ i mi METQ.
Teorik ol @®nodd d¢ g 4 p ekviengamtd aj €l déj & i¢-iilne (olr a naé&d

irasyonel ol duj undan) , OEU2ant aVaadveadsee zamans al ort
ol ur . (ya da daha —gedEdQo plgr)t alGama i kdted ey e K
yak|lmweikvar énda ¢aatée&yar bue dejerin etrafeéen
g°eaiyor.( EKi & Sharma, 2015) (Daj, 2015)

Sonu -

w OEfi-in ortal ama Mear e od eajyecrstEeysl sak bgack- @ ke

a- és angaknéngéhbhmmza 0. 5).
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4. W(C,f,p) uzayénén g°rsel anali zi
WIC, f, p) altinda Kuvvetli Toplanabilirlik (fix) = x/(1 + x), p=2)
0.25
0.20 1
S 0154
I
X
=
A
< 0.0
0.05 1
0.00 T
0 10 20 30 20 50
n
1/n igin limit degeri = 0.012510

(-1)"n igin limit degeri = 0.250000
sin(n) igin limit degeri = 0.148150

Gor dMCfpuzayénén go°rsel anal i zi

Budurume O6A®H uzayénén kl-@ess kr & uw zdaayhdan ag pon®ibike ve e:
yakénsama alané sundujunu g8isyenuy . °Del laylkls
sal énéeml é di ziylakredies adnah a aivg tainlkerkdralr& el de et n

¢ i z e3MWECe,p) Analizi

. Limit D

Dizi (Yak! a Yorum

pxe 0.0123 Hézl e g¢-1¢ yakéns

p e 0.063 Sal énéem bastér él me

YQE 0.181 Yakénsak dejil ama
Fonksiyonumo d ¢ | ¢s t i pi bir oyl wmuk aftammak | faa rekns iby¢oynéuk |

nedenl e klasiCesCed" ry@ nteyn@ miegk gBir e ysaskj@nasra.ma
Grafi k a-éeék-a g°steriyor Kki

w 6H® & o 6

yanibuuzaydaha kapsayécéder

5. Kuvvetip-Ces”“"ro ile W(C,f,p) Yakénsama Karkél a
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Kuvvetli p-Cesaro ile W(C, f, p) Yakinsama Karsilastirmasi

1.0+ Kuvvetli p-Cesaro (f(x) = x)
Modlis altinda Kuvvetli Toplanabilirik (f(x) = x/(1 + x))

o it o
ES o o
T T

o
o

(LMY |xx — L|° ve (LIn)Z[f(|xx — L)]P

0.0

Gor S.&Kdvwetlip-Ces"ro ile W(C,f,p) Yakénsama Kar

Mav i ejri -CeuwweVIhamikpp+kx) ara dayaleée kIl asik
azal eyor. Turuncu ej ri ¥ Mwoodde¢l 1 ¢¢ss  afl o néknsdiay, o nfu

Aibastérdéjeéeo i-in -ok daha héezlée séeféra yakl

YaniW(Cfpluzay e, kil aGd k" rkaudaymd ad ‘greep i kKkbv ¢ dalka& nessam
alane sajl éyor.

Tur un ciKlagikKjKowetlipCe s "Quo

Di zinin farkl ar é dojrudan al enér, herhangi
ejyiksekten bakVvepavéayakkakakalk. 8f éra ayakl acxk
da, dalgal anma ve farklarén b¢gyeéek ol duju erk
ham farkl aréné hesaba ka®a éddeo jir-u snaly akleédusjaumac
beyeéekl ¢kl eri bastérél maz.

Mavi iEpdil ¢s Al tiBoplahabilirk @ev e+
BuradaQw oI'p wse-imi nbatkheeé bi.Efimbdk Yarmak atiér
seviyededabakharz!| é Buéf avod ¢y} glsl dwérk.si yonunun

et kisinden kalyanywkK afn@&nrkl| artga kgr t é K, fonksiyo

Sonu-: Ayné Zi i -in mod¢l ¢s fonksiyonlu ya
S

yakeéensama
Grafi kte g°zlenen fark kKunu g°sterir:

® 6RMN R ® 6m
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yakénsama orané a-éseéndan:

o 6RMN T T o 6 C
Yani mod¢l ¢s flahkhsggoanktuiwvzay
daha fazla dizi bu uzayda yakénsak hale geli

Bunun nedeni:

"Qw

W .
<b+ Qw w(hermdn)

Dol ayéseéeyla farklar Kkg¢- ¢l ¢rya¥k étnospalmeamlkaurv vdeat hi a

¢i z AlKgwetlip-Ces " ro il e W(C,f,p) Yakénsama Karkél akt
¥zel |l ilKuwetipCes [JJo e Mod¢l ¢s el t €nda

Bakl angé{Y¢ksek (~1.0)|Degkéek (~0. 3)

YakénsamgYavack Hezl é

Far kl ar éefqDoj rudan Bastér él mex

Topl anabilDar Geni K

Analitik yorum Kl asik y°ntemGenell exktiril mig

Mod¢l ¢s fonksiyonunun ek lgeennneelslieyklter rkillansiikkt i Ge.
©zeldalkdreéml &€ veya ydksak dfadnrak eit kerd en bdirziyla&!
Matematiksel olarak bgar anor ml udala ayfganegrk sénéefl ar
Dol ay® B®luaz ay | ar é,] faomnakisiizyome yakénsakl ek
geni Kl eme sajl ar.

SONU¢ VE ¥NERKLER

Sonu -

Bu -al ékma, mod¢l ¢s fonksiyonlarée aracél ej ey
incel eyer ek, kl asi k Ces” ro topmlianahtialyiar Ikioky ntt
El de edilen sonu-1lar g°stermicktir ki, modg¢ | ¢
uzayeée, tam bir paranor ml u uzay Vyapéséna sa
tanéml anan kuvvetli topl abmiarbi bii +1 mknik ad e & tmé
Ruckle (1970) il e Nakano (1953) tarafeéendan

teorisinde g¢-1 ¢ bir @Nakanro, 1653)qRugkle, 12r0) (Maddoxu | a ma
1970).
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Ayr éca, mod¢l ¢skfénbsi-yomhleadené&sre-idadmesi yl e,
g°re daha genik ve esnek bir yakénsama al an
Sharma (2015) taraféndan g°%°steril difji iczere
dej il , aynel aznaanhaén daan aulyigzude de et ki n bir r ol
parametresinin farkl é& dejerl eri alténda yakeée
farklarén etkisini basteérarak da(ennon&dB9) & bir
(Eki & Sharma, 2015)
¢al ekmada yapélan analitik ve g°rsel i ncel en
di ziler i -in mod¢l ¢s fonksiyonlarénén kIl asi
belirl enmiktir. neBu asnoanlui-zz Vvieonkakgnonsakl|l ek t
tanémlanmasé a-éséndan °neml . bir temel ol uk
Ces”ro toplanabilirlik teorisinin genel | ek
sunmaktadeéer .
¥neril er
1. Farke t ¢¢rde mode¢l ¢s fonksiyonlare (°rnejin |
kull anél arak yeni kuvvetli toplanabilirlik
2. p parametresinin yakénsama hézéna et kisi d
dejerlaeltéenda el de edilen sonu-1|lar karkel a
3. Mod¢l ¢s fonksiyonlarénén Riesz, H°l der vey
do°n¢kemleriyle etkil exki mi analiz edilerek
tanémlanabilir.
4. Pyt hon veya areanzdearri ksudy éasneaell ar ak, modg¢l ¢s f
farkle dizilerin yakénsama davranéxkl areée si
5. Bu yakl akémén Fourier analizi, sinyal 1i«xle
uygul amal & al antardhi kut |l anémé arakt e
6. W(C,f,p) uzayeéené@r lOirdza cuez avyel aruesy led aikl i Kk ki s
uzayl arén genel birlektirilmik yapésé ¢zer
7. Gelecek -al ékmal ar da, mod¢l ¢s fonksiyonl ar
yal@ama °1I| -¢tl eri gelthiriIerek fonksi yone
8. Maddox (1986), Connor (1989) ve Ruckle (1970) gibi klasik kaynaklara ek olarak,
modern yaklakeéemlar (°rnejin fractional <cal
mod¢l ¢sydboh&sénén entegrasyonu sajlanabili
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9. Mod¢l ¢s Fonksiyonlarénén Karkél akteér el masé
1 import numpy as np

2  import matplotlib.pyplot as plt

3

4 # Modiilis fonksiyonlarinin tanimi

5 def fl1(x): return x / (1 + x) # sinirli modilis

6 def f2(x): return xxx2 # sinirsiz modilis

7 def f3(x): return np.log(1l + x) # artici modilis tipi
8

9 # x deger araligi
10 x = np.linspace(@, 5, 200)

12 # Grafik cizimi

13  plt.figure (figsize= (8,5))

14 plt.plot(x, fl(x), label=r"$f_1(x)=\frac{x}{1+x}$")
15 plt.plot(x, f2(x), label=r"$f_2(x)=x"2%")

16 plt.plot(x, f3(x), label=r"$f_3(x)=\1n(1+x)$")

17 plt.title("Modiiliis Fonksiyonlarinin Karsilastirilmasi", fontsize=13)
18 plt.xlabel("x")

19  plt.ylabel("f(x)")

20 plt.legend()

21 plt.grid(True)

22  plt.show()
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10. Ces"ro ortalamaldavemeagkygakKénswnamMgt hon Kodl a

1 import numpy as np

2 import matplotlib.pyplot as plt

3

4 # Cesaro ortalamasini hesaplayan fonksiyon

5 def cesaro_ortalama(x):

6 return np.cumsum(x) / np.arange(1l, len(x) + 1)

7

8 # Ornek diziler

9 x1 = np.ones(30) # sabit dizi (1,1,1,...)

10 x2 = np.array([(-1)*%n for n in range(30)]) # degismeli dizi (-1,1,-1,1,...)
11  x3 = np.array([1/n for n in range(1,31)]) # harmonik tip dizi (1,1/2,1/3,...)
12

13 # Cesaro ortalamalari

14 ¢1, c2, c3 = cesaro_ortalama(x1l), cesaro_ortalama(x2), cesaro_ortalama(x3)
15

16 # Grafikle gosterelim

17 plt.figure (figsize= (9,6))

18 plt.plot(cl, 'o-', label='x, = 1')

19 plt.plot(c2, 's-', label='x, = (-1)')

20 plt.plot(c3, '~', label='x, = 1/n')

21 plt.axhline(@, color='k', linestyle='—-', linewidth=1)

22  plt.title("Cesaro Ortalamalarinin Yakinsama Davranisi", fontsize=13)
23 plt.xlabel("n")

24  plt.ylabel("Cesaro Ortalamasi s,")

25 plt.legend()

26 plt.grid(True)

27  plt.show()

28

29 # Son degerleri yazdiralim

30 print("x, = 1 i¢in Cesaro limiti =", c1[-1])

31  print("x, = (-1)" ic¢in Cesaro limiti =", c2[-1])

32 print("x, = 1/n icin Cesaro limiti =", c3[-1])
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11. Kuvwvetlip-Ces " ro Toplanabilirlik K-in Python Ko

1 import numpy as np

2 import matplotlib.pyplot as plt

3

4  # Kuvvetli p-Cesaro toplanabilirligi test eden fonksiyon

5 def kuvvetli_p_cesaro(x, L, p=2):

6 n = np.arange(1, len(x) + 1)

7 return np.cumsum(np.abs(x = L)*%p) / n

8

9 # Ornek diziler

18  x1 = np.array([1/n for n in range(1,51)]) # 1/n dizisi
11 %2 = np.array([(-1)%xn for n in range(1,51)]) # (-1)"n dizisi
12 x3 = np.sin(np.linspace(®@, 1@xnp.pi, 50)) # sin dalgasi
13

14  # Kuvvetli p-Cesaro ortalamalari (p=2 alinsin)

15 p=2

16 L1, L2, L3 =9, 0, @ # limit adaylara
17 ¢l = kuvvetli_p_cesaro(x1, L1, p)
18 ¢2 = kuvvetli_p_cesaro(x2, L2, p)
19 3 = kuvvetli_p_cesaro(x3, L3, p)

21 # Grafikle gésterelim
22 plt.figure (figsize= (9,6))

23 plt.plot(cl, 'o-', label=r'$x_n = 1/n$')
24  plt.plot(c2, 's-', label=r'$x_n = (-1)"n$"')
25 plt.plot(c3, '~=', label=r'$x_n = \sin(n)$")

26 plt.axhline(@, color='k', linestyle='--', linewidth=1)

27  plt.title(r"Kuvvetli $p$-Cesaro Ortalamalarinin Yakinsama Davranisi", fontsize=13)
28 plt.xlabel("n")

29 plt.ylabel(r"$(1/n)\sum_{k=1}*n |x_k — L|"p$")

30 plt.legend()

31 plt.grid(True)

32 plt.show()

34 # Yakinsama degerlendirmesi

35 print(f"1/n dizisi ig¢in son deder = {cl[-1]:.5f}")
36 print(f"(-1)~n dizisi i¢in son deger = {c2[-1]:.5f}")
37 print(f"sin(n) dizisi icin son deger = {c3[-1]:.5f}")

12. W(C, f,p) uzayénén g°rsel anali zi i -in Pyth

1 import numpy as np

2 import matplotlib.pyplot as plt

3 # Modilis fonksiyonlari

4 def f1(x): return x / (1 + x) # sinirly modilis

5 def f2(x): return xik2 # sinirsiz modilis

6 def f3(x): return np.log(1l + x) # artici modilis tipi
7 # Kuvvetli modiiliis-Cesaro fonksiyonu

8 def kuvvetli_modulus_cesaro(x, f, L=0, p=2):

9 n = np.arange(1, len(x) + 1)

10 return np.cumsum((f(np.abs(x - L)))%kp) / n

11

12 # Ornek diziler

13  x1 = np.array([1/n for n in range(1,51)]) #1/n
14 x2 = np.array([(-1)*xn for n in range(1,51)]) # (-1)*n
15 x3 = np.sin(np.linspace(®, 10%np.pi, 50)) # sin(n)
16

17 # f(x) = x/(1+x) modilisi ile test

18 p=2

19 L=290

20 results = {

21 "1/n": kuvvetli_modulus_cesaro(x1, f1, L, p),

22 "(-1)~n": kuvvetli_modulus_cesaro(x2, f1, L, p),

23 "sin(n)": kuvvetli_modulus_cesaro(x3, f1, L, p)
24}

25 # Gorsellestirme

26 plt.figure (figsize= (9,6))

27 for label, vals in results.items():

28 plt.plot(vals, label=label)

29 plt.axhline(@, color='k', linestyle='—-', linewidth=1)

30 plt.title(r"$w(C,f,p)$ altinda Kuvvetli Toplanabilirlik ($f(x)=x/(1+x)$, $p=2%$)", fontsize=13)
31 plt.xlabel("n")

32 plt.ylabel(r"$(1/n)\sum [f(|x_k - L|)]1"ps$")

33  plt.legend()

34 plt.grid(True)

35 plt.show()

36 # Son dederleri yazdiralim

37 for label, vals in results.items():

38 print(f"{label:7} ig¢in limit degeri = {vals[-1]:.6f}")
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METEOROLOJI K VERILERI N YAPAY ZEKA DESTEKLI (
REGRESYON MODELLEME UYGULAMASI 1

Dr . ¥J]r. ryesi, Din-er Atasoy
l7déer [ niversitesi/ M¢hendi sli k Fa
dinceratasoy65@gmail.cor® R C K D : -000308881059

¥ZET

Bu -al ékma, met eorol oj ik verilerin yazeéel ém
tahminleme modelni n gel i ktiril mesini ama-1| a2kt adeéer .
yeéll aré araseéndaki meteorolojik veriler kul/l
akamal aré Python ve MATLAB ortamlarémda ger
veriler temizlenmik, ay, mevsim via geail lkeiheénd

°]l -eklendirilmiktir. Ver. set i(IRCCR202BOMGME e i t
2023).

Regresyon model |l eri kapsaménda dojrusal, Ri c
dojrusall ék analizleri sonucunda en iyi sonu
ve -ékarémé akamalarénda, °zelYod&]j ergaci @meb
0, 7506e y¢kseltmiktir. Mo del perfor manseé, Or t
(MSE) ve -apraz dojrulama metrikleriyle test
sonraséna ait yaj] ék ehhei wleermiimi &yd mkp ktlaehkni
dejerine ul ak ma
Yazelem tabanl é& bu model, tarémsal pl anl ama,
destek aracé ol arak kullanélabil ir. ¢al exma,
atyapéeséeyla be¢tenlektiril mesi sayesinde mete
temelli yaklakém sunmaktadér (Hastie et al .,
Anahtar Kelimeler: Opti mi zasyon Al gorit maseée, Regr es)

Meteorolojik Tahminleme.

'Bu -alékma Doktora tezinden ¢Modetleri ile ieteotolbjik Tahntnteme mi z asy
Denemesi, lfdeér | niversitesi, Lisans¢gstyeg EJitim E
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ARTIFICIAL IN TELLIGENCE 1SUPPORTED OPTIMIZATION AND REGRESSION
MODELING OF METEOROLOGICAL DATA

Asst . Prof . Dr . Din-er Atasoy
ljdér University [/ Faculty of Eng

dinceratasoy65@gmail.comORCID: 0000-:00030389-1059

ABSTRACT

This study aims to develop a softwdrased shorterm forecasting model for meteorological

data anal ysi s. The dataset i ncludes meteor o
period 20012021. Data preprocessing, model training, and validatioe werformed using

Python and MATLAB environments. Raw data were cleaned, month, season, and lag variables
were added, and all features were normalized between 0 and 1. Ninety percent of the data were
used for training and ten percent for testing

Linear,Ridge, and Lasso regression models were applied, and the best results were obtained
with the linear model after multicollinearity tests. Including lag variables in the model increased
the"Yovalue from 0.16 to 0.75. Model performance was evaluated us@am Mbsolute Error

(MAE), Mean Squared Error (MSE), and crasdidation techniques. The proposed model
successfully predicted rainfall for one, two, and three months ahead, achieWbgalne of

0.41 for onemonth forecasts.

The developed softwatteesed model can be used as a decisigoport tool in agricultural
planning, water management, and climate analysis. By integrating optimization and regression
techniques within a computational framework, this study offers a robustiétited approach

to mdeorological forecasting.

Keywords: Optimization Algorithm, Regression Analysis, Artificial Intelligence,
Meteorological Forecasting.

1. GKRKK

Optimizasyon problemib e | i r | i bir hedef. olan bir fo
k¢-¢Kk dejerini kbt ual dnéary. € Bauma - leama vede, opti
mat emati ksel model | er i analiz ederek, ar ama
y°ntemlerini uy gul aRyeagrraeks y-o°nzd¢al eibsiel nbeakjtéendliér . v
araseéendaki laltii klsieni nolmata&km i f ade edi | mesi
késétl amal ar éna-Khundiurm k esrer ¢ K KTK)ar kosmwul | ar @€énén
programlama yakl|l akémé, yalnézca exitsizlik
genel | ekt ieriyrak|laxregnméaamg benzer Kekil de, kéeseé
probl emi, opti mal noktaseée bir eyer noktasé
yazél acakter. Optimizasyonda finans probl em

sektor¢iiyeitm mani mum yapma durumu regresyond
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Opti mal Scaling (CATREG) ve uyuGQOptihmaeSsdlirnger i i

bir deji kkenin analizdeki rol ¢ne¢g T yil ektirmi
amacéeyl a kullanél éer. Bu tekni k, veri do°n¢Kenm
uygun hal e geBu r-naelyéik naantdaa- lkaornnve ks fonksiyonl .
noktal aréné bulmak i-in -exitl:i y °imduasim| er K
konveks ol duj unu g°ster meye -al exkHanwehks daha
progr aml ama, bir-ok optimizasyon probl emini
Konveks fonksiyonlar, taneéemlandé] é jlk¢,mahd pdr
ve bu °zellik, -°9z¢m s¢recindeki @Boyd 200 ve a

BenTal & Nemirovski, 2013).

2. OPTKMKZASYON

Mat emati kte mat emati ksel progr aml ama, opti
fonksiyonumi ni mi ze ya da maksi mize et mek amacéyl a
dejerlerin fonksiyona yerlexktiril mesi Il e s
mat emati ksel ol arak inceledi]jimizdmrenfadla t ak b
i Kl evi yerine getirdiiji s°ylenebilir. Opt i mi
kesétlarla karkeéel akél masé bekl enmektedir. Kl
alanda kullanélmaya ve uyguEbemmnérmul mgyai rmiat
Makine ©°jJreni mi ya da yapay zeko, gel i kKmi K
akelle yakl akéml ar e, y°nteml er i ve teknikle
tut maktader (Pehlivanojlu, 2017).
Problemin
Tanéml gAmasé
/! N\
Modelin Verinin
Kull angA masé Anl akélJmase
Modelin Verinin
Dejerlendfril mesi Hazeéer |l a mas é
N Vd
Modelleme
G°r 6elOptimi zasyonda Ver. Dejerl endirme Sg¢
G°rsel 10de de g°r¢leceji ¢zere verinin deje
anl akeéel maseé, hazérl anmaseé, ver i I -1 n model | e
kull anél masé s°z konusudur . Bul iatkeasmaniar ar tdé
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sonu-|laréné daha ge¢venilir hal e getirir. ¢
tanéml amak b¢yeéek °nem takeéer. Bu akamada, h
sorunl ar én neden °neml i ol dujru avtodlke | bnr b ack
dejerl endir mek i -1n uy gun metriklerin Kul I
°©zge¢ll ¢k gibi metri kler modelin bakaréeséneée °©°
dojrulama ile akér e wy aril sma uwnd yaa éak Link, nwey are
olur.

/Eaglarr'a noktas
'-\ belirle Xo

v

n=012,...

.

-

,/ \_ Yeni bir tahminde
<_ ¥n Dpny, H—p bulun

-

E
¢ N
C Dur 1
/

G°r 3elGenel opti mi za@®ochermlerfax & \@heelerd2019)a g r a mé

G°rsel 20deki akek diyagraménda g°r ¢l ecefji é
vebakl ama noktaséna g°re yeni dejerl endir mel ¢
dejerl endirmeye devam edil melidir (Kochender

3. REGRESYON

Regresyon, i statistiksel bir analiz ymMntemioc
model | emeyi dAtasoy, 2GDIha IBtuad éri KKi yi anl amak i -1r
(sonu- deji kkeni) baj eémseéz deji kkenlerle (t
g°r mek JAtasey,k028)o r

Regresyon anali zii,n hiarhmb a] éndliéci d ejrii mleemay al
anl amaméza yardémceé ol ur. ¥rnejin, bir Kirk:
dur umda baj eml é deji kken "satéekl ar" ol ur ke

har camal ar ér,urhu yaqithi hfagAtasogd0R3.r ol abi | i r
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Regresyon analizi, bu ilikkiyi mat emati ksel
olarak kull anélan regresyon y°ntemi, doj rus:
i1 kkil eri dmwojdreul slaelmeokl mayiaan regresyon y°nt eml
Regresyon analizi, akajédaki ama-1lar i -in ku
1. Tahmin: Regresyon analizi, bajéemlé dejiKk
Model , bajéeémseéz dejikkemler idre]dakemli enr it a\nenn in
2 . KI'i Kkiyi Anl ama: Regresyon analizi, baj é]
i kki oyl anlamak i -in kullaneéel ér. Baj éeml é& de
ol dujunu belirlveemekstia-tiins tki aktsseay éleasrt | er kul | ¢
3 Dejikkenlerin Etkisini ¥ - me: Regresyon a
czerindeki et ki sini °l - mek i -1in kull aneéel ér
dej i ki kl iJinin baadaérmldée jdiekjiikklkiekn dyea pnteé jkéné g?°
4 . Tahmin Dejerlerinin Géven Aral ejene He s
dejerlerin g¢ven aral éejéné hesaplamak i -in Kk
géevenilir oldujunu anl amaya yardémcé ol ur .

3.1. Ridge ve Lasso Regresyon

Ri dge regresyon Ve Lasso regresyon, regr e
d¢zenlilektirme (regulari zati on) y°ntemidir.
sorununu -°zmek ve modelin genell eméel gkt anéj
farkl e d¢gzenl il ekt i ((Atesoy,2@238; Hastie etrali, 20k5y | | anmal ar

3.1.1. Ridge Regresyon

Ridge Regresyon (Tikhonov d¢zenlilexktirmesi
t¢erevidir ve L2 d¢zeanl iBuekydmtmem,t emao dne Ind e kkiu
yakl aktérarak akéré uyumu azaltmaya -al éxkér
d¢zenl il ektirme terimine ekl eyerek model i

arasendaki -okluvéometdabyonngeneh!| emealtet enej
ol arak daha g¢vVveni [(Hagteetah2005)nl er el de edebi |l i

Ridge regresyonun avantajlaré kunl ardéer:

T ¢oklu korelasyonlu dejikkenlerin olduju dut

1T Kat sayérlaaryalksléedkt érdéejéndan, gereksiz deji«k
byl ece daha genell eyici model |l er ol uxkturut
T Model deki kat sayél arén kararl él ejenée arteéer:
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3.1.2. Lasso Regresyon

Lasso Regresyon (Least Absolute Shrinkage and Sel€etpe r at or ) da dojrusa

bir t¢revidir, ancak L1 d¢gzenlilexktirme terdi
seféra tamamen yaklaktéerarak dejikken se-i mi
elemenin bir yoludur. Lassorege sy onu, katsayélaré d¢gzenlil ex

d¢zenl er .

Lasso regresyonun avantajlaré kunl ardér:

1T Deji kken se-imini otomati k ol arak yapar ve
T Ridge regresyona keyasa-aafMialhiar d¢zenl i bir
T Model deki gereksiz dejikkenlerin etkisini

Ridge regresyon ve Lasso regresyon araséndak

1T Ridge regresyon, katsayeéelaré seéféra yakl akt
kull anér ken, dggeonliéeégegresyome tErimini kKul I
T Ridge regresyon, t¢m katsayélarée azalterkert
seféra indirebilir.
T Lasso regresyon, dejikken se-imini otomatil
deji kkeni azalter.
Her i ki ry@oqrtesryodre anali zinde d¢gzenl il ekt

modelin genell eme yetenejini a(Has@eetal,ROET), akée
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p
Veri toplama ve on
isleme

\ J

v

Model segimi

“\

-

Y

Model egitimi

A

Modelin
dogrulanmasi

Hay|r Modelin
iyilegtiriimesi

Sonuglarin
yorumlanmasi

Bitir

G°r 8elRegresyon anali zi akamal ar é

4. MATERYAL ve METOT

4.1. Materyal

KAl ghil AAA ) s AgcOicPhIORIOAERBOE c ADAOa1 AAEE ¢m Ugll gf
i OOAT Ai AGgoh O/ OOAT AT A ciTAhT ATT A Oi OAGES6h O/ O0A
Ai hi E OgAAEl gEdh O(AOAAAEE TRAIl OOBANRE ADHOAIOAT O3
OAOEI AOE Al 3 lEkigz®AAOEL E'ODADEDEIEADEO8 " O OAOEI AO Eé
regresyon ve lasso regresyonmodek ur ul mukt ur ( Takt an, 2023)

4.2. Metot

KAl ahl AAA )200Aq 0 EOKDBEIAEOE AOAOgT1 AAEEN O! Ul gE Ol
O/ OOAT AT A ciTART ATT A Oi OAGESGHh O/ OOAI AT A UAwaghl a

OaAAEl aEoh O(AOAARAEE TAI i OAia i OOAI Al AGaoh O2Ii
Alaliah OA AO OAOEI AOAAT AAUal AOalal 11AAIA AOE
OUi AT CEOIRi AA Al al AOAE 11 AAI AAl &aEAOOaiiahOac
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OAOETI AO hO hAEEI AA 111 OhOOON Akadioihg AREaE OBAT AR
EOA O!' Ui gE T OOAI Al A OiUGCYO EaUgdh O!UI gE 1T OO0OAI A
Ol b1 Al AegE Ui UAU AOEAOI Ahi AGad 11 AOAE OAgEI T ERC

Meteoroloji verileri

Bagimli degisken Bagimsiz degiskenler
3 v v v v
- Aylik ortalama nispi Aylik ortalama - Aylik toplam agik
Aylik toplam yadis nem sicaklik Aylik ortalama riizgar yiizey buharlagmasi

G°r 9elModel de Meétaorolojik Wexilera n

4. 2.1. Veri Kkl eme

6 AOE OAOE Ehi AT AOAE OAE AEO Al AEOOITEE @&EUAI CA |
TTEOAOGaT 34 OAI OEI AOi AEOA EEATh Oi 6011 A0 AA AA
EUAT 1 EEI AOBRIAA EMAE CEI AMQWMEA 11 AOGgOi OUO OAI OE1  AAAIT
di AAT AT AUA ET1T06 T1 AT AUA AATE CAIT AT Oi 001 61 AAgA
Ham haldeki verinin'Y  mip @larak bulundu.

U EUAIT EEIYAOR WAET AT ET AA

-AOOGEI EUAI T EEIT#OE AEI AT ET AA

" AAEEI A EUAT TEEMAOWE AEI AT ET AA

(ACAEAOGI E 1T O0AT AT A OA OOAT™ A o yolrdkmiluhdu.BModele ] EET AO
'Y i dle devam edildi.

4. 2. 2. Lineer Regresyon Model ini Ej it me

Verinin s¢é¢tunl aréene her bir s¢étun kendi
°l -eklendiril di. EI' i mi zdeki verinin %90" 1| ek
kalan %10'l uk késméné da ejitil enernagredyori i n b a

e

model i verilerl ej i til di
4. 2. 3. Model in Dejerlendirmesi

Ejitil en?maddadlf,i Rullanél afdk] a@reij e0| 6 diorl
belirlendi. Bu ejitilen model, verilen bir v
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ayl ek toplam yajéke tahmin etmek i-in bir fo
toplam yajék aras&hédéékhakotaekbkaspybarsa& g°rsel

Regresyon ve
Optimizasyon
Araseéendaki Kl i«kKki

¥n Veri Kl eme Model Fit Etme
¥zellik lt ékar % ¥zel |l i k |S]Lineer Regresyo Ridge Regresyo Lasso Regresyonl
1 I 1
: Random Forest Korelasyon
Ham veri Regresyonu Matrisi
1
+ Ay ¥zdllikleri
1
+ Mevsim
¥zel |l Kkl er i
1
+ Gecikme
¥zel l ikl eri

1
+ Hareketli Ortalamg

¥zellikjeri
G°r 41 Regresyon ve optimizasyon araseéndaki
2ACOAQUTT 11 AAI EAERUASAABAEE elgfEafEOaE AJIRET § AAgagi 1 g A
EI EREEOETE i1 AAI 1 AI AE EeET EOI I Al g1l 908 vUAIIEE ¢
OAi OE1 AAEI T AGETE OAgl AUAT OAUA UATE EUAAemE]I AO
OACOAOQUIT T TAATETET DPAOAZ Oi AT 0gi g A0OOg0i AEOA OA

"0 EAPOAI AA ' EOOAI vub6OA OAOEI AT hAT AAA AA CEOI
ARgAOl AT AEOI A UAbPgiiagh OA AAEA OARUOCBUANRAEREI 40EhA
EUAT 1 EEI AOEh CAAEEI A EUAI T EEI AOEhR EAOAEBAOIE T ¢
ARgAOI AOET AA 1T AOgl AEO AAgEhEEIEE 11 AOsO KEUAI CA

a
EeET EOI | Al gl 08 6AOE OAOET AAEE EUAI 1 EEI AOET AAE
EUAT T EEI AOET 11 O6h0O0O0O1I 1 AbGagl g EeAOAT AEO Oi OAeOE

AOO3a OAOAE AAEAIBRARE AGVEHIIEAIOEA E OAgl AT AEOAA3 08

vUAT 1 EE 63EAOgaiagh AEO EAAAAE AAEERRNI A Ei EAEFIOEH
Ia

VOAI 1 EE OAGEIER OACOAOUIT 17 AAI E1AA Al ETAITE O
CAOAEOGEU OAUA EAI AAAI aE EUAI T EEI AOET (1 AAI A AAE
ADOa0ad OA ARPEDEQOVDDO] DOBOEEDAOS

VOAI 1 EE OAGEIE UADAOEAI R ARada OUOBI ji OAOEEOOET (
OAl EAAGEI T q EOITAITAE ETAII EAEO8 VvUAIIEEI AO AO
EUAT T EET AOET 11 Of Al | AaEadi E1 A (RO EC ERAA AA EpOMAG AGO®A G,
AEI CEOET A AAUAIa ETAITE EUAITEEI AOET CEUI ATl AT T A

¢i zel gRodel in EJitil mesi ve ¥Jrenmesi S¢resince R~2 D

B EACY
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vUAIKIgEERA Og i g

Ham veri 0,16
C 'U EUAIITEEI AOE 0,69
cC -AOOEI EUAIIT EEI AOE 0,69
c 'AAEEIi A EUAITEEI AOE 0,75

+ Hareketli ortalama ve standart sapme 0,68
EUAIT T EEI AOE

vUAT 1T EE 3AéEIE

Random forest regression 0,62
Korelasyon matrisi 0,52
( E é A KEullafinhafma 0,75

Model Fit Etme

Linear regresyon 0,75

Ridge regresyon 0,68

Lasso regresyon 0,37

EOOADAQERAT OAOE OAOET A AEO EIT OAT AOGUT 1T AAgAOIl AC
2AT AT T &1 OAOOh el ETAD GGAMOM A A cMEG AhgF Ead AEHIQOAT EAE
EAI AA OACOAOUIT bpOT AT Ai1 AOCET AA EOI 1 AT g1 AAET T AE
EOT AEI Al OAOE Eii AOGET AAT OAOOCAT A EOTAEIAITAO A
AEOAAT [EAU4 Al IEQOADOAGMARA ¢ Al ghi AEOAAg 08 2AT AT T &I
Ai Ui E EUAITTEE EiTAOEUI A EUE €Al aghi AEOA OA AUOa?:
eaEAAEI I AEOAAEO8 -1 AAT ET OAOQOUAT Ogl a EWUAI OABAROLT

ET Al AAOAAAOET E AAgAOI AT AEOAAEI I AEOA OA AEUI AAA

5. BULGULAR VE TARTI k MA

|l Jdér il-2021taani RIOOLI araseéendaki 20 yell ek;

AOrtal ama gg¢ nfe@rlteanlmema (yweejséwl,é g¢n sayéséo, |
séecakl eko, AHavadaki nem orané ortal amaseéo,

czerinde, verinin incelenecek ©°zellijine ba
g°stierii ajl ayan grafikler -izildi
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Veri setine g°re olukturulan model ve model i
tahmini dejerlerin birbirine - ok yakeéen son
g°r ¢l mektedir. Belldetreamanl eéit ammeni ndejger n
s°z konusu ol muktur. Bu durum kurul an model:i
-ékaréel masé ve bazé dejerlerin ekl enmesi mo

sajl amaséna sebep ol muktur

Aylik Toplam Yadis - Gercek vs. Tahmin

20 - _— Gerge_k
Tahmin

=]
o
1

Aylik Toplam Yadis
E=
[=]

=
/

. “A\Vj\f \/\./\/

0 5 10 15 20 25
Zaman

G°r dl Veri Seti K-in Ger-ek ve Tahmini Dej er
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aylik-ortalama-nispi-nem - 0.1 1.0
aylik-ortalama-sicaklik - 0.072
aylik-toplam-acik-yuzey-buharlasmasi - 0.043
aylik-ortalama-ruzgar-hizi - 0.22
aylik-toplam-yagis 1
ay_l >
ay 2 -0.12
ay_3- 0.013
ay 4 - 0.33
ay 5 - 0.44
ay_6 - 0.082 - 0.6
ay 7 -0.076
ay 8 -0.18
ay 9 -0.2
ay 10 - 0.078
ay 11 -0.09
ay 12 0.11 - 0.4
mevsim_1 -0.25
mevsim_2 - 0.5
mevsim_3 -0.11
mevsim_4 -0.13
aylik-ortalama-nispi-nem_lagl -0.076 -0.2
aylik-ortalama-nispi-nem_lag3 - 0.19
aylik-ortalama-nispi-nem_lagé - 0.25
aylik-ortalama-nispi-nem_lags
aylik-ortalama-sicaklik_lagl - -0.041
aylik-ortalama-sicaklik_lag3 0.0
aylik-ortalama-sicaklik_lagé -0.13
aylik-ortalama-sicaklik_lag9 - 0.38
aylik-toplam-acik-yuzey-buharlasmasi_lagl -0.12
aylik-toplam-acik-yuzey-buharlasmasi_lag3 -0.32
aylik-toplam-acik-yuzey-buharlasmasi_lag6é -0.15
aylik-toplam-acik-yuzey-buharlasmasi_lag9 - 0.48 -0.2
aylik-ortalama-ruzgar-hizi_lagl - 0.2
aylik-ortalama-ruzgar-hizi_lag3 -0.068
aylik-ortalama-ruzgar-hizi_lag6é 0.27
aylik-ortalama-ruzgar-hizi_lag9 - 0.23
aylik-toplam-yagis
G°r 421 Veri setine ait korelasyon dejerle
rsel 76ye bakéeldéjénda ayl ek toplam yaj] éckeée
éna 0,33 ile nisan ayéna denk gel mesi , 0, 4
| mesi , 0,38 ile ayl é&k ort aMeeima yas gkbahdtal €] a
nk gel mesi modelin dojru kuruldujunu ve ye
|l ek toplam yajékén ay bazenda 0,44 il e may
|l ek topl am yaj é&kninsipkettaerné ndeanh amayy¢ekss eaky €onl ddau | L
raz daha d¢ke¢gk ol dujunu g°sterir. Kkisi ar
ade eder. Yani, genellikle mayés ayénda ya
éndai rhaafziafl fba ol duju s°ylenebilir
|l ek toplam a-eék y¢zey buharl akmasénéen 0, 48
|l ek toplam a-ék y¢zey buharl akma mi ktar éne
relasyon g°stnerdigjeinreil 1 d%dteersiercakYayl arda b
juk aylarda azaldéeje s°ylenebilir
|l ek ortalama sécakléjen 0,38 ile 2. me v s i n
cakl éején il kbahar mevsi mioynl eg®osrttear dd § 2 emyi d e
ni, il kbahar mevsiminin genellikle séecakl é
vsimlere g°re daha y¢ksek ol duju s°yleneb
zey buharl akmaséyveanlyélkkottopl ama ya¢ceakl éle
44 gi bi korelasyon dejerlerine denk gel me
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sénda orta d¢zeyde pozitif korelasyon ol ¢
ey buhar |léak,massééc anki |kétkaraérnt ek € ve yaj] ék mi Ki

SONU¢ VE ¥NERKLER

ékmada el de edilen modelin il k akamaseéndse
resyon y°ntemler ile regresyé@rembddda&l - edpt
l'1i k se-imi, modeésordutl erntamed ldrdweeledrtiria
sonucu Ver éHastieefan 20865)n kul | aneéel deé

¥zelli k -éekarémé i-in ham veriyelikleray ©°zel
enmi Ktir. Bu ekl enen her °czel li k, model i
atistiksel model | er, °czell ikl e l i neer r
usunda séneéerl edeéer. Bu modellerfiar ki ¢i °zeal
enmel i ve | ineer regresyon model l eri, ekl
eer regresyon modeline farkle aylarén yaj
l'1'i kl e faydalretdéve rHirsaiafiayl arénga&|yamaékKt
artekeéen hangi aylarda ol duju modele °zel
eli, bulunduju ayeé dikkate alarak yaj ék m
zedekmkvbim °zellikleri de I ineer regres
ileyebilir. ¢¢nk¢ yajékeén aylara g°re kor
e korelasyon daha istikrarl é ol majejkiél i m
min ederken bulunduju mevsi mi di kkate al
rak, geci kme ©°zelliklerini model e ekl eyer
1Ti kKl eri, dijer ©°zell i kl enekteregredyaamidele ol ar
min yaparken sadece bulunduju ayén veri.l
rudan eri kKemez. Ancak geci kme ©°zellikler
eline iletebilir. B dar gectktrezelk mevgut veribeklenirse, y d a n
eer regresyon modeli, mevcut ayén yané seé
l'1'i k -éekarémlaré arasénda en et kild:i ol an
cde artérabilir.,

el l i k se-i mi i - i As kruddwmwe | amna lytetndjeénl @ 2 Ine
biri kull anél mamaya karar verilmiktir. ¥z
n °nemlidir. Bazen model e ndemdahalfaglanolabilie.r i m
durumda model, y¢ksek korelasyonlu °zellii
l'1'i kl erl e -aléekmak, modelin bakaréséneée az
érabilecek ©°nebilliirc.zeAhd &k eyaeptodjakihhanat e
i mi nin model i n bakaréséné de¢e¢kermedi Joi g°
asitesini akmadeéej] eneé vV e her birinin mo d
termektedir.¢sjwersiénséeatliéenion dhougywenkdla bu s ék-
nedenl e, en optimize model de °zell ik se-i
Modelin en iyi sonucu |ineer regresyon il
resynosnéz bdagjjéi kkenl er arasénda -oklu dojr
indeki ilikkiler dojrusal ol dujunda ol duk
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a-éeéseéendan da avant aj sajl ar. Lasso regresy
deé¢eznl enmi K versiyonl areéeder ve bazé durumlard
regresyon, °zellik se-imi yapabil me yeteneji
°czelli klerin katsayélaréene selfleirlal e nhldiimreolek
bulunduju ancak sadece birka-énén °nemli ol d
veri seti czerinde yapeéel an testl er, °czel I
gestermi ktir. Bu nedenksybmaasg®°regdaeswnonmnd,Kl
g°stermektedir. Ridge regresyon ise °zellik
Ke¢-¢éelt ér . Bu, °zelli kle -oklu dojrusall ék s
i stikrarl & sonu- | abizimwderumidimuzda linget regrésypn dahaAyn ¢ a k
sonu-|lar vermektedir, -¢é¢nke¢e verilerimizde -0
Sonu- ol arak il k adeémda, verinin s¢gtunl aré h
Kekil de ©°1I| -ekl adeéimdial, mi°lt-ierk.| eRidiimeil mi K ver.i
regresyon model |l eri ejitmek i -1in, kal an %100
i -in kull anél méxkxt éer . I -¢nc¢ akamaséenda da me
tespit inedemeggk® zI em sonucuna benzer Kekil de

gesteril miktir. Ver i i K|l eme adémlaré sonucutl
-ékaréme, °zellik se-imi, ?modalt!| &ié kamefl ge
akamada en iyl sonucu veren y°ntem kull anéeln
kull anél mékt eéer

Met odun i kinci akamasénda da denenen bu fark
deji kkenler kull anél aradaktghmi eameemmeenyapgtade.
i ki ay sonraseé ve ¢- ay sonrasé tahmin edil.d
séraséeyla Nisan 2021, Mayés 2021 ve Haziran

gerekl i metrjiikl Zzamdaem -giezelrgd dde g°r ¢l en sonu
Ver i dejerl endir me s¢recinde; probl emin t &
hazeérl anmaseé, model | eme, model in dejerlendi
di kkat et mek geaekylbar.taB®gmkbanmadak - al &k ma
sonu-|laréené daha ge¢venilir hale getirir. ¢
tanéeml amak b¢yeéek °nem takeéer. Bu akamada, h
sorunl arén neudea- @kemi:i weékliuf de i fade edil m
yapésénée ve °zelliklerini incelemek, veriyi
veriler, aykere dejerler ve ver.i kal i tisi de
verilerini hazérl amak i -1in, ver.i temi zIl eme v
dojruluk ve g¢venilirlik a-éséndan uygun ol
sahiptir Veriyi hazérl adektmomddedormrsrea, mpr ylalpe
Mo del se-imi, veyrainédmeal isziir evd edamdame - er me Kkt
ve kull anélacak parametreler ayarl anérken u)
bakarésené dejerl endimmebl lian&l maygga n°® memlrii Kil
°]l -mek i-in dojrul uk, hassasiyet ve °%2zg¢ll ¢k
I

e akeré wuyarlama veya eksi k wuyarl ama gi bi
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modelin pratik uygulma | ar da nasél kull anél acajé ve son
Kekil de yorumlanmal édeér .

Met eorol ojik ver.i set i czerinde ger-eklexkti
model olukturmak, pratik uygulama a-éséndan
regresyon model l erini bir ar asyéa, gbeitliirnesreelk -bau
°neml i bir Kan & &l., 2012;r/Atasoy 2023).

¥zelli klerin -ékarél masé ve eklenmesi, l i ne.:
°czell i kl e ay, mevsim ve geci kme kzesle-iiknmier
uygul anmaséna r aj men, mevcut veri setindeki
ol duju geo°r¢é¢l megktegr . Mo d e | performansé a-é&seén
et ki | bir se-enek ol arakubkal temusobumunwue 09 me
tercih edilmicktir.

Sonu- ol ar ak, bu -al ékma, veri anal i zi ve r
gevenilirlijini ve modelin2petdpranandéepeéuldar
validation), OrtalamaMu t | a k Hata ( MAE) vV e Ortal ama Kar
i statisti ksel yonteml eri kull anméxkt ér . El de
sajl adeéejeneé, ancak aykeéeré dejerlerin dikkat
dojruibidre wealknséettéejeéené g°stermektedir. Bu - ¢
temel olukturabilir ve modelin geliktiril mes
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¥ZET

Géenegmegzde ebektokklkiul amaa€l makt adéer . Bu el ek
sadece ak¢l ¢ karjl e olanlaré tercih ederken
edebil mektedirler El ektri kl: i ara-1ar a y °ne
konunl andérma ve ¢r¢é¢gn geliktirme a-éséndan °ne
(bataryal é elektrikli ara- ve karj edilebildi
edi |l mi ktir.

Verilerin el de edi |l mesi aikdiinme Raggine mivempi a
yar ar | nel mexkt eéer . Veril er Kaggle ¢zerinden
Washington Eyal eti Ruhsatl andéer ma Daiiesi k &
2026 model yeél |l ar @énapsaaytanv ek ady6e tfl aarr kdlaén ma rOk0a0y
M¢Kteril erin ar a- tere tahminl erini bel irl e
Model |l eme s¢reci RapidMiner yazéléemé kull ané
test i -in ayreéel mexkter.

Eldeedi | en sonu-1ar, model in ara- t¢éreégneég %86, (
Mo d el sonrasé °nem analizi, dejikken ajérl él
Amodel yeléeo (0, 098) czerinde yopulzdkarart €] € n «
kurale te¢greti Il mi ktir.

Bul gul ar , el ektrikl:@ ar a- t¢re tercihlerini
cretici il e araktérmaceéel ara pazarée segment]|
i -g°re¢ler sundujematgtstebmektioadida. - ail € Kk mal a
al éndejénda, -aléekma gelecekteki arakter mal a
Anahtar Kelimeler: Ma ki ne ¥Jrenmesi, Rasgel e Or man, El
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PREDICTION OF BATTERY -CHARGED AND CHARGED HYBRID ELECTRIC
VEHICLE PREFERENCES USING RANDOM FOREST MODEL

ABSTRACT

Electric vehicles are widely used today. Some users prefer bptemgred models, while
others prefer plugn hybrids. Understanding user preferences for electric vehglegiortant

for market positioning and product development. In this study, vehicle type preference (battery
electric vehicle and plug hybrid electric vehicle) was estimated with the Random Forest
model.

The data was obtained from the Kaggle daience and machine learning platform. The data
was derived from the Washington State Department of Licensing records on the US
Government open data portal accessible through Kaggle. From this information, 3,000
observations were selected from records dage36 different brands and belonging to the
2024 2026 model years. A random forest model was used to determine customer vehicle type
predictions. The modeling process was conducted using RapidMiner software, with 70% of the
data allocated for training drB0% for testing.

The obtained results show that the model predicts vehicle type with 86.07% accuracy. Post
model significance analysis revealed that variable weights were primarily concentrated on
"vehicle make" (0.902) and "model year" (0.098). 120 sienirules were also derived from

the model.

The findings demonstrate that electric vehicle type preferences can be predicted using machine
learning, providing manufacturers and researchers with actionable insights for segmenting and
targeting the markeGiven the limited literature on this topic, the study provides a foundation

for future research that can be expanded.

Keywords: Machine Learning, Random Forest, Electric Vehicle, Preference

1. GKRKK

Son yéllarda bataryaleée elektrikI:i ar a- ( BEV
teknolojilerindeki il erl eme, model -eki t il
pazar yayél éeméné heézlandéernméwuwtadn ylel, eZ]i ndBRk i
tekvi kleri ve ©°9zellikle kxkarj altyapéseéndaki
T¢e¢keti ciilPHEIVD tRENM T hl erini g toplam sahip ol
altyapeéséna erikim/ge¢gvenil i ranlkékl -aegver ebseelli rtli
Uygun el ektrik/ akaryaket fiyatlaré ve yojun
BEV6l erin TCO avantajée artarken [ 2], Kar j a l
isteklilijJini Nemiterbihi mdasgtkfehetmakt edir
ev tipi Karja erikim gibi fakt°rler de terci
tevresel a-edan g¢ncel yakam d°nge¢se¢e dejerl e
profiline b&jtlee ®M@BIEW®HKIlea i mi rnloipl am sera gazeée
i-ten yanmalé muadillerine g°re daha d¢ke¢k
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avantajé koruyabil mesi i se d¢zenld i Karj ve y
kokunldaarRHEVY emi syonl arénén | aboratuvar deje
dair bulgular mevcuttur [ 6]. Enerji kar masér
-al ékmal ar é da, Kebeke karbondan aréndék- a
vurgul amaktadér [ 7].

Kkl etmeler i-in bu tercih dinamikIlerini dojr
ve satéek sonraseé stratejilerini optimize et
madenci |l i]i ve makiner rUjsmaénmdsanaynakleakkd mleri
boyutlu dejikken wuzayl aréné yakalayarak tal
Son kapsamlé derl emel er, el ektrikli ar a- b ¢
°JT renmesi y°nteml er itmmibmani & z eallIgiokrliet maloaft @h u |
politika/ikletme kararlaré i-in yorumlanabil
rasgele orman (RF); dejikken °nemini g¢venil
karkeée g°klegleejdaymedcdeni yl e EV bajlaménda y¢ks.
Yapéelan bu -alékmada t¢gketicilerin ara- tgér ¢
hibrit elektrikI:i ara-) ver.i ma d e igle tahminj i y o
edi | mi ktir.

2. UYGULAMALAR

2.1. Verilerin Elde Edilmesi

Bu -al ékmada ara- t¢gre¢g tercihi (bataryal é el
rastgele orman modeliyle tahmin edilblmye - al
ve makine °Jreni mi pl atformundan el de edil
belirl enmesinde fakt°r olarak model yéele (2
kull anél méxteéer.

2.2. Verilerin modellenmesi

Verimodellemedbé i r - ok yakl akém vardér. Bu -al éxkmada b
Forest) y°ntemi tercih edilmiktir. Analizler
farkl & g°revleri yerine getir®&8n operat®rl eri.
kekil de bajlanmaséyla modell er olukturul muktu
Rapi dminer yazéléméeénda verilerin anali zi -
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Depoladigimiz verilere Bu operator kullandigimiz
erisimimizi saglar.

Verilerin egitim ve test modelin uygulanabilmesini

Verilerin analiz &l
L verisi olarak bélunmesini ilebil Fici Sagar.
0 edilebilmesi iin kullanilan
Retrieve araba tiirii saglar. modeldir.
c outf)
! Split Data Random Forest Apply Model
i @ mod 1ab})
g v

Set Role q mod|p)
q exa
ofi

Birden fazla faktor Nominal to Numerical

icerisinden tahmin etmek
istedigimiz faktorun
secilmesini saglar.

Performance

r_Sayrsal oznitelikleri ortak-]

Sayisal olmayan verileri bir olcege getirir.

sayisal veriye cevirir.

L 1 Kullandigimiz modelin
performansinin test
edilmesini saglar.

G°rsel 1. Verilerin Anali zi i -in Olukturulan Pro

G°rsel de de galkrée¢kl tdagkji¢ heezrer eper at °r bel irli
operat®°rlerin bir araya gel mesiyle Rasgel e
anal i zi ger-eklexktirilmicktir. S¢re-te topl a
%3 00u teylta aanvarcé |l mekt er

Rapidminer yazél eménda parametrelerin opti mi
G°rsel 30de verilmicktir

Retrieve araba turu

res
'
c res

'Bptimize Parametreleri (Grid) Operatord, i¢ =
" Bu operator secili sayisal ice gecmis bir Operatordur. Parametrelerin
olmayan 6zniteliklerin Bu Operator secili secili degerlerinin tim kombinasyonlari icin
turtin sayisal bir tire Niteliklerin degerlerini alt islemi yurutar ve ardindan parametre seti
degistirir. Ayrica bu normallestirir. portu araciligiyla optimum parametre
ozniteliklerin tim degerlerini iletir.
degerlerini sayisal L -
1 degerlere esler.
Nominal to Numeric... Normalize Set Role Optimize Parameter...

G°rsel 2. Parametrelerin Opt-imizasyonu i-in Ol uk
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Apply Model

‘ mod Iab
{ un = mod )

Split Data (2)

Random Forest

Performance (2)

Iab%perb
G°rsel 3. Parametrelerinaneeéese mi zasyonu i -in Ol ux
2. 3. Model in Performansénén Dejerlendiril mes
Rasgel e orman modelinin bakaréemé pek -ok ©°I
metri klerden determinasyon katsayésé (R]),
ortal ama kafFrMSBhatlslel §d OKIHmeé kKt é&r
R2= 2 )
B
bLoLO -B & @ (2)
OKH=KOKH? (3)
BuradaYoandYrs €r aséyl a °Il -¢len (g°zlenen) ve tahmi
czerindeki -izgi ( d&ntalsemas dred i xketnemi rar[i X Ir

3. SONUCLAR VE DEJERLENDKRME

Ara- t¢r¢g tercihinde (bataryaleé elektri kIl a

rasgele orman modelinde kull anélan parametr
veriimik t i r
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¢tizelge 1. Parametrelerin Optimizasyonu Sonu-1I| ar
Aj a- sayeéese 120
Kriter Gain_ratio
Maksimun derinlik 10
Rasgele orman modelinde fiyat tahmininde et
veril mi ktir.
¢i zelge 2. AFakktéklareve

Faktorl er Ajéerl ékl ar e

Ara- mar kasée (3 0.902

Model yeéeleé 0.098
Rasgel e or man ( RO) model inde test akamasén
kul |l ahkOKEHve ORHdej erl eri ¢izelge 36de veril mikt
¢izel ge 3. Rasgel e Orman Modelinin Performans De

Test Axkamasé

Model =

R2 KOKH OKH Dojrul uk
RO 0.825 0.295 0.087 87.22
Test akamaseéndaki dojruluk tahminleri incele
el de gétrtgil i mekt edi r . Performans °| -¢tlerinden
bakaréséeénén arttéje bilinmektedir [ 11, 12] ;
yakén seyretmektedir. Model |l erin geejeerrllielriij i
araséendaki korel asyon katsayésée (R]) de krit
yakl aktek-a tahmin dojruluju artar [ 13, 14] .

Orman modeline ait R dejuerial @x®&m2ab8daoRasaglkl b
hesaplanan R]6&6nin %826nin ¢(zerinde ol maseé,

veril erdeki dejikkenlijJin en az %8206si ni a- €
tahmi ninde Rasgel e adwrimainr Imojdienii ndien dkeusltl eaknlée mi

4 . GENEL DEJERLENDKRME VE SONUC¢LAR

Bu -al ékxmada, veri seti Kaggl e veri bil i mi \
mo d e | yel e, ot omobi l mar kasé ve ar a- t ¢r ¢
verlerkul | anél arak ar a- t ¢r ¢, rasgele orman al
perf or mansdkgorsetlearsgyedlnerkat sayésé, k°k ortalanm

kare hatasé (OMDHE)eIvVien dajkraulédlke ol duj unu ort ay
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Ar aka,erenl ektri kIl ve hibrit ar a- satéke yap
arakteéermacél ar Il -in yararl & bulgul ar sunmak
-al ekxkmal ar sénéerl & sayédadeéer; batkersajal @xal
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¥ZET

Son yélelkkammdajinin ve dijital pl atformlar én
kal mak yerine hibrit bir al exverik davraneéecx
anénda teslim ve g¢ven hissi  sunayrakte nk;é y-aesvirar
ve kull anécé yorumlar éna er i-tcarett¢ kampargalaa r S ¢
yalnézca fiyatée d¢gkegrmekl e kal méyor, ayné z
tutaréne da artéreyor: kwporg kKedl &l &@&rkensebpe
(eki k) indiriml esretvd ée+tclkltd aalkée mapmakndtay écée ¢
tekvi k ediyor. l'cretsiz kargo #Agi zl i mal i ye
mekani zmal ar é rsiaydoakatek gwe | eadisi z taksit s
kol ayl akt éréyor; flak/yéldéréem indirimler:] [
satéka -eviriyor. Késacaseé, dojru kampanya Kk
tanaml ayarak t¢keticiye hem deneyim hem de fi
Bu arakt ér mada, teketicilerin -evri mi - al ek
madenci | i7Ji il e ortaya konmuktur . Bu ama - |
y © enderden FRGr owt h al goritmaseé uygul anmécx; s°z
k¢mel erinde s ék birlikte go°r ¢l en °J e k ¢ mel
°reéent gl erini ortaya -ékarmada et kil:|i ol masé
veriler, 11 maddeden olukan bir anket for mu
kat @€l eémcéya uygul anméxtér. Uygul ama ve model
yeéereéeteéel megk ol up, bu yazélém birkilhnelairla- &daa
biridir. Birliktelik analizinde en d¢gkeéek geén
ol arak belirlenmixtir.

FPPGr owt h anali zi sonucunda %70 ¢ste¢ gevenirli
Bu kuralar {e&tei mangiakampanya avantajl aréne
kampanya ©°zelliklerinin hangi tercih kal epl e
T¢keticilerin online alékverikte kammBanya t e
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alanda -al ékmal ar artteéereéelarak te¢gketicilerdi
olunabilir.
Anahtar Kelimeler : Birliktelik Analizi, FP-Gr owt h Anal i zi , Onl i ne Al

DETERMINING CAMPAIGN PREFERENCES IN ONLINE SHOPPING W ITH
ASSOCIATION ANALYSIS

ABSTRACT

In recent years, with the acceleration of technology and digital platforms, consumers have
adopted a hybrid shopping behavior rather than sticking to a single channehrhciortar

stores provide the ability to physity examine products, immediate delivery, and a sense of
trust, while online channels streamline decisioaking by saving time, enabling rapid price
comparisons, and offering access to user revieveenimerce promotions do more than lower
prices; they o accelerate decisianaking and raise average order value (AOV): coupon
codes and Htart discounts drive conversions, while threshold (symvea) discounts and
multi-buy/bundleset offers encourage purchasing complementary products together. Free
shiping dispels the per cewithpurohase anfl reviandipaingse n
mechanisms strengthen loyalty; extra and interest installment options simplify budgeting;

and flash/lightning deals convert spfrthemoment demand into sales by afiag time
pressure and a sense of scarcity. In short, with the right campaign setup, physical and online
channels complement each other, providing both experience and price advantages to the
consumer.

In this research, the campaigns preferred by consuimensline shopping were revealed by
association rule mining. For this purpose, theGiBwth algorithm, one of the widely used
methods in association analysis, was applied; the algorithm was preferred because it is effective
in detecting frequently occung clusters of items in large data sets and revealing meaningful
relationship patterns between them. The data required for the analysis were collected through a
guestionnaire consisting of 11 items and applied to 144 participants aged 18 and over. The
implementation and modeling steps were carried out using RapidMiner software, a frequently
used tool in association analysis studies. The lowest confidence level in the association analysis
was set at 0.703, and the highest was set at 1.

FP-Growth analysis idntified 126 association rules with confidence levels above 70%. These
rules demonstrate which campaign benefits occur together in online shopping and which
preference patterns are most strongly associated with specific campaign features.

Studies investiging consumer preferences for online shopping campaigns are limited. More
studies in this area could provide more insight into consumer shopping behavior.

Keywords: Association Analysis, F&rowth Analysis, Online Shopping, Campaign
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1. GKRKK

G¢negmegzde teketiciler -—evrim i - al exveri Ki
sepette/exi k indirim, iccretsiz kargo, =-oklu
(faizsiz taksit) ve flak/yeéel demié mbe&laimpaginry ad ra
Bu artéken temel psi kolojik mekanizmal aré 2z
vurgul arée sat e3n .alBnuanyuén | tae thii krll e rk t[el, sahte/ya
Akaranl ék desenl|l eeard ékésna daadegdketial dei et i k
tepkileri dojurabilir [ 4]

i cretsiz kargo politikalareée ©°zellikle etkild@i
-al ekxmal ar , dojru belirl enmik ¢ cérneét s(iAzOVWK) a rhgeo
de kOorl éel éjeée artérabildijini; ancak exki k ac
g°stebrl]li.r Ayor éca t¢keticilerin kargo maliyeti
algese, sepet terkini dramati k bi-imde yg¢kse
kidh al sonra ©°de gibi faizsiz taksit =-°z¢ml
artereéer; ©°rnejin bir saha -al éxkmasé BNPL ben
harcadéjéné bul muxktur [ 7] . ¥treday ammidradhi, QORH
kredil er i kredi skoruna yansét él maya bakl a
kazanémlaré geri ©°deme/temerr¢t riski go%ster
Bu kampanyal arén birlikte t er elkénalgdygundare ©°r ¢n
FPGr owt h al gor it maseée, kampanya °Jeleri ar ase
géeven ve |Lift ©°l-¢tleriyle hézléeca -ékaréer;
indirim + set i ndiri mioDatgikbip akkwertdler k ¢ mesleepre

promosyon demetlerinin tasaréménda dojrudan

Yapeéelan bu -alékmada t¢keticilerin online al
dejerlendiril miktir.

2. UYGULAMALAR

Yapéel an -alékmada t¢keticilerin online al ék\
madenci |l i]i p? anenblierrliinkdteenl i k anal i zi y°nt e
birliktelik anal FPGr owt ht eemladriizn chedre-Grovghear ar | a
analizinde kull anél acak verilerin el de edi |
kull anél mekft@mrmu Blu8 sywak ve ¢zer.i 144 ki kiye
soru formu akajéeda verilmiktir.

1- Cinsiyetiniz?

- Kadén

- Erkek

2-Son 6 ayda al ékverik yaptéenéz meée?

- Evet

107



AVRASYA 14th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESOctober 1719, 2025 TBILISI

CONFERENCEBOOK - ISBN :978-625569442-3

- Hayeér

3Yak aral éjenéz?

- 1835
- 3555
- 55+
4-Ejitim durumunuz?

A

- Kl k© Joretta®n retim

- Lise
- ¥n | isans
- Lisans
- Y¢eksek i sans
- Doktora
5Ayl ek hane geliriniz?
- <20.000 TL

- 20.00039.999 TL

- 40.00659.999 TL

- 60.00079.999 TL

- 80.000 TL ve ¢zeri
6-Yerl ekim yeriniz?

- Beyéekkehir merkezi

- Kl mer kezi
- Kl - e
- Kérsal

7- Meslekgrubunuz?

- ¥Jrenci
-  Kamu
- ¥zel sektoor

- Ev hanéme
- Emekili

- Dijer

8Sipari Kk sékl éeje?

- Haftada 1

- Ayda 23

- Aydal

- 2-3aydal

108



AVRASYA 14th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESOctober 1719, 2025 TBILISI
CONFERENCEBOOK - ISBN :978-625569442-3

O-¥deme y°nteminiz?
- Kredi karte
- Banka karteée
- Kapéda ©°deme

- Dijital <c¢zdan
- HavaleEFT
10En -ok al ékverik yaptéejenez kategori
- Elektronik
- Moda
- Ewvwyakam
- Giyim
- Ki ki sel bakém
11-Son 3 ayda hangi kampanya t¢régyle al ékver
- Kupon kodu

Sepette indirim

- 1 cretsiz kargo

- Exi k indirim (TL ve ¢zeri)

- ¢oklwu al: 1 al 1 bedava/3 al 2 ©°de
- Paket/set indirim

- Hediye ¢rén

- ¥dg¢l

- Ek ve faizsizaksit

- Flak/yélderem indiri mi (zaman sénérl e)
Rapi dMiner gi bi gel i kmi kK ver.i anal i tifj]i vV e
uygul amaséné kol ayl akt ér ér . Kull anécée dostu
sadel extirri lhiérzIlvée bain-ailmdzel ey ¢r ¢t ¢l ebi lir [10].
Yazéel em, her biri bel irli bir g°revi cstl ene
akékenda birbirine bajlanarak kapsamlé veri
temizleme, model kurmavao d e | dejerl endirme akamal ar énda
[11].

FPRGr owt h i --GnoWwizkd ape€rat°or g, ver. k¢ mesi ndel
ve sonu-larén yorumlanmaseéné kol ayl akieér ér .
kalderma (lift) gibi t emel Ol - ¢t eri sunar al
verir [12].

Bu opeeame?ti yakl akém, analist ve arakKkter mac

adéeml aréené ayreéentél é& «kekkélladre. kS¢nrter-olle re tgneersei
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czellexktirilebilir, farkle kaynakl ardan gel e
Growth gibi algoritmalar daha esnek ve hézl é
Sonu- ol ar ak, Rapi dMirniemrdeinl eanld ¢gaymgy k& viergi®r k¢ |
s¢re-lerini Iyi | e@rtawtme&ku nmeednkjemud ¢ve F@r i ml i
stratejileri, sepet anali zi ve °neri si st eml
Growth analizosnae GRuUrddalnelddhe pgPsteril miktir

depolanmis bilgilere
erismeye ve bunlari islem’e

yiemeyli-eelan; bir islem veritabaninda

sikga ortaya cikan ogeleri
hesaplamak icin kullanilan

Retrieve anket cev... sa;:ls;al ?Imayan nﬁtel.i.kleri algoritmadir.
b thrtin sayisal bir tire
Tie degistirmek icin kullanilir.
FP-Growth

oge setlerinden bir dizi
iliskilendirme kurali

( exa [ exal)
5=
Nominal to Numerical oD
: Bu operator, verilen sik

Text to Nominal Numerical to Binominal

{ exa exal)
ori '

tim metin niteliklereini
yazili niteliklere donusturar.

olusturur.

exa ¥ exa
ori _
Create Association ...

sayisal niteliklerin turant
iki isimli bir tipe degistirir.

G°r sel-GrlowtFhP al gori t masénda birliktelik anali zi
Yukaredaki Kekilde g°re¢ldeg] ¢ é¢zere her opera
birbirini bajl ayarak suretiyle birliktelik a

3. SONUC¢LAR VE DEJERLENDKRME

Te¢keticilerin onlyamet @al @éklvwesiebepleerkiammpamel |
Growth anali zi sonucu el de edilen %70 ¢sty¢
birliktelik kurallaréndan %80 ve ¢(ste¢e geéeveni
[ Son 6 ayda yoanpitiénneé zalnmeek verkEwet , 130999 ELk-> hane ¢
[ Yak ar -89] (egnfelence: 07@3)

[ Son 6 ayda online aléekveri-5b]--yapt¥Yénkekima wye:r

merkezi] (confidence: 0.710)
[ ¥deme y°ntemi Yawr adBb] -&jag[tYeer BBKim yer.
(confidence: 0.722)

[ ¥deme y°nt emi = Kredbi->kpBbB, 6 Yagdarahté] ae=c¢
meé = Evet, Yerlexim yeri = KI mer kezi] (conf
[ Son 6 ayda yoanpltiénneé za Ineék v=e rBHvke t , ¥-dbe merey 9 mtke nr
yeri = KI mer kezi] (confidence: 0.734)

[ ¥deme y°ntem+> o YKerre deik i kma ryteér]i = Kl mer kezi |
[ Son 6 ayda online al é@éxkver i kK rkgza@irisipeh=eEzkekmé = E
-> [ ¥deme y°nt emi = Kredi kart é] (confidence
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[ Son 6 ayda online al ékverik yapténéez mé = |
3555]-> [ Yerl ekim yeri = KI merkezi] (confiden
[ Yer | exki m yieQinsiyet=EfKdk}->m¢e r¥kdee me y°ntemi = Kredi
0.761)

[ Si pari k -Sadal1g-7>¢ [En2 -0k al ékverik-Yygrmpmle] én
(confidence: 0.762)

[ Yak ar &b, Meskek grubu=FKamu}> [ Yer | eki m vy (@anfidence: KI m e
0.763)

[ Yak ar ®&5¢] &Mes | 8% grubu = Kamu, Son 6 ayda
Yerl ekim yeri = KI mer kezi, EJ i t-EF]-&[Bonu mu =
3 ayda tercih ettijiniznfileacmp@.@adB8)ya t ¢¢r ¢ = Kupo

[ Son 6 a a online al ékver-b%Meglekgrub® n Ramu}jmeé = E
> [ Yerl ekim yeri = Kl mer kezi] (confidence:
[ Mes | ek bu [Ye¥]jlreexkncom Jyeri = KI merkezi]

e

y d

K i

gru (c
[ Mes | ek jJgrreurmeui [<So¥n 6 ayda online al ékverik Yy
KI' merkezi] (confidence: O0.765)
[ Son 6 ayda online al éekverik y-2pt[éfYreadd eméd nE Yk

zi |

g rcu

S

Kl mer ke (confidence: 0.765)

[ Mes | ek rcubu EJj ijirmnendurumu = ¥n Lisans, Yer/|
=1835]--> [ Son 3 ayda tercih ettijiniz kampany
sénérl e)] (confidence: 0.765)

[ Yak ar 8I56] Mes | B& g ru[bYe r=l e¥jirne nyce r]i = KI me r
0.765)

[ Mesl ek grubu [-So¥] réemacyidla onl i ne al ékveri K Yz
Kl mer kezi , -3% &anfidancea0.785) € = 18

[ Son 6 ayda online al ekvar i=k ¥j-a>pthé&Yred 24 eméd nF yE
Kl mer kezi , -3% &anfidancea0.785) € = 18

[ Yak ar8bé] Mes| & grubuSaen ¥G reywaca Jonl i ne al é
Evet, Yerlekim yeri = KI merkezi] (confidenc
[ Son 6 aywkWwemnink i ne@ptaédmeez ma855 HBMeestl ,ekYagrk udrua l=
-> [ Yerl ekim yer.i = Kl merkezi] (confidence:

[ Cinsiyet = Erkek, Ejitim durumu = Lisans, E
Mesl ek grubu = K&mmu me¥YkilzStofn nB yaeyrda =t erci h e
t¢r¢ = Ek ve faizsiz taksit] (confidence: 0.
[Meslek grubu=Kamu}-> [ ¥deme y°nt e mi = Kredi karte] (
[Meslek grubu=Kamu}-> [ Son 6 ayda online all @kvenriylery a,
merkezi] (confidence: 0.778)

[ Son 6 ayda online al éxkveri k y>p[tYeenrélze kmém =y eb
merkezi] (confidence: 0.778)

[Meslek grubu=Kamu}-> [ Son 6 ayda online al ékvexi K Vyaj
Kredi kart é] (confidence: 0. 778)

[ Son 6 ayda online al ékveri kK > pt¥edneénze nye® n=t ehl
Kredi kart é] (confidence: 0. 778)

[ Cinsiyet = Erkek, ¥deneYegrelngakeimnm y=e rKir ediKIk ameé

0.778)

[ Ayl ék hanei398irTy-+> FS»20. ®0&Gyda online al ékv.
(confidence: 0.787)

[ EJitim dur-eemy Yerliexams]yer. = KI mer kezi] (oc
[ Ejitim dur-eemy SonLi6s arnysdlapdo@hieze m&l EK Eorit K 3
KI' merkezi] (confidence: 0.789)
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[ Son 6 ayda online al ékverik y-@ptfé&fredd eméd nE Yk
Kl mer kezi] (confidence: 0.789)

[ Yak ar &3 KRgslekgmbu3Bamu}> [ ¥de me Krewdiemiar=t éeé] (co
0.789)

[ Yak ar &5, &gskek gubudKamuw}> [ Son 6 ayda online alé
Evet, ¥deme y°ntemi = Kredi karté] (confiden
[ Son 6 ayda online al ékver-b%Meglekguble=rKamu}-mé = E
> [ ¥deme y°ntemi = Kredi kartée] (confidence:
[ Son 6 ayda online al ékverik yapténéez mée =
kar-té] Yerl ekim yeri = Kl mer kezi] (confidenc
[ Yerl ekim yeri = KEKamalr-k eg¥dermMvesy @Rt gmiub = K
(confidence: 0.800)

[ ¥deme y°ntemi = Kredi k-ar{&er Mesgi mk ygrubu
(confidence: 0.800)

[ Yerl ekim yer. = KI me-Pkp3bdn BMesalhdlh oqrelzbune=c¢
meée = Evet, ¥deme y°ntemi = Kredi karté] (con
[ Son 6 ayda online aleéekverik yapténéz mée = |
Kamul]--> [ ¥deme y°ntemi = Kredi karte] (confide
[ ¥deme y°ntemi = HKu=Kdnmu]-k a[r$@&n Measy ek agmlui ne
me = Evet, Yerlexim yeri = KI mer kezi] (conf
[ Son 6 ayda online al ékverik yapténéz mée = E
Kamul]--> [ Yer |l ekim yer.i =0.880) mer kezi] (confiden
[Cinsiyet=Erkek}-> [ Son 6 ayda online | éekxveri kK yapté
[ Cinsiyet = Kadén, Son 6 ayda onl i-3nbe, aH]jéiktvien
durumu = Lisans, 8ip&mi k oka pll &jkerega AKkk-ag#tae @or i
[ Son 3 ayda tercih ettijiniz kampanya tg¢re¢ =
[ Yerl ekim yer. = KI me-Pkp3bn BMealhdl onlubune=c¢
meée = Evet, B Kkonfaeneel 08P% = 35

[ Son 6 ayda online alékverik yapténéz mée = |
Kamu]--> [ Y ak a-b5h(tosfileace:9.829)5

[ ¥deme y°nt emi = Kr eb5d]i--> [Meslek gaubu = Xamu] (canfidgehcé:] € =
0.833)

[ ¥deme y°nt emi = Kredbli->>kphBbB, 6 Yagdaraht] ae=c¢
meée = Evet, Mesl ek grubu = Kamu] (confidence:
[ Cinsiyet = Kadeén, Son 6 ayda online al ekver
gurubu=m&}>hgnsecon 3 ayda tercih ettijJiniz k @

(confidence: 0.836)

[ Yerl ekim yer.i Kl mer kez55, CHEjnistiiymt d wr EMWK=

Son 6 ayda online al ékverik yapt-egeanBaywe = Ev
tercih ettijiniz kampanya t¢re¢g = Kupon kodu]
[ Yerl ekim yer. = KI35]merkMdeaes!l ekragr wabwal 2] 8] =e

= KB5me6Bhazb, ayY dyr pat nébnl éazp emaek ek
Ejitim durumu= Lisans-> Ne&slne k3 garyudbau t=e r¥ji rhe nec

te¢ere¢ = sepette indirim] (confidence: 0.839)
[ Son 6 ayda online al ékverik yapténéez -mé = E
35]->Mesl ek grubu = ¥jrenci] (confidence: 0. 8:
[Meslek grubu =Kamuj-> [ Y a k a-B5a(toefiledice:#.8431)5

[Meslek grubu=Kamu}-> [ Son 6 ayda online al ékverikKk ya

55] (confidence: 0.844)

112



AVRASYA 14th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESOctober 1719, 2025 TBILISI
CONFERENCEBOOK - ISBN :978-625569442-3

[ Son 6 ayda yoarpltiémesd za Iméék v=e rEivke t ;> Nle¥salke ka-r qarl B &
55] (confidence: 0.844)

[ ¥deme y°nt emi = Kredi -kaftrak d&Fh(oadfidehceruBH =
0.857)

[ Son 6 ayda online al ékverik vykhptrtEeaeczYam ar d
35-55] --> [Meslek grubu = Kamu] (confidence: 0.857)

[ ¥deme y°ntemi = Kredi -ka[r$&n 6Measy &k amluibrue =
mé = Evet, B fconfadeneet 8p7® = 35

[ Son 6 ayda onlmee=akEe&ktver¥cke mapy Emtéea mi = Kr

Kamu]--> [ Y ak a-b5h(tosfileace:9.85F)5

[ Si pari K-3Saky/ldéa] €1 ,= Yak aral éj é= 55+, En -o0ok
Yakam] [ Son 3 ayda ter ci h keetfdizsi7 taksit] (zonfiteaceip any a
0.865)

[ Cinsiyet = Erkek, ¥demeSgAnbemydas &mleidnekal
= Evet] (confidence: 0.867)

[EJjitim durumu|[ ¥dPmktg?Patemi = Kredi karté]
[ E] idarumon=Doktora}-> [ Son 6 ayda online al ékverik Yy
= Kredi kartée] (confidence: 0.871)

[ Son 6 ayda online al ékveri kK yaypt[é¥ndeezmemey °=n tEe
= Kredi kartée] (confidence: 0.871)

[ Yeml greir i = Kl [ enkéziayda online al ékverik
0.876)

[ Cinsiyet = Er kk> F&8rnabakhhgida o»nBbne al ékv

(confidence: 0.882)

[ Yerl ekim yer.i Kl meek g 2nt e@i nsjS¢héydas Enk é

online alékxverik yapténéz mé = Evet] (confid
[ Yerl ekim yeri = KlI mer kezi [ S¥de e aydmt emil i
yapténéz me = Evet] (confidence: 0.887)

[ ¥deme y°nt emie] fF SKkme di aaa online al ékverik
0.889)

[ EJ i ti m dur u-mMestek goubuk=tKamup(donfidence: 0.903)

[ EJjitim durumu[ Soboktaydh online alékverik vy
= Kamu] (confdence: 0.903)

[ Son 6 ayda online al ékveri kK Yy apl[Meseleggubuné = E
= Kamu] (confidence: 0.903)

[ Yak ar-abé¢j BMes| 8k Grubu = Emekl i->[SSyb6agda hane
onl i ne yalpd €werzi ummé = Hayeér] (confidence: 0. 91
[ Yerl ekim yeri = Kl -mer&erzi 6 &Lyhnasigrlti re Ealke
Evet] (confidence: 0.913)

[ En -0k al ékverik yapt[egemeag &wdaegomlii re Galye
Evet] (confidence: 0.933)

[ Mesl ek grubu = ¥zel sekt°r, Ejitim durumus=

Evet]-> [ Son 3 ayda tercih ettijiniz kampanya t
[ Yak ar &5¢é] &ins3yeBon=6Kagéema] onl ine al ékver.
(confidence: 0.941)

[ Cinsiyet= Kad8b, Yexl arkameyeri l8 KI mer kezi
kategori =Ki-xkigsdonbakaewmwfia tercih ettijiniz ka
(corfidence: 0.957)

[ Si par i kK Seé-k[Cngiyet =£Erkek]\cdndidericg: 0.964)
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[ Si pari k Séekl gFén=6Apgdalpnline al ékverik ya
(confidence: 0.964)

[ Son 6 ayda onl i ne alaé&k we rSiexk | yed[anseat o&kakaekjpae 19 E
(confidence: 0.964)

[ Yerl ekim yer.i =->B¢[ySoknk ethi aydmeer&meilzine al éKvVe
(confidence: 0.966)

[ En -0k al ékverik yapte] Sonaz 6k atedrgioko nyl acpnt B8l nagk
= Evet] (confidence: 0.967)

[ En -0k al ékverik yapteée]jSpnazoekayvdgoonl £nEl ak
= Evet, Cinsiyet = Erkek] (confidence: 0.967)

[ Cinsiyet = Erkek, En - ok al]lex[8on6 aydaopliaept €] €1
al éxveri k yapténéz mé = Evet] (confidence: O
[ ¥deme y°nt emi = Kredbli->>kphBba, 6 Yagdaraht] ae=c¢
mé = Evet] (confidence: 0.972)

[ Si pari kK Sé&k+éjjeSon Ay cdaagedrai Ko nyl a pnteé naél zé kwé = Ev
1.000)

[ Yak ar-8d]-e]j § Sonl&® ayda online al ékverik yapt
[Meslekgrubu=Kamu}-> [ Son 6 ayda online al éxkverik yap
[ Efjitim dwslumu] SonLisaayda online al ékverik Yy
1.000)

[ Mesl ek grubxy [=So¥frf reenayda online al ékveri kK Yy
1.000)

[ Efjitim durumu|[Sobolt ayala onl i ne aifiderce:er i K
1.000)

[ Cinsiyet = Kad8nay@iapdri E] $&koméfdarmmat iKihk®°m
grubu = Evy hSoem&]ayda online al ékverik yapt

[ Ayl ék hane gelir-i>[Sen68906A80oMLine akzexkveérik
(confidence: 1.000)

[ En -0k al ekveri k yap-bEinsyeté Erkek] confidgnoe: 1.0000 EI| e k
[ Mes | ek gr u-bu [=Y a¥Xx] raesbh(toriifedce:-1.00D)8

[ Yerl eki m ye&riipax ikl Sm&d-kgzEso=n Aby daay ?a onl i ne
mé = Evet] (confidence: 1.000)

[ Yerl ekim yeri = K135 -are r[kSeozni ,6 Yaaykd aa roanll @ jnée =al Ik
Evet] (confidence: 1.000)

[ Yerl eki m yer slekgrub+ Kam@g-» k p Sbon BMeayda online ¢

mé = Evet] (confidence: 1.000)

[ Yerl ekim yeri = KI me +>k ¢ zSio,n E5] iatyidna dounrlui nmue =
mé = Evet] (confidence: 1.000)

[ Yerl eki m yeMeis|=e kKIlg rnuebrek efzS¥,hr énayfda onl i ne &
mé = Evet] (confidence: 1.000)

[ Cinsivyet = Er k3k-» F8&8rvrnabakhgpda »nllBne al ékv
(confidence: 1.000)

[Cinsiyet = Erkek, Meslek grubu =Kamup[Son 6 ayda online al ékver
(confidence: 1.000)

[ Son 6 ayda online aléxkxverik yapteénez mé =
Elektronik] --> [Cinsiyet = Erkek] (confidence: 1.000)

[ Cinsiyet = Erkek,->Si[Baomi 6 S¢ldlagjom |  nky chd éXK]v
(confidence: 1.000)

[ ¥deme y°nt emi = Kredi Blapbpt § SoBi pariydaSehll é]
yapténéz me = Evet] (confidence: 1.000)
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[ ¥deme y°ntemi = Kredi -ka[r$@&n 6Measy &k amluibrue =
¢ = Evet] (confidence: 1.000)

[ ¥deme y°nt emi = Kredi kart PSoR] bt amdduonimu
yapténéz mé = Evet] (confidence: 1.000)

[ Yak ar-abej &i pa8bk -3pekSbprpj 6 aydsgdanPRine al ékv
Evet] (confidence: 1.000)

[ Yak ar &5, &gskek gubudKamuw}> [ Son 6 ayda online al é
Evet] (confidence: 1.000)

[ Cinsiyet = Kadén,-3]S* pla$omnx 6e&ku\waréokr! ylaymtt acar2e
Evet] (confidence: 1.000)

[ Yak ar 85¢] éAy+ ék8 han0.999al]-i>r i[| Son2®. @a onl i

yapténéz mé = Evet] (confidence: 1.000)

[ Mesl ek gr u-bu [So¥] réermqgidla onl i ne avlaék vaerrail ké ] yéa
35] (confidence: 1.000)

[ Son 6 ayda online aleékverik yap{&a&zamal 2] E

35] (confidence: 1.000)
[ Yak ara&8bé] Mes| & grubuSen ¥ raywaca Jonl i ne al é
Evet] (confidence: 1.000)

[ Mesl ek grubu = Kamu, -->Ej[iStoinm 6d tarydmu o=n | D onket aarl
= Evet] (confidence: 1.000)

[ Yerl ekim yer. = Kl me r-K ez Y @ K M&-85h (ecfidapaen b 11 8 =
1.000)

[ Yerl eki m Ké merkezi, ¥deme y?©°HB5-eptonéayddr edi
online alékxverik yapténéz mé = Evet] (confid
[ Yerl ekim yer.i = KlI mer kezi, ¥deme->ySOm6t e mi =
ayda onlinéen&lzemeeri Eveapt (confidence: 1.000
[ Yerl ekim yeri = K-bb Meslekigrabw £ Kam¥=a[8on @ayadalordijeé = 3
al éxverik yapténéz mé = Evet] (confidence: 1
[ Yerl ekim yeri = KI me +>HSor G aydadhéne | é k ver ukuyap
meée = Evet, B fonfadeneel 160D0¢ = 18

[ Son 6 ayda online alékverik yapténéz mée = |
¥J resrci[]Yak a-B5h(tosfifledce:=.00D)8

[ Yerl ekim yeri 3 eKI3 omMe8r Meexzli e k Yoarcw [ISam Gdyde¥ | r e n C
online alékxverik yapténéz mé = Evet] (confid
[ ¥deme y°nt emi = Kr ef%bjMedlek gribe s KaMgx[Soa 6 aytlaé | € =
online alékxverik yapténéz mé = Evet] (confid
Yukaréda verilen birliktelik kurallaréndan ba
% 76.3 g¢é¢ven sevibybe s imeisllee ky agkr uabrua | kéa néu ,3 55 0 n
yapan, yerlekim yer.| Kl mer kezi,y°ejtietmi-m Hawrad
EFT ol an kikilerin son 3 ayda tercih ettii]i

% 76.5 g¢ven il e melek grubu °jJrenci, ej i tin
yak ar3i edgléarm8ki kil erjiin s@amp8npgdast engnhFeats
ol duju tespit edilmiktir.

% 77.8 g¢é¢ven seviyesi il e cinsiyeti er kek,
kategori el ektroni k, mesl ek grubu kamu ve ye
eti J i kampanya t¢reéegnegn ek ve faizsiz taksit o
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% 82.9 g¢ven ile cinsiyeti kadén, -3ban e§ idy dn
durumu Lisans, Siparern sekl ajexkapdak2yapte]é
son 3 ayda tercih ettiiji kampanya t¢r¢ hediy
% 83.6 g¢venle cinsiyeti kadén, son 6 ayda
olan ve mesl ek grubu ev hanéemé ol an kikiler
ccretsiz kargo ol duju belirlenmicktir.

% 83.7 g¢é¢ven seviyesi il e yerl exkidmbyereijiitl m
durumu Doktora, son 6 ayda online al Kveri K

e
3 ayda terciah tetrteginjgin kkaumppannyk odu ol duj u tespi

% 83.9 g¢venle yerl exki aBby,ersionKIl6 naeyrdkae zoin, | iynaek
ejitim durumu Lisans ve mesl ek grubu °jJrenci
tereéenegn semedtdujadu syl emi kl erdir.

% 86.5 g¢ven seviPBesmaiydial 4, siypar iak as @ekleéepbd %«

yapté] é kakamooliamrvki Kilerin son 3 ayda terc
taksit olduju belirlenmixtir.,

%8 .1 g¢ven ile son 6 ayda online al ékveri k
yonteminin kredi kartée olduju tespit edil mick
% 91.2 g¢ven sevibpes imeisll @ ky ayn udrua leariek | 35 ve &
TL ol an kiakidlaerii-rerdscsn ndde onl ine al ékveri kK Yye
% 93.9 g¢ven il e meslek grubu ©°zel sekt©®r, e
al ékxkverik yapan kikilerin son 3 ayda tercih

s°yl emi kl erd

% 95.7 ge¢ven ile ciB8,ygerl kadenyeyak Kar ankeé K
yaptéjée kategori ki ki sel bakéem ol an kikiler
paket/set indirim olduju tespit edilmixktir.

% 100 g¢vien lseevciiynessi yet i-3 kaayddean , 1 ,s i ejairti ikm scekrl u
Orta®°jretim ve meslek grubu ev hanémé ol an
I

belirl enmicktir.

% 100 g¢venle ayl ék hane geliri r&ideonine TL ve
al ékverik yapteklaré tespit edilmiktir.

% 100 géven seviyesi Il e en -0k al ékxverik
cinsiyetlerinin erkek olduju belirlenmicktir.

4. GENEL DEJERLENDKRME VE SONU¢LAR
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Bu - al etkgrkaedtai,ci | er i n onl ine al éekxkveri kte t o
belirl enebil mesi amaceyl a, b iGrr loiwk the | @a kg oan a
kull anél méktér. Analiz sonucunda, %7006i n ¢ze
ede edi |l mi ktir. El de edilen bu kurallar say
k©rl el ékl aréenée artérabilir hem de sundukl ar e
dair daha kapsamlé bilgil er el aunlaa karaa niemid@n ey
birliktelik analizi -aléxkmalarénén sayésé ol
firmal ar a-éséndan dejerl.i bil giler sunabil

-al ekxma yapacalk areartnéermhac @liar kia-ynak ol uktur
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ABSTRACT
This study was conducted to determine the p
Amasya Mappuse domgehotgpes @egrowmguoder cbobhditi

¢tamardé district of Nijde province. This stu
genotypes of the Amasya variety, whi ch has
Mor phol ogi cal , phenoloacdieardlc,al p ccrhaalroagiteceali,star
were evaluated in the study. The climate dat
characterized by hot, dry summers and col d v
bud break ceoncWMared HOt wend 25, and full Dbl oonm

The first harvest was conducted between Octo
bet ween October 18 and 30. Significant diff.
t eronis fruit weight, | ength, firmness, and bic
86. 18 g-06Amdaoyad 430410 .g T(hemahsiygshest sol ubl e s
was found +On3 tgheen oAnyapsey,a whi |l e t hehé¢ oAvre@S y 4 10 .
genotype. Framge Hf vamu®s98 to 4. 37, and aci
AmasQyla and -OA2magseymraot ypes stood out -04 terimsr md
of fruit firnrn3e swi,t hanidt sSAmhaissgelass uTS S vianldu ec.at Eh
di fferences among Amasya apple genotypes and
the evaluation of these varieties.

KeywoApdpte genotypes, phenology, pomology, s
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| NTRODUCTI ON

Anatolia teeconsgdereti numerous horticultura
et al., 2014; Gundogdu et al., 2014; Eyduran
and indigenous apple genetic resour danr.ceBhe

for fruit cultivators (Kaya and Balt a, 2013

extensively <cultivated and varied fruit spe
climates enable a broad ec83| oQEECRI 28R8&)ri but

Moreover, the extensive wutilization of apple
them a strategically significant agricultura
el ements facilitating ctomesugbobah pf odwaotlieosn
substantial nutritional value, sensory and n
profitability, and technical benefits (Ferre
exhi bit soudbusctta notni aalr epar and vol ume, with a co
over 9 million tons are traded globally, an
(Pereira et al., 2009).

Apple cultivation depends noh bhéyseheoptiodm:
gual ityappmarpkkatat e varieties. Varieties in d
Gal a, Granny Smith, Scarlet Spur, Starkspur
Reinder s, Pink Lady, amda Medii.ncExmaretd g dtr entg
(Barrit 1992,; K¢ den et al., 1995). However,
the | ack of standardization | imit the avai
identi f wiamg eappelse with high commerci al val ue
plays a critical role in the continuity and
remar kable diversity as a hub for apple gen
centers of apple cultivation in Turkey, part
breeding efforts in this region have resul't
characteristics, contributricnggs.t o the conseryv
Phenol ogical and pomol ogical <characteristics
Phenol ogi cal traits (blooming and fruit rip:
climate adaptability inalfrguadal icwileés v@ftn wint,
and flavor) define quality and marketabil it
pomol ogi cal traits of chosen ' Amasya' appl e
genotypes andofheredenmi vacatitors appropriat
Consequentl vy, selection studies are essenti a
apple types. These selection studies are c¢rt
appl @evehoping nations. Selection studies,
standardization of wvarieties, will ascertain
This study aims to determine the pheapplogi ca
cultivars identified in the Nijde region. TFt
|l iterature and promote the sustainability of
viability.

120



AVRASYA 14th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESOctober 1719, 2025 TBILISI
CONFERENCEBOOK - ISBN :978-625569442-3

MATERI AL AND METHOD
The plantdmanetihals ssedy comprised varietie:

region of Nijde province for several years |
met eorol ogical data for Nijde province from
Dite®c ate of State Meteorology, reveal ed tha
occurred in July and August, AMhiAlCe itnhe alnuwae

February (Table 1).
During the years specifiedrenrdabteed,inhdilij
AC, while th25m6ACmuimn waanuary, February, Ma

10 days of precipitation were documented, wf
not ed. | n -tteerrmsp rodtchlgoimpgeda k oaccurred i n May a
mi ni mum was recorded in July at 5.5 kg/ mJ. T

kg/ m] (Anonymous 2025).
TablAvelrage met eoacgfol Migjicaeal prv@ad @8Rel bet ween

Avera( Averat AveratAver iMontlt Highe Lowes
Temper ¢ Highe Lowes Numb: TotaTempere:¢Temper
(AC) Temper:¢Temper ¢ of Rai nit (AC) (AC)
(AC) (AC) Rain Aver
Days ( mm)
Janual 0. 2 , -4, 5 10, 8 35, ¢ 19, 9 25, 6
Febr u: 1.2 6,5 -3, 4 10,2 32, ¢ 20, 5 24,2
Mar c h 5.1 11 0, 2 11,3 36, ¢ 26, 4 23,9
April 10, 7 16, 8 , 5 11,0 41, : 30, 8 6, 9
Ma'y 15,1 21,5 , 4 11,7 48, : 33 2,6
June 19, 2 25,9 12 6,9 28,¢ 35,7 3,5
July 22,5 29,5 14,9 1,8« 5,5 38,5 6, 6
Augusi 22, 4 29,7 14,6 1,5. 6,7 39,7 6,5
Septel 18, 2 25,7 10,5 2,9: 10, ¢ 37,3 0,7
Oct ob 12,6 19,7 6 6, 3. 25, ¢ 32 6, 2
Noveml 6, 6 13 1, 2 7,4:. 31 25 -19, 5
Deceml 1,9 7,2 2, 4 10,6 40, ¢ 21, 2 24
Year |y 11, 3 17,6 5,1 92,¢ 342, 39,7 25, 6
To identify the superior Amasya apple genoty
study was conducted in 2022 and a genotypin

promising varieties (Figureidn. sEadpnh wasanto
genotype.

For each genotype, mor phol ogi cal observatior
habitus, devel opment al status, and alterna
performed on 10 rdmdommleyacdelvaatied yf r AvEes age
di ameter and | ength (&m) *Lafbr ah t?ombaetcd hHadme e
(h) were measured for fruit color. Total sol
of tihcee jwer e deter mi ned. Phenol ogi cal obser:
fl owering, tiBe)%erfi athewhdmwed buds opened, f
the first harvesithe amd ati me df idmd la,chndphagei tuwomce a& n
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was applied at a 5% significance | evel

was used for statistical analysis.

FiguFeults of Amasya apple genotypes
Amas-0 a Ama s- A

Amas@ya

Ama s-§ 4

Amas@ya

Ama s-§ &

Amas@ya

Ama s- &

Amas@a
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RESULTS AND DI SCUSSI| ON

This research was conducted to identify pros
Amasya apple variety cultthievadt ¢ dlei prtolve nCama IT
tree age, crown height, morphology, devel opm

genotypes varied from-06 theeihy yda&r sy,ouwigtels t /
Amaslya being the ®&Alldesgtenatt yp®sybads.a spread

devel opmental status ranging from robust to
documented as el evated for all genotypes. Th
genotypeslraengaradgieng growt h vigor, and phenol c
Tabl eCotpari son o f Genotypes i n Ter ms o f A C
Devel opment Status, and Periosity

Genotype Plant Age Crown Crown Development Periosity

Height Spread Status

Amasya0l 9 2 Spreading Strong High

Amasya02 9 2 Spreading Strong High

Amasya03 11 3 Spreading Moderate High

Amasya04 11 3 Spreading Moderate High

Amasya05 6 2 Spreading Strong High

Amasya06 14 3 Spreading Moderate High

Amasya07 14 3 Spreading Moderate High

Amasya08 13 3 Spreading Moderate High

Amasya09 13 3 Spreading Moderate High

AmasyalO 15 3 Spreading Moderate High
Table 3 presents the phenological observati c
The bud emergence, bl oomi ng, and harvesting
analyzed in this study are illastrditefleranetEe
been observed among genotypes for the i1 niti
phases. T hrei sienipgdrailodbuadommenc ed3d ocann dM@enals y B9
whil e the | ast occurrencd7Wadas sneti gahi 6hebdMarnc
roughly six days between the genotypes. Ful I
April 16. The earliest compl et e-0fll, 0o eBiSIy@d 0 C
Ama sQy8&a, andl®maseyd&dprithel)] atvest stwwas -0r5e caonrdd e d
Amasly7a bet ween April 4 and April 16.
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The end of fl owering dates among the genotyp
fl owering cessation oc&@®Br raend -0A8Bmadsty @A gve miolt ¥ e
the | atest was not ®d iom tAlpe i genR@tygddeAmagya
October PD2)0)Amawshyid e the | at est-06vasAin@nd y@cA ob
di screpancy of around 3 days wavest¢tempeamoudg
from October 18 to 30. The ear FOi2e sgte nfoitnyaple sh
October 18, whilst t-O® dmad ©&hageas t fypre st en Am
The findings demonstrate ¢goédmetienvcomponeint iad
influence the phenol ogi cal devel oc@3Inege n @tf y @i é
demonstrated a preference for ear(d5% ddmonotm mag

stood out for itstlatge cthlaowerntiemg sanad shanmoe eo
observations of the cultivars analyzed in t|
conditions, they were mostly in agreement wi

ken820&ul ha 2010; ¥zt¢rk and ¥ztgegrk, 2016) .
TablRh&8nol ogi cal Devel opment Stages from Bud

Genoty B.Ud Swel Ful |l B End of First H Last Ha
First FI
AMASYN1 20 Madic hA| 014 A| 1526 Ap|l 1618 Oct 128 Oct
AMASY®N2/ 21 MaOX hA| 024 Af 1526 Ap/ 0918 Oc{1828 Oc
AMASYN3 19 MaOX hA| 0314 A|] 1524 Ap[ 1620 Oc{20629 Oct
AMASY®M4l 21 MaOx hA| 0RL5 Aj 152@&pril10619 Oc{1928 Oc
AMASY®5 22 MaO4& hA| 0Bl6 Aj 1628 Apl 1320 Oct2130 Oc
AMASYN6| 24 MadX hA| 0315 A|] 1526 Ap|l1221 Oc{2230 Oc
AMASYN7/ 25 MaO< hA| 041 & pr| 1827 Ap|l 1220 Oc{2129 Oc
AMASYN8 20 MadX hA| 0314 A| 1824 Ap|l 1122 Oc{20628 Oc
AMASY®N9 19 MaOdX hA| 0316 A|] 1526 Apl 1621 Oc{2629 Oc
AMASYIAO| 22 MaO&mr| 0314 A|] 1627 Ap|l 1220 Oci{2229 Oc
FiguPbeBol ogical devel opment stages of Amasy
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Amasya

1. Dor ma2at BouuwdB.swvsdlllvertip 4. 6.Gr RientkBt boygpdm5 st lge8 ¢ é&amr st
Full 9l ¢tomit set

The results of this study showed thatltdhe po

and age. The trees' mor phol ogi cal , phenol ogi
affected by the elevation and ecological <con
Ruttanaprasertetal ., 2014).

The fruit quaAmagyarappbeofenhbeyn€s that wer
shown in Tabl e 4. There were big changes 1in

Asa®ya wei ghi ng 86e.11 8veg gen ch gA slads39 & 0g egn. o tTyhpee Ah
the heayilds8t 40rg)t fol0OPwgdnbyypbde( Admhsga g)
Amaslyla genotype (141.40 g)05I sstwasnf baddthbka
(86.18 g). As yoWl camd DRwagetrdod yAHpmass yhaaevwse bi g
while th@e5 Agpesgtaype has smaller fruit stru
mor phol ogi cal , phenol ogical , pomol ogi cal , an
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physical di sparities across Amasya
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TablFr giutal ity traits of Amasya appl e

Genotype Fruit Fruit Fruit length | Fruit Firmness Elasticity

Weight diameter (mm) (kg cm
(9) (mm)

Amasya01l 143,40 a 70,38 a 60,18 ab 3,86 abc 4,78 ¢

Amasya02 141,40 ab 69,74 a 61,42 a 3,81 bc 6,06 b

Amasya03 141,40 ab 68,86 ab 58,90 ab 4,28 abc 6,24 b

Amasya04 110,91 de 63,78 bcd 53,21 bed 4,40 a 6,46 ab

Amasya05 86,18 f 58,64 d 49,13d 4,30 ab 71a

Amasya06 135,06 abc 68,18 ab 57,10 abc 3,93 abc 3,93d

Amasya07 115,73 cde 65,07 abc 54,13 bcd 3,75 ¢ 3,75d

Amasya08 122,45 bcd 66,94 ab 55,06 abcd 3,94 abc 3,94d

Amasya09 135,46 ab 68,55 ab 53,21 bcd 3,95 abc 3,95d

Amasyall 98,59 ef 59,90 cd 50,50 cd 3,95 abc 3,90d
The chemical and color Amasyhbuappl efgehet ypae
this investigation are presented in
for -walteble solids (WSD), wi t h
(Ama-8§hpn. The 3Amesnywa Wpe hhgthtest WSD val
AmasQyla at 12. 98 0amad Arfda Lylg respectivel y.
identifiedObn (e 2AMageamotype. The

The ¢
b@3 weamd 5B0 .63B1mmm (IAMavsaysa af
l i nes
f rObM 4 %. 163l . @R 2 mMamJ shyrealsyrmg e s t
-in) ( 6 AMASY saam0 3
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AmasQyla genotypesd pbrsysemat tedrevad et €©rbt ,g ewmlod ryga:
is distinguished by reduced sugar content.

The acidity values of t408)ftoi #d . -BE) i(td&dradsuygahmo
the genotype®s3 dglereo tAynpaes ylnad t he sl dwesltAm@ald ya:
genotype displayed the greatest pH8)altuce .0 .AZ"
( Ama-8 8 aand -0A3ma,s yvai tOh2 Aamads-9A8maesxyhai bi ti ng t he ¢
l evel s. These studies pnoifchattse Dhatf ruhe WViaa

genotypes. TSS and acidity are recognized as
et al . 2013) . ¥zt ¢rk and ¥ztegrk (2016) repo
their i nveslteisgartdmgedonf raopnpp 10. 46% to 13. 45 %.
greatest total soluble solids (TSS) value at
| owest values were recorded at 11.16% in Gr a
resed by Karké and Aslantak (2016), the TSS

14.60% (Gol den Delicious). Another study obs
10.24% (Granny Smith) to 12.07% (Royad Gal a
ascertain the biochemical composition of aptg
Chi ef variety and 3.31 in the Granny Smith
indigenous apple varieties posssteusdsy abyu nHlag nnta
al . (2019) assessed the weight and [ ength o
bet ween 11.47 g to 98.50 g. Comparable inves
(Kaya and Balta 2013; f¢tiorkkiumg sa nodn Afkrkieint 210€elr6g
features in this study were | argely <consi st
outcomes are attributed to disparities in ec
vari abl es.

Fruit omolcohraartaict eri stics differed among genoc
(Ama-$89p to 54083, ( Aimdashyat he maxi mum dO3val ue
genotype. The ¢ val ue -083r iteod 4f5-:046 ,3(5AmaE2y (ath
maxi mum msatecatded -02 godeotAyymsyaThe h value
(AmaB8yp to 44-086, (Awmasydahe maxi mum h-08al ue
genotype. The data reveal substanti al di f f e
sat ur at iammrmg,l ean with certain genotypes exhibit
Tabl@ompari son of TSS, pH, Acidity and Col or

Genotype TSS pH Titratable I c h
(%) Acidity
(%)

Amasya01l 12,98 b 4,13 0,17d 48,27 abc 41,67 ab | 33,88 abc
Amasya02 11,36 e 4,05 0,26 a 53,05 ab 4546 a | 36,40 abc
Amasya03 13,65 a 3,98 0,27 a 54,33 a 38,26 bc | 42,52 ab
Amasya04 12,01 cd 4,02 0,21b 48,05 abc 39,05 bc | 33,02 abc
Amasya05 10,20 f 4,09 0,21 bc 48,29 abc 42,40 ab 30,30 ¢
Amasya06 11,75d 4,12 0,15e 49,20 abc 41,33 abc| 36,85 abc
Amasya07 1101 e 4,17 0,17d 51,90 ab 42,68 ab 29,96 c
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Amasya08 11,96 cd 4,15 0,13 e 51,36 ab 35,52¢ 44,36 a

Amasya09 11,95 cd 4,24 0,14 e 46,87 bc 40,95 abc| 31,37 bc

Amasyal0 12,21 ¢ 4,37 0,20 c 43,29 ¢ 39,50 bc | 31,77 bc
CONCLUSI ON
This study showed significant differences 1in
bi ochemical characteristics of ten Amasya afj
ecol cegnivialonment of the ¢amardé distri0dt i n
and AM@syYa@monstrate exceptional performance

AmasOyda di stinguished itself wi I8 delagvetahtees tfr
soluble solid contefth gPtendBy P8 %. aThei Amys ea

exhibited notable flexibility and del ayed ph
indicated that bud break trlankslpdan dhadppeveed
April 1 and 16, and harvesting took place |
resilience of these genotypes to |l ocal envir
soluble solids, acindgi ttyh,e agnedn octoylpoers mdtlruisc sr ac
i nherent in Amasya apples. These findings il |
01, A2syandORAmaspa forthcoming breeding, S
i nitiati veasi sfioncgu sferduiotn qgual ity and increasin
apples grown in the Nijde region.
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ABSTRACT

The objective of this study was to identify superior lines that could be considered as parents in
tomato breeding programs.ttme present study, the fruit characteristics of 94 tomato genotypes
selected from the gene pool of a private seed company were evaluated. Basic quality parameters
such as fruit length, width, pericarp thickness, number of carpels, seed cavity dimensions,
soluble solids content (SSC), and color (Hue value) were examined. The results indicated
significant variation among the genotypes with respect to all characteristics. The mean fruit
length was established as 54.01 mm, the mean fruit width as 43.63 mmeaimepericarp
thickness as 5.85 mm, the mean number of carpels as 2.94, and the mean SSC as 5.46%. The
highest fruit size was measured in the ST13 genotype (81.82 mm), while the highest SSC ratio
was measured in the ST63 genotype (9.4%). The hue valueggead fr om 35. 46 A t
and the majority of genotypes were found to be red in color. The results obtained demonstrated
that the tomato lines evaluated exhibited a substantial genetic reservoir in terms of
morphological diversity. It is evident thatetbe lines, which are characterized by elevated dry
matter content and optimal fruit morphology, possess the potential to serve as parents in the
development of novel industrial hybrid varietfes.

Keywords: Tomato, fruit characteristics, parensalection

2This study is derived from ! nal KAL's mast e
Kal , P . 2017. Devel opment of heGraluate Sahooleot F1 h
Natur al and Applied Science of Sel-uk Univet
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1. INTRODUCTION

Tomato Golanumycopersicuni.) is a highly nutritious vegetable widely cultivated and consumed
worldwide. Tomatoes are distinguished by their morphological diversity, rich nutritional content, and
various quality parameters. It is a rich source of nutrients, particularly vitawitar@in A, lycopene,
b-carotene, and phenolic compounds (Quinet et al. 2019). Thanks to its high antioxidant capacity, it
has protective properties against cardiovascular diseases and certain types of cancer (Amr and Raie,
2022). In addition to fresh camsption, tomatoes are a very important vegetable in industrial
production. Tomatoes are the raw material for many \added products such as tomato paste,
ketchup, and sauces. These products occupy an important place both in the domestic market and in
exports and make a significant contribution to national economies (de Paula Vieria et al. 2020).

In agricultural production, factors such as quality, yield, and resilience are crucial for food
safety and sustainability. To meet the growing global demantbéal driven by population

growth, it is essential to increase yields and produce-dngtity products (Beres et al 2020;
Kayi ko] |l u and T¢rksoy, 2023) . I n addi tion
resistant/tolerant to stress factors elimingt®duction difficulties and enable healthier
cultivation (Chab et al 2024). These newly developed varieties play an important role in
agricultural production.

In tomato breeding, high yield, quality, disease resistance, and adaptation to abioticrtonditio
are key focal points. Fruit number per plant, fruit weight, and fruit diameter are primary
selection targets as they directly affect yield and the commercial value of tomatoes (Bojarian et
al 2018). Among quality parameters, soluble dry matter corggehtcolour, and firmness are

other important factors (Londos®iraldo et al 2021). Similarly, characteristics such as fruit
yield, pericarp thickness, fruit length and fruit diameter, and soluble dry matter content are
among the most important selectiornania for industrial tomatoes (Kumar et al. 2013; Fadhilah

et al. 2022; Lafrance et al. 2023). In the development of tomatoes suitable for fresh
consumption, characteristics such as taste, aroma, and fruit structure are also important, and
both sensory ®s and moleculaassisted selections are carried out to develop these
characteristics (Zhu et al. 2018; Londe@oaldo et al. 2021). Tomato processing companies
prefer varieties with high yield per wunit at
2019). Characteristics such as pericarp thickness and soluble dry matter (Brix) ensure that the
tomato retains its high colour, taste, and nutritional value without quality loss during processing
(De Sio et al 2021).

The superior traits possessed byepds are highly valuable in the development of hybrid
varieties frequently preferred by growers in tomato production. It is evident that parent lines
provide the genetic basis for important agricultural traits, including yield, fruit quality, disease
resigance, and adaptability. The selection of parents with superior traits has been demonstrated
to directly influence the potential of hybrids for these traits (Jin et al., 201Rhayri et al.,

2023). Basic traits such as fruit weight, pericarp thickrn@ss, colour, and shape demonstrate
strong inheritance and are transferred to hybrid varieties at a high rate after crossbreeding
(Pavan et al. 2021; Avkidos et al. 2021).

The present study was conducted using 94 different tomato genotypes in ordetifiotiuzse
that could be evaluated as parents in tomato breeding programs. The study examined the
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different pomological characteristics of the genotypes. The potential of the lines that exhibited
these fruit characteristics to be used as parents was detdrm

2. MATERIAL AND METHODS

I n the study, 94 tomato | ines from the toma
Production Food Import Export Construction Landscape Trade and Industry Ltd. Co. were used

as plant material. The seedlings wgrewn in greenhouses located at the company's research
station in the Aksu district of Antalya. After the greenhouse soil was prepared, it was ready for
seedling planting. Trays were prepared for sowing the seeds, and the seeds were sown. Once
the seedling were ready for planting, 20 plants from each genotype were plantie
greenhouse. When planting the seedlings, a distance of 2 m between rows and 40 cm between
plants within a row was maintained (Figure 1).

\

Figure 1. A view of the soil preparatio and seedlings in the greenhouse

Cultural practices (irrigation, hoeing, fertilization, etc.) were carried out appropriately during
the cultivation period. Harvesting was performed once the fruits reached harvest maturity, and
measurements were taken e€lfollowing characteristics of the fruits were examined: fruit size,
fruit pericarp thickness, number of carpels, seed cavity dimensions, soluble solid content, and
fruit color.

The measurement data were statistically analysed; the mean, minimum, andimasdlues
for each parameter were calculated, and the differences between genotypes were visually
interpreted through graphical distributions.

3. RESULTS AND DISCUSSION

Ninety-four tomato genotypes with parental potential were evaluatedcdaain fruit
characteristics. Significant differences were observed between genotypes for all traits
examined, indicating the presence of a wide genetic variation that could be utilised in future
breeding programs.
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Average Fruit Length (mm)
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Figure 2. Average fruit length

The results obtained show that the average fruit size of the genotypes was 54.01 mm. Among
the parents, genotype ST13 had the highest fruit size (81.82 mm), while genotype ST16 had the
lowest (38.58 mm). Upon examination of the graph, it was observed that 5268%
genotypes had an average fruit length above the mean value (Figure 2).

Average Fruit Width (mm)
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Figure 3. Average fruit width

The mean fruit width of tomato genotypes was found to be 43.63 mm, with the highest value
recorded in genotype ST44 (66.13 mm) and the lowest in genotype ST40 (24.62 mm) (Figure
3). The graph demonstrates that 45% of the genotypes exhibited a fruitiveidéx¢eeded the

mean value.
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Average Pericarp Thickness (mm)

Figure 4. Average pericarp thickness

The mean pericarp thickness of the genotypes was found to be 5.85 mm. The highest pericarp
thickness value was measured in genotype ST67 (8.60 mm), while the lowest value was

measured in genotype ST40 (3.24 mm) (Figure 4). With regard to pericarp thickness, 50.53%

of the genotypes were found to be above the average.

Average Number of Carpels
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Figure 5. Average number of carpels

The mean number of carpels in the fruits was 2.94 across all genotytbegenotype ST44

(7.45 carpels) exhibiting the highest number of carpels. The lowest number of carpels was
observed in genotypes ST29, ST16, ST54, ST81, and ST65 (2 carpels) (Figure 5). A total of
31.58% of the genotypes exhibited a carpels numberxhaeded the mean value.
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Average seed cavity width (mm)
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Figure 6. Average seed cavity width

The mean dimensions of the seed cavity were measured in the other parameter that was
examined. The mean seed cavity width was found to be 5.38 mm. The highest value was
recorded in genotype SZ§11.60 mm), while the lowest value was measured in genotype ST72
(2.47 mm). With regard to cavity width, 42.11% of the genotypes were found to exceed the
mean value (Figure 6).

Average seed cavity length (mm)
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Figure 7. Average seed cavity length

The mean cavity length was measuae@1.53 mm for the average genotype. The highest value
was observed in genotype ST34 (38.66 mm), while the lowest value was observed in genotype

ST91 (11.80 mm). With regard to cavity length, 55.79% of the genotypes were found to be
above the mean (Figui®.
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Average soluble solid content (SSC) (Brix)
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Figure 8. Average SSC

When the genotypes were examined in terms of soluble solid content, the average genotype
value was found to be 5.46% Brix. Among the genotypes, genotype ST63 (9.4% Brix) exhibited
the highest value. The lowest value in tephsoluble solid content was measured in genotype
ST49 (3.6% Brix). With regard to soluble solid content (SSC), 44.21% of the genotypes were
found to be above the average value (Figure 8).

Color (Hue)

T,

Figure 9. Fruit color

In the context of colomeasurement, the hue angle values were obtained from two distinct
regions of five fruits from each genotype. T
According to Voss (1992), hue angle values
Fouteen of the parent lines fell between8® U; 72 f 50U ;b eatrwde e6n -f4e0l | b
70U. The mean color (Hu value) was measured
vast majority of genotypes exhibit redange color tones in the matustage. The variation in

hue angle is indicative of differences in lycopene accumulation levels between genotypes and

is a significant parameter with regard to both visual quality and nutritional content (Nour et al.,
2015; Abdelhamid et al., 2020).

138



AVRASYA 14th INTERNATIONAL CONFERENCE ONAPPLIED SCIENCESOctober 1719, 2025 TBILISI
CONFERENCEBOOK - ISBN :978-625569442-3

Kéeymacé et al (2024) screened 240 tomato (¢
characteristics. The study revealed significant variation in fruit pericarp thickness, carpel
number, and SCC. Following PCA analysis in the same study, a relationshipund between

carpel number, fruit length, and fruit weight parameters.

A further study ascertained that fruit length ranged from 31 millimeters to 76 millimeters among
genotypes, while fruit width ranged from 34 millimeters to 104 millimeters. In oelati the

carpel number, it was established that the minimum recorded value was 3, with a maximum of
13 being observed. Furthermore, an analysis of fruit pericarp thickness revealed a range from
2.8 to 8.3 millimeters (¢ukadar, 2011).

In the study conducteby Mutlu et al. (2007), measurements taken from fruits belonging to
tomato genotypes showed that fruit length ranged from 22 to 67 mm, fruit width ranged from
26 to 91 mm, fruit pericarp thickness ranged from 2 to 8.8 mm, and the number of carpels
rangedrom 2 to 16. When comparing the fruit sizes measured in the genotypes in both studies,

it was observed that the fruit length of the tomatoes in our study was longer, while the fruit
width was smaller. While there were differences in the number of catipeldesh thicknesses

were found to be similar to those in our study.

In another study conducted on industrial tomatoes, when examining the findings for the
Standard Rio Grande variety, it was noted that the highest SSC value was obtained from the
contrd group (5.30) among the tested applications, while the results obtained from other
applications were statistically insignificant. In the same study, the SSC was measured as 4.80
at its highest and 4.10 at its lowest in the F1 hybrid variety nam@gb8 ODadak, 2010) .
Another study examined the number of carpels in industrial tomato genotypes and found that
the number generally ranged between 2 and 3. The highest value measured for this parameter
was 3.8. In these genotypes, fruit widths ranged betweem®2l5 mm, while fruit lengths

ranged between 61 and 45 mm. Measurements taken on the same tomatoes revealed that fruit
flesh thickness varied between 4.2 and 7.2 mm, while the SSC content ranged from 5.9% to
4. 8% (S°nmez, 2011).

4. CONCLUSION

The presenstudy has revealed significant variation among tomato genotypes with regard to
certain fruit characteristics. It is evident that disparities in parameters such as fruit length, width
and pericarp thickness are indicative of the presence of diversitygagaeootypes with regard

to fruit size and structural characteristics. Genotypes exhibitingfhugHlesh thickness offer
advantages in terms of processability and durability, while lines with high SSC ratios are
distinguished by their superior taste anality. In this respect, genotypes such as ST13 (fruit
length), ST63 (SSC) and ST67 (pericarp thickness) are worthy of particular note as potential
sources that can be evaluated as parents in subsequent breeding studies. The predominance of
red values inthe Hue values determined in the color analysis suggests that the genotypes
possess the desirable color quality for industrial application. In conclusion, the findings provide
important data that could contribute to both industrial and table tomato tigdmdidentifying

lines with high parental potential.
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ABSTRACT

Ecosystenrbased planting design is an approach in landscape architecture that emphasises
sustainability and ecological integrity. This approach utilises plant taxa that can adapt to local
and environmental conditions, increases biodiversity iamdnd rural areas, supports natural
processes, and enhances environmental functions. In recent years, problems such as climate
change, urbanisation and loss of natural habitats have increased the importance of ecosystem
based design. This study addres#ies basic principles, implementation approaches and
strategies of ecosystebrased design through international examples and evaluates the
ecological, aesthetic and social benefits obtained from these practices. The findings reveal the
importance and appkbility of ecosysteroriented approaches in sustainable landscape
planning.

Keywords: Ecosysterrbased planting, biodiversity, sustainable landscape

1. INTRODUCTION

An ecosystem is an energyperating system in which organisms such as plants, animal
communities, and fungi have-evolved over long periods of time, developing interdependent
relationships of varying types and degrees among their components (Yeang, 2012)
Purification, recycling, and renewal of biological resources are among the services provided by
ecosystems. These services also regulate and support natural and human systems. They are vital
for the sustainability of human development from an economaials cultural and ecological
perspective (Alexander et al., 1997).

Landscape is a dynamic system in which physical, biological and social relationships are in a
state of constant transformation and interaction. Ecological design, on the other hand,
detemines these natural processes, reveals the relationships between site conditions and
landscape processes, and enables these dynamic relationships to become productive (Rottle &
Yocom, 2011). The discipline of landscape architecture conducts harmonioks irwor
ecological design applications by placing nature and people at the centre of design and planning
practices. While supporting user needs, landscape architects contribute to the preservation and
maintenance of ecological balance through natural andosmeental processes. In this context,
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ecological landscape design should integrate design and planning by considering the
relationships between environmental processes and human needs (Ak, 2024).

The pioneers of sustainable design, Sim van der Ryn ancdi$t@awan, defined ecological
design in their 1996 book Ecol ogical Design
to minimise environmentally &eoldicaldasigniams | mp 8
to create living space for local spes and habitats, ensure the sustainable use of resources in
human activities, and effectively integrate the legitimate needs of other species and natural
ecosystems into the design (S¥iang et al., 2004).

Ecological landscape design aims to create saike, environmentally sensitive open spaces

(Ak, 2024).

Ecosystenrbased landscaping design aims to create ecological, aesthetic and functional plant
designs based on the functioning of natural systems. This approach first looks at natural
ecosystems. These include the area's existing flora, fauna, soil aateatiomditions. Using

natural plant species for the region preserves the local vegetation and creates harmonious plant
communities. This increases biodiversity and supports the ecosystem, ensuring environmental
sustainability. During the botanical desigogess, succession and competition are taken into
account to create botanical compositions that can renew themselves over time. The interaction
between nature and humans is at the heart of the design. Liveable green spaces are created
where users can integge with nature and become part of the ecosystem.

Planting design in line with ecological objectives; protects ecosystems, restores degraded
ecosystems, rehabilitates degraded areas such as former mining sites, restores waterways,
improves and supportsddiversity, creates habitats and biotic communities for wildlife, and
provides wildlife corridors (Sareée & Karakah,
Various principles regarding the fundamentals of ecological landscape design have been
defined bydifferent researchers in the literature. In this study, the fundamental principles
compiled from the works of Shvang, Freedman and Cote (2004), Ryn and Cowan (2013) and

Ak (2024) are presented in Table 1.

Table 1.The fundamentals of ecological landsealesign

Principle / Criterion Description Reference
The necessity for humans and economic
systems to meet their needs within natural
limits

Preservation of thstructural and functional | ShuYang et al.,
integrity of natural and managed ecosysten (2004)
ShuYang et al.,
(2004); Ryn &
Cowan (2013)
4. Useof Renewable | Transition toward renewable energy source ShuYang et al.,
Resources recycling, reuse, and resource efficiency. | (2004)
Conservation of natural capital and inclusio
of resource depletion armhvironmental
damage in economic assessment.

1. User and Economy
Orientation

ShuYang et al.,
(2004)

2. Ecosystem Integrity

3. NatureMimicking Taking inspiration
Design principles in anthropogenic systems.

5. Ecological
Economics Approach

ShuYang et al.,
(2004)
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6. Conservation of Sustainable conservation of natural ShuYang et al.,
Biodiversity ecosystems and native species. (2004)
7. Environmental Enhancing public awareness of susadility | ShuYang et al.,
Literacy and environmental sensitivity. (2004)

Ensuring that every design is based on the

8. P!aceSpeC|f|c cultural and physical characteristics of its Ryn & Cowan
Design . (2013)
location.
. Holisti luati i I ial
o ciogea | SO v strcrenel oo ryna conan
Accounting P g (2013)

design process.
10. Design in Harmony, Integration of abiotic factors such as water,| Ryn & Cowan

with Nature wind, and sunlight into design. (2013)
11.Participatory Ensuring the participation of all stakeholder Ryn & Cowan
Design in the ecological design process. (2013)
12. Making Natural Making natural cycles and processes Ryn & Cowan
Processes Visible perceptible to users. (2013)

Creating designs based on energy, water, § ShuYang et al.,
material efficiency that do not harm the (2004); Ryn &
environment. Cowan (2013)
14. Viewing the Considering the ecosystem as a whole, wit
Ecosystem as a Whole all its living and nodiving components.

15. Habitat Restoration
and Conservation of
Landscape Patterns

13. Sustainabilityand
Resource Conservatior

(Ak, 2024).

Enhancing biodiversity, restoring degraded

habitats, and maintaining landscape integri (Ak, 2024).

Ecosystenbased planting design aintsdreate sustainable and functional landscapes, and does

so by drawing on natural processes and local ecosystems. This approach supports ecological
balance when applied in different areas. It provides solutions to environmental problems. Below
are the aremwhere ecosystetvased planting design is applied:

1. Natural Meadows and Pastures

Natural meadow and pasture areas provide numerous ecological services as vital ecosystems
and support the conservation of biological diversity (Dey et al., 2024).

2. Fores Gardens (Urban Forests)

Urban forests reduce air pollution and greenhouse gas emissions within cities, sequester carbon,
regulate air temperature, reduce stormwater runoff, reduce noise, and provide recreational,
social, psychological, and aesthetic Hga€Roeland et al., 2019).

3. Wetland/Riparian Area Restoration

Coastal areas, which are transition zones adjacent to wetlands and riparian areas, are important
for buffering the effects of surrounding land uses and supporting the health of river ecosystems.
Ecosystem services include water quality protection, floaityation, carbon sequestration,

and the conservation of biodiversity and wetlands (Allan et al., 1997, Brauman et al., 2007).
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4. Permaculture/Edible Gardens

The concept of permaculture comes from combi
It focuses on creating and designing agricultural ecosystems that are sustainable and resilient.
Cof ounder David Hol mgren defines permacul tur
mimic the patterns and relationships found in nature, producing abundayfitbo@dnd energy

to meet | ocal needs. 0

5. Green Roof Gardens

The ecosystem services provided by green roofs include improving rainwater management in
urban areas, regulating building temperatures, reducing urban heat island effects, and increasing
wildli fe habitats (Oberndorfer et al., 2007).

6. Rain Gardens

Rain gardens contribute positively to problematic urban water cycles by retaining surface
runoff. They are also one of the most functional and applicable approaches among nature
friendly solutions use for sustainable rainwater management, adding aesthetic value to urban
areas (M¢gftegojlu & Per-in, 2015) .

7. Coastal Restoration

The restoration of coastal areas, carried out through ecospstesd planting design,
contributes positively to preventingosion and increasing habitat diversity.

8. Parks

Urban parks provide various ecosystem services that are valuable for tHeewvgllof city
dwellers. They are also recognised as a nature based solution that addresses various
environmental issues iities (Mexia et al., 2018).

9. Transformed Landscapes

Transformed landscapes refer to areas that regain their ecological functions through ecosystem
based design and restoration. These areas are transformed into valuable, sustainable spaces for
both natue and humans as a result of design and restoration.

The aim of this study is to highlight the importance of sustainable landscape planning by
examining the fundamental principles of ecological landscape design, its application areas, and
examples from awnd the world. The study aims to demonstrate the applicability of ecosystem
based approaches and the value of their adoption in the discipline of landscape architecture
through literature and application examples.

2. MATERIAL AND METHODS

The material forthis study consists of national and international literature data related to
ecosystenbased landscaping design. Within the scope of the study, books, articles published
in peer reviewed journals, symposium papers, master's and doctoral theses, andrdureent
sources related to the subject were examined.

Literature review, one of the qualitative research techniques, was selected as the method. In this
context, the theoretical foundations of ecosysbewed design were first determined.
Subsequently, #hfindings obtained from the sources were classified to identify the application
areas of ecosystefrased landscaping design. Finally, successful examples implemented
worldwide were examined and evaluated in terms of their ecological functions and applicat
results.
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3. FINDINGS

Examples of ecosystefmased landscaping design applications from around the world include
projects such as High Line Park (New York, USA), Queen Elizabeth Olympic Park (London,
UK), Jardins de MO®tis (a® (CBitagocUSA)CTaenEalah®rpject Mi | |
(Cornwall, UK), DuisburgNord Landschaftspark (Duisburg, Germany), Changi Airport Jewel
(Singapore) and Houtan Park (Shanghai, Chiflagse applications have been designed using
ecosystenbased landscaping design.

High Line Park (New York, USA)

New York City's High Line Park was established as a linear green space on a disused railway
line in Manhattan. The park, whose history dates back to 1847, opened to the public in 2009
(Millington, 2015). At that time, a railway line was built through titg centre to enable the

free movement of goods. However, this led to numerous fatal accidents. Therefore, in 1929, it
was decided to elevate the railway and move it onto a viaduct. Thus, the route of the line was
changed. The rich vegetation seen todayhis viaduct, located at a height of approximately

10 metres, the walking paths integrated with the railway tracks, water features, drinking
fountains, portable deckchairs and seating areas, are the brainchild of the volunteer group
Friends of the High lde, which prevented the structure from being demolished in 1999 (Figure
1) (Huebner, 2019).

Queen Elizabeth Olympic Park (London, England)

Queen Elizabeth Olympic Park, designed as part of the P6d@on Olympics, is a striking
example of sustainable urban regeneration and modern landscape architecture. The park's
creation involved extensive engineering processes, including protecting over 5,000 homes from
flood risk, carrying out remediation work seven separate soil treatment areas, establishing a
largescale drainage and infrastructure system, and reshaping the topography from scratch. The
design included the creation of the largest wildflower meadow planted in the United Kingdom
at that time, ad all excavated materials from the site were reused. Located in the festival area
to the south, the London 2012 Gardens consist of themed gardens illustrating Britain's tradition
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of collecting plants from around the world. The park serves as a lastanylefithe Olympic

Games, offering over 45 hectares of new wildlife habitat, kilometres of footpaths and cycle
paths, playgr ounds ;clags sporid ad culfuraldagilities $Figure2h (drl wo r |
3).

LEPES P

Figure 2. Queen Elizabeth Olympic Pafkopkins & Neal, 2013, Ur#).

Jardins de M®tis (Reford Gardens) (Quebec, C

Known as the Jardins de M®tis or Reford Gard
since 1962. Elsie Reford transformed the area, which was initially jiesest covered with

spruce trees, into a garden boasting one of the largest plant collections of its time. To achieve
this, she excavated, built stone walls, moved trees, and brought large rocks from nearby fields.
She obtained the special compost needegrow exotic plants by trading leaves with local

farmers. Where experienced gardeners had failed, he successfully cultivated rare species. Elsie
Reford trained local people to become expert gardeners (Figure 3) (Reford & Tanguay, 2001).

Figure3.Jadi ns de -5M®I6). s ( Ur |

Millennium Park (Chicago, USA)

Chicago Millennium Park was established on 16 July 2004 and created in collaboration with
the Chicago History Museum. Millennium Park is a public space that serves as aairauén
museum, cultural centre and performance venue. Bringing together diftaretions, this area
combines unique architecture, monumental sculpture and innovative landscape design
elements. This project involved converting a disused railway line in the centre into a public
space (Gilfoyle, 2006). The threere Lurie Garden isne of the park's most important
components. An ecosystepased approach has been adopted in this garden. This garden, which
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features a combination of perennial plants originating from meadows, serves as a laboratory for
nature based learning and observatiBigure 4) (Kingsbury, 2020).

Figure 4. Millennium Park (Kent, 2011).

The Eden Project (Cornwall, England)

The project opened to the public in 2001 in Cornwall, at the southwestern tip of England
(Knebel, 2002). The aim of this project isdemonstrate the importance of plants for humans

and to promote the sustainable use of plant resources. Planting has focused particularly on
plants that are economically and ethnobotanically useful (Figure 5). The Eden Project has
developed a dynamic eduiatal programme extending from school to doctoral level and for
adults. It received two million visitors in its first year (Prance, 2002). As an example of ensuring
sustainability in natural areas, targeting ecosystem restoration, and strengtheningacologi
transformation through environmental education, the Eden Project focuses on post mining
rehabilitation and nature restoration effort

Figure 5. Eden Projec(Url-7).

DuisburgNord LandschaftsparkDuisburg, Germany)

It is part of the Emscher Park project. Seven green corridors have been proposed along the
north-south axis connecting 17 cities, utilising the waterways and open green spaces within the
project. The regions are connected by parksgeyes, footpaths and cycle paths that wind
through the cities and cover an area of app
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