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ABSTRACT 

In this study, a highly efficient Au/Pentacene/p-Si/Al hybrid Schottky photodiode was 

successfully fabricated by combining an organic semiconductor pentacene layer with inorganic 

p-type silicon (p-Si). The pentacene film was deposited on a cleaned p-Si substrate using high-

vacuum thermal evaporation. Aluminum (Al) served as an Ohmic contact on the back surface 

of the device, and gold (Au) served as a Schottky contact on the pentacene. The electrical and 

optical properties of the device were investigated in detail. Dark I-V (Current-Voltage) 

measurements demonstrated a high rectification ratio and demonstrated that the pentacene layer 

successfully modulated the barrier height at the interface. The ideality factor (n) and Schottky 

barrier height (ūb) values obtained explained the charge transport mechanisms at the 

pentacene/p-Si interface based on the thermionic emission model. The device's photodiode 

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 polarization. The measured spectral sensitivity 

(R) and External Quantum Efficiency (EQE) values demonstrated the high efficiency of the 

hybrid structure, which combines the broad absorption spectrum of pentacene with the superior 

carrier collection ability of p-Si. These results demonstrate that the Au/Pentacene/p-Si hybrid 

structure holds significant potential for low-cost, high-performance, and broad-spectrum 

photodetectors and optoelectronic applications. 

Key Words: Schottky Photodiode, Pentacene, Hybrid Structure, p-Si, 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 

manufacturing costs and limited spectral sensitivity ranges of traditional inorganic 

semiconductor (Si)-based devices have led scientists to explore new-generation materials and 

hybrid structures. In recent years, hybrid Schottky barrier diodes (SBDs), which combine the 

superior carrier transport properties of inorganic semiconductors with the advantages of organic 

materials such as low-temperature processability and adjustable energy bandgap, have become 

a major focus of interest in this field [1]. 

Among organic 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 photodetector 

applications. The combination of a pentacene thin film with high-performance p-type silicon 
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(p-Si) allows the formation of a metal-organic-inorganic semiconductor (MOIS) structure that 

benefits from both the efficient light-harvesting ability of the organic film and the excellent 

carrier-collecting properties of silicon. 

In this study, the electrical and optoelectronic properties of the Au/Pentacene/p-Si/Al 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) and the p-Si 

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 the metal-semiconductor 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 phototransport mechanisms at the heterojunction formed at the 

pentacene/p-Si interface [2]. 

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

in the dark and under various illumination intensities. Through current-voltage (IīV) and 

capacitance-voltage (CīV) analyses, key electrical parameters such as barrier height, ideality 

factor, series resistance, and interfacial trap density (Nss) will be determined with precision. 

Furthermore, the photocurrent (Iph), photoresponsivity (R), and specific detectivity (Dz) of the 

device will be investigated to demonstrate the promising potential of the Au/Pentacene/p-Si/Al 

structure for high-performance and low-cost 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/p-Si/Al Schottky photodiodes consists of four key 

steps, requiring meticulous sequencing and cleaning to obtain high-performance and 

reproducible devices. p-Si wafers are cut to the desired device dimensions (usually around 1 

cm2). A sequential and meticulous cleaning process is applied to remove 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) water [3]. Aluminum (Al) metal (Ḑ10 

nm thick) is evaporated onto the back surface of the p-Si 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, the Al/p-Si structure is 

briefly annealed at high temperature (at 450ʐC for 5 min) under an inert gas (N2) atmosphere. 

The prepared pentacene solution is dropped onto the surface of a p-Si substrate with an Al 

contact. The substrate is rotated at high speeds (in the range of 2000 rpm) using a spin-coating 

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 thickness is controlled 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 film. High-purity gold metal 

(50 nm thick) is deposited onto the pentacene 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 photodiode 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/Pentacene/p-Si/Al photodiode are typically derived from 

measurements of the I-V characteristics. These values are usually calculated using the current-

voltage equation, which is modeled according to thermionic emission theory of the diode. The 

standard forward bias current equation for semiconductor-organic (or metal-semiconductor) 

Schottky barrier diodes is [4]: 

)  ) ÅØÐ Å6ȾÎË4ρ                                                                                                      (1)     

In this equation, I0 is the reverse saturation current and is given by the formula: 

I0 = A A*T2 exp (-qūb/kT)                                                                                                        (2)  

q is the electron charge, k is the Boltzmann constant, T is the absolute temperature, A is the 

active device area, and A* is the effective Richardson constant. The n indicates the extent to 

which the diode deviates from ideal behavior and indicates the extent to which the charge 

transport mechanism is affected by non-ideal processes such as tunneling, recombination, or 

skin effects. For an ideal diode, n = 1, while in practical diodes, n>1 is usually sufficient. The 

value of n is given by the following equation [5]: 

n = e/kT dV/d(lnI)                                                                                                                     (3) 

The ūb represents the height of the potential barrier at the metal-semiconductor interface and 

directly affects the electrical performance of the diode. To calculate the I0 value from the 

Richardson-Dushman equation, the reverse saturation current is first obtained from the 

intersection of the ln(I) vs. V plot at V=0. The ūb value is given by the following equation:  

Ὡ  ὯὝÌÎὃὃᶻὝȾὍ                                                                                                     (4) 

In this study, the changes in the I0 values and n and ūb parameters obtained from the I-V 

measurements of the Au/Pentacene/p-Si/Al photodiode under light intensity using the above 

formulas were investigated in detail depending on the illumination power.  

The current-versus-voltage (I-V) characteristics of the Au/Pentacene/p-Si/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 forward 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 (down to -2 V), the current is very 

low (between Ḑ10-7 and 10-8 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. In both the forward 

and reverse bias regions, the current increases with light application. This indicates that the 

photodiode detects light and creates electron-hole pairs through photogeneration [6]. Especially 

under reverse bias, the photocurrent (the difference between the light current and the dark 

current) is significant. The photocurrent increases with increasing light intensity. 
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Fig. 1 The I-V plots of Au/Pentacene/p-Si/Al photodiode  

 

Table 1 summarizes the four key electrical parameters of the Au/Pentacene/p-Si/Al photodiode 

structure obtained in the dark and under different light intensities (50 mW/cm2 and 100 mW/cm2): 

I0, n, ūb, and rectification ratio. The changes in these parameters indicate the 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 in addition to thermionic emission, recombination-trapping 

currents at the interface are also effective in the diode's current transport mechanism [7]. The n 

value systematically increased with increasing light intensity (2.45 for 50 mW/cm2 and 3.34 for 

100 mW/cm2). This increase indicates that high light flux leads to more charge trapping and 

recombination, especially at the Pentacene/p-Si interface. The increased trap density and 

recombination move the diode's behavior further away from ideal. The barrier height represents the 

fundamental height of the Schottky barrier. The ūb value was 0.77 eV in the dark and decreased 

with increasing light intensity (0.57 eV below 100 mW/cm2). This decrease in barrier height is a 

typical indicator of a negative photoelectric effect. 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 represents 

Table 1 Electrical parameters of Au/Pentacene/p-Si/Al structure under different light 

intensities 

Light Power 

(mW/cm2) 

Saturation 

Current (A)  

n ūb (eV) Rectification 

ration ( Ñ 2V) 

In Dark  3.17 x 10-8 1.52 0.77 183.0 

50 6.80 x 10-7 2.45 0.69 63.4 

100 1.25 x 10-7 3.34 0.57 27.6 
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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 mW/cm2). This 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 data in the table confirm that the Au/Pentacene/p-Si/Al structure operates as a 

photosensitive and active photodiode [8]. The significant modulation of the electrical parameters 

of the device (especially n and ūb) by light indicates complex photoelectric phenomena such as 

charge trapping and barrier height change occurring at the interface.  

Fig. 2 shows the Iph response of the Au/Pentacene/p-Si/Al photodiode to different light intensities. 

This is a critical graph used to evaluate the fundamental performance of a photodiode. The graph 

shows two different light intensity points, 50 mW/cm2 and 100 mW/cm2, at T=300 K, and the trend 

between these points.  
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Fig. 2 The Iph ï P plots of Au/Pentacene/p-Si/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 mW/cm2 to 100 mW/cm2, 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 net current generation without causing any significant 

loss in carrier generation or collection. The linear increase trend demonstrates that the device has 

high and stable photosensitivity [9]. It is understood that each photocarrier pair (electron-hole) 

generated 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 light intensity makes 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 value [10]. The linear response offers a 

significant advantage for accurately 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 operates. R is calculated by the following formula 

[11]: 

R= Iph/Pinc = IlightīIdark/ AẗIint                                                                                                                                                      (4) 

Fig. 3 shows the relationship between the photosensitivity value of the Au/Pentacene/p-Si/Al 

photodiode and the applied light intensity. 

 

40 50 60 70 80 90 100

Light Intensity (mW/cm2)

4E-005

8E-005

0.00012

0.00016

0.0002

P
h

o
to

se
n

si
v
it

y
 (

A
.c

m
2
/W

)

Au/Pentacene/p-Si/Al Photodiode

T = 300 K

 

Fig. 3 The Rï P plots of Au/Pentacene/p-Si/Al photodiode 

The most striking observation in the graph 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 increase in efficiency. 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 almost four (Ḑ4). 

This suggests that carriers lost at the Pentacene/p-Si 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 higher light flux to 

reach the photodiode's maximum potential. The device will exhibit its best performance and 

sensitivity at higher light levels rather than at lower light levels [12].  

Detectivity is one of the most important performance metrics of a photodetector and indicates how 

well the detector can distinguish signal from noise. 
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The standard formula is [13]:  

 

Fig. 4 shows the relationship between the D* value of an Au/Pentacene/p-Si/Al photodiode and the 

applied light intensity. D* is 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 increases. This dramatic 

increase in D* indicates that the device not only produces more photocurrent (signal), but also that 

the signal-to-noise ratio improves significantly at high light levels. The D* value increases by 

approximately 3.4-fold from 50 mW/cm2 to 100 mW/cm2. This increase is consistent with the 

increase in photosensitivity. This trend confirms that the Au/Pentacene/p-Si/Al photodiode exhibits 

its best performance under high light flux [14]. At low light levels, noise from dark current limits 

the ability to detect signals. At high light levels, the large signal (photocurrent) generated dominates 

the noise, resulting in a higher D* value and an increase in the light-detection efficiency of the 

device [15]. In summary, the graph clearly shows that the Au/Pentacene/p-Si/Al structure is an 

effective photodetector and exhibits excellent signal-to-noise performance under high illumination 

conditions. 
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Fig. 4 The D*ï P plots of Au/Pentacene/p-Si/Al photodiode 

 

 

4. CONCLUSIONS 

ὈὩὨὩὧὸὭὺὭὸώ Ὀᶻ =  
ὖὬέὸέὶὩίὴέὲίὭὺὭὸώ  (Ὑ)

2ήὍὨὥὶὯ
=  

Ὑ

2ήὍ ὨὥὶὯ
                                                                               (5) 
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The Au/Pentacene/p-Si/Al hybrid photodiode structure investigated in this study exhibited the 

potential for a high-performance optoelectronic device by combining the advantages of organic and 

inorganic materials. Experimental findings confirmed the 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 series resistance at the Au/Pentacene/p-Si interface play a significant 

role in device performance. As light intensity increased, n increased and ūb decreased. This 

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 device has high 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 excellent signal-to-noise ratio 

under high illumination conditions and performs competitively with commercial silicon-based 

photodetectors. In conclusion, this Schottky barrier photodiode fabricated using a Pentacene 

organic layer opens a promising avenue for future hybrid optoelectronic devices by combining low-

cost organic semiconductors with high-performance silicon technologies. 
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ABSTRACT 

In this study, an organic-inorganic hybrid photodiode with an Au/PEDOT:PSS/p-Si/Al 

structure was developed and investigated with the aim of producing highly efficient and stable 

photodetectors. Highly conductive PEDOT:PSS (Poly(3,4 ethylenedioxythiophene) 

Polystyrene Sulfonate) was deposited as a thin interlayer on a p-type silicon (p-Si) substrate via 

a solution-based 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:PSS on the 

top surface. The electrical and photoelectric performance of the device was analyzed in detail 

to determine the effects of the PEDOT:PSS interlayer. Dark I-V (Current-Voltage) 

characteristics revealed that the diode exhibited an excellent rectification ratio, and the 

PEDOT:PSS layer significantly reduced the dark current by optimizing the barrier height at the 

interface. The obtained ideality factor (n) and Schottky barrier height (ūb) values indicated that 

the charge transport mechanisms at the Au/PEDOT:PSS/p-Si 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 device exhibited 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 Efficiency (EQE) of the device. The obtained results confirm that PEDOT:PSS plays 

a critical role in enhancing the performance of conventional inorganic semiconductor-based 

devices, and this hybrid structure offers great potential for low-cost, solution-processable, and 

high-performance optoelectronic applications. 

Key Words: Schottky Photodiode, PEDOT:PSS, Hybrid Structure, p-Si, Interlayer, Spectral 

Sensitivity, Organic Semiconductor. 

 

1. INTRODUCTION  

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

due to its stability and well-defined electrical properties. Schottky diodes based on the metal-

semiconductor (MS) interface are an attractive option for high-frequency applications and 

photodetectors thanks to their simple structure and fast response time. However, traditional 

metal-silicon Schottky contacts (e.g., Au/p-Si) can often exhibit suboptimal electrical behavior, 

low barrier height, and high leakage current due to interface defects and pinning of the Fermi 

level [1]. 
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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(3,4-ethylenedioxythiophene):Poly(styrenesulfonate) (PEDOT:PSS) is 

one of the most ideal candidates for this purpose, thanks to its high optical transparency and 

electrical conductivity, which can be increased to Ḑ1000 S/cm with secondary doping methods. 

The incorporation of PEDOT:PSS as an interlayer at the metal-semiconductor 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 interface [2]. 

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

of adding a thin layer of highly conductive PEDOT:PSS to the Au/p-Si structure on the 

electrical transport mechanisms and optical sensing capabilities of the resulting hybrid Schottky 

photodiode. The study aims to determine key electrical parameters such as ideality factor (n), 

barrier height (ūb), and series resistance (Rs) of the fabricated Au/PEDOT:PSS/p-Si hybrid 

Schottky photodiodes by analyzing their dark current-voltage (IīV) characteristics. It also aims 

to characterize the built-in potential (Vbi) and carrier concentration (Na) by using capacitance-

voltage (CīV) measurements. It also aims to reveal critical optical performance indicators such 

as sensitivity (R), detectivity (D*), and quantum efficiency (QE) of the photodiode by using IīV 

and spectral response measurements under illumination. The findings will scientifically 

demonstrate the effectiveness of PEDOT:PSS-based interface engineering in the design of high-

performance hybrid photodetectors and solar cells and will shed light on the development of 

next-generation optoelectronic applications. 

2. MATERIALS AND METHODS  

The fabrication steps of the Au/PEDOT:PSS/p-Si/Al photodiode involve the fundamental 

fabrication processes of semiconductor devices and the special requirements of 

organic/inorganic hybrid structures. The p-type silicon (p-Si) wafer to be used was cleaned 

using special chemical solutions (RCA cleaning) to remove organic and inorganic residues [3]. 

The natural oxide layer on the wafer surface was removed using a hydrofluoric acid (HF)-based 

solution. This is important for good contact between subsequent layers. An aluminum (Al) layer 

was deposited on the back surface of the cleaned p-Si wafer by thermal evaporation. Al is used 

to ensure good ohmic contact with the p-Si. To improve ohmic contact, the Al layer was 

annealed at low temperature (around 450 Cʐ under a N2 inert atmosphere). The commercially 

available PEDOT:PSS solution was mixed with additional additives (DMSO) to increase 

conductivity and improve film quality. The prepared PEDOT:PSS solution was applied as a 

thin film to the front surface of the p-Si wafer, typically by spin coating. The deposition rate 

and time control the film thickness. A mask is used to define the active 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 fabrication, 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 organic-inorganic photodiode structure is based on a heterosurface layer formed 

between (p-Si) and the conducting polymer PEDOT:PSS. I-V curves measured under dark 

conditions and at different light intensities (50 and 100 mW/cm2) were used to analyze its 

electrical and optical performance (Fig. 1). Various electrical parameters were calculated from 

this analysis. The ideality factor defines the forward-biased 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 diodes, especially in 

polymer/semiconductor heterosurfaces, the value of n is generally greater than 1 (n > 1). An n 

value greater than 1 generally indicates that recombination-generation currents or series 

resistance effects dominate. The barrier height is the energy value of the potential barrier 

determined by the device's Au/p-Si Shcottky contact and the p-Si/PEDOT:PSS heterosurface. 

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

conducts current in one direction and blocks it in the reverse direction. The n,ūb, and RR values 

were calculated using the Thermionic Emission Theory equations [4]. These values are given 

in Table 1.  
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Fig. 1 The I-V plots of Au/PEDOT:PSS/p-Si/Al photodiode  

 

Table 1 Electrical parameters of Au/PEDOT:PSS/p-Si/Al structure under different light 

intensities 

Light Power 

(mW/cm2) 

Saturation 

Current (A)  

n ūb (eV) Rectification 

ration ( Ñ 2V) 

In Dark  5.82 x 10-9 1.25 0.87 368.0 

50 2.13 x 10-8 1.86 0.75 284.0 

100 9.36 x 10-8 2.71 0.66 177.0 
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The data in Table 1 clearly show how the electrical parameters of the Au/p-Si/PEDOT:PSS/Al 

photodiode change in the dark and under different light intensities (50 and 100 mW/cm2). These 

changes characterize the behavior of the device both as a diode and a photodetector. According 

to the table, the I0 values show a significant increase as the light intensity increases. This rapid 

increase clearly demonstrates that the device is highly sensitive to light and operates as a 

photodiode. Light increases the formation of electron-hole pairs at the interface of the 

semiconductor (p-Si) and the polymer (PEDOT:PSS), shifting the current-voltage curve 

upwards and causing the calculated I0 value to increase [5]. The ideality factor increases 

significantly as the light intensity increases: The value, which is n = 1.25 in the dark, reaches 

1.86 at 50 mW/cm2 and 2.71 at 100 mW/cm2. The value of n = 1.25 in the dark indicates that, 

in addition to the thermionic emission mechanism of the current in the diode, the effects of 

interfacial recombination currents or series resistance (Rs) are also important. The deviation of 

n from 1 under light can be attributed to the strong effect of high carrier concentrations 

generated by light on Rs 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 increases [6]. The barrier height values 

decrease steadily with increasing light intensity: While ūb = 0.87 eV in the dark, it decreases 

to 0.75 eV at 50 mW/cm2 and 0.66 eV at 100 mW/cm2. This decrease is directly related to the 

photovoltaic effect (photovoltage). The incident light creates a photovoltage (VOC) at the p-

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 reducing the barrier height [7].  

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 = I light ī Idark 

Fig 2 shows the I-V performance of a photodiode with Au/PEDOT:PSS/p-Si/Al structure 

operating at 300ÁC. The basic representation of the graph is that there is an approximately linear 

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 electron-hole pairs. The observed linear response indicates that 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 range [8]. This device 

(Au/PEDOT:PSS/p-Si/Al) exhibits good photosensitivity (light sensitivity) between 50 and 100 

mW/cm2. 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:PSS/p-Si/Al 

structure as a function of light intensity at 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 common causes of this 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 carriers [9]. As light intensity increases, these traps fill. When the traps 

are filled, more free carriers reach the collection 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 super-linear response in this 

range due to photogain or saturation of the traps. This may be an attractive feature, particularly 

for high-light sensing applications. 
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Fig. 2 The I-V performance of a photodiode with Au/PEDOT:PSS/p-Si/Al photodiode 
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Fig. 3 The change in photosensitivity of a hybrid device with an Au/PEDOT:PSS/p-Si/Al  
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Fig 4 shows the change in detectivity of the Au/PEDOT:PSS/p-Si/Al hybrid device as a function 

of light intensity at 300 K. The D* value 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 a faster rate than the noise. This 

increase in D* indicates that the device reaches its highest sensitivity and best signal-to-noise 

ratio at higher light intensity. This result indicates that the device's ability to detect weak signals 

is better at higher light intensities, and that this region is closer to the device's optimal operating 

conditions [10]. The Au/PEDOT:PSS/p-Si/Al device increases its detectability with increasing 

light intensity. This is a positive performance characteristic, indicating that the device operates 

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 

organic-inorganic hybrid photodiode with the Au/PEDOT:PSS/p-Si/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 

I0 and n values increase significantly with increasing light intensity, while ūb decreases. The 

rapid increase in I0 confirms 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 concentrations, the 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 by light partially 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 increase in photosensitivity and D* values with 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 at high light 

intensities and the activation of the photogain mechanism. The concurrent increase in 

detectability indicates that the device has a higher signal-to-noise ratio at high light intensities 

and achieves the most sensitive operating conditions. In conclusion, the Au/PEDOT:PSS/p-

Si/Al hybrid structure stands out as a highly efficient, sensitive, and noise-resistant device 

candidate for photodetection applications, thanks to its increased detectability and 

photosensitivity values under high light intensity. 
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ABSTRACT 

In parallel with today's growing population, the need for energy 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 the degree 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 

products 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, batteries, and 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: 

¶ Thousands of people worldwide lose their lives to electric shock. 

¶ Most electric shock-related deaths and injuries occur during the summer months. 

¶ The rate of electrical accidents in all accidents has been reported to be 1-2%. 

Keywords: Electrical energy, work accidents, electric shock, electricity requirement, population growth 

 

¥ZET 

G¿n¿m¿zde artan n¿fusa parelel olarak enerji ihtiyacē da g¿n ge­tik­e n¿fusla beraber artmakta ve bu 

ihtiyacēn ºnemli bir kēsmēnē ise elektrik enerjisi oluĸturmaktadēr. Tehlikeli iĸ alanlarē i­erisinde yer alan 

https://orcid.org/0000-0000-0000-0000
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elektrikli ­alēĸmalar enerji sektºr¿nde b¿y¿k pay gºstermektedir. Bu sektºrdeki elektrikli ­alēĸmalarda 

iĸ kazalarēnēn olmasē uygulamada yanlēĸlarēn olmasē veya tedbirlerin alēnmamasēnē gºstermektedir. Hali 

hazērda y¿r¿rl¿kteki kanunlar, iĸ saĵlēĵē ve g¿venliĵi konusunda ºnemli olan h¿k¿mleri i­erisinde 

barēndērmaktadēr; fakat sonu­larēn iyi olabilmesi i­in iĸ saĵlēĵē ve g¿venliĵi yasalarēnēn dikkate alēnarak 

tatbik edilme ve uygulanabilme derecesi belli olmalēdēr. Elektrikle ­alēĸan sektºrlerde elektriĵin zararlē 

yºnleri araĸtērēlēp bu yºnde gerekli ºnlemler alēnarak faaliyete ge­irilmiĸtir, gerekli ºnlemler alēnmēĸtēr. 

Elektrik enerjisine baĵlē sistemler, uygulamalar, yapēlar, ara­lar, aletler ve ¿r¿nler artēk hayatēn 

vazge­ilmez birer par­alarēdēr. Bu durumda her ge­en g¿n dijitalleĸmeyle beraber daha da yaygēn hale 

gelmektedir. G¿n¿m¿zde artēk elektrik enerjisinin de taĸēnmaya baĸlandēĵē gºr¿lmektedir. Bu enerjileri 

fabrikalarda, evlerde, bataryalarda uzayda her alanda gºrebiliyoruz. Bu sistemlerde bile artēk g¿venlik 

ºnlemleri ºn plandadēr. Hindistanda 10.000ôin ¿zerinde ºl¿m¿n olduĵu, Amerikada 1.000 kiĸinin 

ºld¿ĵ¿ ve 50.000ôden fazla kiĸinin yaralandēĵē g¿ndemde gºr¿lmektedir. D¿nya Saĵlēk ¥rg¿t¿ raporuna 

gºre: 

¶ D¿nya genelinde binlerce kiĸi elektrik ­arpmasēyla hayatēnē kaybetmektedir. 

¶ Elektrik ­arpmalarēna baĵlē ºl¿mlerin ve yaralanmalarēnēn ­oĵusu yaz mevsiminde 
olmaktadēr. 

¶ T¿m kazalar i­erisinde elektrik kaza oranēnēn %1-2 olduĵu raporlanmēĸtēr. 

Anahtar Kelimeler:  Elektrik enerjisi, iĸ kazalarē, elektrik ­arpmasē, elektrik ihtiyacē, n¿fus artēĸē 

 

INTRODUCTION  

With the continuous advancement and proliferation of technology, mechanization and industrialization, 

both in our country and globally, have led to numerous 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 development of each 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 workplace accidents 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 to become energized [1]. These dangerous voltages, called step 

voltages or touch voltages, pose a life-threatening risk to both operating personnel and anyone who 

comes into contact with the electrical installations in question. Grounding is a crucial precaution against 

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 who will come 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 safety of living beings 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, including protective 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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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, the leakage current is safely conducted to earth via 

this grounding connection. This prevents anyone touching the device from receiving an electric shock. 

 

Figure 2. Grounded socket example [3] 

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

in electrical installations, particularly on power transmission and distribution lines. Its primary purpose 

is to de-energize the line being worked on, short-circuiting it both internally and to ground. This protects 

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 circuit to ground. Facility grounding prevents two-phase 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 power 

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 grounding. The 

figure shows the term "Operational Grounding" and its symbol (Ro) below this connection. 

 

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 connected to ground 

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 non-live conductive section 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 purpose 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. 

 

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 intended function. 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 surge 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). 

 

Figure 6. Functional grounding example [6] 

Purpose of Grounding 

The purposes of grounding are given below: 

¶ To ensure life safety. 

¶ To transmit leakage currents arising from electricity to the ground. 

¶ To maintain voltage balance in the electrical system. 

¶ 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 and non-fatal, occur due to 

negligence in electrical 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. Precautions to be 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 accidents 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. 

¶ Electric shock to the head and arm. 

Security Precautions 

The security precautions are explained as follows: 

¶ 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 should be taken in humid environments and the risk of contact with water 

should be reduced. 

¶ Attention should be paid to the cables and insulation materials to be used. 
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¶ During the grounding process, conductive parts should not be touched with bare hands and special 

grounding equipment should be used [9]. 

When working in high-voltage 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 double-sided safety 

against both falls and electric shock. The parachute-style safety belt is shown in Figure 7. 

 

Figure 7. The parachute-style safety belt [10] 

Insulating gloves are protective gloves made of special, non-conductive materials used to protect people 

working with electricity against electric shock. They are typically used when working in high-voltage 

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, electrical 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 prevent occupational 

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 the risk 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 measures but also personnel 

awareness and training are of paramount importance. Serious health problems that could arise in the 

event of an electrical accident, such as: 

¶ Heart attack 

¶ Respiratory failure 

¶ Electrical burns 

Providing first aid training to personnel working 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, personnel training and compliance 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 and control 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 automatically 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 can be remotely 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 

operators 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 advanced reporting capabilities also contribute to 

decision-support 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, SCADA 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 

 

¥ZET 

Elektrik ĸebekeleri, ¿retim, iletim ve daĵētēm gibi birbirine baĵlē bir­ok aĸamadan oluĸan karmaĸēk 

sistemlerdir. Bu sistemlerin verimli, g¿venli ve s¿rd¿r¿lebilir ĸekilde ­alēĸabilmesi i­in geliĸmiĸ izleme 

ve kontrol altyapēlarēna ihtiya­ duyulmaktadēr. Bu noktada SCADA (Supervisory Control and Data 

Acquisition) sistemleri devreye girmektedir. SCADA sistemleri; uzaktan veri toplama, analiz etme, 
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kontrol sinyali gºnderme ve izleme iĸlemlerini otomatik olarak ger­ekleĸtirebilen teknolojik 

altyapēlardēr. Bu sistemler sayesinde elektrik ĸebekesindeki trafo merkezleri, kesiciler, daĵētēm hatlarē 

ve diĵer kontrol noktalarē uzaktan izlenebilir ve gerektiĵinde m¿dahale edilebilir h©le gelmiĸtir. SCADA 

sistemlerinin en ºnemli katkēlarēndan biri, arēza tespit ve m¿dahale s¿resini ciddi ºl­¿de azaltmasēdēr. 

Sistem, anlēk veri iletimi sayesinde sahadaki olumsuz durumlarē operatºrlere anēnda bildirir. Bºylece 

olasē enerji kesintileri minimuma indirilirken, insan m¿dahalesine duyulan ihtiya­ ta azalēr. Aynē 

zamanda SCADA, enerji t¿ketim verilerini kaydederek analiz imk©nē sunar; bu sayede enerji verimliliĵi 

artērēlabilir, kayēplar azaltēlabilir. Geliĸmiĸ raporlama ºzellikleriyle karar destek s¿re­lerine de katkē 

saĵlar. Sonu­ olarak SCADA sistemleri, elektrik ĸebekelerinde verimliliĵi ve hizmet kalitesini 

artērmakla kalmayēp, sistemin g¿venliĵini ve s¿rekliliĵini de saĵlamaktadēr. Geliĸen enerji 

altyapēlarēnda SCADA, akēllē ĸebeke sistemlerinin temel bileĸeni h©line gelmiĸ ve enerji yºnetiminde 

vazge­ilmez bir ara­ olmuĸtur. 

Anahtar Kelim e: SCADA, elektrik ĸebekesi, otomasyon, enerji izleme, arēza yºnetimi, uzaktan kontrol, 

enerji verimliliĵi, dijitalleĸme 

 

INTRODUCTION  

The supply of uninterrupted, high-quality, and affordable energy, as well as the optimization of energy 

consumption, form the 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 of efficient energy consumption. 

Figure 1 shows Turkey's demand projection for the period 2017-2037, 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 production efficiency 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, noise, and EMI, 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 scenario. This 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 automation systems established 

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 systematically examining 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 field intervene in 

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. 

 

Figure 1. Turkey's electricity demand projection [1] 

RESEARCH AND RESULTS 
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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 Terminal Unit) and 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 will 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 constantly being developed to meet these 

needs. SCADA System Structure: We can also briefly define a SCADA system as a long-distance 

operation. Long-distance means that the location of the control and the location being controlled are too 

far to communicate with a direct connection 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/closed) 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, preventing unauthorized use. 

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

circuits) [2]. 

 

Figure 2. Structure of a SCADA system in a distribution network [2] 

The hierarchy of a SCADA system is presented in Figure 3 [3]. This 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) 

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

SCADA systems exhibit open-loop control characteristics and generally function in long-distance 

communication. They have also been used in closed-loop control and short-distance communication. 

Figure 4 shows a typical SCADA system. Traditional SCADA systems are similar to Distributed 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 a high-speed 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 RTUs, transferring these 

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 Human-Machine Interface (HMI), which we call the 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]. 

 

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 inputs, analog 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. 

 

Figure 5. The structure of RTU [5, 6] 

The Role of SCADA in Electrical Grids 

1. Remote Monitoring, Data Collection and Analysis 

SCADA collects real-time 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 allows centralized 

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 operations. 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, dangers 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 balancing 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 remote monitoring and enables planned 

interventions. Additionally, system data is logged for future analysisðsupporting planning and 

improvement efforts [7]. 

Contributions of SCADA to the Electrical Grid 

The contributions of SCADA to the electrical grid are presented as follows [7]: 

¶ Provides uninterrupted energy supply. 

¶ Reduces human error. 

¶ Provides rapid troubleshooting. 

¶ Increases energy efficiency and cost-effectiveness. 

¶ Balances load distribution and maintains energy quality. 

Components of the SCADA System 

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

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

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

¶ Main control center and software: Processes data and provides the operator interface. 

¶ 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 infrastructure. SCADA technology is constantly 

evolving for renewable energy integration, grid flexibility, and consumer-centric energy management. 

SCADA systems are indispensable in electrical grids, both operationally and economically [9]. The role 

of SCADA systems in modern 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, enabling real-time monitoring 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 central system. 

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 consumption and quality parameters and suggest strategies to increase 

efficiency. Renewable energy sources (RES) and grid systems are monitored and managed by SCADA. 

Security and Cyber Risks 

The internet-connected operation of SCADA systems creates vulnerability to cyberattacks. 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 become more critical than 

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 monitoring, control, and data collection across all processes, 

from generation to transmission and distribution. SCADA systems allow real-time monitoring 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. Real-time data collection enables not only fault management 

but also important objectives such as load balancing, reducing 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 and 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 concept, SCADA contributes to making 

future energy infrastructures more flexible, interactive, and user-centric. However, the proliferation of 

SCADA systems and their integration with increasingly complex networks also introduces cybersecurity 

risks. Because potential cyberattacks on critical energy infrastructures can lead to widespread power 

outages and economic losses, advanced security protocols, encryption techniques, and multi-layered 

defense strategies must be implemented in SCADA systems. Consequently, SCADA systems 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 and outages. 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 a four-wheel-drive (4x4) 

electric all-terrain vehicle (ATV) capable of operating under challenging off-road conditions 

with high maneuverability. Four individually controlled brushless direct current (BLDC) hub 

motors were used as wheels, and their speeds were regulated in closed-loop mode using 

feedback from Hall sensors. The vehicleôs steering control was achieved through proportionalï

integralïderivative (PID) algorithms based on analog signals from a potentiometer-based 

throttle. The control system was developed using the STM32F407 microcontroller (MCU), 

which also generated the pulse-width modulation (PWM) signals for the motors. Two Bosch 

BNO055 inertial measurement unit (IMU) sensors were employed for slope and orientation 

detection, enabling differential angle calculations. The data obtained from these sensors were 

integrated into speed balancing algorithms to enhance driving stability. The system incorporates 

multiple subsystems, including analog sensor data acquisition, multi-motor drive, PID-based 

speed control, and real-time slope estimation. The 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 (ATVs) are 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 operation of such vehicles in rough terrains presents 

significant engineering challenges, including independent control of all four wheels, real-time 

stabilization, and energy-efficient operation [1]. Brushless DC (BLDC) hub motors, known for their 
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high torque density and 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 system integration, 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, 

communication delays among heterogeneous electronic control units (ECUs), such as STM32 and 

ESP32, can hinder real-time control performance. Energy efficiency also remains a concern, 

particularly in hybrid batteryïsupercapacitor systems, where efficient power transfer during 

regenerative braking is still an unresolved issue [4]. 

To address these challenges, this study proposes independent PID-based control for each of the four 

48 V/1000 W BLDC hub motors, with individually optimized PID parameters (K  = 100, K  = 0.5, Kd 

= 500), enabling microsecond-level synchronization [3]. Real-time 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 Android (user interface) modules [5]. Sensor 

fusion is applied by integrating slope and orientation data from dual BNO055 IMUs with wheel speed 

feedback from Hall sensors, enhancing closed-loop PID performance and overall vehicle stability [6]. 

The methodological foundation of this work leverages the proven advantages of PID controllers, which 

have demonstrated 32% lower overshoot compared to PI and fuzzy logic controllers [3] and aligns 

with distributed Electrical and Electronic (E/E) architecture principles [1]. Additionally, mechanical 

efficiency improvements were guided by axial-flux 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 motor drivers using IRLZ44N MOSFETs, the Results section 

presents torqueïspeedïslope performance tests conducted on muddy and sandy terrains, and the 

Discussion section evaluates the industrial applicability of the proposed system. 

In this study, the developed control system was implemented on a four-wheel-drive 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 stability, energy efficiency, and 

responsiveness. The results indicate that precise multi-motor control, real-time stabilization, and 

adaptability to challenging off-road environments were achieved, demonstrating the potential 

applicability of the proposed system in next-generation electric mobility solutions. 

2. MATERIAL AND METHODS  

The aim of this study is to design and implement an embedded system for a four-wheel-drive electric 

ground vehicle that enables real-time speed control, battery monitoring, and data transmission to a user 

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 components: a control 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 

Discovery 

Executes PID control algorithm, PWM signal generation, and 

MOSFET switching 

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

KLS7212N Motor Driver Controls 48V 1000W hub motors 

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

4x Hub Motor (48V, 

1000W) 

Drive system 

Rotary Encoder Detects handlebar rotation angle (used as input to the system) 

2x Hall Sensºr Measures wheel RPM (connected to ESP32) 

Potentiometer Input device for driver's throttle command 

BMS module Provides battery voltage, current, SOC, and fault information 

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 interrupt routines for the 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 rotation. These 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 (SOC), and fault codes 

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 commands with the 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 rotation direction. 

Finally, the processed data is sent to the Android tablet via USART2 for real-time monitoring. Four 

separate data packets are prepared using a function and transmitted sequentially through a call back 

function, ensuring that the operator receives 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 mechanisms on the ESP32 

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 

interrupt-driven, while the main loop handles data processing. Data 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 every 200ï400 ms, using a four-packet transmission 

cycle to provide continuous 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 ground vehicle platform integrated 

with real-time data monitoring and communication infrastructure, controlling four 1000 W 48 V hub 

motors. The PID-based motor control algorithm implemented on the STM32F407 Discovery 

microcontroller processed the throttle input from the potentiometer 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 drivers through IRLZ44N 

MOSFETs 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 both the steering 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 passed and sent to STM32, which then processed and transmitted the 

information as structured data packets to a Bluetooth-connected 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 battery-related 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 and in synchronization, as originally designed. 

4. CONCLUSION 

In this study, the motor control and condition monitoring system of a four-wheel-drive electric ground 

vehicle was successfully designed and implemented. At the core of the system, the STM32F407 

microcontroller effectively managed both the PWM-based control of motor drivers and the 

synchronized data communication with the ESP32 microcontroller and the BMS. 

The ESP32 module measured motor rotational speed via Hall sensors and the vehicleôs steering angle 

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 transmitted in real time to an Android-based 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 findings demonstrate that the developed system provides a functional and expandable 

foundation for similar electric vehicle platforms. 
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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 generated during 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 and 

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 software algorithms 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 optimized, circuit 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 by offering a low-cost 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 developing 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 biggest disadvantages 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 is to increase 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 motor speed 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 three-phase 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 the motor are disconnected from the driver with 

relays and connected to a three-phase 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. In another study, Krkljeġ et al. The control of the BLDC driver was developed [3]. In this 

project, a sensor-based control method was used for BLDC control. The team chose ATMega16 as the 

microcontroller. Their design covered a wide input voltage range from 12 V to 24 V, current limits 

from 2.5 A to 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 converter is 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, the low-side MOSFET is switched, short-circuiting 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 complex control algorithms. A variable switching regenerative braking 

technique for two-wheeler 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 boost converter were 

described. Salah et al. developed a drive system to improve the output characteristics of BLDC motors 

[6]. In this project, they used a low-cost drive topology developed for three-phase operation. A six-step 

PWM switching algorithm improved speed and torque 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 

lead-acid batteries [8]. Tabak's study also examined the application of regenerative braking to an 

electric scooter. Those real-world driving tests showed that regenerative braking could increase range 

by 18.24% for lead-acid batteries and 25.36% for lithium-ion batteries. 

This proposed study aims to increase energy efficiency 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's high-end, high-
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cost microcontrollers 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 Cortex-M3 processor, 72 MHz speed capability, and specialized features for motor drive 

operations, offers a cost-effective 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 instead of pre-built integrated circuits for current and voltage measurements, chip 

dependency is reduced, thus reducing costs and simplifying production. This system achieves an 

efficient and cost-effective structure. 

2. MATERIAL AND METHODS  

The rotor of a BLDC motor 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 motor to operate 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 operated using a sensor-based 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 are generally preferred 

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. Based on the motor's position, the microcontroller drives the 

MOSFETs 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 achieved with 

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 motor is stationary 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. 

 

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 high-side or low-side, 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 H-bridge circuit is used. Similar to the basic H-bridge drive method, the motor is connected 

between two half-bridge circuits using four switching elements. The direction of the motor is controlled 

by controlling the current direction based on the on-off state 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 six-switching inverter topology allows the drive of structures such as three-phase motors or 

transformers with a DC source. Using high-side and low-side switching elements on each of the three 

phases, the inverter controls the direction of currents in the phases through commutation and their 

magnitudes through PWM or SPWM. This ensures precise motor operation and energy efficiency. A 

buck converter is a DC-DC voltage reducer. It provides high-efficiency and low-cost voltage reduction 

when there is a large difference between the supply voltage and the desired voltage level. Moreover, a 

boost converter is a DC-DC voltage amplifier. It provides high efficiency and low cost voltage 

boosting. 

The STM32F103C8 microcontroller is a 32-bit processor with a high-speed ARM Cortex-M3 

processor. It can operate at frequencies as high as 72 MHz. This microcontroller is specialized for 

driving a four-channel, 16-bit TIMER1 motor and includes features such as a dead timer and an 

emergency stop. Furthermore, four PWM signals can be controlled simultaneously with a single timer. 

The 12-bit analog-to-digital converter (ADC) reading resolution enables high-precision analog data 

reading. The number of GPIO pins, flash memory capacity, and SRAM capacity are sufficient for our 

project. Furthermore, this microcontroller supports the CAN 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 rectified during braking 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 battery via DC-DC converters. 

To charge a battery with a converter, the motor's phases are connected to a high-power 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, transferring the energy 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 

battery's 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 low-cost and efficient regenerative braking system for BLDC motors 

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 voltage, current, and Hall sensor signals obtained during the test clearly 

demonstrated that the system operated as expected. The trapezoidal phase voltage progression with a 

120Á phase difference confirmed the accuracy of the motor drive algorithm, while single-phase current 

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 system largely 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 

solution, 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 wave shifted by 

120Á phase difference. 
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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 the motor position with the Hall sensors allows the motor speed to be 

calculated. The sensors' square-wave 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 position by 120Á. 

 

Figure 4. The output signals of three Hall sensors 

4. CONCLUSION 

Within the scope of this project, a low-cost, modular, and expandable system capable of regenerative 

braking for an electric bicycle 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 improving energy efficiency 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. Furthermore, 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 professional 

structure. Furthermore, the integration of more advanced drive techniques such as Field Oriented 

Control (FOC) is targeted through hardware add-ons that can precisely measure phase currents. These 

improvements will further enhance both the system's control accuracy and energy efficiency, making 

it suitable for integration with more advanced projects and real-world applications. 
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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 and ̈́Ṓ‏. The smallest subsemigroup of ‏ containing  ̈́  is called the 

semigroup generated by ̈́, denoted by ‏ ἂ̈́ἃ. Accordingly, the set ̈́  is referred to as the set 

of generators of . In particular, if ̈́ ήȟήȟȢȢȢȟή Ṓ‏ with ή ή ȢȢȢ ή, then ‏

ἂήȟήȟȢȢȢȟήἃ and ‏ is said to be finitely generated. Moreover, if there exists no proper subset 

of  ̈́that still generates ‏, then ̈́ ήȟήȟȢȢȢȟή is called the minimal generating system of 

 .‏

Let  and  stand for the sets of nonnegative integers and integers, respectively.  ̈́subset ‏Ṓ

 is said to constitute a numerical semigroup whenever it meets the following structural 

properties: 

i.πɴ  ȟ‏

ii.ή ήᶰ‏ȟὪέὶὥὰὰήȟήᶰ‏ȟ 

iii.  The complement ͵‏ is finite (equivalently, ὫὧὨ‏ ρ).  

(See [6,7] for further details.) 

For a numerical semigroup ‏, we define several important numerical invariants:  

The Frobenius number Ὂ‏ άὥὼὧɴ ᴚȡὧɵ  ;‏

mailto:alakusmehmetsait@gmail.com
mailto:sedati@dicle.edu.tr
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The multiplicity ά‏ άὭὲὧɴ ȡὧ‏ π; 

The determine number ὲ‏ ὅὥὶὨπȟρȟςȟȢȢȢȟὊ‏  .( [1])  ‏᷊

If‏ ἂήȟήȟȢȢȢȟήἃ is a numerical semigroup then‏ ἂήȟήȟȢȢȢȟήἃ ”

πȟ”
ȟ
ȟ”ȟȢȢȢȟ” ȟ” Ὂ‏ ρȟOȢȢȢ where ” ” ȟὲ ὲὛȢ Here, the arrow 

indicates that all integers greater than Ὂ‏ ρ belongs to ‏. The integer ὅ‏ Ὂ‏ ρ is 

called the conductor of ‏. If ‏ ἂήȟήȟȢȢȢȟήἃ, The parameter Ὡ‏ Ὧ is known as the 

embedding dimension of the numerical semigroup ‏. It is a well-known fact that the embedding 

dimension does not exceed the multiplicity, i.e., Ὡ‏ ά‏. When this bound is attained, ‏ 

is said to have a maximal embedding dimension (MED)  ([4,5]).  

A numerical semigroup ‏ with Frobenius number Ὂ‏
 
is said to be symmetric if Ὂ‏ Ὠᶰ

‏
 
for every ᶅὨᶰᴚ͵‏. It is well known that every numerical semigroup of the form ‏ ἂὨȟὨἃ 

is symmetric. 

Moreover, ‏ is said to be pseudo-symmetric if Ὂ‏
 
is even and there exists exactly one integer 

Ὠ Ὂ‏Ⱦς such that Ὠᶱ‏ and Ὂ‏ Ὠᶱ‏ (For details [2,7,8]). 

The integers in ͵‏ are called the gaps of ‏, and the set of all such gaps is denoted by Ὄ‏

ὨᶰᴓȡὨᶱ‏. The number Ὃ‏ ὅὥὶὨὌ‏  is called the genus of ‏. It is known that 

Ὂ‏ ρ ὲ‏ Ὃ‏ (For details [1,3,7]). 

Let ‏ ” πȟ”
ȟ
ȟ”ȟȢȢȢȟ” ȟ” Ὂ‏ ρȟOȢȢȢ be a numerical semigroup where Ὂ‏ 

and ὲ‏ denote its Frobenius number and determine number, respectively. For π Ὦ

ὲ‏ ὲ, define the following subsets: 

 

‏  Ὠᶰ‏ȡὨ ” , 

Ὦ‏  ὨᶰᴓȡὨ  .‏Ṓ‏

 

Then, we obtain the following chain of inclusions: 

 

‏Ṓ‏  ṒȢȢȢṒ‏Ṓ‏Ṓ‏ρṒȢȢȢṒ‏ὲ ρṒ‏ὲ . 

 

For ρ Ὦ ὲ‏, let † ‏† Π‏Ὦ͵ Ὦ‏ ρ , and consider the set †ȟ†ȟȢȢȢȟ† , 

known as the type sequence of ‏. Here, † ‏ ‏† but in general ,‏† Ὦ‏† . For ς

ὶ ὲ‏, we have † † ρ. It is well established that the type sequences of symmetric and 

pseudo-symmetric numerical semigroups are, respectively, {1, 1, é, 1} and {2, 1, 1, é, 1} 

(see [5] for details). 

 

In recent years, 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 combinatorial properties of 

additive sets. Numerical semigroups provide a natural framework for understanding additive 

closure under specific constraints, and many of their invariants ð including the Frobenius 

number, the genus, and the type sequence ð offer insights into the structural complexity of 

these algebraic objects. Moreover, symmetric and pseudo-symmetric semigroups play an 

important role in algebraic geometry, particularly in the analysis of Weierstrass semigroups and 

curve singularities. Consequently, a deeper examination 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 2.1 Suppose that ‏ is a numerical semigroup characterized by the property ὲ‏ υȢ 

The positive numbers sequence †ȟ†ȟ†ȟ†ȟ†  is a type sequence of the numerical semigroup 
                             

‏ πȟ† ρȟ† † σȟ† † † σȟ† † † † τȟ† † † †

† υO ȢȢȢ
 
if and only if † † φȟ† σȟ† σȟ† † ρȟ†

 
is an odd number. 

 

Teorem 2.2 Suppose that ‏ is a numerical semigroup characterized by the property ὲ‏ υȢ 

The positive numbers sequence †ȟ†ȟ†ȟ†ȟ†  is a type sequence of the numerical semigroup 
                             

‏ πȟ† σȟ† † τȟ† † † σȟ† † † † τȟ† † † †

† υO ȢȢȢ
 
if and only if † † ςȟ† † ρȟ† σȟ†

 
is an odd number. 

 

Teorem 2.3 Suppose that ‏ is a numerical semigroup characterized by the property ὲ‏ υȢ 

The positive numbers sequence †ȟ†ȟ†ȟ†ȟ†  is a type sequence of the numerical semigroup 
                             

‏ πȟ† σȟ† † σȟ† † † σȟ† † † † τȟ† † † †

† υO ȢȢȢ
 
if and only if † † σȟ† † ρȟ† υȟ†

 
is an odd number. 

 

Teorem 2.4 Suppose that ‏ is a numerical semigroup characterized by the property ὲ‏ υȢ 

The positive numbers sequence †ȟ†ȟ†ȟ†ȟ†  is a type sequence of the numerical semigroup 
                             

‏ πȟ† ρȟ† † τȟ† † † σȟ† † † † τȟ† † † †

† υO ȢȢȢ
 
if and only if † † ςȟ† † ρȟ† υȟ† is an odd number. 

Teorem 2.5. Consider the numerical semigroup, 

‏ πȟ† ρȟ† † σȟ† † † σȟ† † † † τȟ† † † †

† υO ȢȢȢ,  

for which the determine number is given by ὲ‏ υ in Theorem 2.1. Then we have 

a) Ὂ‏ ς† σ 
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b) Ὃ‏ ς† ρ 

Proof. Consider the numerical semigroup 

‏ πȟ† ρȟ† † σȟ† † † σȟ† † † † τȟ† † † †

† υO ȢȢȢ, for which the determine number is given by ὲ‏ υ in Theorem 2.1. In this 

case, the type sequence†ȟ†ȟ†ȟ†ȟ†  of ‏ hold the conditions † † φȟ† σȟ†

σȟ† † ρȟ†
 
is an odd number. 

Given that Ὂ‏ † † † † † τ and Ὂ‏ ρ ὲ‏ Ὃ‏, it follows that 

Ὃ‏ † † † † † τ ρ υ 

† † † † † 

† † φ σ ρ ρ† † φȟ† σȟ† † ρȟ† σ 

ς† ρ  

Here, it is clear that Ὃ‏ ς† ρ
 
from the definition of Ὃ‏. On the other hand, we obtain 

╕♯ Ⱳ Ⱳ
 
since Ὂ‏ ὲ‏ Ὃ‏ ρ. 

 

Teorem 2.6. Consider the numerical semigroup 

‏ πȟ† σȟ† † τȟ† † † σȟ† † † † τȟ† † † †

† υO ȢȢȢ,  

for which the determine number is given by ὲ‏ υ in Theorem 2.2. Then we have 

c) Ὂ‏ † ρπ 

d) Ὃ‏ † φ 

Teorem 2.7. Consider the numerical semigroup 

‏ πȟ† σȟ† † σȟ† † † σȟ† † † † τȟ† † † †

† υO ȢȢȢ,  

for which the determine number is given by ὲ‏ υ in Theorem 2.3. Then we have 

e) Ὂ‏ † ρς 

f) Ὃ‏ † ψ 

Teorem 2.8. Consider the numerical semigroup 

‏ πȟ† ρȟ† † τȟ† † † σȟ† † † † τȟ† † † †

† υO ȢȢȢ,  

for which the determine number is given by ὲ‏ υ in Theorem 2.4. Then we have 

g) Ὂ‏ † ρπ 

h) Ὃ‏ † φ 

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 substitute † σȟ†

† ςȟ† † ρ into the numerical semigroup ‏, we obtain ‏ πȟφȟωȟρπȟρςȟρτȟOȢȢȢ

ἂφȟωȟρπȟρτȟρχἃ. For this numerical semigroup, the Frobenius number is calculated as Ὂ‏

† ρπ σ ρπ ρσ and the genus as Ὃ‏ † φ σ φ ω. 

In this case, the numerical semigroup ‏ possesses an embedding dimension Ὡ‏ υ and a 

multiplicity ά‏ φ. Since Ὡ‏ ά‏ȟ‏ fails to achieve the maximal embedding 

dimension (MED). 

 

Note: This study constitutes a part of M. Sait Alakuĸ's PhD Thesis at Dicle University, Institute 

of Science, Department of Mathematics. 
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ABSTRACT 

 

In this paper, we investigate the structural properties of numerical 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 not only 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 the combinatorial 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 and ̈́Ṓ‏. The smallest subsemigroup of ‏ containing   ̈́is called the 

semigroup generated by ̈́, denoted by ‏ ἂ̈́ἃ. Accordingly, the set ̈́ is referred to as the set 

of generators of . In particular, if ̈́ ήȟήȟȢȢȢȟή Ṓ‏ with ή ή ȢȢȢ ή, then ‏

ἂήȟήȟȢȢȢȟήἃ and ‏ is said to be finitely generated. Moreover, if there exists no proper subset 

of  ̈́that still generates ‏, then ̈́ ήȟήȟȢȢȢȟή is called the minimal generating system of 

 .‏

Let  and  stand for the sets of nonnegative integers and integers, respectively.  ̈́subset ‏Ṓ

 is said to constitute a numerical semigroup whenever it meets the following structural 

properties: 

iv.πɴ  ȟ‏

v.ή ήᶰ‏ȟὪέὶὥὰὰήȟήᶰ‏ȟ 

vi. The complement ͵‏ is finite (equivalently, ὫὧὨ‏ ρ).  

(See [6,7] for further details.) 

mailto:alakusmehmetsait@gmail.com
mailto:sedati@dicle.edu.tr
https://orcid.org/0000-0002-6608-8848
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For a numerical semigroup ‏, we define several important numerical invariants:  

The Frobenius number Ὂ‏ άὥὼὧɴ ᴚȡὧɵ  ;‏

The multiplicity ά‏ άὭὲὧɴ ȡὧ‏ π; 

The determine number ὲ‏ ὅὥὶὨπȟρȟςȟȢȢȢȟὊ‏  .( [1])  ‏᷊

If‏ ἂήȟήȟȢȢȢȟήἃ is a numerical semigroup then‏ ἂήȟήȟȢȢȢȟήἃ ”

πȟ”
ȟ
ȟ”ȟȢȢȢȟ” ȟ” Ὂ‏ ρȟOȢȢȢ where ” ” ȟὲ ὲὛȢ Here, the arrow 

indicates that all integers greater than Ὂ‏ ρ belongs to ‏. The integer ὅ‏ Ὂ‏ ρ is 

called the conductor of ‏. If ‏ ἂήȟήȟȢȢȢȟήἃ, The parameter Ὡ‏ Ὧ is known as the 

embedding dimension of the numerical semigroup ‏. It is a well-known fact that the embedding 

dimension does not exceed the multiplicity, i.e., Ὡ‏ ά‏. When this bound is attained, ‏ 

is said to have a maximal embedding dimension (MED)  ([4,5]).  

A numerical semigroup ‏ with Frobenius number Ὂ‏
 
is said to be symmetric if Ὂ‏ Ὠᶰ

‏
 
for every ᶅὨᶰᴚ͵‏. It is well known that every numerical semigroup of the form ‏ ἂὨȟὨἃ 

is symmetric. 

Moreover, ‏ is said to be pseudo-symmetric if Ὂ‏
 
is even and there exists exactly one integer 

Ὠ Ὂ‏Ⱦς such that Ὠᶱ‏ and Ὂ‏ Ὠᶱ‏ (For details [2,7,8]). 

The integers in ͵‏ are called the gaps of ‏, and the set of all such gaps is denoted by Ὄ‏

ὨᶰᴓȡὨᶱ‏. The number Ὃ‏ ὅὥὶὨὌ‏  is called the genus of ‏. It is known that 

Ὂ‏ ρ ὲ‏ Ὃ‏ (For details [1,3,7]). 

Let ‏ ” πȟ”
ȟ
ȟ”ȟȢȢȢȟ” ȟ” Ὂ‏ ρȟOȢȢȢ be a numerical semigroup where Ὂ‏ 

and ὲ‏ denote its Frobenius number and determine number, respectively. For π Ὦ

ὲ‏ ὲ, define the following subsets: 

 

‏  Ὠᶰ‏ȡὨ ” , 

Ὦ‏  ὨᶰᴓȡὨ  .‏Ṓ‏

 

Then, we obtain the following chain of inclusions: 

 

‏Ṓ‏  ṒȢȢȢṒ‏Ṓ‏Ṓ‏ρṒȢȢȢṒ‏ὲ ρṒ‏ὲ . 

 

For ρ Ὦ ὲ‏, let † ‏† Π‏Ὦ͵ Ὦ‏ ρ , and consider the set †ȟ†ȟȢȢȢȟ† , 

known as the type sequence of ‏. Here, † ‏ ‏† but in general ,‏† Ὦ‏† . For ς

ὶ ὲ‏, we have † † ρ. 

 

It is well established that the type sequences of symmetric and pseudo-symmetric numerical 

semigroups are, respectively, {1, 1, é, 1} and {2, 1, 1, é, 1} (see [5] for details). 
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In contemporary research, numerical semigroups have garnered considerable interest owing to 

their profound connections 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 

under prescribed constraints, and their fundamental invariantsðsuch as the Frobenius number, 

genus, and type sequenceðprovide valuable insights into the underlying structural intricacies 

of these algebraic entities. Furthermore, symmetric and pseudo-symmetric semigroups 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 understanding 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 2.1 Let ‏ be a numerical semigroup and † ‏† be its type sequence, forρ

Ὥ ὲ‏ such that ‏ ” πȟ”ȟ”ȟȢȢȢȟ” ȟ” Ὂ‏ ρȟOȢȢȢ ᴓὊ Ὂ‏ 

and ὲ ὲ‏. Then, 

 

 

(b) †
” ” ᵾ ” ” Ὂ ”
” ” ρᵾ ” ” Ὂ ”

.

 

 

Teorem 2.2 Suppose that ‏ is a numerical semigroup characterized by the property ὲ‏ υȢ 

The positive numbers sequence †ȟ†ȟ†ȟ†ȟ†  is a type sequence of the numerical semigroup 
                             

‏ πȟ† σȟ† † τȟ† † † σȟ† † † † τȟ† † † †

† υO ȢȢȢ
 
if and only if † † ςȟ† † ρȟ† σȟ†

 
is an odd number. 

 

Proof. Consider the sequence †ȟ†ȟ†ȟ†ȟ† as the type sequence associated with a numerical 

semigroup ‏ πȟ”ȟ”ȟ”ȟ”ȟ”ȟOȢȢȢ. Suppose that ‏ satisfies ὲ‏ υand that the first 

element † of the type sequence is an odd integer with † † ςȟ† † ρȟ† σ. 

In this context, 

Ὂ‏ † † † † † τ 

” Ὂ‏ ρ † † † † † υ 

” Ὂ‏ † † † † † † τ † † † † † τ 

 

† ” ” ρᵾ ” ” Ὂ‏ ” 

(a) † Ὂ ” ” ” ρ, 
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” ” † ρ † † † σᵾ † † † τ Ὂ‏ ” † 

 

” ” † ρ † † ςᵾ † † σ Ὂ‏ ” † † 

ὥὲὨ 

” ” † ρ † ρᵾ † ς Ὂ‏ ” † † † ςȢ

 
As a result of this construction, the numerical semigroup ‏ πȟ† σȟ† † τȟ† †

† σȟ† † † † τȟ† † † † † υO ȢȢȢ is derived.
  

 

Conversely, consider the numerical semigroup ‏ πȟ† σȟ† † τȟ† † †

σȟ† † † † τȟ† † † † † υO ȢȢȢ, where the expression 

†ȟ†ȟ†ȟ†ȟ†  refers to the ordered collection of generators that are positive integers. 

i.If ” ” and ” ” σᵼ† † τ † σ σᵼ† ς . In this case, ” ” 

and ” ” σ. 

ii. If ” ” and ” ” τᵼ† † † σ † σ τᵼ† † τᵼς †

τᵼ† ς . In such a case, ” ” and ” ” τ. 

iii.On the other hand, ” ” ς  and from here we find † † † † τ

† † † σ ςᵼ† ρȢ Finally,  ” ” ςand  from here we obtain 

† † † † † υ † † † † τ ςᵼ† ρȢ       

The demonstrations of the subsequent theorems can be derived through arguments analogous 

to those presented earlier. 

 

Teorem 2.3 Suppose that ‏ is a numerical semigroup characterized by the property ὲ‏ υȢ 

The positive numbers sequence †ȟ†ȟ†ȟ†ȟ†  is a type sequence of the numerical semigroup 
                             

‏ πȟ† ρȟ† † σȟ† † † σȟ† † † † τȟ† † † †

† υO ȢȢȢ
 
if and only if † † φȟ† σȟ† σȟ† † ρȟ†

 
is an odd number. 

 

Teorem 2.4 Suppose that ‏ is a numerical semigroup characterized by the property ὲ‏ υȢ 

The positive numbers sequence †ȟ†ȟ†ȟ†ȟ†  is a type sequence of the numerical semigroup 
                             

‏ πȟ† σȟ† † σȟ† † † σȟ† † † † τȟ† † † †

† υO ȢȢȢ
 
if and only if † † σȟ† † ρȟ† υȟ†

 
is an odd number. 

 

Teorem 2.5 Suppose that ‏ is a numerical semigroup characterized by the property ὲ‏ υȢ 

The positive numbers sequence †ȟ†ȟ†ȟ†ȟ†  is a type sequence of the numerical semigroup 
                             

‏ πȟ† ρȟ† † τȟ† † † σȟ† † † † τȟ† † † †

† υO ȢȢȢ
 
if and only if † † ςȟ† † ρȟ† υȟ† 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 

‏ ἂψȟρρȟρτȟρψȟςπȟςρȟςσȟςυȟςχἃ πȟψȟρρȟρτȟρφȟρψȟOȢȢȢȢ In this case, the Frobenius 

number is Ὂ‏ ρχȟ
 

the determine number is ὲ‏ Π πȟρȟςȟȢȢȢȟρχ᷊ ‏

Π πȟψȟρρȟρτȟρφ υ, and the conductor of ‏ is ὅ‏ ρψ. In addition, the gap set associated 

with the numerical semigroup, along with its genus, are determined respectively as follows: 

 

and 

 

 

 

 The numerical semigroup ‏ has an embedding dimension of Ὡ‏ ω and a multiplicity of 

ά‏ ψ. 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 is, Ὡ‏ ά‏. 

 

Finally, we proceed to determine the type sequence associated with the given numerical 

semigroup in an orderly manner.
 

 

Let  

π‏ ‏ Ὠᶰ‏ȡὨ ”  ‏

‏ Ὠᶰ‏ȡὨ ψ ψȟρρȟρτȟρφȟρψȟOȢȢȢ 

ρ‏ ὨᶰᴓȡὨ ‏Ṓ‏ πȟψȟρπȟρρȟρςȟρσȟρτȟρυȟρφȟρχȟρψȟOȢȢȢ
 

  

and note that the numerical semigroup ‏ has type  

 

† ‏† Π‏ρ ‏ Π ρπȟρςȟρσȟρυȟρχ υȟ 

 

‏ Ὠᶰ‏ȡὨ ρρ ρρȟρτȟρφȟρψȟOȢȢȢ 

ς‏ ὨᶰᴓȡὨ ‏Ṓ‏ πȟυȟχȟψȟωȟρπȟρρȟρςȟρσȟρτȟρυȟρφȟρχȟρψȟOȢȢȢ  

and note that the numerical semigroup ‏ has type  

 

(){ } { }: 1,2,3,4,5,6,7,9,10,12,13,15,17H d dd d= Í Î =

() ()( )# 13.G Hd d= =
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† Π‏ς ρ‏ Π υȟχȟω σȢ 

 

By a similar approach, we determine that † σȟ† ρὺὩ† ρ. Consequently, the type 

sequence of the numerical semigroup ‏ is given by υȟσȟσȟρȟρ. 

 

Moreover, according to the condition stated in Theorem 2.4, let † υ, † † σ † †

ρ,† υ. Consequently, we obtain the numerical semigroup ‏ πȟψȟρρȟρτȟρφȟρψOȢȢȢ

ἂψȟρρȟρτȟρψȟςπȟςρȟςσȟςυȟςχἃ, and then express the corresponding type sequence as υȟσȟσȟρȟρȢ 

In this case, the type of ‏ indicates that ‏ is not symmetric, since Ὂ‏ ς ρχ ς ρυɵ

† for ‏ ‏† Π‏ρ ‏ Π ρπȟρςȟρσȟρυȟρχ υ and ςɴ ᴚ͵‏. Moreover, ‏ is not 

pseudo-symmetric, as its Frobenius number is Ὂ‏ ρχ, which is odd. 

 

Note: This study constitutes a part of M. Sait Alakuĸ's PhD Thesis at Dicle University, Institute 

of Science, Department of Mathematics. 
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KUVVETLĶ TOPLANABĶLĶRLĶK KAVRAMININ MOD¦L¦S 

FONKSĶYONLARIYLA GENĶķLETĶLMESĶ  

Dr. ¥ĵr. ¦yesi, Din­er Atasoy 

Iĵdēr ¦niversitesi/M¿hendislik Fak¿ltesi 

dinceratasoy65@gmail.com- ORCĶD: 0000-0003-0389-1059 

 

¥ZET 

Bu ­alēĸma, mod¿l¿s fonksiyonlarē aracēlēĵēyla tanēmlanan kuvvetli toplanabilirlik kavramēnē 

incelemekte ve bu kavramēn klasik dizi uzaylarēyla olan iliĸkisini ortaya koymaktadēr. Mod¿l¿s 

fonksiyonlarē, yakēnsaklēk ve toplanabilirlik teorilerini genelleĸtirerek, farklē diziler arasēndaki 

limit davranēĸlarēnē anlamada g¿­l¿ bir ara­ sunar. Bu kapsamda, ὡ ὅȟὪȟὴ uzayē ele alēnmēĸ 

ve bu uzayēn tam bir paranormlu uzay olduĵu ispatlanmēĸtēr. 

Ayrēca, Ὢ mod¿l¿s fonksiyonunun ºzellikleri kullanēlarak ὡ ὅȟὪȟὴ Ṓ ὡ ὅȟὪ baĵēntēsē 

gºsterilmiĸ, bºylece mod¿l¿s fonksiyonlarēnēn dizi uzaylarē arasēnda bir hiyerarĸi oluĸturduĵu 

ortaya konmuĸtur. Elde edilen sonu­lar, klasik Ces¨ro toplanabilirlik kavramēnēn mod¿l¿s 

fonksiyonlarēyla geniĸletilebileceĵini gºstermektedir. 

Bu ­alēĸma, mod¿l¿s fonksiyonlarēnēn hem teorik analizlerde hem de uygulamalē matematikte 

yeni dizi uzaylarēnēn tanēmlanmasē i­in kullanēlabileceĵini gºstermekte ve ilerleyen 

araĸtērmalar i­in g¿­l¿ bir temel sunmaktadēr. 

Anahtar Kelimeler:  Mod¿l¿s fonksiyonu, kuvvetli toplanabilirlik, Ces¨ro metodu, dizi 

uzaylarē, paranorm. 

 

THE EX TENSION OF THE CONCEPT OF STRONG SUMMABILITY THROUGH 

MODULUS FUNCTIONS  

Asst. Prof. Dr. Din­er Atasoy 

Iĵdēr University / Faculty of Engineering 

dinceratasoy65@gmail.com ï ORCID: 0000-0003-0389-1059 

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 providing a broader framework 

for analyzing the limiting behavior of sequences. In this context, the space ὡ ὅȟὪȟὴ is 

examined, and it is proven that this space constitutes a complete paranormed space. 

Moreover, by utilizing the structural properties of the modulus function Ὢ, it is shown that 

ὡ ὅȟὪȟὴ Ṓ ὡ ὅȟὪ, which establishes a hierarchical relationship among such sequence 

spaces. The results demonstrate that the classical Ces¨ro summability concept can be extended 

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: Modulus function, strong summability, Ces¨ro method, sequence spaces, 

paranorm. 

GĶRĶķ 

Bu ­alēĸma, mod¿l¿s fonksiyonu kavramē aracēlēĵēyla kuvvetli toplanabilirlik konusunu 

incelemektedir. ¥zellikle dizi uzaylarē teorisinde ºnemli bir yere sahip olan mod¿l¿s 

fonksiyonlarēnēn, yakēnsaklēk ve toplanabilirlik kavramlarēnē genelleĸtirmedeki rol¿ ele 

alēnmaktadēr. 

Mod¿l¿s fonksiyonlarē, klasik limit kavramēnēn ºtesine ge­erek farklē yakēnsaklēk t¿rlerini 

a­ēklama olanaĵē sunar. Bu nedenle, dizi uzaylarēnēn yapēsal ºzelliklerini anlamada ve yeni uzay 

t¿rlerinin tanēmlanmasēnda ºnemli bir ara­ olarak kullanēlēr. Bu baĵlamda, kuvvetli 

toplanabilirlik kavramē mod¿l¿s fonksiyonlarē yardēmēyla geniĸletilerek hem teorik hem de 

uygulamalē matematik alanlarēnda yeni perspektifler kazandērmaktadēr. 

Bu ­alēĸmada ama­, mod¿l¿s fonksiyonlarēyla tanēmlanan kuvvetli toplanabilirlik uzaylarēnēn 

temel ºzelliklerini incelemek, bu uzaylarēn tam paranormlu yapēya sahip olduĵunu gºstermek 

ve literat¿rde yer alan bazē sonu­larla baĵlantē kurmaktēr. 

MOD¦L¦S FONKSĶYONUNUN TARĶH¢ESĶ 

Mod¿l¿s fonksiyonu kavramē ilk olarak Japon matematik­i Nakano (1953) tarafēndan ortaya 

konmuĸtur. Nakanoônun ­alēĸmalarē, fonksiyonel analiz ve dizi uzaylarē teorisinin birleĸtiĵi 

alanlarda yeni tanēmlara ºnc¿l¿k etmiĸtir. Daha sonra Ruckle, ὩϛȟὩϜȟȣ  birim vektºrlerinden 

oluĸan sēnērlē bir k¿me i­eren en k¿­¿k FK-uzayē var mēdēr?ò sorusuna yanēt ararken mod¿l¿s 

fonksiyonlarēnē kullanarak ϛ uzayēnēn genelleĸtirilmiĸ bi­imini tanēmlamēĸtēr (Nakano, 1953) 

(Ruckle, 1970). 

Bu geliĸmelerin ardēndan, Maddox (1986) kuvvetli Ces¨ro toplanabilir dizilerden oluĸan 

uzayē ὡ Ὢ olarak tanēmlamēĸ, bu uzayē mod¿l¿s fonksiyonlarē yardēmēyla genelleĸtirmiĸtir. 

Maddoxôun bu katkēsē, mod¿l¿s fonksiyonlarēnēn yalnēzca teorik deĵil, aynē zamanda 

uygulamalē analizde de kullanēlabilirliĵini gºstermiĸtir (Maddox, 1986). 

Daha sonraki yēllarda Connor (1989), bir ὃ reg¿ler matrisi ele alarak ὡ ὃȟὪ bi­iminde yeni 

bir toplanabilirlik metodu tanēmlamēĸtēr. Bu yaklaĸēm, mod¿l¿s fonksiyonlarēnēn matris 

dºn¿ĸ¿mleriyle birleĸtirilmesine ve dolayēsēyla dizi uzaylarēnēn geniĸletilmesine olanak 

saĵlamēĸtēr (Connor, 1989). 
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G¿n¿m¿zde mod¿l¿s fonksiyonlarē, farklē yakēnsaklēk ve toplanabilirlik kavramlarēnē 

birleĸtiren g¿­l¿ bir ­er­eve sunmakta; istatistiksel yakēnsaklēk, Orlicz uzaylarē ve paranormlu 

uzaylar gibi modern analiz alanlarēnda da kullanēlmaktadēr. 

LĶMĶTLEME METODU 

1. Bir dizi ὼ ὼ  reel veya kompleks sayēlardan oluĸur. 

A = ὥ  bir sonsuz matris ve ὼ ὼ  bir dizi olsun. 

ώ ὥ ὼ 

2. tanēmlēysa, ώ ὃὼ dizisi ὼôin A matrisi altēndaki dºn¿ĸ¿m¿d¿r. Bu dºn¿ĸ¿m 
limitleme veya toplanabilme metodu olarak adlandērēlēr (Maddox,1970; Petersan,1966). 

(Petersan, 1966) 

¥rnek 

ὸ ί ί          ὲ ρȟςȟσȟȣ  ĸeklinde tanēmlanan dºn¿ĸ¿m bir limitleme metodu 

olduĵunu gºsterelim.  

ȿὸȿ
ρ

ς
ί ί

ρ

ς
ȿί ί ȿ

ρ

ς
ȿίȿ ȿί ȿ

ρ

ς
ὑ ὑ ὑ 

(i)     Ὕ„ † Ὕί ὸȟί ὸȟȣȟί ὸȟȣ  

                                                        ί ὸ ί ὸ  

                                                        ί ί ὸ ὸ  

            Ὕ„ Ὕ† 

(ii)  T(‌„ Ὕ‌ίȟ‌ίȟȣȟ‌ίȟȣ  

            = ‌ί ί   

            =‌Ὕ„ 

 

REG¦LERLĶK 

Tanēm:  

Bir  A=(ὥ  matrisi verilmiĸ olsun. Eĵer A matrisi yakēnsak bir diziyi yine yakēnsak bir diziye 

dºn¿ĸt¿r¿yorsa ve aynē zamanda limiti koruyorsa A matrisine Reg¿lerdir denir (Maddox,1970). 

3. Eĵer ὼ ᴼὒ i­in ὃὼO ὒ saĵlanēyorsa, bir A matrisi reg¿lerdir. 

Bir A = ὥ  matrisi reg¿ler olmasē i­in aĸaĵēdaki koĸullarēn saĵlanmasē gerekir; 

1. ÓÕÐВ ȿὥ ȿ Њȟ 
2. В ὥ ρȟ 
3. ÌÉÍ

ᴼ
ὥ πȟ her sabit Ὧ i­in (Maddox,1970). 
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¥rnek 

ὸ ί ί          ὲ ρȟςȟσȟȣ  ile tanēmlanan limitleme metodu reg¿ler deĵildir. 

¢¿nk¿ bu dºn¿ĸ¿m b¿t¿n yakēnsak dizileri, bir sēfēr dizisine dºn¿ĸt¿r¿r. Ger­ekten de, 

ίᴼί     ὲᴼЊ  ὭίὩ  

 ὰὭάὸ ÌÉÍί ί ὰὭάί ὰὭάί π dēr. 

MOD¦L¦S FONKSĶYONLARI 

Tanēm 

 [0,Њ  dan kendi ¿zerine tanēmlē bir Ὢ dºn¿ĸ¿m¿ ὼᶅȟώɴ πȟЊὭëὭὲ 

(i) Ὢὼ πP ὼ π 
(ii)  Ὢὼ ώ Ὢὼ Ὢώ 

(iii)   Ὢ Ὢ  Ὢ ὥὶὸὥὲ 

(iv) ÌÉÍ
ᴼ
Ὢὼ Ὢπ  (nakano,1953). 

4. Ὢὸ ὸȟױὴ ρ fonksiyonu bir mod¿l¿s fonksiyonudur. 

Ὢὸ ὸρ ÌÏÇρ ὸ  fonksiyonu da bir mod¿l¿s fonksiyonudur. 

¥rnek 

Ὢὼ  fonksiyonu sēnērlē bir mod¿l¿s fonksiyonudur. Ķnceleyelim; 

(i) Ὢὼ πP π 

(ii)  Ὢὼ ώ Ὢὼ Ὢώ 

(iii)  Ὢὼ
  
 ὨὩὲ Ὢ ὼ π έὰὨόøόὲὨὥὲ Ὢ ὥὶὸὥὲὨ ὶȢ 

(iv)  ÌÉÍ
ᴼ

π Ὢπ  olduĵunda f sēfērda saĵdan s¿reklidir. 

O halde Ὢ bir mod¿l¿s fonksiyonudur. 

 

¥rnek  

 Ὢὼ ÌÏÇρ ὼ sēnērsēz fonksiyonu da bir mod¿l¿s fonksiyonudur. Ķnceleyelim; 

(i) ÌÏÇρ ὼ πP ὼ π Ὠ ὶȢëİὲὯİÌÏÇρ ὼ ὰέὫρ π Ὠ ὶȢέ ὬὥὰὨὩ Ὢὼ πP
ὼ π ĥὥὶὸ ὲ ίὥøὰὥὶȢ 

(ii)  Ὢὼ ώ Ὢὼ ὪώὨὭὶȢëİὲὯİ ρ ὼ ώ ρ ὼ ρ ώ  

ÅĥÉÔÌÉøÉ ÖÅ ÌÏÇÁÒÉÔÍÁ ĘÚÅÌÌÉøÉÎÄÅÎ ÌÏÇρ ὼ ώ ÌÏÇρ ὼ ÌÏÇρ ώ  

elde ederiz. Dolayēsēyla Ὢὼ ώ Ὢὼ ὪώὨ ὶȢ 

(iii)   Ὢartandēr. 

 Ὢὼ ÌÏÇρ ὼὨὩὲ Ὢ ὼ π pozitif olduĵundan fonksiyon artandēr. 

(iv)  Ὢ sēfēr noktasēndan saĵdan s¿reklidir. 

 ÌÉÍ
ᴼ
ÌÏÇρ ὼ π Ὢπ 

dēr. O halde Ὢὼ ÌÏÇρ ὼ bir sēnērsēz mod¿l¿s fonksiyonudur.  

Lemma 

 Ὢ ve Ὣ iki ayrē mod¿l¿s fonksiyonu olmak ¿zere 
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(i) Ὢ ὪέὪέȣέὪ mod¿l¿s fonksiyonudur. 

(ii)  ὥ π έὰάὥὯ İᾀὩὶὩ ὥȟὪάέὨİὰİί ὪέὲὯίὭώέὲόὨόὶȢ 

(iii)   Ὢ Ὣȟ  birer mod¿l¿s fonsiyonudur. 

(iv)  Ὢ ὫȟὪȢὫȟὪ ȟ
 
 fonksiyonlarēnēn birer mod¿l¿s fonksiyonu olmasē gerekmez. 

 

Ķspat 

 Ὢ ὪέὪέȣέὪ fonksiyonunun mod¿l¿s fonksiyonu olduĵunu t¿mevarēm yºntemi ile 

gºsterelim. n=2 i­in Ὢ ὪέὪὼ ὪὪὼ  mod¿l¿s fonksiyonudur. ¢¿nk¿;  

(i) ὪὪὼ πP Ὢὼ πP ὼ π 

(ii)   ὪὪὼ ώ ὪὪὼ Ὢώ ὪὪὼ ὪὪώ  

(iii)   ὪέὪ ὦὭὰὩĥὯὩ ὪέὲὯίὭέὲ ὥὶὸὥὲὨ ὶȢëİὲὯİ ὪέὪὼ Ὢ Ὢὼ ȢὪὼ π 

(iv)  ÌÉÍ
ᴼ
ὪὪὼ ὪὪπ ȟὪ fonksiyonu 0 a saĵdan s¿reklidir. O halde  

    N=k-1 i­in Ὢ ὪέὪέȣέὪ  

mod¿l¿s fonksiyonu olsun. 

N=k i­in doĵru olduĵunu gºsterelim.  

Ὢ ὪέὪέȣέὪ Ὢ ὪὦόὶὥὨὥ Ὢ  fonksiyonu mod¿l¿s olduĵundan Ὢ  bileĸke 

fonksiyonu da mod¿l¿s fonksiyonudur. 

 

Not  Ὢ  bir mod¿l¿s fonksiyonu olmak zorunda deĵildir. 

 Ὢὼ ὼ fonksiyonunu ele alalēm. Ὢ ὼ ὼ   fonksiyonu mod¿l¿s fonksiyonu deĵildir. 

¢¿nk¿ Ὢὼ ώ Ὢὼ Ὢώ ĸartē ὼᶅɴ πȟЊ  i­in saĵlamaz. 

CESêRO ORTALAMASI 

Bir dizinin birinci mertebeden Ces¨ro ortalamasē 

„
ρ

ὲ
ί 

olarak tanēmlanēr. Eĵer ίᴼὒ ise, „ ᴼὒ olur. 

ί ὒ Ὡ yazalēm. O zaman 

„ ὒ
ρ

ὲ
ὩȢ 

Ὡᴼπ olduĵundan, ‐ᶅ π i­in yeterince b¿y¿k ὔ vardēr ki ȿὩȿ ‐ȟὯ ὔ. Bu durumda 

ȿ„ ὒȿ
ρ

ὲ
ȿὩȿ ‐

ὲ ὔ

ὲ
ᴼπ 

 

Teorem 

 Cesaro metodu reg¿lerdir (johnsonbaugh ve ptaffenberger,1981). 

 

Ķspat 

Verilen ᶅ ‐ π i­in en az bir Nᶰᴓ vardēr. ¥yle ki her nὔ i­in  

ὒ ‐ ί ὒ ‐ 
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dur. Her n ὔ i­in ὸ
Ễ

 olsun. Burada ὸôi 

ὸ
ί ί Ễ ί

ὲ

ί ί Ễ ί

ὲ
 

ĸeklinde yazēlabilir. 

ὲ ὔ ὒ ‐

ὲ

ί ί Ễ ί

ὲ

ὒ ‐ ὲ ὔ

ὲ
 

olduĵundan 

ὧ ί ί Ễ ί 

olmak ¿zere 

ὧ

ὲ

ὲ ὔ ὒ ‐

ὲ
ὸ

ὒ ‐ ὲ ὔ

ὲ

ὧ

ὲ
 

dēr.  

  

ÌÉÍ
ᴼ
ίόὴ

ὧ

ὲ

ὲ ὔ ὒ ‐

ὲ
ÌÉÍ
ᴼ
ίόὴὸ ÌÉÍ

ᴼ
ίόὴ

ὒ ‐ ὲ ὔ

ὲ

ὧ

ὲ
 

eĸitliĵini yazabiliriz.  (Eĸi & Sharma, 2015) 

ÌÉÍ
ᴼ

ὧ

ὲ

ὲ ὔ ὒ ‐

ὲ
π  ὒ ‐ 

ÌÉÍ
ᴼ

ὧ

ὲ

ὲ ὔ ὒ ‐

ὲ
π  ὒ ‐ 

olduĵundan her ‐ π ὭëὭὲ 

 ὒ ‐ ÌÉÍ
ᴼ
ίόὴὸ  ὒ ‐ 

olur. Sonu­ olarak 

ὒ ÌÉÍ
ᴼ
ίόὴὸ  ὒ 

olur ki bu da ÌÉÍ
ᴼ
ίόὴὸ ὒ demektir. Benzer olarak  

ÌÉÍ
ᴼ
ὭὲὪὸ ὒ 

dēr. Lemma gereĵince  

ÌÉÍ
ᴼ
ὸ ὒ 

yazabiliriz ki; bu da istenilen sonu­tur. 

 

Tanēm 

 ὥ  karmaĸēk sayēlarēn bir dizisi olsun. 

ÌÉÍ
ᴼ

ρ

ὲ ρ
ὥ ὒ 

limiti var ise ὥ  dizisi L ye cesaro yakēnsaklēktēr denir. Bu ĸekilde olan dizilerin uzayē (C,1) 

olarak gºsterilir (powell ve sham,1972). 

Tanēm 

 ὼɴ ὡ ὺὩ ὴ ὴέᾀὭὸὭὪ ὶὩὩὰ ίὥώ έὰίόὲȢ 

ÌÉÍ
ᴼ

ρ

ὲ
ȿὼ ὒȿ π 
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olacak ĸekilde bir L karmaĸēk sayēsē varsa x dizisi L sayēsēna p-cesaro toplanabilirdir denir 

(cannor,1988). (Connor, 1988) 

KUVVETLĶ P-CESêRO TOPLANABĶLĶRLĶK VE MOD¦L¦S ALTINDA 

GENELLEME  

5. Bir ὼ ὼ  dizisi ve ὴ π i­in, 

ÌÉÍ
ᴼ

ρ

ὲ
ȿὼ ὒȿ π 

6. ise, Ø dizisi ,ôye kuvvetli p-Ces¨ro yakēnsaktēr. 

Mod¿l¿s fonksiyonu Æ i­in, 

ÌÉÍ
ᴼ

ρ

ὲ
Ὢȿὼ ὒȿ π 

7. ise, ὼ dizisi ὒôye f-mod¿l¿s altēnda kuvvetli toplanabilirdir. 

8. Eĵer Ὢὸ ὸ alēnērsa, bu tanēm klasik kuvvetli p-Ces¨ro toplanabilirliĵe indirgenirse 

doĵrudan yerleĸtirme ile: 

ρ

ὲ
Ὢȿὼ ὒȿ

ρ

ὲ
ȿὼ ὒȿ 

olur ve iki tanēm birbirine indirgenir. 

Tanēm 

ὼ kompleks terimli bir dizi ve f bir mod¿l¿s fonksiyon olmak ¿zere  

ρ

ὲ
Ὢȿὼ ὰȿᴼπ        ὲᴼЊ  

olacak ĸekilde bir ὰ sayēsē varsa ὼ  dizisi ὰ ye f mod¿l¿s altēnda kuvvetli toplanabilirdir denir 

ve bu uzaya  

                                  ύὧȟὴ ὼ ὼ ȡ В Ὢȿὼ ὰȿᴼπȟὲᴼЊ  

ύ ὧȟὴ ὼ ὼ ȡ 
ρ

ὲ
ὪȿὼȿᴼπȟὲᴼЊ  

ύ ὧȟὴ ὼ ὼ ȡίόὴ 
ρ

ὲ
Ὢȿὼȿ Њȟ 

olarak tanēmlanēr(maddox,1986). 

 

Tanēm 

ὼ  kompleks terimli bir dizi ,f bir mod¿l¿s ve ὴ ὴ  pozitif reel terimli bir dizi olsun. 

Buna gºre  
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                         ύὧȟὪȟὴ ὼ ὼ ȡ 
ρ

ὲ
Ὢȿὼ ὰȿ ᴼπȟὲᴼЊ  

                                      ύ ὧȟὪȟὴ ὼ ὼ ȡ В Ὢȿὼȿ ᴼπȟὲᴼЊ  

ύ ὧȟὪȟὴ ὼ ὼ ȡ 
ρ

ὲ
Ὢȿὼȿ Њ  

olarak tanēmlandē. Eĵer ὼɴ ύὧȟὪȟὴ ise ὼᴼὰύὧȟὪȟὴ  yazacaĵēz. Burada kolaylēk 

a­ēsēndan {Ὢȿὼ ὰȿ yerine Ὢȿὼ ὰȿ yazēlmēĸtēr. 

W(C,f,p) UZAYININ ¥ZELLĶKLERĶ 

9. ὡ ὅȟὪȟὴ ὼȡɱὒɴ ᴇ ºyle k  ÌÉÍO В Ὢȿὼ ὒȿ π. 

Eĵer ὼȟώᶰὡ ὅȟὪȟὴ ve ‌ȟ‍ᶰᴇ, o zaman ‌ὼ ‍ώɴ ὡ ὅȟὪȟὴ. 

Ὢônin altadditifliĵi nedeniyle: 

Ὢ ‌ὼ ‍ώ ‌ὒ ‍ὒ Ὢȿ‌ȿȿὼ ὒȿ Ὢȿ‍ȿώ ὒ Ȣ 

10. Ortalama alēnarak her iki terimin limiti 0ôa gider.  

Eĵer Ὢ bir ῳ-benzeri koĸul (Ὢςὸ ὑὪὸ) saĵlēyorsa, ὡ ὅȟὪȟὴ uygun ĸekilde 

tanēmlanmēĸ paranorm altēnda tamdēr. 

 

¥rnek 

11. ὼ ρ  dizisi yakēnsak deĵildir, ancak Ces¨ro ortalamasē 

12. „ В ρ  i­in „ᴼπ. 

ὼ Ⱦ  i­in, 

ρ

ὲ
ȿὼȿ

ρ

ὲ

ρ

Ὧ
Ḑ
ÌÏÇὲ

ὲ
ᴼπȢ 

13. Dolayēsēyla ὼ g¿­l¿ p-Ces¨ro toplanabilirdir. 

Teorik Kēsmēn Sonucu 

Bu ­alēĸma, mod¿l¿s fonksiyonlarē yardēmēyla tanēmlanan kuvvetli toplanabilirlik uzaylarēnēn 

yapēsal ºzelliklerini ortaya koymuĸtur. Elde edilen sonu­lara gºre: 

¶ ὡ ὅȟὪȟὴ uzayē tam bir paranormlu uzaydēr. 

¶ Ὢ mod¿l¿s fonksiyonu sēnēfēnda yer aldēĵēnda, klasik Ces¨ro toplanabilirlik kavramē 

geniĸletilebilmektedir. 
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¶ ὴ parametresi sayesinde, farklē aĵērlēklarda toplanabilirlik d¿zeyleri 
tanēmlanabilmiĸtir. 

¶ ὡ ὅȟὪȟὴṖὡ ὅȟὪ iliĸkisinin ge­erliliĵi, bu uzaylarēn hiyerarĸik yapēsēnē 

gºstermektedir. 

¶ Mod¿l¿s fonksiyonlarē, dizi uzaylarēnda yakēnsaklēk ve toplanabilirlik teorilerini 

genelleĸtiren g¿­l¿ bir ara­ olarak deĵerlendirilebilir. Bu yaklaĸēm, ileride 

hem fonksiyonel analiz hem de yakēnsaklēk teorisi alanlarēnda yeni uzaylarēn 

tanēmlanmasē ve incelenmesine temel oluĸturabilir. 

GENELLEķTĶRĶLMĶķ CESêRO METODUNUN PYTHON ĶLE UYGULAMALI 

ĶNCELEMESĶ 

1. Mod¿l¿s Fonksiyonlarēnēn Karĸēlaĸtērēlmasē 

 

Gºrsel 1. Mod¿l¿s Fonksiyonlarēnēn Karĸēlaĸtērēlmasē 

Mod¿l¿s fonksiyonunun se­imi, yakēnsama hēzēnē ve dizinin hangi koĸullar altēnda ñkuvvetli 

toplanabilirò sayēlacaĵēnē doĵrudan etkiler.  

¥zellikle Ὢὼ  fonksiyonu, klasik mutlak deĵer ºl­¿s¿ne gºre daha yumuĸak bir 

yaklaĸēm sunar.  Ὢὼ   (mavi eĵri) 

Baĸlangē­ noktasē: Ὢπ π. Artan bir fonksiyondur, ancak ¿st sēnērē vardēr. 

 ὼO Њ i­in Ὢὼᴼρ. Bu nedenle grafikte Ὢὼ eĵrisi yavaĸ­a artmakta ve 1 deĵerine 

yakēnsamakta. Bu fonksiyon doygunluk veya azalan artēĸ ºzelliĵi gºsterir. 

Yani baĸlangē­ta hēzlē artar, sonra sabitlenir. 
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Ὢὼ ὼ (turuncu eĵri), Baĸlangē­ noktasē: Ὢπ π. S¿rekli artan, doĵrusal olmayan bir 

fonksiyondur. ὼ b¿y¿d¿k­e ­ok hēzlē artar. ὼ υ i­in Ὢυ ςυ olduĵu grafikte de a­ēk­a 

gºr¿l¿yor. Bu fonksiyonun eĵimi s¿rekli artar; yani b¿y¿me hēzē katlanarak artar. Diĵer iki 

fonksiyona gºre ­ok daha hēzlē b¿y¿d¿ĵ¿ i­in grafik ¿st kēsma doĵru hēzla y¿kselir. 

Ὢὼ ÌÎὼ ρ (yeĸil eĵri), Baĸlangē­ noktasē: Ὢπ π. S¿rekli artan, 

ancak logaritmik bir fonksiyondur. B¿y¿me hēzē giderek azalēr, yani ὼ b¿y¿d¿k­e artēĸ ­ok 

yavaĸlar. ὼ υ i­in Ὢυ ÌÎ φ ρȢχω. Bu fonksiyonun artēĸē Ὢὼôe benzer 

ĸekilde sēnērlē b¿y¿me davranēĸē gºsterir ama Ὢὼôten daha y¿ksek deĵerlere ulaĸēr. (Eĸi & 

Sharma, 2015) 

Karĸēlaĸtērmalē Analiz 

¢izelge 1.Mod¿l¿s Fonksiyonlarēnēn Karĸēlaĸtērēlmasē Analizi 

¥zellik Ὢὼ
ὼ

ρ ὼ
 Ὢὼ ὼ Ὢὼ ÌÎ ρ ὼ 

Baĸlangē­ta artēĸ Hēzlē Yavaĸ Hēzlē 

B¿y¿k x i­in davranēĸ 1ôe yakēnsar Sonsuza gider Logaritmik artēĸ (yavaĸ) 

B¿y¿me tipi Azalan artēĸ Hēzlanan artēĸ Azalan artēĸ 

f(5) deĵeri (yaklaĸēk) 0.83 25 1.79 

¦st sēnēr Var (1) Yok Yok ama ­ok yavaĸ artar 

Grafik, mod¿l¿s fonksiyonlarēnēn ñartanlēkò ve ñb¿y¿me hēzēò ºzelliklerinin ne kadar farklē 

olduĵunu a­ēk­a gºstermektedir. Bu t¿r karĸēlaĸtērmalar ºzellikle toplanabilirlik, yakēnsaklēk 

veya aĵērlēklē ortalama kavramlarēnēn analizinde olduk­a faydalēdēr. 
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2. Ces¨ro ortalamalarēnēn yakēnsama davranēĸē 

 

Gºrsel 2. Ces¨ro ortalamalarēnēn yakēnsama davranēĸē 

Ces¨ro ortalamasē, ºzellikle salēnēmlē dizilerde klasik yakēnsamanēn yetersiz kaldēĵē 

durumlarda bir genelleme saĵlar. Bu durum kuvvetli toplanabilirlik kavramēnēn temelini 

oluĸturur. 

Bir dizi ὼ ôin Ces¨ro ortalamasē ĸu ĸekilde tanēmlanēr: 

ί
ρ

ὲ
ὼ 

 

Eĵer ί dizisi bir limite sahipse, bu limite Ces¨ro limiti denir. 

Klasik yakēnsaklēkta ὼ ᴼὒ gerekiyorken, burada dizi ortalama deĵerleriyle incelenir. 

 

 Grafikteki Diziler ve Gºzlemler 

 1. Dizi: ὼ ρ (mavi daireli eĵri) 

Her terim 1 olduĵundan: 
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ί
ρ

ὲ
ρ ρ Ễ ρ ρ 

 

Dolayēsēyla her Ces¨ro ortalamasē tam olarak 1ôdir. Grafik boyunca sabit yatay bir ­izgi 

ĸeklindedir. Ces¨ro limiti = 1.0 Bu, klasik limit ile aynēdēr. Yani ὼ ρ dizisi hem klasik 

hem de Ces¨ro anlamēnda 1ôe yakēnsar. 

 

 2. Dizi: ὼ ρ  (turuncu kareli eĵri) 

Bu dizi salēnēmlē (alternating) bir dizidir: ρȟρȟρȟρȟȣ Klasik anlamda limiti yoktur 

­¿nk¿ s¿rekli 1 ve -1 arasēnda gidip gelir. Ancak Ces¨ro ortalamasē: 

ί
ρ

ὲ
ρ ρ ρ ρ Ễ  

ĸeklindedir. 

ὲ arttēk­a pozitif ve negatif terimler birbirini dengeler, ortalama deĵeri 0ôa yaklaĸēr.Grafik bu 

durumu net gºsteriyor: turuncu ­izgi baĸlangē­ta dalgalansa da zamanla 0 etrafēnda 

sºn¿mlenerek yataylaĸēyor. 

Sonu­: 

ὼ ρ  klasik anlamda yakēnsak deĵildir, 

ama Ces¨ro ortalamasē 0ôa yakēnsar. 

Yani Ces¨ro anlamēnda yakēnsaktēr ve limiti 0ôdēr. 

3. Dizi: ὼ  (yeĸil ¿­genli eĵri) (Eĸi & Sharma, 2015). 

Klasik anlamda ὼ ᴼπ, dolayēsēyla Ces¨ro ortalamasē da 0ôa yakēnsar. Ancak Ces¨ro 

ortalamasē daha yavaĸ bir ĸekilde azalmaktadēr. 

 Ķlk birka­ terimde b¿y¿k deĵerler baskēn olduĵu i­in ί baĸlangē­ta y¿ksektir (~0.6 civarē), 

fakat ὲ arttēk­a logaritmik ĸekilde d¿ĸer. Teorik olarak: 

ί
ρ

ὲ

ρ

Ὧ

ÌÎ ὲ ‎

ὲ
 

 

(Burada ‎ Euler sabitidir å 0.5772) ve bu ifade ὲᴼЊ i­in 0ôa gider. Grafikte ise 

 ὲ σπ civarēnda Ces¨ro ortalamasē yaklaĸēk 0.13ôt¿r. 
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Sonu­: 

ὼ  dizisinin hem klasik hem de Ces¨ro limiti 0ôdēr, ancak Ces¨ro ortalamasē s¿reci daha 

d¿zg¿n bir azalēĸ gºsterir. 

Genel Karĸēlaĸtērma Tablosu 

 

¢izelge 2. Genel karĸēlaĸtērma analizi 

Dizi Klasik Limit  Ces¨ro Limiti Yakēnsama Davranēĸē 

ὼ ρ 1 1 Sabit, doĵrudan yakēnsak 

ὼ ρ  Yok 0 Salēnēmlē ama ortalamada yakēnsak 

ὼ ρȾὲ 0 0 Azalan, yavaĸ yakēnsak 

 

3. Kuvvetli p -Ces¨ro Toplanabilirlik 

 

Gºrsel 3. Kuvvetli p-Ces¨ro Toplanabilirlik  

Kuvvetli p-Ces¨ro kavramē, klasik Ces¨roôya gºre yakēnsamanēn derecesini nicel olarak 

ºl­en bir yapē saĵlar. Bu, ºzellikle dizi farklarēnēn kontrol¿ a­ēsēndan ºnemlidir. 

Y-ekseni ĸu b¿y¿kl¿ĵ¿ gºsteriyor (grafiĵin eksen etiketi ve alt notlara bakēnca): 
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ρ

ὲ
ὼ᷄ ὒ᷄  

 

burada kullanēlan ὴ ς (yani kareler alēnēyor) ve grafikte ὒ π kabul edilmiĸ. Yani her dizi 

i­in terimlerin ortalama karesi (mean square) ­izilmiĸ. Bu b¿y¿kl¿k ᴼπ ise 

dizinin kuvvetli ▬-Ces¨ro (burada ὴ ς) anlamēnda πôa yakēnsadēĵēnē sºyler. 

 

Mavi ð ὼ ρȾὲ 

Hesaplanan b¿y¿kl¿k: 

ρ

ὲ

ρ

Ὧ

ρ

ὲ

ρ

Ὧ
 

 

Bilinen sonu­: ‒ς “Ⱦφ. Dolayēsēyla b¿y¿k ὲ i­in 

ρ

ὲ

ρ

Ὧ

“Ⱦφ

ὲ
 

 

yani ὕρȾὲ hēzēnda sēfēra iner. 

Bu y¿zden grafikte mavi eĵri hēzla (monoton) azalēr ve ὲᴼЊ i­in 0'a yakēnsar. n=50 

civarēnda ~0.0325 elde edilmesi teorik deĵerin “ȾφȾυπ πȢπσςω ile uyumludur. 

Sonu­ 

 ὼ ρȾὲ i­in g¿­l¿ ὴ-Ces¨ro ortalamasē πôa yakēnsar ð dizinin ortalama karesi sēfēra 

gidiyor. 

Turuncu ð ὼ ρ  

Her terimin karesi ᷄ ρ π᷄ ρ. Dolayēsēyla 

ρ

ὲ
ρ ρȢ 
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Bu nedenle turuncu eĵri grafik boyunca sabit 1ôdir (k¿­¿k dalgalanma yok). Klasik 

limit:  ὼ yakēnsak deĵil (1 ve ī1 arasēnda salēnēm), ama Ces¨ro ortalamasē (p=1 durumunda) 

0ôa yaklaĸēr. Ancak burada p=2 ile karelerini aldēĵēmēz i­in ortalama karesi 1 olarak kalēr ð 

yani ὒ π kabul¿ altēnda bu ºl­¿ 0'a inmez. 

Sonu­ 

 ὼ ρ  i­in В ὼ᷄ ὒ᷄  sabit 1 ð dolayēsēyla g¿­l¿ ς-Ces¨ro bakēmēndan πôa 

yakēnsamaz. 

 

Yeĸil ð ὼ ÓÉÎ ὲ (Eĸi & Sharma, 2015). 

Ķncelenen b¿y¿kl¿k: ÓÉÎ ὯȢ ¢¿nk¿ ὒ π alēndēĵē i­in Ó᷄ÉÎ Ὧ π᷄ ÓÉÎ Ὧ. 

Teorik olarak: sayēlar Ὧ mod ς“ d¿zleminde ekvivaryant daĵēldēĵē i­in (1 radianēn ς“ ile oranē 

irrasyonel olduĵundan), uzun vadede ÓÉÎ Ὧ ortalamasē zamansal ortalama olarak İ  

 olur. (ya da daha genel: ortalama deĵer ᷿ ÓÉÎ ὸὨὸ ρȾς.) Grafikte yeĸil eĵri 

yaklaĸēk πȢτω civarēnda salēnēyor ve ὲ arttēk­a bu deĵerin etrafēnda k¿­¿k dalgalanmalar 

gºsteriyor. (Eĸi & Sharma, 2015) (Daĵ, 2015) 

Sonu­ 

 ὼ ÓÉÎ ὲ i­in ortalama kare deĵeri yaklaĸēk ρȾς; dolayēsēyla g¿­l¿ ς-Ces¨ro 

a­ēsēndan πôa yakēnsamaz (lim å 0.5). 
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4. W(C,f,p) uzayēnēn gºrsel analizi 

 

Gºrsel 4. W(C,f,p) uzayēnēn gºrsel analizi 

Bu durum, ὡ ὅȟὪȟὴ uzayēnēn klasik kuvvetli p-Ces¨ro uzayēna gºre daha geniĸ ve esnek bir 

yakēnsama alanē sunduĵunu gºsterir. Dolayēsēyla mod¿l¿s fonk- siyonu, ºzellikle y¿ksek 

salēnēmlē dizilerde daha istikrarlē yakēnsama davranēĸlarē elde etmeyi saĵlar. 

¢izelge 3.W(C,f,p) Analizi  

Dizi 
Limit Deĵeri 

(Yaklaĸēk) 
Yorum 

 ρȾὲ  0.0123 Hēzlē g¿­l¿ yakēnsama 

ρ Ⱦὲ 0.063 Salēnēm bastērēlmēĸ, toplanabilir 

ὛὭὲὲ 0.181 Yakēnsak deĵil ama sēnērlē g¿­l¿ toplanabilir 

Fonksiyonu mod¿l¿s tipi bir yumuĸatma fonksiyonu olup, farklarēn b¿y¿kl¿ĵ¿n¿ azaltēr. Bu 

nedenle klasik Ces¨ro veya p-Ces¨ro yºntemine gºre daha geniĸ bir yakēnsama alanē saĵlar. 

Grafik a­ēk­a gºsteriyor ki: 

ὡ ὅȟὪȟὴṓὡ ὅȟὴ 

 

yani bu uzay daha kapsayēcēdēr. 

5. Kuvvetli p -Ces¨ro ile W(C,f,p) Yakēnsama Karĸēlaĸtērmasē 
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Gºrsel 5. Kuvvetli p-Ces¨ro ile W(C,f,p) Yakēnsama Karĸēlaĸtērmasē 

Mavi eĵri (Kuvvetli p-Ces¨ro, f(x)=x) Ÿ ham farklara dayalē klasik yºntem; daha yavaĸ 

azalēyor. Turuncu eĵri (Mod¿l¿s altēnda, f(x)=x/(1+x)) Ÿ mod¿l¿s fonksiyonu farklarē 

ñbastērdēĵēò i­in ­ok daha hēzlē sēfēra yaklaĸēyor. 

Yani W(C,f,p) uzayē, klasik kuvvetli p-Ces¨roôya gºre daha geniĸ ve daha esnek bir yakēnsama 

alanē saĵlēyor. 

Turuncu Eĵri ï Klasik Kuvvetli p-Ces¨ro (Ὢὼ ὼ) 

Dizinin farklarē doĵrudan alēnēr, herhangi bir yumuĸatma uygulanmaz. Bu nedenle 

eĵri y¿ksekten baĸlar (yaklaĸēk 1.0) ve yavaĸ azalarak sēfēra yaklaĸēr. Yakēnsama mevcut olsa 

da, dalgalanma ve farklarēn b¿y¿k olduĵu erken terimlerde etkisi belirgindir. Bu yºntem dizinin 

ham farklarēnē hesaba kattēĵē i­in yakēnsama hēzē d¿ĸ¿kt¿r. Ὢὼ ὼ doĵrusal olduĵundan, hata 

b¿y¿kl¿kleri bastērēlmaz. 

 Mavi Eĵri ï Mod¿l¿s Altēnda Kuvvetli Toplanabilirlik (█●
●

●
) 

Burada Ὢὼ ὼȾρ ὼ se­imi farklarē nonlineer bi­imde yumuĸatēr. Eĵri ­ok daha d¿ĸ¿k 

seviyeden baĸlar ve daha hēzlē sēfēra yaklaĸēr. Bu, mod¿l¿s fonksiyonunun farklarē ñbastērmaò 

etkisinden kaynaklanēr.  ¢¿nk¿ b¿y¿k farklarda artēĸ, fonksiyonun tanēmē gereĵi sēnērlanēr. 

Sonu­: Aynē dizi i­in mod¿l¿s fonksiyonlu yaklaĸēm, klasik Ces¨roôya gºre ­ok daha g¿­l¿ 

yakēnsama saĵlar. 

Grafikte gºzlenen fark ĸunu gºsterir: 

ὡ ὅȟὪȟὴṚὡ ὅȟὴ 
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yakēnsama oranē a­ēsēndan: 

ὡ᷄ ὅȟὪȟὴ᷄ ὡ᷄ ὅȟὴ  ᷄

 

Yani mod¿l¿s fonksiyonlu uzay daha geniĸtir, 

daha fazla dizi bu uzayda yakēnsak hale gelir. 

Bunun nedeni: 

Ὢὼ
ὼ

ρ ὼ
ᵼὪὼ ὼ (her ὼ π cȞn) 

 

Dolayēsēyla farklar k¿­¿l¿r Ÿ toplamlar daha hēzlē sēfēra gider Ÿ yakēnsama kuvvetlenir. 

 

¢izelge 4. Kuvvetli p-Ces¨ro ile W(C,f,p) Yakēnsama Karĸēlaĸtērmasē Analizi 

¥zellik Kuvvetli p -Ces¨ro █● ● Mod¿l¿s Altēnda █● ●Ⱦ ●  

Baĸlangē­ deĵeri Y¿ksek (~1.0) D¿ĸ¿k (~0.3) 

Yakēnsama hēzē Yavaĸ Hēzlē 

Farklarēn etkisi Doĵrudan Bastērēlmēĸ 

Toplanabilirlik alanē Dar Geniĸ 

Analitik yorum Klasik yºntem Genelleĸtirilmiĸ, daha g¿­l¿ yºntem 

 

Mod¿l¿s fonksiyonunun eklenmesiyle klasik Ces¨ro metodu genelleĸtirilmiĸtir. Bu genelleme, 

ºzellikle salēnēmlē veya y¿ksek fark i­eren diziler i­in daha etkili bir yakēnsama yºntemi sunar. 

Matematiksel olarak bu, paranormlu uzaylarēn daha geniĸ sēnēflarēnē tanēmlar. 

Dolayēsēyla ὡ ὅȟὪȟὴ uzaylarē, fonksiyonel analiz ve yakēnsaklēk teorisinde ºnemli bir 

geniĸleme saĵlar. 

SONU¢ VE ¥NERĶLER 

Sonu­ 

Bu ­alēĸma, mod¿l¿s fonksiyonlarē aracēlēĵēyla tanēmlanan kuvvetli toplanabilirlik kavramēnē 

inceleyerek, klasik Ces¨ro toplanabilirlik teorisinin doĵal bir genellemesini ortaya koymuĸtur. 

Elde edilen sonu­lar gºstermiĸtir ki, mod¿l¿s fonksiyonlarē kullanēlarak tanēmlanan W(C,f,p) 

uzayē, tam bir paranormlu uzay yapēsēna sahiptir. Bu bulgu, Maddox (1986) tarafēndan 

tanēmlanan kuvvetli toplanabilirlik kavramēnēn daha genel bir bi­imini desteklemekte ve 

Ruckle (1970) ile Nakano (1953) tarafēndan ºnerilen mod¿l¿s fonksiyonlarēnēn dizi uzaylarē 

teorisinde g¿­l¿ bir ara­ olduĵunu doĵrulamaktadēr. (Nakano, 1953) (Ruckle, 1970) (Maddox, 

1970). 
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Ayrēca, mod¿l¿s fonksiyonlarēnēn farklē bi­imlerde se­ilmesiyle, klasik Ces¨ro yaklaĸēmēna 

gºre daha geniĸ ve esnek bir yakēnsama alanē elde edilmektedir. Connor (1989) ve Eĸi & 

Sharma (2015) tarafēndan gºsterildiĵi ¿zere, mod¿l¿s fonksiyonlarē yalnēzca teorik olarak 

deĵil, aynē zamanda uygulamalē analizde de etkin bir rol oynamaktadēr. Bu kapsamda, p 

parametresinin farklē deĵerleri altēnda yakēnsama hēzēnēn deĵiĸtiĵi ve mod¿l¿s fonksiyonunun 

farklarēn etkisini bastērarak daha hēzlē bir yakēnsama saĵladēĵē gºzlemlenmiĸtir. (Connor, 1989) 

(Eĸi & Sharma, 2015) 

¢alēĸmada yapēlan analitik ve gºrsel incelemeler sonucunda, ºzellikle salēnēmlē veya d¿zensiz 

diziler i­in mod¿l¿s fonksiyonlarēnēn klasik yºntemlere gºre daha kararlē sonu­lar verdiĵi 

belirlenmiĸtir. Bu sonu­, fonksiyonel analiz ve yakēnsaklēk teorisinde yeni uzaylarēn 

tanēmlanmasē a­ēsēndan ºnemli bir temel oluĸturmaktadēr. Dolayēsēyla mod¿l¿s fonksiyonlarē, 

Ces¨ro toplanabilirlik teorisinin genelleĸtirilmesinde g¿­l¿ bir metodolojik ­er­eve 

sunmaktadēr. 

¥neriler 

1. Farklē t¿rde mod¿l¿s fonksiyonlarē (ºrneĵin logaritmik, ¿stel, doĵrusal olmayan) 

kullanēlarak yeni kuvvetli toplanabilirlik uzaylarēnēn ºzellikleri araĸtērēlmalēdēr. 

2. p parametresinin yakēnsama hēzēna etkisi daha ayrēntēlē bi­imde incelenmeli ve farklē p 
deĵerleri altēnda elde edilen sonu­lar karĸēlaĸtērēlmalēdēr. 

3. Mod¿l¿s fonksiyonlarēnēn Riesz, Hºlder veya Hausdorff gibi diĵer matris 
dºn¿ĸ¿mleriyle etkileĸimi analiz edilerek genelleĸtirilmiĸ toplanabilirlik kavramlarē 

tanēmlanabilir.  

4. Python veya benzeri sayēsal ara­lar kullanēlarak, mod¿l¿s fonksiyonlarēnēn etkisi altēnda 

farklē dizilerin yakēnsama davranēĸlarē sim¿lasyonlarla desteklenmelidir. 

5. Bu yaklaĸēmēn Fourier analizi, sinyal iĸleme veya istatistiksel veri analizi gibi 
uygulamalē alanlarda kullanēmē araĸtērēlabilir. 

6. W(C,f,p) uzayēnēn Orlicz ve MusielakïOrlicz uzaylarēyla iliĸkisi incelenerek, bu 

uzaylarēn genel birleĸtirilmiĸ yapēsē ¿zerine yeni teoremler geliĸtirilebilir. 

7. Gelecek ­alēĸmalarda, mod¿l¿s fonksiyonlarēna dayalē yeni paranorm tanēmlarē ve 
yakēnsama ºl­¿tleri geliĸtirilerek fonksiyonel analizdeki genellemeler artērēlabilir. 

8. Maddox (1986), Connor (1989) ve Ruckle (1970) gibi klasik kaynaklara ek olarak, 

modern yaklaĸēmlar (ºrneĵin fractional calculus veya bulanēk k¿meler teorisi) ile 

mod¿l¿s fonksiyonlarēnēn entegrasyonu saĵlanabilir.  
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EK 

9. Mod¿l¿s Fonksiyonlarēnēn Karĸēlaĸtērēlmasē Ķ­in Python Kodlarē 
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10. Ces¨ro ortalamalarēnēn yakēnsama davranēĸē Ķ­in Python Kodlarē 
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11. Kuvvetli p -Ces¨ro Toplanabilirlik Ķ­in Python Kodlarē 

 

 

12. W(C,f,p) uzayēnēn gºrsel analizi i­in Python Kodlarē 
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METEOROLOJIK VERILERIN YAPAY ZEKĄ DESTEKLI OPTIMIZASYONU VE 

REGRESYON MODELLEME UYGULAMASI 1 

Dr. ¥ĵr. ¦yesi, Din­er Atasoy 

Iĵdēr ¦niversitesi/M¿hendislik Fak¿ltesi 

dinceratasoy65@gmail.com- ORCĶD: 0000-0003-0389-1059 

 

¥ZET 

Bu ­alēĸma, meteorolojik verilerin yazēlēm tabanlē analizine dayalē olarak kēsa vadeli 

tahminleme modelinin geliĸtirilmesini ama­lamaktadēr. Araĸtērmada, Iĵdēr iline ait 2001ï2021 

yēllarē arasēndaki meteorolojik veriler kullanēlmēĸtēr. Veri iĸleme, model eĵitimi ve doĵrulama 

aĸamalarē Python ve MATLAB ortamlarēnda ger­ekleĸtirilmiĸtir. Uygulama s¿recinde ham 

veriler temizlenmiĸ, ay, mevsim ve gecikme (lag) deĵiĸkenleri eklenmiĸ, veriler 0ï1 aralēĵēnda 

ºl­eklendirilmiĸtir. Veri setinin %90ôē eĵitim, %10ôu test i­in ayrēlmēĸtēr (IPCC, 2023; MGM, 

2023). 

 

Regresyon modelleri kapsamēnda doĵrusal, Ridge ve Lasso yºntemleri uygulanmēĸtēr. ¢oklu 

doĵrusallēk analizleri sonucunda en iyi sonu­ doĵrusal modelle elde edilmiĸtir. ¥zellik se­imi 

ve ­ēkarēmē aĸamalarēnda, ºzellikle gecikmeli deĵiĸkenlerin dahil edilmesi Ὑό deĵerini 0,16ôdan 

0,75ôe y¿kseltmiĸtir. Model performansē, Ortalama Mutlak Hata (MAE), Ortalama Kare Hata 

(MSE) ve ­apraz doĵrulama metrikleriyle test edilmiĸtir. Elde edilen model, bir, iki ve ¿­ ay 

sonrasēna ait yaĵēĸ tahminlerini ger­ekleĸtirebilmekte ve bir aylēk tahminlerde Ὑό  πȟτρ 

deĵerine ulaĸmaktadēr. 

 

Yazēlēm tabanlē bu model, tarēmsal planlama, su yºnetimi ve iklim analizi gibi alanlarda karar 

destek aracē olarak kullanēlabilir. ¢alēĸma, optimizasyon ve regresyon yºntemlerinin yazēlēm 

altyapēsēyla b¿t¿nleĸtirilmesi sayesinde meteorolojik tahminlemede g¿­l¿ bir yapay zeka 

temelli yaklaĸēm sunmaktadēr (Hastie et al., 2015). 

Anahtar Kelimeler: Optimizasyon Algoritmasē, Regresyon Analizi, Yapay Zek©, 

Meteorolojik Tahminleme. 

 

 

 

 

 

 

1 Bu ­alēĸma Doktora tezinden ¿retilmiĸtir. Optimizasyon ve Regresyon Modelleri ile Meteorolojik Tahminleme 

Denemesi, Iĵdēr ¦niversitesi, Lisans¿st¿ Eĵitim Enstit¿s¿, 2023, Yayēnlanmēĸ Doktora Tezi. 
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ARTIFICIAL IN TELLIGENCE ïSUPPORTED OPTIMIZATION AND REGRESSION 

MODELING OF METEOROLOGICAL DATA  

Asst. Prof. Dr. Din­er Atasoy 

Iĵdēr University / Faculty of Engineering 

dinceratasoy65@gmail.com ï ORCID: 0000-0003-0389-1059 

 

ABSTRACT 

This study aims to develop a software-based short-term forecasting model for meteorological 

data analysis. The dataset includes meteorological observations from Iĵdēr Province for the 

period 2001ï2021. Data preprocessing, model training, and validation were performed 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 Ὑό value from 0.16 to 0.75. Model performance was evaluated using Mean Absolute Error 

(MAE), Mean Squared Error (MSE), and cross-validation techniques. The proposed model 

successfully predicted rainfall for one, two, and three months ahead, achieving an Ὑό value of 

0.41 for one-month forecasts. 

 

The developed software-based model can be used as a decision-support tool in agricultural 

planning, water management, and climate analysis. By integrating optimization and regression 

techniques within a computational framework, this study offers a robust AI-oriented approach 

to meteorological forecasting. 

Keywords: Optimization Algorithm, Regression Analysis, Artificial Intelligence, 

Meteorological Forecasting. 

 

1. GĶRĶķ 

Optimizasyon problemi, belirli bir hedefi olan bir fonksiyonun en iyi b¿y¿k veya en 

k¿­¿k deĵerini bulmayē ama­lamaktadēr. Bu ­er­evede, optimizasyon problemleri, 

matematiksel modelleri analiz ederek, arama algoritmalarē kullanarak veya diĵer optimizasyon 

yºntemlerini uygulayarak ­ºz¿lebilmektedir. Regresyonda ise baĵēmlē ve baĵēmsēz deĵiĸken 

arasēndaki iliĸkinin matematiksel olarak ifade edilmesi ama­lanmaktadēr. Eĸitsizlik 

kēsētlamalarēna izin veren Karush-Khun-Tucker (KKT) koĸullarēnēn doĵrusal olmayan 

programlama yaklaĸēmē, yalnēzca eĸitsizlik kēsētlamalarēna izin veren Langrange ­arpanlarēnē 

genelleĸtirir. Langrange yaklaĸēmēna benzer ĸekilde, kēsētlē maksimizasyon (minimizasyon) 

problemi, optimal noktasē bir eyer noktasē olan bir Langrange fonksiyonu olarak yeniden 

yazēlacaktēr. Optimizasyonda finans problemleri i­in k©rē maksimum yapma ya da ¿retim 

sektºr¿ i­in maliyeti minimum yapma durumu regresyondaki en k¿­¿k kareler yºntemi, KKT, 
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Optimal Scaling (CATREG) ve uyum testleri ile saĵlanmaya ­alēĸēlacaktēr.  Optimal Scaling, 

bir deĵiĸkenin analizdeki rol¿n¿ iyileĸtirmek ve veriye daha iyi uyan bir ºl­ek elde etmek 

amacēyla kullanēlēr. Bu teknik, veri dºn¿ĸ¿mleri veya ºl­eklendirmeler yaparak veriyi daha 

uygun hale getirmeyi ama­lar. Bu ­alēĸmada konveks fonksiyonlarēn maksimum ve minimum 

noktalarēnē bulmak i­in ­eĸitli yºntemler kullanēlacak ve konveks olan bir k¿menin quasi-

konveks olduĵunu gºstermeye ­alēĸarak daha hassas bir ºl­¿ saĵlanacaktēr. Konveks 

programlama, bir­ok optimizasyon probleminin ­ºz¿m¿nde kullanēlan bir yaklaĸēmdēr. 

Konveks fonksiyonlar, tanēmlandēĵē k¿me ¿zerinde belirli bir ­eĸit d¿zlemsel ºzelliĵe sahiptir 

ve bu ºzellik, ­ºz¿m s¿recindeki analiz ve algoritmalarēn etkinliĵini artērmaktadēr (Boyd, 2009; 

Ben-Tal & Nemirovski, 2013). 

2. OPTĶMĶZASYON 

Matematikte matematiksel programlama, optimizasyon (eniyileme) terimi; bir ger­el 

fonksiyonu minimize ya da maksimize etmek amacēyla reel sayēlarda tanēmlē bir aralēkta se­ilen 

deĵerlerin fonksiyona yerleĸtirilmesi ile sistematik bir ­ºz¿m aranmasēdēr. Optimizasyonu 

matematiksel olarak incelediĵimizde, ortak bir optimizasyon probleminin bir veya birden fazla 

iĸlevi yerine getirdiĵi sºylenebilir. Optimizasyon s¿recinde problem optimize edilirken bazē 

kēsētlarla karĸēlaĸēlmasē beklenmektedir. Klasik anlamda optimizasyon g¿n¿m¿zde ­ok fazla 

alanda kullanēlmaya ve uygulama bulmaya baĸlayarak araĸtērmacēlarēn ilgisini ­ekmiĸtir. 

Makine ºĵrenimi ya da yapay zek©, geliĸmiĸ optimizasyon problemlerini ­ºzmeye yºnelik 

akēllē yaklaĸēmlarē, yºntemleri ve teknikleri ile g¿n¿m¿zde optimizasyonda ºnemli bir yer 

tutmaktadēr (Pehlivanoĵlu, 2017). 

 

Gºrsel 6. Optimizasyonda Veri Deĵerlendirme S¿reci 

Gºrsel 1ôde de gºr¿leceĵi ¿zere verinin deĵerlendirilmesi i­in problemin tanēmlanmasē, verinin 

anlaĸēlmasē, hazērlanmasē, veri i­in modellemenin yapēlēp deĵerlendirilmesi ve sonrasēnda da 

kullanēlmasē sºz konusudur. Bu aĸamalara dikkat etmek, ­alēĸmanēn kalitesini artērēr ve 

Problemin

Tanēmlanmasē

Verinin

Anlaĸēlmasē

Verinin

Hazērlanmasē

Modelleme

Modelin

Deĵerlendirilmesi

Modelin
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sonu­larēnē daha g¿venilir hale getirir. ¢alēĸma i­eriĵinde ele alēnacak problemi a­ēk­a 

tanēmlamak b¿y¿k ºnem taĸēr. Bu aĸamada, hangi sorunlarēn ­ºz¿lmesi gerektiĵi ve bu 

sorunlarēn neden ºnemli olduĵu a­ēk bir ĸekilde ifade edilmelidir. Modelin baĸarēsēnē 

deĵerlendirmek i­in uygun metriklerin kullanēlmasē ºnemlidir; doĵruluk, hassasiyet ve 

ºzg¿ll¿k gibi metrikler modelin baĸarēsēnē ºl­mek i­in kullanēlabilir. Bu metrikler ayrēca ­apraz 

doĵrulama ile aĸērē uyarlama veya eksik uyarlama gibi sorunlarēn ºn¿ne ge­ilmesine yardēmcē 

olur.  

 

Gºrsel 7. Genel optimizasyon akēĸ diyagramē (Kochenderfer & Wheeler, 2019)  

Gºrsel 2ôdeki akēĸ diyagramēnda gºr¿leceĵi ¿zere, optimizasyonda bir baĸlama noktasē olmalē 

ve baĸlama noktasēna gºre yeni deĵerlendirmeler bakēlmalē ve optimal sonu­ bulunana kadar 

deĵerlendirmeye devam edilmelidir (Kochenderfer & Wheeler, 2019). 

3. REGRESYON 

Regresyon, istatistiksel bir analiz yºntemidir ve bir deĵiĸkenin diĵer deĵiĸkenlerle iliĸkisini 

modellemeyi ama­lamaktadēr (Atasoy, 2001). Bu iliĸkiyi anlamak i­in bir baĵēmlē deĵiĸkenin 

(sonu­ deĵiĸkeni) baĵēmsēz deĵiĸkenlerle (tahmin edici deĵiĸkenler) nasēl iliĸkilendiĵini 

gºrmek gerekiyor (Atasoy, 2023). 

Regresyon analizi, bir baĵēmlē deĵiĸkenin tahmin edicilerine dayalē olarak nasēl deĵiĸtiĵini 

anlamamēza yardēmcē olur. ¥rneĵin, bir ĸirketin satēĸlarēnē tahmin etmek isteyebiliriz ve bu 

durumda baĵēmlē deĵiĸken "satēĸlar" olurken, baĵēmsēz deĵiĸkenler arasēnda reklam 

harcamalarē, fiyat, hava durumu gibi faktºrler olabilir (Atasoy, 2023). 
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Regresyon analizi, bu iliĸkiyi matematiksel bir denklemle ifade ederek ger­ekleĸtir. En yaygēn 

olarak kullanēlan regresyon yºntemi, doĵrusal regresyondur, ancak bazen doĵrusal olmayan 

iliĸkileri modellemek i­in doĵrusal olmayan regresyon yºntemleri de kullanēlēr. 

 

Regresyon analizi, aĸaĵēdaki ama­lar i­in kullanēlēr: 

1. Tahmin: Regresyon analizi, baĵēmlē deĵiĸkenin deĵerlerini tahmin etmek i­in kullanēlēr. 

Model, baĵēmsēz deĵiĸkenlerin deĵerleri verildiĵinde baĵēmlē deĵiĸkenin tahminini yapar. 

2. Ķliĸkiyi Anlama: Regresyon analizi, baĵēmlē deĵiĸken ile baĵēmsēz deĵiĸkenler arasēndaki 

iliĸkiyi anlamak i­in kullanēlēr. Baĵēmlē deĵiĸken ¿zerinde hangi baĵēmsēz deĵiĸkenlerin etkili 

olduĵunu belirlemek i­in katsayēlar ve istatistiksel testler kullanēlabilir. 

3. Deĵiĸkenlerin Etkisini ¥l­me: Regresyon analizi, baĵēmsēz deĵiĸkenlerin baĵēmlē deĵiĸken 

¿zerindeki etkisini ºl­mek i­in kullanēlēr. Katsayēlar, baĵēmsēz deĵiĸkenlerin birim 

deĵiĸikliĵinin baĵēmlē deĵiĸkende ne kadar deĵiĸiklik yaptēĵēnē gºsterir. 

4. Tahmin Deĵerlerinin G¿ven Aralēĵēnē Hesaplama: Regresyon analizi, tahmin edilen 

deĵerlerin g¿ven aralēĵēnē hesaplamak i­in kullanēlabilir. Bu, tahminlerin ne kadar doĵru veya 

g¿venilir olduĵunu anlamaya yardēmcē olur. 

3.1. Ridge ve Lasso Regresyon 

Ridge regresyon ve Lasso regresyon, regresyon analizinde kullanēlan iki pop¿ler 

d¿zenlileĸtirme (regularization) yºntemidir. Her ikisi de modelin aĸērē uyum (overfitting) 

sorununu ­ºzmek ve modelin genelleme yeteneĵini artērmak i­in kullanēlēr. Temel farklēlēklarē, 

farklē d¿zenlileĸtirme terimleri kullanmalarēdēr ((Atasoy, 2023; Hastie et al., 2015). 

3.1.1. Ridge Regresyon 

Ridge Regresyon (Tikhonov d¿zenlileĸtirmesi): Ridge regresyon, doĵrusal regresyonun bir 

t¿revidir ve L2 d¿zenlileĸtirme terimini kullanēr. Bu yºntem, modeldeki katsayēlarē sēfēra 

yaklaĸtērarak aĸērē uyumu azaltmaya ­alēĸēr. Ridge regresyon, her bir katsayēnēn karesini 

d¿zenlileĸtirme terimine ekleyerek modeli d¿zenler. Bu ĸekilde, baĵēmsēz deĵiĸkenler 

arasēndaki ­oklu korelasyonu azaltarak ve modelin genelleme yeteneĵini artērarak istatistiksel 

olarak daha g¿venilir tahminler elde edebilir (Hastie et al., 2015). 

Ridge regresyonun avantajlarē ĸunlardēr: 

¶ ¢oklu korelasyonlu deĵiĸkenlerin olduĵu durumlarda etkili sonu­lar verir. 

¶ Katsayēlarē sēfēra yaklaĸtērdēĵēndan, gereksiz deĵiĸkenleri elemek yerine onlarē k¿­¿lt¿r, 

bºylece daha genelleyici modeller oluĸturur. 

¶ Modeldeki katsayēlarēn kararlēlēĵēnē artērēr. 
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3.1.2. Lasso Regresyon 

Lasso Regresyon (Least Absolute Shrinkage and Selection Operator) da doĵrusal regresyonun 

bir t¿revidir, ancak L1 d¿zenlileĸtirme terimini kullanēr. Lasso regresyon, modeldeki katsayēlarē 

sēfēra tamamen yaklaĸtērarak deĵiĸken se­imi yapar. Bu durum modeldeki gereksiz deĵiĸkenleri 

elemenin bir yoludur. Lasso regresyonu, katsayēlarē d¿zenlileĸtirme terimiyle ­arparak modeli 

d¿zenler. 

Lasso regresyonun avantajlarē ĸunlardēr: 

¶ Deĵiĸken se­imini otomatik olarak yapar ve gereksiz deĵiĸkenleri tamamen sēfērlayabilir. 

¶ Ridge regresyona kēyasla daha d¿zenli bir modele yol a­abilir. 

¶ Modeldeki gereksiz deĵiĸkenlerin etkisini azaltēr. 

Ridge regresyon ve Lasso regresyon arasēndaki birka­ fark ĸunlardēr: 

¶ Ridge regresyon, katsayēlarē sēfēra yaklaĸtērmak i­in L2 d¿zenlileĸtirme terimini 

kullanērken, Lasso regresyon L1 d¿zenlileĸtirme terimini kullanēr. 

¶ Ridge regresyon, t¿m katsayēlarē azaltērken Lasso regresyon bazē katsayēlarē tamamen 

sēfēra indirebilir. 

¶ Lasso regresyon, deĵiĸken se­imini otomatik olarak yaparken Ridge regresyon her 

deĵiĸkeni azaltēr. 

Her iki yºntem de regresyon analizinde d¿zenlileĸtirme teknikleri olarak kullanēlēr ve 

modelin genelleme yeteneĵini artērērken, aĸērē uyumu azaltmayē hedeflerler (Hastie et al., 2015). 
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Gºrsel 8. Regresyon analizi aĸamalarē 

4. MATERYAL ve METOT  

4.1. Materyal 

KÁÌąĥÍÁÄÁ )øÄąÒ ÉÌÉÎÅ ÁÉÔ ςππρ-ςπςρÔÁÒÉÈÌÅÒÉ ÁÒÁÓąÎÄÁËÉ ςπ ÙąÌÌąËȠ Ȱ!ÙÌąË ÔÏÐÌÁÍ ÙÁøąĥ ÍÉËÔÁÒą 

ÏÒÔÁÌÁÍÁÓąȱȟ Ȱ/ÒÔÁÌÁÍÁ ÇİÎÅĥÌÅÎÍÅ ÓİÒÅÓÉȱȟ Ȱ/ÒÔÁÌÁÍÁ ÙÁøąĥÌą ÇİÎ ÓÁÙąÓąȱȟ Ȱ%Î ÙİËÓÅË ÓąÃÁËÌąËȱȟ Ȱ%Î 

ÄİĥİË ÓąÃÁËÌąËȱȟ Ȱ(ÁÖÁÄÁËÉ ÎÅÍ ÏÒÁÎą ÏÒÔÁÌÁÍÁÓąȱȟ Ȱ2İÚÇÝÒ ÈąÚą ÏÒÔÁÌÁÍÁÓąȱ ÖÅ Ȱ"ÕÈÁÒÌÁĥÍÁȱ 

ÖÅÒÉÌÅÒÉ ÁÌąÎÍąĥÔąÒȢ "Õ ÖÅÒÉÌÅÒ Ek 1.ςȭÄÅ ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ "Õ ÖÅÒÉÌÅÒ ÉëÉÎ ÌÉÎÅÅÒ ÒÅÇÒÅÓÙÏÎ ÍÏÄÅÌÉȟ ÒÉÄÇÅ 

regresyon ve lasso regresyon modeli kurulmuĸtur (Taĸtan, 2023). 

4.2. Metot 

KÁÌąĥÍÁÄÁ )øÄąÒ ÉÌÉÎÅ ÁÉÔ 2001-ςπςρÔÁÒÉÈÌÅÒÉ ÁÒÁÓąÎÄÁËÉȠ Ȱ!ÙÌąË ÔÏÐÌÁÍ ÙÁøąĥ ÍÉËÔÁÒą ÏÒÔÁÌÁÍÁÓąȱȟ 

Ȱ/ÒÔÁÌÁÍÁ ÇİÎÅĥÌÅÎÍÅ ÓİÒÅÓÉȱȟ Ȱ/ÒÔÁÌÁÍÁ ÙÁøąĥÌą ÇİÎ ÓÁÙąÓąȱȟ Ȱ%Î ÙİËÓÅË ÓąÃÁËÌąËȱȟ Ȱ%Î ÄİĥİË 

ÓąÃÁËÌąËȱȟ Ȱ(ÁÖÁÄÁËÉ ÎÅÍ ÏÒÁÎą ÏÒÔÁÌÁÍÁÓąȱȟ Ȱ2İÚÇÝÒ ÈąÚą ÏÒÔÁÌÁÍÁÓąȱ ÖÅ Ȱ"ÕÈÁÒÌÁĥÍÁȱ ÖÅÒÉÌÅri 

ÁÌąÎÍąĥ ÖÅ ÂÕ ÖÅÒÉÌÅÒÄÅÎ ÂÁÚąÌÁÒąÎąÎ ÍÏÄÅÌÅ ÅÔËÉÓÉÎÉÎ ÍÉÎÉÍÕÍ ÓÅÖÉÙÅÄÅ ÏÌÄÕøÕ ÇĘÒİÌÅÒÅË ÖÅ 

ÕÚÍÁÎ ÇĘÒİĥİ ÄÅ ÁÌąÎÁÒÁË ÍÏÄÅÌÄÅÎ ëąËÁÒÔąÌÍąĥÔąÒȢ ¤ÅËÉÌ υȢσȭÔÅ ÓÏÎ ÄÕÒÕÍÄÁ ÍÏÄÅÌÄÅ ËÕÌÌÁÎąÌÁÎ 
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ÖÅÒÉÌÅÒ ĥÕ ĥÅËÉÌÄÅ ÏÌÍÕĥÔÕÒȠ ÂÁøąÍÌą ÄÅøÉĥËÅÎ ÏÌÁÒÁË Ȱ!ÙÌąË ÔÏÐÌÁÍ ÙÁøąĥȱȟ ÂÁøąÍÓąÚ ÄÅøÉĥËÅÎÌÅÒ 

ÉÓÅ Ȱ!ÙÌąË ÏÒÔÁÌÁÍÁ ÒİÚÇÝÒ ÈąÚąȱȟ Ȱ!ÙÌąË ÏÒÔÁÌÁÍÁ ÎÉÓÐÉ ÎÅÍȱȟ Ȱ!ÙÌąË ÏÒÔÁÌÁÍÁ ÓąÃÁËÌąËȱ ÖÅ Ȱ!ÙÌąË 

ÔÏÐÌÁÍ ÁëąË ÙİÚÅÙ ÂÕÈÁÒÌÁĥÍÁÓąȱ ÏÌÁÒÁË ÓÅëÉÌÍÉĥÔÉÒȢ 

 

Gºrsel 9. Modelde Kullanēlan Meteorolojik Veriler  

 

 

4.2.1. Veri Ķĸleme 

6ÅÒÉ ÓÅÔÉ ÉĥÌÅÎÅÒÅË ÔÅË ÂÉÒ ÅÌÅËÔÒÏÎÉË ëÉÚÅÌÇÅ ÈÁÌÉÎÅ ÇÅÔÉÒÉÌÄÉȢ "Õ ëÉÚÅÌÇÅÄÅËÉ ÈÅÒ ÂÉÒ ÓÁÔąÒ ÂÉÒ ÄÁÔÁ 

ÎÏËÔÁÓąÎą ÔÅÍÓÉÌ ÅÔÍÅËÔÅ ÉËÅÎȟ ÓİÔÕÎÌÁÒ ÄÁ ÄÁÔÁÎąÎ ĘÚÅÌÌÉËÌÅÒÉÎÉ ÔÅÍÓÉÌ ÅÄÉÙÏÒȢ $ÁÔÁÎąÎ 

ĘÚÅÌÌÉËÌÅÒÉÎÅ ÅË ÏÌÁÒÁË ÄÁ ÈÁÎÇÉ ÁÙÄÁ ÏÌÄÕøÕÍÕÚÕ ÔÅÍÓÉÌ ÅÄÅÎ ρς ÔÁÎÅ ÄÁÈÁ ÓİÔÕÎ ÅËÌÅÎÄÉȢ 

dÎÃÅÌÅÍÅÙÅ ËÏÎÕ ÏÌÁÎ ÁÙÁ ÄÅÎË ÇÅÌÅÎ ÓİÔÕÎÕÎ ÄÅøÅÒÉ ρȟ ÇÅÒÉ ËÁÌÁÎ ÁÙÌÁÒ ÉÓÅ π ÏÌÁÒÁË ËÏÄÌÁÎÄąȢ  

Ham haldeki verinin Ὑ πȟρφ olarak bulundu.  

!Ù ĘÚÅÌÌÉËÌÅÒÉ ÅËÌÅÎÉÎÃÅ Ὑ πȟφω , 

-ÅÖÓÉÍ ĘÚÅÌÌÉËÌÅÒÉ ÅËÌÅÎÉÎÃÅ Ὑ πȟφω,  

'ÅÃÉËÍÅ ĘÚÅÌÌÉËÌÅÒÉ ÅËÌÅÎÉÎÃÅ Ὑ πȟχυ,  

(ÁÒÅËÅÔÌÉ ÏÒÔÁÌÁÍÁ ÖÅ ÓÔÁÎÄÁÒÔ ÓÁÐÍÁ ĘÚÅÌÌÉËÌÅÒÉ ÅËÌÅÎÉÎÃÅ Ὑ πȟφψ olarak bulundu. Modele 

Ὑ πȟχυ ile devam edildi. 

4.2.2. Lineer Regresyon Modelini Eĵitme 

Verinin s¿tunlarēnē her bir s¿tun kendi i­erisinde 0 ile 1 arasēnda olacak ĸekilde 

ºl­eklendirildi. Elimizdeki verinin %90'lēk kēsmēnē lineer regresyon modelini eĵitmek i­in, 

kalan %10'luk kēsmēnē da eĵitilen modelin baĸarēsēnē ºl­mek i­in kullanēldē. Lineer regresyon 

modeli verilerle eĵitildi.  

4.2.3. Modelin Deĵerlendirmesi 

Eĵitilen model, R2 metriĵi kullanēlarak deĵerlendirildi ve R2 deĵeri 0,75 olarak 

belirlendi. Bu eĵitilen model, verilen bir veri noktasēnēn ºzelliklerini girdi olarak kabul eder ve 
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aylēk toplam yaĵēĸē tahmin etmek i­in bir fonksiyon olarak kullanēr. Verinin ºzellikleri ile aylēk 

toplam yaĵēĸ arasēndaki korelasyon sēcaklēk haritasē olarak gºrselleĸtirildi. 

 

Gºrsel 10. Regresyon ve optimizasyon arasēndaki iliĸki 

2ÅÇÒÅÓÙÏÎ ÍÏÄÅÌÉ ĘÚÅÌÌÉË ëąËÁÒąÍąȟ ÂÉÒ ÈÅÄÅÆ ÄÅøÉĥËÅÎÉÎ ɉÂÁøąÍÌą ÄÅøÉĥËÅÎɊ ÄÉøÅÒ ĘÚÅÌÌÉËÌÅÒÌÅ 

ÉÌÉĥËÉÓÉÎÉ ÍÏÄÅÌÌÅÍÅË ÉëÉÎ ËÕÌÌÁÎąÌąÒȢ vÚÅÌÌÉË ëąËÁÒąÍąȟ ÖÅÒÉ ÓÅÔÉÎÄÅËÉ ĘÚÅÌÌÉËÌÅÒÉÎ ÄÁÈÁ ÉÙÉ ÂÉÒ ĥÅËÉÌÄÅ 

ÔÅÍÓÉÌ ÅÄÉÌÍÅÓÉÎÉ ÓÁøÌÁÙÁÎ ÖÅÙÁ ÙÅÎÉ ĘÚÅÌÌÉËÌÅÒÉÎ ÏÌÕĥÔÕÒÕÌÍÁÓąÎą ÉëÅÒÅÎ ÂÉÒ ÓİÒÅëÔÉÒȢ "Õ ÓİÒÅëȟ 

ÒÅÇÒÅÓÙÏÎ ÍÏÄÅÌÉÎÉÎ ÐÅÒÆÏÒÍÁÎÓąÎą ÁÒÔąÒÍÁËÔÁ ÖÅ ÄÁÈÁ ÉÙÉ ÔÁÈÍÉÎÌÅÒ ÅÌÄÅ ÅÔÍÅÎÉÚÉ ÓÁøÌÁÍÁËÔÁÄąÒȢ 

"Õ ËÁÐÓÁÍÄÁ 'ĘÒÓÅÌυȭÔÅ ÖÅÒÉÌÅÎ ĥÅÍÁÄÁ ÄÁ ÇĘÒİÌÅÃÅøÉ İÚÅÒÅȟ ĘÎÃÅ ÈÁÍ ÖÅÒÉ İÚÅÒÉÎÄÅ 

ÄÅøÅÒÌÅÎÄÉÒÍÅ ÙÁÐąÌÍąĥ ÖÅ ÄÁÈÁ ÓÏÎÒÁ ÁĥÁÍÁÌą ÏÌÁÒÁË ÖÅÒÉ ÓÅÔÉÎÄÅ ÂÕÌÕÎÁÎ ÁÙ ĘÚÅÌÌÉËÌÅÒÉȟ ÍÅÖÓÉÍ 

ĘÚÅÌÌÉËÌÅÒÉȟ ÇÅÃÉËÍÅ ĘÚÅÌÌÉËÌÅÒÉȟ ÈÁÒÅËÅÔÌÉ ÏÒÔÁÌÁÍÁ ĘÚÅÌÌÉËÌÅÒÉ ÅËÌÅÎÍÉĥ ÖÅ ÂÕÎÌÁÒąÎ Ὑ  

ÄÅøÅÒÌÅÒÉÎÄÅ ÎÁÓąÌ ÂÉÒ ÄÅøÉĥÉËÌÉË ÏÌÄÕøÕ KÉÚÅÌÇÅ ρȭÄÅËÉ ÇÉÂÉ ÇĘÚÌÅÎÍÉĥÔÉÒȢ 

vÚÅÌÌÉË ëąËÁÒąÍąȟ ÂÉÒ ÈÅÄÅÆ ÄÅøÉĥËÅÎÉÎ ɉÂÁøąÍÌą ÄÅøÉĥËÅÎɊ ÄÉøÅÒ ĘÚÅÌÌÉËÌÅÒÌÅ ÉÌÉĥËÉÓÉÎÉ ÍÏÄÅÌÌÅÍÅË 

ÉëÉÎ ËÕÌÌÁÎąÌąÒȢ 6ÅÒÉ ÓÅÔÉÎÄÅËÉ ĘÚÅÌÌÉËÌÅÒÉÎ ÄÁÈÁ ÉÙÉ ÂÉÒ ĥÅËÉÌÄÅ ÔÅÍÓÉÌ ÅÄÉÌÍÅÓÉÎÉ ÓÁøÌÁÙÁÎ ÖÅÙÁ ÙÅÎÉ 

ĘÚÅÌÌÉËÌÅÒÉÎ ÏÌÕĥÔÕÒÕÌÍÁÓąÎą ÉëÅÒÅÎ ÂÉÒ ÓİÒÅëÔÉÒȢ "Õ ÓİÒÅëȟ ÒÅÇÒÅÓÙÏÎ ÍÏÄÅÌÉÎÉÎ ÐÅÒÆÏÒÍÁÎÓąÎą 

ÁÒÔąÒÁÒÁË ÄÁÈÁ ÉÙÉ ÔÁÈÍÉÎÌÅÒ ÅÌÄÅ ÅÄÉÌÍÅÓÉÎÉ ÓÁøÌÁÍÁËÔÁÄąÒȢ 

vÚÅÌÌÉË ÓÅëÉÍÉȟ ÒÅÇÒÅÓÙÏÎ ÍÏÄÅÌÉÎÄÅ ÅÎ ĘÎÅÍÌÉ ÖÅ ÅÔËÉÌÉ ÁÄąÍÌÁÒÄÁÎ ÂÉÒÉÄÉÒȢ dÙÉ ÂÉÒ ĘÚÅÌÌÉË ÓÅëÉÍÉȟ 

ÇÅÒÅËÓÉÚ ÖÅÙÁ ËÁÌÁÂÁÌąË ĘÚÅÌÌÉËÌÅÒÉÎ ÍÏÄÅÌÅ ÄÁÈÉÌ ÅÄÉÌÍÅÓÉÎÉ ÅÎÇÅÌÌÅÒȟ ÍÏÄÅÌÉÎ ÐÅÒÆÏÒÍÁÎÓąÎą 

ÁÒÔąÒąÒ ÖÅ ÁĥąÒą ÕÙÕÍ ɉÏÖÅÒÆÉÔÔÉÎÇɊ ÓÏÒÕÎÕÎÕ ĘÎÌÅÒȢ  

vÚÅÌÌÉË ÓÅëÉÍÉ ÙÁÐÁÒËÅÎȟ ÁĥąÒą ÕÙÕÍ ɉÏÖÅÒÆÉÔÔÉÎÇɊ ÒÉÓËÉÎÉ ÁÚÁÌÔÍÁË ÉëÉÎ ëÁÐÒÁÚ ÄÏøÒÕÌÁÍÁ ɉÃÒÏÓÓ-

ÖÁÌÉÄÁÔÉÏÎɊ ËÕÌÌÁÎÍÁË ĘÎÅÍÌÉÄÉÒȢ vÚÅÌÌÉËÌÅÒ ÁÒÁÓąÎÄÁËÉ ËÏÒÅÌÁÓÙÏÎ ÇĘÚ ĘÎİÎÅ ÁÌąÎÄąøąÎÄÁȟ 

ĘÚÅÌÌÉËÌÅÒÉÎ ÎÏÒÍÁÌÌÅĥÔÉÒÉÌÍÅÓÉ ÖÅÙÁ ÓÔÁÎÄÁÒÔÌÁĥÔąÒąÌÍÁÓą ÇÉÂÉ ÄÉøÅÒ ÓÔÒÁÔÅÊÉÌÅÒÉÎ ÙÁÎą ÓąÒÁȟ ÁÌÁÎ 

ÂÉÌÇÉÓÉÎÅ ÄÁÙÁÌą ĘÎÅÍÌÉ ĘÚÅÌÌÉËÌÅÒÉÎ ÇĘÚÌÅÍÌÅÎÍÅÓÉ ÄÅ ÍİÍËİÎÄİÒȢ "Õ ÄÕÒÕÍ  

¢izelge 5. Modelin Eĵitilmesi ve ¥ĵrenmesi S¿resince R^2 Deĵerleri 

ἠ ἡἷἶἽëἴἩἺą 

Regresyon ve 
Optimizasyon 
Arasēndaki Ķliĸki

¥n Veri Ķĸleme

¥zellik ¢ēkarēmē

Ham veri

+ Ay ¥zellikleri

+ Mevsim 
¥zellĸkleri

+ Gecikme 
¥zellikleri

+ Hareketli Ortalama 
¥zellikleri

¥zellik Se­imi

Random Forest 
Regresyonu

Korelasyon 
Matrisi

Model Fit Etme

Lineer Regresyon Ridge Regresyon Lasso Regresyon



AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI  

CONFERENCE BOOK  - ISBN : 978-625-5694-42-3 

90 
 

vÚÅÌÌÉË KąËÁÒąÍą 

Ham veri 0,16 

Ϲ !Ù ĘÚÅÌÌÉËÌÅÒÉ 0,69 

Ϲ -ÅÖÓÉÍ ĘÚÅÌÌÉËÌÅÒÉ 0,69 

Ϲ 'ÅÃÉËÍÅ ĘÚÅÌÌÉËÌÅÒÉ 0,75 

+ Hareketli ortalama ve standart sapma 

ĘÚÅÌÌÉËÌÅÒÉ 

0,68 

vÚÅÌÌÉË 3ÅëÉÍÉ 

Random forest regression 0,62 

Korelasyon matrisi 0,52 

(ÉëÂÉÒÉÎÉ kullanmama 0,75 

Model Fit Etme  

Linear regresyon 0,75 

Ridge regresyon 0,68 

Lasso regresyon 0,37 

 

'ĘÒÓÅÌ χȭÄÅ ÖÅÒÉÌÅÎ ÖÅÒÉ ÓÅÔÉÎÅ ÁÉÔ ËÏÒÅÌÁÓÙÏÎ ÄÅøÅÒÌÅÒÉ ÇÒÁÆÉøÉÎÄÅ ÓÁÙąÓÁÌ ÏÌÁÒÁË ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 

2ÁÎÄÏÍ &ÏÒÅÓÔȟ ëÏËÌÕ ËÁÒÁÒ ÁøÁëÌÁÒąÎąÎ ÂÉÒ ÅÎÓÅÍÂÌÅ ɉÂÉÒÌÅĥÉËɊ ÙĘÎÔÅÍÉÄÉÒ ÖÅ ÈÅÍ ÓąÎąÆÌÁÎÄąÒÍÁ 

ÈÅÍ ÄÅ ÒÅÇÒÅÓÙÏÎ ÐÒÏÂÌÅÍÌÅÒÉÎÄÅ ËÕÌÌÁÎąÌÁÂÉÌÍÅËÔÅÄÉÒȢ 2ÁÎÄÏÍ &ÏÒÅÓÔ ÁÌÇÏÒÉÔÍÁÓąȟ ÇÅÎÉĥ ÂÉÒ 

ĘÒÎÅËÌÅÍ ÖÅÒÉ ËİÍÅÓÉÎÄÅÎ ÒÁÓÔÇÅÌÅ ĘÒÎÅËÌÅÍÌÅÒ ÁÌÁÒÁË ÖÅ ÂÕ ĘÒÎÅËÌÅÍ ÖÅÒÉÌÅÒÉÎÉ ËÕÌÌÁÎÁÒÁË 

ÂÉÒÄÅÎ ÆÁÚÌÁ ËÁÒÁÒ ÁøÁÃą ÏÌÕĥÔÕÒÁÒÁË ëÁÌąĥÍÁËÔÁÄąÒȢ 2ÁÎÄÏÍ &ÏÒÅÓÔȟ ÙİËÓÅË ÂÏÙÕÔÌÕ ÖÅÒÉ ÓÅÔÌÅÒÉ ÖÅ 

ÂİÙİË ĘÚÅÌÌÉË ËİÍÅÓÉÙÌÅ ÉÙÉ ëÁÌąĥÍÁËÔÁ ÖÅ ÁÙÒąÃÁȟ ÅËÓÉË ÖÅÒÉÌÅÒ ÖÅ ÇİÒİÌÔİÌİ ÖÅÒÉÌÅÒÌÅ ÄÅ ÂÁĥÁ 

ëąËÁÂÉÌÍÅËÔÅÄÉÒȢ -ÏÄÅÌÉÎ ÖÁÒÙÁÎÓąÎą ÁÚÁÌÔÁÒÁË ÁĥąÒą ÕÙÕÍÕ ɉÏÖÅÒÆÉÔÔÉÎÇɊ ÁÚÁÌÔÔąøą ÉëÉÎ ĘÚÅÌÌÉËÌÅÒÉÎ 

ĘÎÅÍ ÄÅÒÅÃÅÓÉÎÉ ÄÅøÅÒÌÅÎÄÉÒÅÂÉÌÍÅËÔÅ ÖÅ ÂĘÙÌÅÃÅ ĘÚÅÌÌÉË ÓÅëÉÍÉ ÉëÉÎ ÂÉÌÇÉ ÓÁøÌÁÍÁËÔÁÄąÒȢ 

 

5. BULGULAR VE TARTIķMA 

Iĵdēr iline ait 2001-2021tarihleri arasēndaki 20 yēllēk; ñAylēk toplam yaĵēĸ miktarē ortalamasēò, 

ñOrtalama g¿neĸlenme s¿resiò, ñOrtalama yaĵēĸlē g¿n sayēsēò, ñEn y¿ksek sēcaklēkò, ñEn d¿ĸ¿k 

sēcaklēkò, ñHavadaki nem oranē ortalamasēò, ñR¿zg©r hēzē ortalamasēò ve ñBuharlaĸmaò verileri 

¿zerinde, verinin incelenecek ºzelliĵine baĵlē olarak en iyi sonucu veren ve en iyi grafik 

gºsterimini saĵlayan grafikler ­izildi. 
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Veri setine gºre oluĸturulan model ve modelin eĵitilmesi sonucu elde edilen ger­ek deĵer ve 

tahmini deĵerlerin birbirine ­ok yakēn sonu­lar verdiĵi Gºrsel 6ôdaki grafikte a­ēk­a 

gºr¿lmektedir. Belli zaman dilimlerinde ger­ek deĵer ile tahmini deĵerin %100ôe yakēn uyuĸma 

sºz konusu olmuĸtur. Bu durum kurulan modelin iyi bir ĸekilde kurulduĵu ve belli deĵerlerin 

­ēkarēlmasē ve bazē deĵerlerin eklenmesi modeli fit hale getirerek optimum seviyede uyum 

saĵlamasēna sebep olmuĸtur.  

 

 

Gºrsel 11. Veri Seti Ķ­in Ger­ek ve Tahmini Deĵerler Ķliĸki Grafiĵi 
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Gºrsel 12. Veri setine ait korelasyon deĵerleri 

Gºrsel 7ôye bakēldēĵēnda aylēk toplam yaĵēĸēn korelasyon deĵerinin ay bazēnda 0,44 ile mayēs 

ayēna 0,33 ile nisan ayēna denk gelmesi, 0,48 ile aylēk toplam a­ēk y¿zey buharlaĸmasēna denk 

gelmesi, 0,38 ile aylēk ortalama sēcaklēĵa denk gelmesi, 0,50 ile 2. Mevsime yani ilkbahara 

denk gelmesi modelin doĵru kurulduĵunu ve yeterince eĵitildiĵini gºstermektedir. 

Aylēk toplam yaĵēĸēn ay bazēnda 0,44 ile mayēs ayēna ve 0,33 ile nisan ayēna denk gelmesi: Bu 

aylēk toplam yaĵēĸ miktarēnēn mayēs ayēnda nispeten daha y¿ksek olduĵunu ve Nisan ayēnda ise 

biraz daha d¿ĸ¿k olduĵunu gºsterir. Ķkisi arasēnda orta d¿zeyde bir pozitif korelasyon olduĵunu 

ifade eder. Yani, genellikle mayēs ayēnda yaĵēĸ miktarēnēn artma eĵiliminde olduĵu, ancak nisan 

ayēnda hafif bir azalma olduĵu sºylenebilir. 

Aylēk toplam a­ēk y¿zey buharlaĸmasēnēn 0,48 ile aylēk ortalama sēcaklēĵa denk gelmesi: Bu, 

aylēk toplam a­ēk y¿zey buharlaĸma miktarēnēn aylēk ortalama sēcaklēkla orta d¿zeyde bir pozitif 

korelasyon gºsterdiĵini gºsterir. Yani, genellikle sēcak aylarda buharlaĸma miktarēnēn arttēĵē ve 

soĵuk aylarda azaldēĵē sºylenebilir. 

Aylēk ortalama sēcaklēĵēn 0,38 ile 2. mevsim yani ilkbahara denk gelmesi: Bu, aylēk ortalama 

sēcaklēĵēn ilkbahar mevsimiyle orta d¿zeyde bir pozitif korelasyon gºsterdiĵini ifade eder. 

Yani, ilkbahar mevsiminin genellikle sēcaklēk artēĸēna iĸaret ettiĵi ve ortalama sēcaklēĵēn diĵer 

mevsimlere gºre daha y¿ksek olduĵu sºylenebilir. Mevsimin (ilkbahar) aylēk toplam a­ēk 

y¿zey buharlaĸmasē, aylēk ortalama sēcaklēk ve aylēk toplam yaĵēĸ ile sērasēyla 0,50, 0,38 ve 

0,44 gibi korelasyon deĵerlerine denk gelmesi; Bu, ilkbahar mevsimi ile bu deĵiĸkenler 
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arasēnda orta d¿zeyde pozitif korelasyon olduĵunu gºsterir. Yani, ilkbahar mevsiminde a­ēk 

y¿zey buharlaĸmasē miktarēnēn, sēcaklēk artēĸē ve yaĵēĸ miktarēyla iliĸkili olduĵu sºylenebilir. 

6. SONU¢ VE  ¥NERĶLER 

¢alēĸmada elde edilen modelin ilk aĸamasēnda Lineer Regresyon, Ridge Regresyon ve Lasso 

Regresyon yºntemler ile regresyon modeli optimize edildi. 3 farklē aĸamada (ºzellik ­ēkarēmē, 

ºzellik se­imi, model fit etme) elde ettiĵimiz R2 sonu­larēnē karĸēlaĸtērarak her aĸamadaki en 

iyi sonucu veren yºntem kullanēldē (Hastie et al., 2015). 

1. ¥zellik ­ēkarēmē i­in ham veriye; ay ºzellikleri, mevsim ºzellikleri ve gecikme ºzellikleri 

eklenmiĸtir. Bu eklenen her ºzellik, modelin baĸarēsēnē y¿ksek oranda artērmēĸtēr ­¿nk¿ 

istatistiksel modeller, ºzellikle lineer regresyon gibi, mevcut veriden ºzellik ­ēkarma 

konusunda sēnērlēdēr. Bu modellerin iyi ­alēĸabilmesi i­in mevcut veriye farklē ºzellikler 

eklenmeli ve lineer regresyon modelleri, eklenen bu ºzelliklerle eĵitilmelidir. Ay ºzellikleri, 

lineer regresyon modeline farklē aylarēn yaĵēĸ oranlarēyla ilgili korelasyon saĵlayabileceĵi i­in 

ºzellikle faydalēdēr. ¥rneĵin, her yēl mart ve nisan aylarēnda yaĵēĸta bir artēĸ gºzlenmektedir ve 

bu artēĸēn hangi aylarda olduĵu modele ºzellikle eklenmelidir. Bu sayede lineer regresyon 

modeli, bulunduĵu ayē dikkate alarak yaĵēĸ miktarēnē daha iyi tahmin edebilir. Ay ºzelliklerine 

benzer ĸekilde mevsim ºzellikleri de lineer regresyon modelinin baĸarēsēnē ºnemli ºl­¿de 

etkileyebilir. ¢¿nk¿ yaĵēĸēn aylara gºre korelasyonu dalgalanmalara daha a­ēkken, mevsimlere 

gºre korelasyon daha istikrarlē olma eĵilimindedir. Bºylece lineer regresyon modeli, yaĵēĸē 

tahmin ederken bulunduĵu mevsimi dikkate alarak daha baĸarēlē tahminler yapabilir. Son 

olarak, gecikme ºzelliklerini modele ekleyerek modelin baĸarēsē daha da artērabilir. Gecikme 

ºzellikleri, diĵer ºzelliklerden farklē olarak mevcut veriyi kullanēr. Lineer regresyon modeli, 

tahmin yaparken sadece bulunduĵu ayēn verilerine eriĸebilir ve ºnceki aylarēn verilerine 

doĵrudan eriĸemez. Ancak gecikme ºzelliklerini kullanarak bu bilgiyi lineer regresyon 

modeline iletebilir. Bir ºzelliĵi bir aydan yedi aya kadar geciktirerek mevcut veri eklenirse, 

lineer regresyon modeli, mevcut ayēn yanē sēra ºnceki yedi ayēn ºzelliklerine de sahip olur. T¿m 

ºzellik ­ēkarēmlarē arasēnda en etkili olan gecikme ºzellikleridir ve modelin baĸarēsēnē ºnemli 

ºl­¿de artērabilir. 

2. ¥zellik se­imi i­in kullanēlan yºntemlerin R2 sonucunu azalttēĵē gºzlenmiĸtir, bu nedenle 

hi­biri kullanēlmamaya karar verilmiĸtir. ¥zellik se­imi, lineer regresyon modellerinin baĸarēsē 

i­in ºnemlidir. Bazen modele verilen veri, modelin tahmin yeteneklerinden daha fazla olabilir. 

Bu durumda model, y¿ksek korelasyonlu ºzelliklere odaklanmalēdēr, ­¿nk¿ d¿ĸ¿k korelasyonlu 

ºzelliklerle ­alēĸmak, modelin baĸarēsēnē azaltabilir. ¥zellik se­imi yaparak, modelin baĸarēsēnē 

artērabilecek ºnemli ºzelliklere odaklanabilir. Ancak yaptēĵēmēz testler sonucunda, ºzellik 

se­iminin modelin baĸarēsēnē d¿ĸ¿rmediĵi gºr¿lm¿ĸt¿r. Bu, mevcut ºzelliklerin modelin 

kapasitesini aĸmadēĵēnē ve her birinin modelin tahmin yeteneĵi i­in ºnemli olduĵunu 

gºstermektedir. Veri setinin b¿y¿kl¿ĵ¿ sēnērlē olduĵunda bu sēk­a karĸēlaĸēlan bir durumdur. 

Bu nedenle, en optimize modelde ºzellik se­iminin yapēlmamasēna karar verilmiĸtir. 

3. Modelin en iyi sonucu lineer regresyon ile elde edildiĵi i­in bu model tercih edilmiĸtir. Lineer 

regresyon, baĵēmsēz deĵiĸkenler arasēnda ­oklu doĵrusallēk sorunu olmadēĵēnda ve veri 

setindeki iliĸkiler doĵrusal olduĵunda olduk­a etkilidir. Bu basitlik, modelin yorumlanabilirliĵi 
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a­ēsēndan da avantaj saĵlar. Lasso regresyon ve Ridge regresyon, lineer regresyonun 

d¿zenlenmiĸ versiyonlarēdēr ve bazē durumlarda daha iyi performans gºsterebilirler. Lasso 

regresyon, ºzellik se­imi yapabilme yeteneĵi ile bilinir ve y¿ksek boyutlu veri setlerinde, bazē 

ºzelliklerin katsayēlarēnē sēfēra indirerek modeli basitleĸtirebilir. ¥zellikle bir­ok ºzelliĵin 

bulunduĵu ancak sadece birka­ēnēn ºnemli olduĵu durumlarda Lasso regresyon ºnerilir; ancak 

veri seti ¿zerinde yapēlan testler, ºzellik se­iminin modelin baĸarēsēnē artērmadēĵēnē 

gºstermiĸtir. Bu nedenle Lasso regresyon, lineer regresyona gºre daha d¿ĸ¿k performans 

gºstermektedir. Ridge regresyon ise ºzellik katsayēlarēnē tam olarak sēfēra indirmez, ancak 

k¿­¿lt¿r. Bu, ºzellikle ­oklu doĵrusallēk sorunu olan durumlarda Ridge regresyonun daha 

istikrarlē sonu­lar verdiĵi gºr¿l¿r. Ancak bizim durumumuzda lineer regresyon daha iyi 

sonu­lar vermektedir, ­¿nk¿ verilerimizde ­oklu doĵrusallēk problemi yoktur. 

Sonu­ olarak ilk adēmda, verinin s¿tunlarē her bir s¿tun kendi i­erisinde 0 ile 1 arasēnda olacak 

ĸekilde ºl­eklendirilmiĸtir. Ķkinci adēmda, ºl­eklendirilmiĸ verinin %90ôlēk kēsmē ­eĸitli 

regresyon modelleri eĵitmek i­in, kalan %10ôluk kēsmē da eĵitilen modelin baĸarēsēnē ºl­mek 

i­in kullanēlmēĸtēr. ¦­¿nc¿ aĸamasēnda da meteorolojik verilerin yaĵēĸa etki eden etmenlerini 

tespit etmek i­in deney-gºzlem sonucuna benzer ĸekilde model ¿zerindeki aĸamalarē 

gºsterilmiĸtir. Veri iĸleme adēmlarē sonucunda elde edilen veri, ¿­ farklē aĸamadan (ºzellik 

­ēkarēmē, ºzellik se­imi, model fit etme) ge­irilip elde edilen R2 sonu­larē karĸēlaĸtērēlarak her 

aĸamada en iyi sonucu veren yºntem kullanēlmak ¿zere en optimize modelin geliĸtirilmesinde 

kullanēlmēĸtēr 

Metodun ikinci aĸamasēnda da denenen bu farklē yºntemler sonucunda elde edilen en optimize 

deĵiĸkenler kullanēlarak tahminleme yapēldē. G¿ncel olarak gºzlemlenen aydan bir ay sonrasē, 

iki ay sonrasē ve ¿­ ay sonrasē tahmin edildi. ¥rnek olarak, Mart 2021 ºzellikleri kullanēlarak 

sērasēyla Nisan 2021, Mayēs 2021 ve Haziran 2021ôdeki yaĵēĸ miktarē tahmin edildi. Tahminler 

gerekli metriklerden ge­irildiĵi zaman ­izelge de gºr¿len sonu­lar elde edildi. 

Veri deĵerlendirme s¿recinde; problemin tanēmlanmasē, verinin anlaĸēlmasē, verinin 

hazērlanmasē, modelleme, modelin deĵerlendirilmesi ve modellin kullanēlmasē aĸamalarēna 

dikkat etmek gerekiyor. S¿recin baĸarēyla tamamlanmasē, ­alēĸmanēn kalitesini artērēr ve 

sonu­larēnē daha g¿venilir hale getirir. ¢alēĸma i­eriĵinde ele alēnacak problemi a­ēk­a 

tanēmlamak b¿y¿k ºnem taĸēr. Bu aĸamada, hangi sorunlarēn ­ºz¿lmesi gerektiĵi ve bu 

sorunlarēn neden ºnemli olduĵu a­ēk bir ĸekilde ifade edilmelidir.  Veri setinin i­eriĵini, 

yapēsēnē ve ºzelliklerini incelemek, veriyi anlamak i­in gereklidir. Veri toplama s¿reci, eksik 

veriler, aykērē deĵerler ve veri kalitesi deĵerlendirilmelidir. Veriyi analiz etmek ve modele giriĸ 

verilerini hazērlamak i­in, veri temizleme ve dºn¿ĸ¿m iĸlemleri ger­ekleĸtirilmelidir. Verinin 

doĵruluk ve g¿venilirlik a­ēsēndan uygun olmasē sonu­larēn g¿venilirliĵi i­in b¿y¿k ºneme 

sahiptir. Veriyi hazērladēktan sonra, problemi ­ºzmek i­in uygun bir model se­imi yapēlmalēdēr. 

Model se­imi, veri analizi ve deneme-yanēlma s¿re­lerini i­ermektedir. Modelin karmaĸēklēĵē 

ve kullanēlacak parametreler ayarlanērken uygun bir algoritma se­imi yapēlmalēdēr. Modelin 

baĸarēsēnē deĵerlendirmek i­in uygun metriklerin kullanēlmasē ºnemlidir. Modelin baĸarēsēnē 

ºl­mek i­in doĵruluk, hassasiyet ve ºzg¿ll¿k kullanēlabilir; bu aynē zamanda ­apraz doĵrulama 

ile aĸērē uyarlama veya eksik uyarlama gibi sorunlarēn ºn¿ne ge­ilmesini saĵlar. Geliĸtirilen 
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modelin pratik uygulamalarda nasēl kullanēlacaĵē ve sonu­larēn ne anlama geldiĵi a­ēk bir 

ĸekilde yorumlanmalēdēr. 

Meteorolojik veri seti ¿zerinde ger­ekleĸtirilen ­alēĸmada, ¿­ ay sonrasēnē tahmin eden bir 

model oluĸturmak, pratik uygulama a­ēsēndan olduk­a baĸarēlē bir giriĸimdir. Optimizasyon ve 

regresyon modellerini bir araya getirerek bu modelin geliĸtirilmiĸ olmasē, bilimsel ­alēĸmalara 

ºnemli bir katkē sunmuĸtur (Ram et al., 2012; Atasoy, 2023). 

¥zelliklerin ­ēkarēlmasē ve eklenmesi, lineer regresyon modelinin performansēnē artērmēĸtēr, 

ºzellikle ay, mevsim ve gecikme ºzelliklerinin kullanēlmasē ºnemlidir. ¥zellik se­imi 

uygulanmasēna raĵmen, mevcut veri setindeki ºzelliklerin modelin baĸarēsēnē artērmada yeterli 

olduĵu gºr¿lm¿ĸt¿r. Model performansē a­ēsēndan, lineer regresyon diĵer yºntemlere gºre daha 

etkili bir se­enek olarak bulunmuĸtur ve ºzellikle ­oklu doĵrusallēk sorunu olmayan verilerde 

tercih edilmiĸtir. 

 

Sonu­ olarak, bu ­alēĸma, veri analizi ve regresyon modellemesi ile elde edilen sonu­larēn 

g¿venilirliĵini ve modelin performansēnē deĵerlendirmek i­in, R2, ­apraz doĵrulama(cross- 

validation), Ortalama Mutlak Hata (MAE) ve Ortalama Kare Hata (MSE) gibi ­eĸitli 

istatistiksel yºntemleri kullanmēĸtēr. Elde edilen sonu­lar, modelin verilere iyi uyum 

saĵladēĵēnē, ancak aykērē deĵerlerin dikkate alēnmasē gerektiĵini ve modelin belirli iliĸkileri 

doĵru bir ĸekilde yansēttēĵēnē gºstermektedir. Bu ­alēĸma, gelecekteki benzer analizler i­in bir 

temel oluĸturabilir ve modelin geliĸtirilmesi veya iyileĸtirilmesi i­in yºn gºsterebilir. 
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¥ZET 

G¿n¿m¿zde elektrikli ara­lar ­ok kullanēlmaktadēr. Bu elektrikli ara­lardan bazē kullanēcēlar 

sadece ak¿l¿ ĸarjlē olanlarē tercih ederken bazēlarē da ĸarjlē ve hibrit olan ara­larē tercih 

edebilmektedirler. Elektrikli ara­lara yºnelik kullanēcē tercihlerinin anlaĸēlmasē, pazar 

konumlandērma ve ¿r¿n geliĸtirme a­ēsēndan ºnem taĸēmaktadēr. Bu ­alēĸmada, ara­ t¿r¿ tercihi 

(bataryalē elektrikli ara­ ve ĸarj edilebilir hibrit elektrikli ara­) rastgele orman modeliyle tahmin 

edilmiĸtir. 

Verilerin elde edilmesi i­in Kaggle veri bilimi ve makine ºĵrenimi platformundan 

yararlanēlmēĸtēr. Veriler Kaggle ¿zerinden eriĸilen ABD H¿k¿meti a­ēk veri portalēndaki 

Washington Eyaleti Ruhsatlandērma Dairesi kayētlarēndan t¿retilmiĸtir. Bu bilgilerden 2024ï

2026 model yēllarēna ait ve 36 farklē markayē kapsayan kayētlardan 3.000 gºzlem se­ilmiĸtir. 

M¿ĸterilerin ara­ t¿r¿ tahminlerini belirlemek i­in rasgele orman modeli kullanēlmēĸtēr. 

Modelleme s¿reci RapidMiner yazēlēmē kullanēlarak y¿r¿t¿lm¿ĸ; verilerin %70ôi eĵitim, %30ôu 

test i­in ayrēlmēĸtēr. 

Elde edilen sonu­lar, modelin ara­ t¿r¿n¿ %86,07 doĵrulukla tahmin ettiĵini gºstermektedir. 

Model sonrasē ºnem analizi, deĵiĸken aĵērlēklarēnēn baĸlēca olarak ñara­ markasēò (0,902) ve 

ñmodel yēlēò (0,098) ¿zerinde yoĵunlaĸtēĵēnē ortaya koymuĸtur. Ayrēca modelden 120 karar 

kuralē t¿retilmiĸtir. 

Bulgular, elektrikli ara­ t¿r¿ tercihlerinin makine ºĵrenmesiyle ºngºr¿lebilir olduĵunu ve 

¿retici ile araĸtērmacēlara pazarē segmentlere ayērma ve hedefleme konusunda uygulanabilir 

i­gºr¿ler sunduĵunu gºstermektedir. Literat¿rde bu konuda ­alēĸmalarēn sēnērlē olduĵu dikkate 

alēndēĵēnda, ­alēĸma gelecekteki araĸtērmalar i­in geniĸletilebilir bir temel sunmaktadēr. 

 

Anahtar Kelimeler:  Makine ¥ĵrenmesi, Rasgele Orman, Elektrikli Ara­, Tercih 
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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 battery-powered models, while 

others prefer plug-in hybrids. Understanding user preferences for electric vehicles is important 

for market positioning and product development. In this study, vehicle type preference (battery 

electric vehicle and plug-in hybrid electric vehicle) was estimated with the Random Forest 

model. 

The data was obtained from the Kaggle data science 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 covering 36 different brands and belonging to the 

2024ï2026 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 and 30% 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 decision rules 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 market. Given 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. GĶRĶķ   

Son yēllarda bataryalē elektrikli ara­ (BEV) ve ĸarj edilebilir hibrit elektrikli ara­ (PHEV) 

teknolojilerindeki ilerleme, model ­eĸitliliĵi ve maliyet dinamiklerindeki iyileĸmelerle birlikte 

pazar yayēlēmēnē hēzlandērmēĸtēr [1, 2]. Bu ivmenin arkasēnda, pil maliyetlerindeki d¿ĸ¿ĸ, kamu 

teĸvikleri ve ºzellikle ĸarj altyapēsēndaki geliĸmeler yer almaktadēr.  

T¿keticilerin BEVïPHEV tercihlerini; toplam sahip olma maliyeti (TCO), menzil, ĸarj 

altyapēsēna eriĸim/g¿venilirlik, ­evresel tutumlar ve kullanēm alēĸkanlēklarē belirlemektedir. 

Uygun elektrik/akaryakēt fiyatlarē ve yoĵun kullanēlan g¿zerg©hlarda etkin altyapē koĸullarēnda 

BEVôlerin TCO avantajē artarken [2], ĸarj altyapēsēnēn varlēĵē ve kalitesi t¿keticilerin ºdeme 

istekliliĵini ve tercih olasēlēĵēnē anlamlē bi­imde y¿kseltmektedir [3, 4]. Ayrēca ĸehirleĸme ve 

ev tipi ĸarja eriĸim gibi faktºrler de tercihleri ĸekillendirmektedir [1].  

¢evresel a­ēdan g¿ncel yaĸam dºng¿s¿ deĵerlendirmeleri, elektrik ¿retim karmasē ve kullanēm 

profiline baĵlē olmakla birlikte, BEVôlerin toplam sera gazē ayak izinin genellikle PHEV ve 

i­ten yanmalē muadillerine gºre daha d¿ĸ¿k olduĵunu gºstermektedir [5]. PHEVôlerin bu 
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avantajē koruyabilmesi ise d¿zenli ĸarj ve y¿ksek elektrikli s¿r¿ĸ oranēna baĵlēdēr; ger­ek s¿r¿ĸ 

koĸullarēnda PHEV emisyonlarēnēn laboratuvar deĵerlerinden belirgin bi­imde sapabildiĵine 

dair bulgular mevcuttur [6]. Enerji karmasēnēn zamana baĵlē deĵiĸimini i­eren dinamik LCA 

­alēĸmalarē da, ĸebeke karbondan arēndēk­a BEVôlerin gºreli ¿st¿nl¿ĵ¿n¿n g¿­lendiĵini 

vurgulamaktadēr [7].  

Ķĸletmeler i­in bu tercih dinamiklerini doĵru modellemek; ¿r¿n konumlandērma, fiyatlandērma 

ve satēĸ sonrasē stratejilerini optimize etmek a­ēsēndan kritik ºnemdedir. Bu baĵlamda veri 

madenciliĵi ve makine ºĵrenmesi yaklaĸēmlarē, doĵrusal olmayan etkileĸimleri ve y¿ksek 

boyutlu deĵiĸken uzaylarēnē yakalayarak talep/tercih tahmininde g¿­l¿ ara­lar sunmaktadēr. 

Son kapsamlē derlemeler, elektrikli ara­ benimsemesini a­ēklama ve ºngºrmede makine 

ºĵrenmesi yºntemlerinin (ºzellikle topluluk tabanlē algoritmalarēn) yaygēnlaĸtēĵēnē ve 

politika/iĸletme kararlarē i­in yorumlanabilir i­gºr¿ler saĵladēĵēnē gºstermektedir [8]. ¥zellikle 

rasgele orman (RF); deĵiĸken ºnemini g¿venilir bi­imde raporlayabilmesi ve aĸērē uyum riskine 

karĸē gºrece dayanēklēlēĵē nedeniyle EV baĵlamēnda y¿ksek doĵrulukla rapor edilmiĸtir [9, 10]. 

Yapēlan bu ­alēĸmada t¿keticilerin ara­ t¿r¿ tercihi (bataryalē elektrikli ara­ ve ĸarj edilebilir 

hibrit elektrikli ara­) veri madenciliĵi yºntemlerinden olan rastgele orman modeliyle tahmin 

edilmiĸtir. 

 

2. UYGULAMALAR  

2.1. Verilerin Elde Edilmesi 

Bu ­alēĸmada ara­ t¿r¿ tercihi (bataryalē elektrikli ara­ ve ĸarj edilebilir hibrit elektrikli ara­) 

rastgele orman modeliyle tahmin edilmeye ­alēĸēlmēĸtēr. Bu ama­la veriler Kaggle veri bilimi 

ve makine ºĵrenimi platformundan elde edilmiĸtir. T¿keticilerin ara­ t¿r¿ tercihlerinin 

belirlenmesinde faktºr olarak model yēlē (2024, 2025 ve 2026) ve marka (36 farklē marka) 

kullanēlmēĸtēr.  

2.2. Verilerin modellenmesi 

Veri modellemede bir­ok yaklaĸēm vardēr. Bu ­alēĸmada bu yaklaĸēmlardan Rasgele Orman (Random 

Forest) yºntemi tercih edilmiĸtir. Analizler RapidMiner yazēlēmē kullanēlarak y¿r¿t¿lm¿ĸ; yazēlēmda 

farklē gºrevleri yerine getiren operatºrler aracēlēĵēyla iĸlemler yapēlmēĸtēr. Bu operatºrlerin uygun 

ĸekilde baĵlanmasēyla modeller oluĸturulmuĸtur. 

Rapidminer yazēlēmēnda verilerin analizi i­in oluĸturulan proses Gºrsel 1ôde verilmiĸtir. 
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Gºrsel 1. Verilerin Analizi i­in Oluĸturulan Proses 

Gºrselde de gºr¿ld¿ĵ¿ ¿zere akēĸtaki her operatºr belirli bir iĸlev ¿stlenmektedir. Bu 

operatºrlerin bir araya gelmesiyle Rasgele Orman (Random Forest) modeli kullanēlarak veri 

analizi ger­ekleĸtirilmiĸtir. S¿re­te toplam 9.000 kayēt kullanēlmēĸ, verinin %70ôi eĵitim, 

%30ôu test amacēyla ayrēlmēĸtēr. 

Rapidminer yazēlēmēnda parametrelerin optimizasyonu i­in oluĸturulan prosesler Gºrsel 2 ve 

Gºrsel 3ôde verilmiĸtir. 

 
Gºrsel 2. Parametrelerin Optimizasyonu i­in Oluĸturulan proses-1 
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Gºrsel 3. Parametrelerin Optimizasyonu i­in Oluĸturulan proses-2 

2.3. Modelin Performansēnēn Deĵerlendirilmesi 

Rasgele orman modelinin baĸarēmē pek ­ok ºl­¿tle deĵerlendirilebilir. Bu ­alēĸmada yaygēn 

metriklerden determinasyon katsayēsē (RĮ), kºk ortalama kare hatasē (KOKH/RMSE) ve 

ortalama kare hatasē (OKH/MSE) kullanēlmēĸtēr. 

                              R2 =
В

В
                                                                            (1) 

                               ὑὕὑὌ В ὣ ὣ                                                                     (2) 

                                      OKH=KOKH2                                                                                      (3) 

Burada YO and YP sērasēyla ºl­¿len (gºzlenen) ve tahmin edilen deĵerleri ifade eder; deĵiĸkenin 

¿zerindeki ­izgi ( Ė) ise o deĵiĸkenin aritmetik ortalamasēnē gºsterir [11]. 

 

3. SONU¢LAR VE DEĴERLENDĶRME  

Ara­ t¿r¿ tercihinde (bataryalē elektrikli ara­ ve ĸarj edilebilir hibrit elektrikli ara­) oluĸturulan 

rasgele orman modelinde kullanēlan parametrelerin optimizasyonu sonu­larē ¢izelge 1ôde 

verilmiĸtir. 
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¢izelge 1. Parametrelerin Optimizasyonu Sonu­larē  

Aĵa­ sayēsē 120 

Kriter  Gain_ratio 

Maksimun derinlik  10 

 

Rasgele orman modelinde fiyat tahmininde etkili olan faktºrlerin aĵērlēklarē ¢izelge 2ôde 

verilmiĸtir. 

¢izelge 2. Faktºrler ve Aĵērlēklarē 

Faktºrler Aĵērlēklarē 

Ara­ markasē (36 marka) 0.902 

Model yēlē 0.098 

Rasgele orman (RO) modelinde test aĸamasēnda performanslarēnēn deĵerlendirilmesinde 

kullanēlan R2, KOKH ve OKH deĵerleri ¢izelge 3ôde verilmiĸtir. 

¢izelge 3. Rasgele Orman Modelinin Performans Deĵerleri  

Model  
Test Aĸamasē 

R2 KOKH  OKH  Doĵruluk (%) 

RO 0.825 0.295 0.087 87.22 

 

Test aĸamasēndaki doĵruluk tahminleri incelendiĵinde, modelin %87,22 ile y¿ksek bir doĵruluk 

elde ettiĵi gºr¿lmektedir. Performans ºl­¿tlerinden biri olan OKHônin 0ôa yaklaĸtēk­a tahmin 

baĸarēsēnēn arttēĵē bilinmektedir [11, 12]; bu ­alēĸmada modelin OKH deĵeri 0,087 olup 0ôa 

yakēn seyretmektedir. Modellerin ge­erliliĵini deĵerlendirirken deneysel ve tahmin deĵerleri 

arasēndaki korelasyon katsayēsē (RĮ) de kritik bir gºstergedir; RĮ 0 ile 1 arasēnda deĵiĸir ve 1ôe 

yaklaĸtēk­a tahmin doĵruluĵu artar [13, 14]. ¢izelge 2ôde, araba t¿r¿n¿n tahmininde Rasgele 

Orman modeline ait RĮ deĵeri 0,825 olarak bulunmuĸtur. Bu ­alēĸmada Rasgele Orman i­in 

hesaplanan RĮônin %82ônin ¿zerinde olmasē, ºnerilen modelin araba t¿r¿ne iliĸkin ger­ek 

verilerdeki deĵiĸkenliĵin en az %82ôsini a­ēkladēĵēnē gºstermektedir. Bu bulgular, araba t¿r¿ 

tahmininde Rasgele Orman modelinin kullanēlabilirliĵini de desteklemektedir. 

4. GENEL DEĴERLENDĶRME VE SONU¢LAR 

Bu ­alēĸmada, veri seti Kaggle veri bilimi ve makine ºĵrenimi platformundan temin edilmiĸ; 

model yēlē, otomobil markasē ve ara­ t¿r¿ deĵiĸkenlerinden oluĸturulmuĸtur. Ardēndan bu 

veriler kullanēlarak ara­ t¿r¿, rasgele orman algoritmasēyla tahmin edilmiĸtir. Elde edilen 

performans gºstergeleriðkorelasyon katsayēsē, kºk ortalama kare hatasē (RMSE), ortalama 

kare hatasē (MSE) ve doĵrulukðmodelin baĸarēlē olduĵunu ortaya koymaktadēr. 



AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI  

CONFERENCE BOOK  - ISBN : 978-625-5694-42-3 

103 
 

Araĸtērma, elektrikli ve hibrit ara­ satēĸē yapan firmalar ile bu alanda ­alēĸma y¿r¿tecek 

araĸtērmacēlar i­in yararlē bulgular sunmaktadēr. Konuya iliĸkin farklē modellerle yapēlan 

­alēĸmalar sēnērlē sayēdadēr; bu t¿r ­alēĸmalarēn artērēlmasē literat¿re anlamlē katkē saĵlayabilir. 
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¥ZET 

Son yēllarda teknolojinin ve dijital platformlarēn ivmelenmesiyle t¿keticiler tek kanala baĵlē 

kalmak yerine hibrit bir alēĸveriĸ davranēĸē sergiliyor: fiziksel maĵazalar ¿r¿ne dokunma, 

anēnda teslim ve g¿ven hissi sunarken; ­evrimi­i kanallar zaman tasarrufu, hēzlē fiyat kēyaslama 

ve kullanēcē yorumlarēna eriĸimle karar s¿recini kolaylaĸtērēyor. E-ticarette kampanyalar 

yalnēzca fiyatē d¿ĸ¿rmekle kalmēyor, aynē zamanda karar anēnē hēzlandērēp ortalama sepet 

tutarēnē da artērēyor: kupon kodlarē ve sepette indirimler dºn¿ĸ¿m¿ tetiklerken, belirli tutar ¿zeri 

(eĸik) indirimler ve ­oklu alēm/paket-set fērsatlarē tamamlayēcē ¿r¿nleri birlikte satēn almayē 

teĸvik ediyor. ¦cretsiz kargo ñgizli maliyetò algēsēnē kērēyor; hediyeli ¿r¿n ve ºd¿l/puan 

mekanizmalarē sadakati g¿­lendiriyor; ek ve faizsiz taksit se­enekleri b¿t­e planlamasēnē 

kolaylaĸtērēyor; flaĸ/yēldērēm indirimleri ise zaman baskēsē ve kētlēk hissi yaratarak anlēk talebi 

satēĸa ­eviriyor. Kēsacasē, doĵru kampanya kurgusuyla fiziksel ve ­evrimi­i kanallar birbirini 

tamamlayarak t¿keticiye hem deneyim hem de fiyat avantajē saĵlēyor. 

Bu araĸtērmada, t¿keticilerin ­evrimi­i alēĸveriĸte tercih ettikleri kampanyalar birliktelik kuralē 

madenciliĵi ile ortaya konmuĸtur. Bu ama­la, birliktelik analizinde yaygēn kullanēlan 

yºntemlerden FP-Growth algoritmasē uygulanmēĸ; sºz konusu algoritma, geniĸ veri 

k¿melerinde sēk birlikte gºr¿len ºĵe k¿melerini saptayarak aralarēndaki anlamlē iliĸki 

ºr¿nt¿lerini ortaya ­ēkarmada etkili olmasē nedeniyle tercih edilmiĸtir. Analiz i­in gerekli 

veriler, 11 maddeden oluĸan bir anket formu aracēlēĵēyla toplanmēĸ ve 18 yaĸ ve ¿zeri 144 

katēlēmcēya uygulanmēĸtēr. Uygulama ve modelleme adēmlarē RapidMiner yazēlēmē ¿zerinden 

y¿r¿t¿lm¿ĸ olup, bu yazēlēm birliktelik analizi ­alēĸmalarēnda sēklēkla kullanēlan ara­lardan 

biridir. Birliktelik analizinde en d¿ĸ¿k g¿ven seviyesi 0.703 en y¿ksek g¿ven seviyesi ise 1 

olarak belirlenmiĸtir. 

FP-Growth analizi sonucunda %70 ¿st¿ g¿venirliliĵe sahip 126 birliktelik kuralē belirlenmiĸtir. 

Bu kuralar ­evrimi­i alēĸveriĸte hangi kampanya avantajlarēnēn birlikte ortaya ­ēktēĵēnē ve belirli 

kampanya ºzelliklerinin hangi tercih kalēplarēyla daha g¿­l¿ baĵ kurduĵunu gºstermektedir. 

T¿keticilerin online alēĸveriĸte kampanya tercihlerini araĸtēran ­alēĸmalar sēnēr sayēdadēr. Bu 

mailto:kpolat@sinop.edu.tr-0000-0003-4574-1286
mailto:sbardak@sinop.edu.tr-0000-0001-9724-4762
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alanda ­alēĸmalar arttērēlarak t¿keticilerin alēĸveriĸ davranēĸlarē hakkēnda daha ­ok bilgi sahibi 

olunabilir.  

Anahtar Kelimeler :  Birliktelik Analizi, FP-Growth Analizi, Online Alēĸveriĸ, Kampanya 

 

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 channel: brick-and-mortar 

stores provide the ability to physically examine products, immediate delivery, and a sense of 

trust, while online channels streamline decision-making by saving time, enabling rapid price 

comparisons, and offering access to user reviews. E-commerce promotions do more than lower 

prices; they also accelerate decision-making and raise average order value (AOV): coupon 

codes and in-cart discounts drive conversions, while threshold (spend-over) discounts and 

multi-buy/bundle-set offers encourage purchasing complementary products together. Free 

shipping dispels the perception of ñhidden costsò; gift-with-purchase and reward/points 

mechanisms strengthen loyalty; extra and interest-free installment options simplify budgeting; 

and flash/lightning deals convert spur-of-the-moment demand into sales by creating 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 consumers in online shopping were revealed by 

association rule mining. For this purpose, the FP-Growth algorithm, one of the widely used 

methods in association analysis, was applied; the algorithm was preferred because it is effective 

in detecting frequently occurring clusters of items in large data sets and revealing meaningful 

relationship patterns between them. The data required for the analysis were collected through a 

questionnaire 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 identified 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 investigating consumer preferences for online shopping campaigns are limited. More 

studies in this area could provide more insight into consumer shopping behavior. 

Keywords: Association Analysis, FP-Growth Analysis, Online Shopping, Campaign 
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1. GĶRĶķ   

G¿n¿m¿zde t¿keticiler ­evrim i­i alēĸveriĸi yoĵun bi­imde tercih ediyor; kupon kodu, 

sepette/eĸik indirim, ¿cretsiz kargo, ­oklu alēm/paket indirimi, hediye ¿r¿n, ºd¿l/puan, BNPL 

(faizsiz taksit) ve flaĸ/yēldērēm kampanyalarē gibi ara­lar satēn alma niyetini belirgin artērēyor. 

Bu artēĸēn temel psikolojik mekanizmalarē zaman baskēsē ve kētlēk algēsēdēr; sēnērlē s¿re/sayē 

vurgularē satēn almayē tetikler [1-3]. Bununla birlikte, sahte/yanēltēcē geri sayēm saya­larē gibi 

ñkaranlēk desenlerò kēsa vadede talebi artērsa da t¿keticide etik dēĸēlēk algēsē ve ka­ēnma 

tepkileri doĵurabilir [4].  

¦cretsiz kargo politikalarē ºzellikle etkili bir kaldēra­tēr. B¿y¿k ºl­ekli deneysel ve analitik 

­alēĸmalar, doĵru belirlenmiĸ ¿cretsiz kargo eĸiĵinin hem ortalama sepet tutarēnē (AOV) hem 

de k©rlēlēĵē artērabildiĵini; ancak eĸik aĸērē y¿kseldiĵinde dºn¿ĸ¿m oranēnēn zayēfladēĵēnē 

gºsterir [5-6]. Ayrēca t¿keticilerin kargo maliyetine duyarlēlēĵē y¿ksektir; y¿ksek kargo ¿creti 

algēsē, sepet terkini dramatik bi­imde y¿kseltir. 

ķimdi al sonra ºde gibi faizsiz taksit ­ºz¿mleri, alēĸveriĸ sepetini b¿y¿t¿r ve toplam harcamayē 

artērēr; ºrneĵin bir saha ­alēĸmasē BNPL benimseyen m¿ĸterilerin ortalamada %6,42 daha fazla 

harcadēĵēnē bulmuĸtur [7]. ¥te yandan, 2025ôten itibaren bazē pazarlarda ĸimdi sonra ºde 

kredileri kredi skoruna yansētēlmaya baĸlanacaĵēndan (ºr. FICO modeli), pazarlama 

kazanēmlarē geri ºdeme/temerr¿t riski gºstergeleriyle birlikte izlenmelidir [8]. 

Bu kampanyalarēn birlikte tercih edilme ºr¿nt¿lerini anlamak i­in birliktelik analizi uygundur. 

FP-Growth algoritmasē, kampanya ºĵeleri arasēndaki sēk gºr¿len kombinasyonlarē destek, 

g¿ven ve lift ºl­¿tleriyle hēzlēca ­ēkarēr; pazarlamada ñkupon + ¿cretsiz kargo eĸiĵiò, ñeĸik 

indirim + set indirimiò gibi kural k¿meleri, ­apraz satēĸ paketleri, sepet tamamlama ve 

promosyon demetlerinin tasarēmēnda doĵrudan kullanēlēr [9]. 

Yapēlan bu ­alēĸmada t¿keticilerin online alēĸveriĸte kampanya tercihleri birliktelik analizi ile 

deĵerlendirilmiĸtir.  

2. UYGULAMALAR  

Yapēlan ­alēĸmada t¿keticilerin online alēĸveriĸte kampanya tercihlerini belirlemek i­in veri 

madenciliĵi yºntemlerinden olan birliktelik analizi yºntemi kullanēlmēĸtēr. ¢alēĸmada 

birliktelik analizi yºntemlerinden ise FP-Growth analizinden yararlanēlmēĸtēr. FP-Growth 

analizinde kullanēlacak verilerin elde edilmesi i­in 11 sorudan oluĸan bir soru formu 

kullanēlmēĸtēr. Bu soru formu 18 yaĸ ve ¿zeri 144 kiĸiye uygulanmēĸtēr. ¢alēĸmada kullanēlan 

soru formu aĸaĵēda verilmiĸtir. 

1- Cinsiyetiniz? 

- Kadēn 

- Erkek 

2- Son 6 ayda alēĸveriĸ yaptēnēz mē? 

- Evet 
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- Hayēr 

3- Yaĸ aralēĵēnēz? 

- 18-35 

- 35-55 

- 55+ 

4- Eĵitim durumunuz? 

- Ķlkºĵretim-ortaºĵretim 

- Lise 

- ¥n lisans 

- Lisans 

- Y¿ksek lisans 

- Doktora 

5- Aylēk hane geliriniz? 

- < 20.000 TL 

- 20.000-39.999 TL 

- 40.000-59.999 TL 

- 60.000-79.999 TL 

- 80.000 TL ve ¿zeri 

6- Yerleĸim yeriniz? 

- B¿y¿kĸehir merkezi 

- Ķl merkezi 

- Ķl­e 

- Kērsal 

7- Meslek grubunuz? 

- ¥ĵrenci 

- Kamu 

- ¥zel sektºr 

- Ev hanēmē 

- Emekli 

- Diĵer 

8- Sipariĸ sēklēĵē? 

- Haftada 1 

- Ayda 2-3 

- Ayda 1 

- 2-3 ayda 1 
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9- ¥deme yºnteminiz? 

- Kredi kartē 

- Banka kartē 

- Kapēda ºdeme 

- Dijital c¿zdan 

- Havale-EFT 

10- En ­ok alēĸveriĸ yaptēĵēnēz kategori 

- Elektronik 

- Moda 

- Ev-yaĸam 

- Giyim 

- Kiĸisel bakēm 

11- Son 3 ayda hangi kampanya t¿r¿yle alēĸveriĸ yaptēnēz? 

- Kupon kodu 

- Sepette indirim 

- ¦cretsiz kargo 

- Eĸik indirim (TL ve ¿zeri) 

- ¢oklu al: 1 al 1 bedava/3 al 2 ºde 

- Paket/set indirim 

- Hediye ¿r¿n 

- ¥d¿l 

- Ek ve faizsiz taksit 

- Flaĸ/yēldērēm indirimi (zaman sēnērlē) 

RapidMiner gibi geliĸmiĸ veri analitiĵi ve makine ºĵrenimi platformlarē, bu t¿r analizlerin 

uygulamasēnē kolaylaĸtērēr. Kullanēcē dostu aray¿z¿ sayesinde karmaĸēk veri iĸleme adēmlarē 

sadeleĸtirilir ve analizler hēzlē bi­imde y¿r¿t¿lebilir [10]. 

Yazēlēm, her biri belirli bir gºrevi ¿stlenen ñoperatºrlerò ile ­alēĸēr. Bu operatºrler gºrsel bir iĸ 

akēĸēnda birbirine baĵlanarak kapsamlē veri s¿re­lerinin kurulmasēnē saĵlar; veri hazērlama, 

temizleme, model kurma ve model deĵerlendirme aĸamalarēnda farklē operatºrler kullanēlabilir 

[11]. 

FP-Growth i­in ºzel ñFP-Growthò operatºr¿, veri k¿mesindeki sēk ºĵe k¿melerini tespit eder 

ve sonu­larēn yorumlanmasēnē kolaylaĸtērēr. Operatºr; destek (support), g¿ven (confidence) ve 

kaldērma (lift) gibi temel ºl­¿tleri sunarak daha derinlemesine bir analiz yapēlmasēna imk©n 

verir [12]. 

Bu operatºr-temelli yaklaĸēm, analist ve araĸtērmacēlarēn hem algoritmalarē hem de veri iĸleme 

adēmlarēnē ayrēntēlē ĸekilde kontrol etmesini m¿mk¿n kēlar. S¿re­ler gereksinimlere gºre 
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ºzelleĸtirilebilir, farklē kaynaklardan gelen veriler tek bir akēĸta b¿t¿nleĸtirilebilir. Bºylece FP-

Growth gibi algoritmalar daha esnek ve hēzlē bi­imde uygulanabilir [13]. 

Sonu­ olarak, RapidMiner ile b¿y¿k veri k¿melerinden anlamlē i­gºr¿ler ¿retmek ve iĸ 

s¿re­lerini iyileĸtirmek m¿mk¿nd¿r. FP-Growthôun doĵru ve verimli kullanēmē; pazarlama 

stratejileri, sepet analizi ve ºneri sistemleri gibi alanlarda belirgin avantajlar saĵlar [14]. FP-

Growth analizinde kullanēlan proses Gºrsel 1ôde gºsterilmiĸtir. 

 

Gºrsel 1. FP-Growth algoritmasēnda birliktelik analizi i­in kurulan proses   

 

Yukarēdaki ĸekilde gºr¿ld¿ĵ¿ ¿zere her operatºr belli bir gºrevi bulunmaktadēr. Bu operatºrleri 

birbirini baĵlayarak suretiyle birliktelik analizinde kullanacaĵēmēz model kurulmuĸtur.  

 

3. SONU¢LAR VE DEĴERLENDĶRME  

T¿keticilerin online alēĸveriĸ de kampanya tercih sebeplerini belirlemek i­in yapēlan FP-

Growth analizi sonucu elde edilen %70 ¿st¿ g¿venirliliĵe sahip 126 kural belirlenmiĸtir. Bu 

birliktelik kurallarēndan %80 ve ¿st¿ g¿venirliliĵe sahip olanlar aĸaĵēda verilmiĸtir. 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Aylēk hane geliri = 20.000ï39.999 TL] --> 

[Yaĸ aralēĵē = 18-35] (confidence: 0.703) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Yaĸ aralēĵē = 35-55] --> [Yerleĸim yeri = Ķl 

merkezi] (confidence: 0.710) 

[¥deme yºntemi = Kredi kartē, Yaĸ aralēĵē = 35-55] --> [Yerleĸim yeri = Ķl merkezi] 

(confidence: 0.722) 

[¥deme yºntemi = Kredi kartē, Yaĸ aralēĵē = 35-55] --> [Son 6 ayda online alēĸveriĸ yaptēnēz 

mē = Evet, Yerleĸim yeri = Ķl merkezi] (confidence: 0.722) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, ¥deme yºntemi = Kredi kartē] --> [Yerleĸim 

yeri = Ķl merkezi] (confidence: 0.734) 

[¥deme yºntemi = Kredi kartē] --> [Yerleĸim yeri = Ķl merkezi] (confidence: 0.736) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Yerleĸim yeri = Ķl merkezi, Cinsiyet = Erkek] 

--> [¥deme yºntemi = Kredi kartē] (confidence: 0.738) 
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[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, ¥deme yºntemi = Kredi kartē, Yaĸ aralēĵē = 

35-55] --> [Yerleĸim yeri = Ķl merkezi] (confidence: 0.743) 

[Yerleĸim yeri = Ķl merkezi, Cinsiyet = Erkek] --> [¥deme yºntemi = Kredi kartē] (confidence: 

0.761) 

[Sipariĸ Sēklēĵē = 2-3 ayda 1] --> [En ­ok alēĸveriĸ yaptēĵēnēz kategori = Ev-Yaĸam] 

(confidence: 0.762) 

[Yaĸ aralēĵē = 35-55, Meslek grubu = Kamu] --> [Yerleĸim yeri = Ķl merkezi] (confidence: 

0.763) 

[Yaĸ aralēĵē = 35-55, Meslek grubu = Kamu, Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, 

Yerleĸim yeri = Ķl merkezi, Eĵitim durumu = Lisans, ¥deme yºntemi = Havale-EFT] --> [Son 

3 ayda tercih ettiĵiniz kampanya t¿r¿ = Kupon kodu] (confidence: 0.763) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Yaĸ aralēĵē = 35-55, Meslek grubu = Kamu] --

> [Yerleĸim yeri = Ķl merkezi] (confidence: 0.763) 

[Meslek grubu = ¥ĵrenci] --> [Yerleĸim yeri = Ķl merkezi] (confidence: 0.765) 

[Meslek grubu = ¥ĵrenci] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Yerleĸim yeri = 

Ķl merkezi] (confidence: 0.765) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Meslek grubu = ¥ĵrenci] --> [Yerleĸim yeri = 

Ķl merkezi] (confidence: 0.765) 

[Meslek grubu = ¥ĵrenci, Eĵitim durumu = ¥n Lisans, Yerleĸim yeri = Ķl merkezi, Yaĸ aralēĵē 

= 18-35] --> [Son 3 ayda tercih ettiĵiniz kampanya t¿r¿ = Flash/Yēldērēm indirim (zaman 

sēnērlē)] (confidence: 0.765) 

[Yaĸ aralēĵē = 18-35, Meslek grubu = ¥ĵrenci] --> [Yerleĸim yeri = Ķl merkezi] (confidence: 

0.765) 

[Meslek grubu = ¥ĵrenci] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Yerleĸim yeri = 

Ķl merkezi, Yaĸ aralēĵē = 18-35] (confidence: 0.765) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Meslek grubu = ¥ĵrenci] --> [Yerleĸim yeri = 

Ķl merkezi, Yaĸ aralēĵē = 18-35] (confidence: 0.765) 

[Yaĸ aralēĵē = 18-35, Meslek grubu = ¥ĵrenci] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = 

Evet, Yerleĸim yeri = Ķl merkezi] (confidence: 0.765) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Yaĸ aralēĵē = 18-35, Meslek grubu = ¥ĵrenci] 

--> [Yerleĸim yeri = Ķl merkezi] (confidence: 0.765) 

[Cinsiyet = Erkek, Eĵitim durumu = Lisans, En ­ok alēĸveriĸ yaptēĵēnēz kategori = Elektronik 

Meslek grubu = Kamu, Yerleĸim yeri = Ķl merkezi] --> [Son 3 ayda tercih ettiĵiniz kampanya 

t¿r¿ = Ek ve faizsiz taksit] (confidence: 0.778) 

[Meslek grubu = Kamu] --> [¥deme yºntemi = Kredi kartē] (confidence: 0.778) 

[Meslek grubu = Kamu] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Yerleĸim yeri = Ķl 

merkezi] (confidence: 0.778) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Meslek grubu = Kamu] --> [Yerleĸim yeri = Ķl 

merkezi] (confidence: 0.778) 

[Meslek grubu = Kamu] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, ¥deme yºntemi = 

Kredi kartē] (confidence: 0.778) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Meslek grubu = Kamu] --> [¥deme yºntemi = 

Kredi kartē] (confidence: 0.778) 

[Cinsiyet = Erkek, ¥deme yºntemi = Kredi kartē] --> [Yerleĸim yeri = Ķl merkezi] (confidence: 

0.778) 

[Aylēk hane geliri = 20.000ï39.999 TL] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] 

(confidence: 0.787) 

[Eĵitim durumu = Lisans] --> [Yerleĸim yeri = Ķl merkezi] (confidence: 0.789) 

[Eĵitim durumu = Lisans] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Yerleĸim yeri = 

Ķl merkezi] (confidence: 0.789) 
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[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Eĵitim durumu = Lisans] --> [Yerleĸim yeri = 

Ķl merkezi] (confidence: 0.789) 

[Yaĸ aralēĵē = 35-55, Meslek grubu = Kamu] --> [¥deme yºntemi = Kredi kartē] (confidence: 

0.789) 

[Yaĸ aralēĵē = 35-55, Meslek grubu = Kamu] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = 

Evet, ¥deme yºntemi = Kredi kartē] (confidence: 0.789) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Yaĸ aralēĵē = 35-55, Meslek grubu = Kamu] --

> [¥deme yºntemi = Kredi kartē] (confidence: 0.789) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Cinsiyet = Erkek, ¥deme yºntemi = Kredi 

kartē] --> [Yerleĸim yeri = Ķl merkezi] (confidence: 0.795) 

[Yerleĸim yeri = Ķl merkezi, Meslek grubu = Kamu] --> [¥deme yºntemi = Kredi kartē] 

(confidence: 0.800) 

[¥deme yºntemi = Kredi kartē, Meslek grubu = Kamu] --> [Yerleĸim yeri = Ķl merkezi] 

(confidence: 0.800) 

[Yerleĸim yeri = Ķl merkezi, Meslek grubu = Kamu] --> [Son 6 ayda online alēĸveriĸ yaptēnēz 

mē = Evet, ¥deme yºntemi = Kredi kartē] (confidence: 0.800) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Yerleĸim yeri = Ķl merkezi, Meslek grubu = 

Kamu] --> [¥deme yºntemi = Kredi kartē] (confidence: 0.800) 

[¥deme yºntemi = Kredi kartē, Meslek grubu = Kamu] --> [Son 6 ayda online alēĸveriĸ yaptēnēz 

mē = Evet, Yerleĸim yeri = Ķl merkezi] (confidence: 0.800) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, ¥deme yºntemi = Kredi kartē, Meslek grubu = 

Kamu] --> [Yerleĸim yeri = Ķl merkezi] (confidence: 0.800) 

[Cinsiyet = Erkek] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] (confidence: 0.818) 

[Cinsiyet = Kadēn, Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Yaĸ aralēĵē = 18-35, Eĵitim 

durumu = Lisans, Sipariĸ sēklēĵē = Ayda 2-3, En ­ok alēĸveriĸ yaptēĵēnēz kategori = Moda] --> 

[Son 3 ayda tercih ettiĵiniz kampanya t¿r¿ =  Hediye ¿r¿n] (confidence: 0.829) 

[Yerleĸim yeri = Ķl merkezi, Meslek grubu = Kamu] --> [Son 6 ayda online alēĸveriĸ yaptēnēz 

mē = Evet, Yaĸ aralēĵē = 35-55] (confidence: 0.829) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Yerleĸim yeri = Ķl merkezi, Meslek grubu = 

Kamu] --> [Yaĸ aralēĵē = 35-55] (confidence: 0.829) 

[¥deme yºntemi = Kredi kartē, Yaĸ aralēĵē = 35-55] --> [Meslek grubu = Kamu] (confidence: 

0.833) 

[¥deme yºntemi = Kredi kartē, Yaĸ aralēĵē = 35-55] --> [Son 6 ayda online alēĸveriĸ yaptēnēz 

mē = Evet, Meslek grubu = Kamu] (confidence: 0.833) 

[Cinsiyet = Kadēn, Son 6 ayda online alēĸveriĸ yaptēnēz mē = Hayēr, Yaĸ aralēĵē=55+, Meslek 

gurubu=Ev hanēmē] --> [Son 3 ayda tercih ettiĵiniz kampanya t¿r¿ = ¿cretsiz Kargo] 

(confidence: 0.836) 

[Yerleĸim yeri = Ķl merkezi, Cinsiyet = Erkek, Yaĸ aralēĵē= 35-55, Eĵitim durumu=Doktora, 

Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, ¥deme Yºntemi=Kredi kartē] --> [Son 3 ayda 

tercih ettiĵiniz kampanya t¿r¿ = Kupon kodu] (confidence: 0.837) 

[Yerleĸim yeri = Ķl merkezi, Yaĸ aralēĵē = 18-35] --> [Meslek grubu = ¥ĵrenci] (confidence: 

0.839) 

[Yerleĸim yeri = Ķl merkezi, Yaĸ aralēĵē = 18-35, Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, 

Eĵitim durumu= Lisans, Meslek grubu = ¥ĵrenci] --> [Son 3 ayda tercih ettiĵiniz kampanya 

t¿r¿ = sepette indirim] (confidence: 0.839) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Yerleĸim yeri = Ķl merkezi, Yaĸ aralēĵē = 18-

35] --> [Meslek grubu = ¥ĵrenci] (confidence: 0.839) 

[Meslek grubu = Kamu] --> [Yaĸ aralēĵē = 35-55] (confidence: 0.844) 

[Meslek grubu = Kamu] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Yaĸ aralēĵē = 35-

55] (confidence: 0.844) 
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[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Meslek grubu = Kamu] --> [Yaĸ aralēĵē = 35-

55] (confidence: 0.844) 

[¥deme yºntemi = Kredi kartē, Meslek grubu = Kamu] --> [Yaĸ aralēĵē = 35-55] (confidence: 

0.857) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, ¥deme yºntemi = Kredi kartē, Yaĸ aralēĵē = 

35-55] --> [Meslek grubu = Kamu] (confidence: 0.857) 

[¥deme yºntemi = Kredi kartē, Meslek grubu = Kamu] --> [Son 6 ayda online alēĸveriĸ yaptēnēz 

mē = Evet, Yaĸ aralēĵē = 35-55] (confidence: 0.857) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, ¥deme yºntemi = Kredi kartē, Meslek grubu = 

Kamu] --> [Yaĸ aralēĵē = 35-55] (confidence: 0.857) 

[Sipariĸ Sēklēĵē = 2-3 ayda 1, Yaĸ aralēĵē= 55+, En ­ok alēĸveriĸ yaptēĵēnēz kategori = Ev-

Yaĸam] --> [Son 3 ayda tercih ettiĵiniz kampanya t¿r¿ = Ek ve faizsiz taksit] (confidence: 

0.865) 

[Cinsiyet = Erkek, ¥deme yºntemi = Kredi kartē] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē 

= Evet] (confidence: 0.867) 

[Eĵitim durumu = Doktora] --> [¥deme yºntemi = Kredi kartē] (confidence: 0.871) 

[Eĵitim durumu = Doktora] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, ¥deme yºntemi 

= Kredi kartē] (confidence: 0.871) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Eĵitim durumu = Doktora] --> [¥deme yºntemi 

= Kredi kartē] (confidence: 0.871) 

[Yerleĸim yeri = Ķl merkezi] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] (confidence: 

0.876) 

[Cinsiyet = Erkek, Yaĸ aralēĵē = 35-55] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] 

(confidence: 0.882) 

[Yerleĸim yeri = Ķl merkezi, Cinsiyet = Erkek, ¥deme yºntemi = Kredi kartē] --> [Son 6 ayda 

online alēĸveriĸ yaptēnēz mē = Evet] (confidence: 0.886) 

[Yerleĸim yeri = Ķl merkezi, ¥deme yºntemi = Kredi kartē] --> [Son 6 ayda online alēĸveriĸ 

yaptēnēz mē = Evet] (confidence: 0.887) 

[¥deme yºntemi = Kredi kartē] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] (confidence: 

0.889) 

[Eĵitim durumu = Doktora] --> [Meslek grubu = Kamu] (confidence: 0.903) 

[Eĵitim durumu = Doktora] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Meslek grubu 

= Kamu] (confidence: 0.903) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Eĵitim durumu = Doktora] --> [Meslek grubu 

= Kamu] (confidence: 0.903) 

[Yaĸ aralēĵē = 35-55, Meslek Grubu = Emekli, Aylēk hane geliri = <20.000 TL] --> [Son 6 ayda 

online alēĸveriĸ yaptēnēz mē = Hayēr] (confidence: 0.912) 

[Yerleĸim yeri = Ķl merkezi, Cinsiyet = Erkek] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = 

Evet] (confidence: 0.913) 

[En ­ok alēĸveriĸ yaptēĵēnēz kategori = Giyim] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = 

Evet] (confidence: 0.933) 

[Meslek grubu = ¥zel sektºr, Eĵitim durumu= Lise, Son 6 ayda online alēĸveriĸ yaptēnēz mē = 

Evet] --> [Son 3 ayda tercih ettiĵiniz kampanya t¿r¿ = sepette indirim] (confidence: 0.939) 

[Yaĸ aralēĵē = 35-55, Cinsiyet = Kadēn] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] 

(confidence: 0.941) 

[Cinsiyet= Kadēn, Yaĸ aralēĵē= 18-35, Yerleĸim yeri = Ķl merkezi, En ­ok alēĸveriĸ yaptēĵēnēz 

kategori=Kiĸisel bakēm] --> [Son 3 ayda tercih ettiĵiniz kampanya t¿r¿ = Paket/Set indirim] 

(confidence: 0.957) 

[Sipariĸ Sēklēĵē = Ayda 1] --> [Cinsiyet = Erkek] (confidence: 0.964) 



AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI  

CONFERENCE BOOK  - ISBN : 978-625-5694-42-3 

114 
 

[Sipariĸ Sēklēĵē = Ayda 1] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Cinsiyet = Erkek] 

(confidence: 0.964) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Sipariĸ Sēklēĵē = Ayda 1] --> [Cinsiyet = Erkek] 

(confidence: 0.964) 

[Yerleĸim yeri = B¿y¿kĸehir merkezi] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] 

(confidence: 0.966) 

[En ­ok alēĸveriĸ yaptēĵēnēz kategori = Elektronik] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē 

= Evet] (confidence: 0.967) 

[En ­ok alēĸveriĸ yaptēĵēnēz kategori = Elektronik] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē 

= Evet, Cinsiyet = Erkek] (confidence: 0.967) 

[Cinsiyet = Erkek, En ­ok alēĸveriĸ yaptēĵēnēz kategori = Elektronik] --> [Son 6 ayda online 

alēĸveriĸ yaptēnēz mē = Evet] (confidence: 0.967) 

[¥deme yºntemi = Kredi kartē, Yaĸ aralēĵē = 35-55] --> [Son 6 ayda online alēĸveriĸ yaptēnēz 

mē = Evet] (confidence: 0.972) 

[Sipariĸ Sēklēĵē = Ayda 2-3] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] (confidence: 

1.000) 

[Yaĸ aralēĵē = 18-35] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] (confidence: 1.000) 

[Meslek grubu = Kamu] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] (confidence: 1.000) 

[Eĵitim durumu = Lisans] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] (confidence: 

1.000) 

[Meslek grubu = ¥ĵrenci] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] (confidence: 

1.000) 

[Eĵitim durumu = Doktora] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] (confidence: 

1.000) 

[Cinsiyet = Kadēn, Sipariĸ Sēklēĵē = 2-3 ayda 1, Eĵitim durumu Ķlkºĵretim-ortaºĵretim, meslek 

grubu = Ev hanēmē] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Hayēr] (confidence: 1.000) 

[Aylēk hane geliri = 80000 TL ve ¿zeri] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] 

(confidence: 1.000) 

[En ­ok alēĸveriĸ yaptēĵēnēz kategori = Elektronik] --> [Cinsiyet = Erkek] (confidence: 1.000) 

[Meslek grubu = ¥ĵrenci] --> [Yaĸ aralēĵē = 18-35] (confidence: 1.000) 

[Yerleĸim yeri = Ķl merkezi, Sipariĸ Sēklēĵē = Ayda 2-3] --> [Son 6 ayda online alēĸveriĸ yaptēnēz 

mē = Evet] (confidence: 1.000) 

[Yerleĸim yeri = Ķl merkezi, Yaĸ aralēĵē = 18-35] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = 

Evet] (confidence: 1.000) 

[Yerleĸim yeri = Ķl merkezi, Meslek grubu = Kamu] --> [Son 6 ayda online alēĸveriĸ yaptēnēz 

mē = Evet] (confidence: 1.000) 

[Yerleĸim yeri = Ķl merkezi, Eĵitim durumu = Lisans] --> [Son 6 ayda online alēĸveriĸ yaptēnēz 

mē = Evet] (confidence: 1.000) 

[Yerleĸim yeri = Ķl merkezi, Meslek grubu = ¥ĵrenci] --> [Son 6 ayda online alēĸveriĸ yaptēnēz 

mē = Evet] (confidence: 1.000) 

[Cinsiyet = Erkek, Yaĸ aralēĵē = 18-35] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] 

(confidence: 1.000) 

[Cinsiyet = Erkek, Meslek grubu = Kamu] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] 

(confidence: 1.000) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, En ­ok alēĸveriĸ yaptēĵēnēz kategori = 

Elektronik] --> [Cinsiyet = Erkek] (confidence: 1.000) 

[Cinsiyet = Erkek, Sipariĸ Sēklēĵē = Ayda 1] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet] 

(confidence: 1.000) 

[¥deme yºntemi = Kredi kartē, Sipariĸ Sēklēĵē = Ayda 2-3] --> [Son 6 ayda online alēĸveriĸ 

yaptēnēz mē = Evet] (confidence: 1.000) 
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[¥deme yºntemi = Kredi kartē, Meslek grubu = Kamu] --> [Son 6 ayda online alēĸveriĸ yaptēnēz 

mē = Evet] (confidence: 1.000) 

[¥deme yºntemi = Kredi kartē, Eĵitim durumu = Doktora] --> [Son 6 ayda online alēĸveriĸ 

yaptēnēz mē = Evet] (confidence: 1.000) 

[Yaĸ aralēĵē = 35-55, Sipariĸ Sēklēĵē = Ayda 2-3] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = 

Evet] (confidence: 1.000) 

[Yaĸ aralēĵē = 35-55, Meslek grubu = Kamu] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = 

Evet] (confidence: 1.000) 

[Cinsiyet = Kadēn, Sipariĸ Sēklēĵē = Ayda 2-3] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = 

Evet] (confidence: 1.000) 

[Yaĸ aralēĵē = 18-35, Aylēk hane geliri = 20.000ï39.999 TL] --> [Son 6 ayda online alēĸveriĸ 

yaptēnēz mē = Evet] (confidence: 1.000) 

[Meslek grubu = ¥ĵrenci] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Yaĸ aralēĵē = 18-

35] (confidence: 1.000) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Meslek grubu = ¥ĵrenci] --> [Yaĸ aralēĵē = 18-

35] (confidence: 1.000) 

[Yaĸ aralēĵē = 18-35, Meslek grubu = ¥ĵrenci] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē = 

Evet] (confidence: 1.000) 

[Meslek grubu = Kamu, Eĵitim durumu = Doktora] --> [Son 6 ayda online alēĸveriĸ yaptēnēz mē 

= Evet] (confidence: 1.000) 

[Yerleĸim yeri = Ķl merkezi, Meslek grubu = ¥ĵrenci] --> [Yaĸ aralēĵē = 18-35] (confidence: 

1.000) 

[Yerleĸim yeri = Ķl merkezi, ¥deme yºntemi = Kredi kartē, Yaĸ aralēĵē = 35-55] --> [Son 6 ayda 

online alēĸveriĸ yaptēnēz mē = Evet] (confidence: 1.000) 

[Yerleĸim yeri = Ķl merkezi, ¥deme yºntemi = Kredi kartē, Meslek grubu = Kamu] --> [Son 6 

ayda online alēĸveriĸ yaptēnēz mē = Evet] (confidence: 1.000) 

[Yerleĸim yeri = Ķl merkezi, Yaĸ aralēĵē = 35-55, Meslek grubu = Kamu] --> [Son 6 ayda online 

alēĸveriĸ yaptēnēz mē = Evet] (confidence: 1.000) 

[Yerleĸim yeri = Ķl merkezi, Meslek grubu = ¥ĵrenci] --> [Son 6 ayda online alēĸveriĸ yaptēnēz 

mē = Evet, Yaĸ aralēĵē = 18-35] (confidence: 1.000) 

[Son 6 ayda online alēĸveriĸ yaptēnēz mē = Evet, Yerleĸim yeri = Ķl merkezi, Meslek grubu = 

¥ĵrenci] --> [Yaĸ aralēĵē = 18-35] (confidence: 1.000) 

[Yerleĸim yeri = Ķl merkezi, Yaĸ aralēĵē = 18-35, Meslek grubu = ¥ĵrenci] --> [Son 6 ayda 

online alēĸveriĸ yaptēnēz mē = Evet] (confidence: 1.000) 

[¥deme yºntemi = Kredi kartē, Yaĸ aralēĵē = 35-55, Meslek grubu = Kamu] --> [Son 6 ayda 

online alēĸveriĸ yaptēnēz mē = Evet] (confidence: 1.000) 

Yukarēda verilen birliktelik kurallarēndan bazēlarēnē a­ēklayacak olursak; 

% 76.3 g¿ven seviyesi ile yaĸ aralēĵē 35-55, meslek grubu kamu, son 6 ayda online alēĸveriĸ 

yapan, yerleĸim yeri Ķl merkezi, eĵitim durumu Lisans olan kiĸilerin ve ºdeme yºntemi Havale-

EFT olan kiĸilerin son 3 ayda tercih ettiĵi kampanya t¿r¿n¿n kupon kodu olduĵu belirlenmiĸtir. 

% 76.5 g¿ven ile melek grubu ºĵrenci, eĵitim durumu ¥n Lisans, yerleĸim yeri Ķl merkezi ve 

yaĸ aralēĵē 18-35 olan kiĸilerin son 3 ayda tercih ettiĵi kampanya t¿r¿n¿n Flash/yēldērēm indirim 

olduĵu tespit edilmiĸtir. 

% 77.8 g¿ven seviyesi ile cinsiyeti erkek, eĵitim durumu Lisans, en ­ok alēĸveriĸ yaptēĵē 

kategori elektronik, meslek grubu kamu ve yerleĸim yeri Ķl merkezi olanlarēn son 3 ayda terci 

ettiĵi kampanya t¿r¿n¿n ek ve faizsiz taksit olduĵu belirlenmiĸtir. 



AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI  

CONFERENCE BOOK  - ISBN : 978-625-5694-42-3 

116 
 

% 82.9 g¿ven ile cinsiyeti kadēn, son 6 ayda online alēĸveriĸ yapan, yaĸ aralēĵē 18-35, eĵitim 

durumu Lisans, sipariĸ sēklēĵē ayda 2-3 ve en ­ok alēĸveriĸ yaptēĵē kategori moda olan kiĸilerin 

son 3 ayda tercih ettiĵi kampanya t¿r¿ hediye ¿r¿n olduĵunu sºylemiĸlerdir. 

% 83.6 g¿venle cinsiyeti kadēn, son 6 ayda online alēĸveriĸ yapmayan, yaĸ aralēĵē 55 ve ¿st¿ 

olan ve meslek grubu ev hanēmē olan kiĸilerin son 3 ayda tercih ettiĵi kampanya t¿r¿n¿n 

¿cretsiz kargo olduĵu belirlenmiĸtir. 

% 83.7 g¿ven seviyesi ile yerleĸim yeri il merkezi, cinsiyeti erkek, yaĸ aralēĵē 35-55, eĵitim 

durumu Doktora, son 6 ayda online alēĸveriĸ yapan ve ºdeme yºntemi kredi kartē olanlarēn son 

3 ayda tercih ettiĵi kampanya t¿r¿n¿n kupon kodu olduĵu tespit edilmiĸtir. 

% 83.9 g¿venle yerleĸim yeri Ķl merkezi, yaĸ aralēĵē 18-35, son 6 ayda online alēĸveriĸ yapan, 

eĵitim durumu Lisans ve meslek grubu ºĵrenci olan kiĸilerin son 3 ayda tercih ettiĵi kampanya 

t¿r¿n¿n sepette indirim olduĵunu sºylemiĸlerdir. 

% 86.5 g¿ven seviyesi ile sipariĸ sēklēĵē 2-3 ayda 1, yaĸ aralēĵē 55 ve ¿st¿ ve en ­ok alēĸveriĸ 

yaptēĵē kategori ev-yaĸam olan kiĸilerin son 3 ayda tercih ettiĵi kampanya t¿r¿n¿n ek ve faizsiz 

taksit olduĵu belirlenmiĸtir. 

% 87.1 g¿ven ile son 6 ayda online alēĸveriĸ yapan ve eĵitim durumu Doktora olanlarēn ºdeme 

yºnteminin kredi kartē olduĵu tespit edilmiĸtir. 

% 91.2 g¿ven seviyesi ile yaĸ aralēĵē 35-55, meslek grubu emekli ve aylēk hane geliri <20.000 

TL olan kiĸilerin son 6 ayda i­erisinde online alēĸveriĸ yapmadēklarē belirlenmiĸtir. 

% 93.9 g¿ven ile meslek grubu ºzel sektºr, eĵitim durumu Lise ve son 6 ay i­erisinde online 

alēĸveriĸ yapan kiĸilerin son 3 ayda tercih ettiĵi kampanya t¿r¿ sepette indirim olduĵunu 

sºylemiĸlerdir. 

% 95.7 g¿ven ile cinsiyeti kadēn, yaĸ aralēĵē 18-35, yerleĸim yeri Ķl merkezi ve en ­ok alēĸveriĸ 

yaptēĵē kategori kiĸisel bakēm olan kiĸilerin son 3 ayda tercih ettikleri kampanya t¿r¿n¿n 

paket/set indirim olduĵu tespit edilmiĸtir. 

% 100 g¿ven seviyesi ile cinsiyeti kadēn, sipariĸ sēklēĵē 2-3 ayda 1, eĵitim durumu Ķlkºĵretim-

Ortaºĵretim ve meslek grubu ev hanēmē olan kiĸilerin son 6 ayda alēĸveriĸ yapmadēklarē 

belirlenmiĸtir. 

% 100 g¿venle aylēk hane geliri 80000 TL ve ¿zeri olan kiĸilerin son 6 ay i­erisinde online 

alēĸveriĸ yaptēklarē tespit edilmiĸtir. 

% 100 g¿ven seviyesi ile en ­ok alēĸveriĸ yaptēĵē kategori elektronik olan kiĸilerin 

cinsiyetlerinin erkek olduĵu belirlenmiĸtir.  

4. GENEL DEĴERLENDĶRME VE SONU¢LAR 
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Bu ­alēĸmada, t¿keticilerin online alēĸveriĸte tercih ettikleri kampanya t¿rlerinin 

belirlenebilmesi amacēyla, birliktelik analizlerinden biri olan FP-Growth algoritmasē 

kullanēlmēĸtēr. Analiz sonucunda, %70ôin ¿zerinde g¿venilirliĵe sahip 126 adet birliktelik kuralē 

elde edilmiĸtir. Elde edilen bu kurallar sayesinde, ­evrim i­i satēĸ yapan iĸletmeler hem 

k©rlēlēklarēnē artērabilir hem de sunduklarē ¿r¿nlerin kalitesini geliĸtirebilir. Ayrēca, t¿keticilere 

dair daha kapsamlē bilgilere ulaĸma imk©nē da saĵlanabilir. Pazarlama alanēnda yapēlan 

birliktelik analizi ­alēĸmalarēnēn sayēsē olduk­a sēnērlēdēr. Bu alandaki araĸtērmalarēn artērēlmasē, 

firmalar a­ēsēndan deĵerli bilgiler sunabilir. Aynē zamanda, gelecekte birliktelik analizi ¿zerine 

­alēĸma yapacak araĸtērmacēlar i­in de ºnemli bir kaynak oluĸturabilir.  

. 
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ABSTRACT 

This study was conducted to determine the phenological and pomological characteristics of 

Amasya apple (Malus domestica) genotypes grown under the ecological conditions of the 

¢amardē district of Niĵde province. This study was conducted between 2022 and 2023 on 10 

genotypes of the Amasya variety, which has been cultivated in the region for a long time. 

Morphological, phenological, pomological, and biochemical characteristics of the genotypes 

were evaluated in the study. The climate data for Niĵde province indicate a continental climate 

characterized by hot, dry summers and cold winters. Phenological observations indicated that 

bud break occurred between March 19 and 25, and full bloom occurred between April 1 and 16. 

The first harvest was conducted between October 9 and 12, and the last harvest was conducted 

between October 18 and 30. Significant differences were identified among the genotypes in 

terms of fruit weight, length, firmness, and biochemical composition. Fruit weight ranged from 

86.18 g (Amasya-05) to 143.40 g (Amasya-01). The highest soluble solids content (13.65%) 

was found in the Amasya-03 genotype, while the lowest (10.20%) was found in the Amasya-05 

genotype. Fruit pH values ranged from 3.98 to 4.37, and acidity ranged from 0.13 to 0.27%. 

Amasya-01 and Amasya-02 genotypes stood out in terms of fruit length, Amasya-04 in terms 

of fruit firmness, and Amasya-03 with its high TSS value. The results indicate significant 

differences among Amasya apple genotypes and suggest that future studies will contribute to 

the evaluation of these varieties. 

Keywords: Apple genotypes, phenology, pomology, selection 
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INTRODUCTION 

Anatolia is considered the origin of numerous horticultural plants (Kaya and Balta, 2013; Doĵan 

et al., 2014; Gundogdu et al., 2014; Eyduran et al., 2015). Turkey contains a multitude of wild 

and indigenous apple genetic resources. The abundance of species presents various use chances 

for fruit cultivators (Kaya and Balta, 2013). Apple (Malus domestica) is among the most 

extensively cultivated and varied fruit species globally. Its resilience to both hot and cold 

climates enable a broad ecological distribution (Ferree et al., 2003; OECD 2022). 

Moreover, the extensive utilization of apples in their fresh, dried, and processed forms renders 

them a strategically significant agricultural commodity at both local and global levels. Critical 

elements facilitating the global production and consumption of apples encompass their 

substantial nutritional value, sensory and medicinal attributes, ecological versatility, economic 

profitability, and technical benefits (Ferree et al., 2003; OECD 2022). Deciduous fruit species 

exhibit substantial production area and volume, with a considerable fraction consumed fresh; 

over 9 million tons are traded globally, and over 3 million liters of apple juice are exported 

(Pereira et al., 2009). 

Apple cultivation depends not only on production volume but also on the selection of high-

quality, market-appropriate varieties. Varieties in demand in the global market include Fuji, 

Gala, Granny Smith, Scarlet Spur, Starkspur Golden Delicious, Starkrimson Delicious, Golden 

Reinders, Pink Lady, and Modi. Export potential can be increased through contract production 

(Barrit 1992; K¿den et al., 1995). However, the abundance of varieties cultivated in Turkey and 

the lack of standardization limit the availability of products suitable for export. Therefore, 

identifying apple varieties with high commercial value, productivity, and quality standards 

plays a critical role in the continuity and development of production. While Turkey offers a 

remarkable diversity as a hub for apple genealogy, Niĵde province is one of the important 

centers of apple cultivation in Turkey, particularly known for its 'Amasya' apple. Selection and 

breeding efforts in this region have resulted in the development of varieties with distinct 

characteristics, contributing to the conservation of genetic resources. 

Phenological and pomological characteristics are essential factors for assessing apple cultivars. 

Phenological traits (blooming and fruit ripening duration) are significant for production and 

climate adaptability in fruit cultivation, while pomological qualities (fruit form, weight, color, 

and flavor) define quality and marketability. Consequently, analyzing the phenological and 

pomological traits of chosen 'Amasya' apple varieties will aid in the conservation of local 

genotypes and the identification of premium varieties appropriate for the market. 

Consequently, selection studies are essential for maximizing the potential of significant local 

apple types. These selection studies are crucial because of the significant economic worth of 

apples in developing nations. Selection studies, coupled with the ensuing registration and 

standardization of varieties, will ascertain the commercial value of these genotypes. 

This study aims to determine the phenological and pomological traits of various 'Amasya' apple 

cultivars identified in the Niĵde region. The findings are anticipated to enhance the scientific 

literature and promote the sustainability of apple agriculture while augmenting its commercial 

viability. 

  

  

 



AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI  

CONFERENCE BOOK  - ISBN : 978-625-5694-42-3 

121 
 

MATERIAL AND METHOD 

The plant material used in this study comprised varieties of Amasya, farmed in the ¢amardē 

region of Niĵde province for several years between 2022 and 2023. Analysis of the average 

meteorological data for Niĵde province from 1939 to 2021, based on records from the General 

Directorate of State Meteorology, revealed that the highest temperatures, surpassing 30ÁC, 

occurred in July and August, while the lowest temperatures fell below -1 ÁC in January and 

February (Table 1). 

During the years specified in Table 1, the maximum temperature recorded in Niĵde was 39.7 

ÁC, while the minimum was -25.6ÁC. In January, February, March, April, and December, over 

10 days of precipitation were documented, while in July and August, fewer than 2 days were 

noted. In terms of long-term precipitation, the peak occurred in May at 48.2 kg/mĮ, and the 

minimum was recorded in July at 5.5 kg/mĮ. The mean precipitation was calculated to be 342.8 

kg/mĮ (Anonymous 2025). 

Table 1. Average meteorological values of Niĵde province between 1935-2021 

To identify the superior Amasya apple genotypes grown in the ¢amardē district, a preliminary 

study was conducted in 2022 and a genotyping study was conducted in 2023, evaluating 10 

promising varieties (Figure 1). Each plant selected in this selection study was considered a 

genotype. 

For each genotype, morphological observations included tree age (years), crown height (m), 

habitus, developmental status, and alternate bearing status. Pomological analysis was 

performed on 10 randomly selected fruits from each variety. Average fruit weight (g), fruit 

diameter and length (cm), fruit flesh firmness (kg/cm2), L,z a,z b,z chroma (c)z, and shade angle 

(h) were measured for fruit color. Total soluble solids content (TSS), titratable acidity, and pH 

of the juice were determined. Phenological observation dates included bud swelling, first 

flowering, the period when 70ï80% of the flower buds opened, full bloom, the end of flowering, 

the first harvest, and the final harvest. The obtained data, The Duncan multiple comparison test 

 Average 

Temperature 

(ÁC) 

Average 

Highest 

Temperature 

(ÁC) 

Average 

Lowest 

Temperature  

(ÁC) 

Average 

Number 

of 

Rainy 

Days 

Monthly 

Total 

Rainfall 

Average 

(mm) 

Highest 

Temperature 

(ÁC) 

Lowest 

Temperature 

(ÁC) 

January -0.2 4,9 -4,5 10,82 35,6 19,9 -25,6 

February 1.2 6,5 -3,4 10,22 32,8 20,5 -24,2 

March 5.1 11 -0,2 11,39 36,3 26,4 -23,9 

April 10,7 16,8 4,5 11,04 41,1 30,8 -6,9 

May 15,1 21,5 8,4 11,79 48,2 33 -2,6 

June 19,2 25,9 12 6,9 28,5 35,7 3,5 

July 22,5 29,5 14,9 1,84 5,5 38,5 6,6 

August 22,4 29,7 14,6 1,52 6,7 39,7 6,5 

September 18,2 25,7 10,5 2,91 10,6 37,3 -0,7 

October 12,6 19,7 6 6,33 25,6 32 -6,2 

November 6,6 13 1,2 7,41 31 25 -19,5 

December 1,9 7,2 -2,4 10,62 40,9 21,2 -24 

Yearly 11,3 17,6 5,1 92,8 342,8 39,7 -25,6 
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was applied at a 5% significance level to compare the obtained data. The SPSS 23.0 program 

was used for statistical analysis. 

Figure 1. Fruits of Amasya apple genotypes 

Amasya -01 

 
 

Amasya-02 

 

Amasya-03 

 
 

Amasya-04 

 

Amasya-05 

 
 

Amasya-06 

 

Amasya-07 

 
 

Amasya-08 

  

Amasya-09 Amasya-10 



AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI  

CONFERENCE BOOK  - ISBN : 978-625-5694-42-3 

123 
 

 
 

 

RESULTS AND DISCUSSION 

This research was conducted to identify prospective cultivars with enhanced traits within the 

Amasya apple variety cultivated in the ¢amardē region of the Niĵde province. Table 2 presents 

tree age, crown height, morphology, developmental condition, and periodicity. The ages of the 

genotypes varied from 6 to 15 years, with Amasya-05 being the youngest at 6 years and 

Amasya-10 being the oldest at 15 years. All genotypes had a spreading morphology, with 

developmental status ranging from robust to moderate based on the genotype. Periodicity was 

documented as elevated for all genotypes. These findings indicate substantial variations across 

genotypes regarding plant age, growth vigor, and phenological development. 

Table 2. Comparison of Genotypes in Terms of Age, Crown Height, Crown Spread, 

Development Status, and Periosity 

Table 3 presents the phenological observation dates for the selected Amasya apple varietals. 

The bud emergence, blooming, and harvesting stages for the 10 Amasya apple genotypes 

analyzed in this study are illustrated in Figure 2 and Table 3 below. Significant differences have 

been observed among genotypes for the initiation and conclusion dates of the phenological 

phases. The initial bud-rise period commenced on March 19 (Amasya-03 and Amasya-09), 

while the last occurrence was noted on March 25 (Amasya-07). This signifies a disparity of 

roughly six days between the genotypes. Full flowering often transpired between April 1 and 

April 16. The earliest complete flowering occurred in the genotypes Amasya-01, Amasya-03, 

Amasya-08, and Amasya-10 on April 1, whilst the latest was recorded in Amasya-05 and 

Amasya-07 between April 4 and April 16.  

Genotype Plant Age Crown 

Height 

Crown 

Spread 

Development 

Status 

Periosity 

Amasya-01 9 2 Spreading Strong High 

Amasya-02 9 2 Spreading Strong High 

Amasya-03 11 3 Spreading Moderate High 

Amasya-04 11 3 Spreading Moderate High 

Amasya-05 6 2 Spreading Strong High 

Amasya-06 14 3 Spreading Moderate High 

Amasya-07 14 3 Spreading Moderate High 

Amasya-08 13 3 Spreading Moderate High 

Amasya-09 13 3 Spreading Moderate High 

Amasya-10 15 3 Spreading Moderate High 
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The end of flowering dates among the genotypes varied between 15 and 28 April. The earliest 

flowering cessation occurred in the genotypes Amasya-03 and Amasya-08 on April 24, whilst 

the latest was noted in the genotype Amasya-05 on April 28. The earliest first harvest was on 

October 9 (Amasya-02), while the latest was on October 12 (Amasya-06, Amasya-10). A 

discrepancy of around 3 days was seen among the genotypes. The last harvest period ranged 

from October 18 to 30. The earliest final harvest occurred for the Amasya-02 genotypes on 

October 18, whilst the latest was for the Amasya-05 and Amasya-06 genotypes on October 30. 

The findings demonstrate that environmental factors and genetic composition significantly 

influence the phenological development of the examined genotypes The Amasya-03 genotype 

demonstrated a preference for early blooming and harvesting, while the Amasya-05 genotype 

stood out for its late flowering and harvesting characteristics. Moreover, while the phenological 

observations of the cultivars analyzed in this study differed based on the region's ecological 

conditions, they were mostly in agreement with findings by prior studies (Seferoĵlu et al., 2006; 

ķen 2008; ¢ulha 2010; ¥zt¿rk and ¥zt¿rk, 2016).  

Table 3. Phenological Development Stages from Bud Swelling 

Genotype 
Bud Swelling - 

First Flowering 
Full Bloom End of Bloom First Harvest Last Harvest 

AMASYA-01 20 Marchï 01 April 01 -14 April 15- 26 April 10 -18 October 19-28 October 

AMASYA-02 21 Marchï 03 April 02-14 April 15 -26 April 09 - 18 October 18 - 28 October 

AMASYA-03 19 Marchï 02 April 01 -14 April 15 -24 April 10 - 20 October 20 -29 October 

AMASYA-04 21 Marchï 05 April 02ï15 April 15 -26 April 10 - 19 October 19 - 28 October 

AMASYA-05 22 Marchï 04 April 03ï16 April 16 -28 April 11 - 20 October 21 - 30 October 

AMASYA-06 24 Marchï 03 April 03 -15 April 15 -26 April 12 - 21 October 22 - 30 October 

AMASYA-07 25 Marchï 05 April 04 -16 April 18 -27 April 12 - 20 October 21 - 29 October 

AMASYA-08 20 Marchï 02 April 01 -14 April 18- 24 April 11 - 22 October 20 - 28 October 

AMASYA-09 19 Marchï 02 April 03 -16 April 15 -26 April 10 - 21 October 20 - 29 October 

AMASYA-10 22 Marchï 05 April 01 -14 April 16 -27 April 12 - 20 October 22 - 29 October 

Figure 2. Phenological development stages of Amasya apple genotypes 
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1.Dormant bud 2. Bud swell 3. Silvertip 4.  Green tip 5. Mouse ear 6. Pink bud 7. Bloom stage / First bloom 8. 

Full bloom 9. Fruit set 

The results of this study showed that the pomological traits of apples are affected by their yield 

and age. The trees' morphological, phenological, pomological, and biochemical traits are also 

affected by the elevation and ecological conditions of the places where the types were chosen ( 

Ruttanaprasertetal.,2014). 

The fruit quality traits of the 10 Amasya apple genotypes that were looked at in this study are 

shown in Table 4. There were big changes in the fruit weights between the genotypes, with 

Asasya-05 weighing 86.18 g and Asasya-01 weighing 143.40 g. The Amasya-01 genotype had 

the heaviest fruit (143.40 g), followed by the Amasya-02 genotype (141.40 g) and finally the 

Amasya-03 genotype (141.40 g). It was found that the Amasya-05 strain had the lightest fruit 

(86.18 g). As you can see, the Amasya-01 and Amasya-02 genotypes have big fruit structures, 

while the Amasya-05 genotype has smaller fruit structures. This means that the trees' 

morphological, phenological, pomological, and biochemical qualities are also affected by the 
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elevation and ecological conditions of the places where the varieties were chosen. The diameter 

of the fruits was between 58.64 mm (Amasya-05) and 70.38 mm (Amasya-01). It was found 

that Amasya-01 (70.38 mm) and Amasya-02 (69.74 mm) lines had the widest fruits. Fruit 

lengths ranged from 49.13 mm (Amasya-05) to 61.42 mm (Amasya-02). The longest fruits were 

found in Amasya-02 (61.42 mm), Amasya-01 (60.18 mm), and Amasya-03 (58.90 mm). Based 

on these results, the Amasya-01 and Amasya-02 lines have better fruit diameter and length. 

The fruit firmness values among the genotypes ranged from 3.75 kg/cmĮ (Amasya-07) to 4.40 

kg/cmĮ (Amasya-04). The maximum firmness value was observed in Amasya-04 at 4.40 

kg/cmĮ, and the minimum firmness value was observed in Amasya-07 at 3.75 kg/cmĮ. The 

Amasya-04 genotype is considered advantageous regarding fruit firmness, which is a critical 

quality factor for storage duration and transportability. The firmness of fruit in apple genotypes 

from various locations of T¿rkiye ranges from 3.0 to 10.5 kg cm-2. (Edizer and Bekar, 2007; 

Serdar et al., 2007; Bostan and Acar, 2009). 

Elasticity readings varied from 3.75 (Amasya-07) to 7.10 (Amasya-05). The Amasya-05 

genotype had the highest elasticity value at 7.10, whereas the Amasya-07 genotype displayed 

the lowest at 3.75. Increased fruit elasticity signifies a more resilient and flexible composition 

of the fruit tissue. 

In conclusion, the Amasya-01 and Amasya-02 genotypes excel in fruit weight, diameter, and 

length; the Amasya-04 genotype is distinguished by its fruit hardness; and the Amasya-05 

genotype is notable for its high elasticity value. The data reveal substantial morphological and 

physical disparities across Amasya apple varieties, suggesting that certain genotypes may be 

suitable for breeding programs targeting specific quality features. 

Table 4. Fruit quality traits of Amasya apple genotypes 

Genotype Fruit 

Weight  

(g) 

Fruit 

diameter 

(mm) 

Fruit length  

(mm) 

Fruit Firmness 

(kg cm Į) 

Elasticity 

Amasya-01 143,40 a 70,38 a 60,18 ab 3,86 abc 4,78 c 

Amasya-02 141,40 ab 69,74 a 61,42 a 3,81 bc 6,06 b 

Amasya-03 141,40 ab 68,86 ab 58,90 ab 4,28 abc 6,24 b 

Amasya-04 110,91 de 63,78 bcd 53,21 bcd 4,40 a 6,46 ab 

Amasya-05 86,18 f 58,64 d 49,13 d 4,30 ab 7,1 a 

Amasya-06 135,06 abc 68,18 ab 57,10 abc 3,93 abc 3,93 d 

Amasya-07 115,73 cde 65,07 abc 54,13 bcd 3,75 c 3,75 d 

Amasya-08 122,45 bcd 66,94 ab 55,06 abcd 3,94 abc 3,94 d 

Amasya-09 135,46 ab 68,55 ab 53,21 bcd 3,95 abc 3,95 d 

Amasya-10 98,59 ef 59,90 cd 50,50 cd 3,95 abc 3,90 d 

The chemical and color attributes of the fruit from the 10 Amasya apple genotypes analyzed in 

this investigation are presented in Table 5. Marked disparities were noted across the genotypes 

for water-soluble solids (WSD), with values spanning from 10.20 (Amasya-05) to 13.65 

(Amasya-03). The Amasya-03 genotype had the highest WSD value at 13.65, succeeded by 

Amasya-01 at 12.98 and Amasya-10 at 12.21, respectively. The minimum WSD value was 

identified in the Amasya-05 (10.20) genotype. The results demonstrate that the Amasya-03 and 
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Amasya-01 genotypes possess elevated dry matter content, whereas the Amasya-05 genotype 

is distinguished by reduced sugar content. 

The acidity values of the fruit varied from 3.98 (Amasya-03) to 4.37 (Amasya-10) throughout 

the genotypes. The Amasya-03 genotype had the lowest pH value, whereas the Amasya-10 

genotype displayed the greatest pH value. Acidity scores varied from 0.13 (Amasya-08) to 0.27 

(Amasya-02 and Amasya-03), with Amasya-02 and Amasya-03 exhibiting the greatest acidity 

levels. These studies indicate that the flavor and taste profiles of fruit vary according to the 

genotypes. TSS and acidity are recognized as significant taste indicators for fruits (Rezaeirad 

et al. 2013). ¥zt¿rk and ¥zt¿rk (2016) reported that the total soluble solids (TSS) values in 

their investigation on apples ranged from 10.46% to 13.45%. Boyacē (2019) identified the 

greatest total soluble solids (TSS) value at 15.4% in the Mondial Gala apple variety, while the 

lowest values were recorded at 11.16% in Granny Smith and 11.53% in Red Chief types. In the 

research by Karĸē and Aslantaĸ (2016), the TSS content ranged from 7.73% (H¿ryemez) to 

14.60% (Golden Delicious). Another study observed that the TSS concentration ranged from 

10.24% (Granny Smith) to 12.07% (Royal Gala). Balta et al. (2020) conducted a study to 

ascertain the biochemical composition of apple fruits, finding a pH value of 4.03 in the Red 

Chief variety and 3.31 in the Granny Smith variety. G¿ndoĵdu et al. (2018) reported that 

indigenous apple varieties possess abundant biochemical constituents. A study by Hajnajar et 

al. (2019) assessed the weight and length of summer apples in Iran, revealing fruit weights 

between 11.47 g to 98.50 g. Comparable investigations have been undertaken by other scholars 

(Kaya and Balta 2013; ¢oĸkun and Aĸkēn 2016). Our findings on fruit length and biochemical 

features in this study were largely consistent with those of previous research. The varying 

outcomes are attributed to disparities in ecological conditions, cultural practices, and genetic 

variables.  

Fruit coloration characteristics differed among genotypes. The L value varied from 43.29 

(Amasya-10) to 54.33 (Amasya-03), with the maximum L value seen in the Amasya-03 

genotype. The c value varied from 35.52 (Amasya-08) to 45.46 (Amasya-02), with the 

maximum saturation recorded in the Amasya-02 genotype. The h value varied from 29.96 

(Amasya-07) to 44.36 (Amasya-08), with the maximum h value identified in the Amasya-08 

genotype. The data reveal substantial differences among the genotypes for color tones, 

saturation, and angle, with certain genotypes exhibiting superior visual quality. 

Table 5. Comparison of TSS, pH, Acidity and Color Parameters in Amasya Apple Genotypes  

Genotype TSS 

(%)  

pH Titratable 

Acidity  

(%)  

l c h 

Amasya-01 12,98 b 4,13 0,17 d 48,27 abc 41,67 ab 33,88 abc 

Amasya-02 11,36 e 4,05 0,26 a 53,05 ab 45,46 a 36,40 abc 

Amasya-03 13,65 a 3,98 0,27 a 54,33 a 38,26 bc 42,52 ab 

Amasya-04 12,01 cd 4,02 0,21 b 48,05 abc 39,05 bc 33,02 abc 

Amasya-05 10,20 f 4,09 0,21 bc 48,29 abc 42,40 ab 30,30 c 

Amasya-06 11,75 d 4,12 0,15 e 49,20 abc 41,33 abc 36,85 abc 

Amasya-07 11,01 e 4,17 0,17 d 51,90 ab 42,68 ab 29,96 c 
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Amasya-08 11,96 cd 4,15 0,13 e 51,36 ab 35,52 c 44,36 a 

Amasya-09 11,95 cd 4,24 0,14 e 46,87 bc 40,95 abc 31,37 bc 

Amasya-10 12,21 c 4,37 0,20 c 43,29 c 39,50 bc 31,77 bc 

CONCLUSION 

This study showed significant differences in the morphological, phenological, pomological, and 

biochemical characteristics of ten Amasya apple (Malus domestica) genotypes grown in the 

ecological environment of the ¢amardē district in Niĵde province. The genotypes Amasya-01 

and Amasya-02 demonstrate exceptional performance for fruit weight, diameter, and length, but 

Amasya-04 distinguished itself with elevated fruit hardness, and Amasya-03 had the greatest 

soluble solid content at 13.65%. The Amasya-05 genotype, albeit yielding smaller fruits, 

exhibited notable flexibility and delayed phenological progression. Phenological measurements 

indicated that bud break transpired between March 19 and 25, full bloom happened between 

April 1 and 16, and harvesting took place between October 9 and 30, demonstrating the 

resilience of these genotypes to local environmental conditions. The variations in fruit hardness, 

soluble solids, acidity, and color metrics among the genotypes illustrate the genetic diversity 

inherent in Amasya apples. These findings illustrate the promise of specific genotypes, Amasya-

01, Amasya-02, and Amasya-03, for forthcoming breeding, selection, and standardization 

initiatives focused on raising fruit quality and increasing the commercial value of Amasya 

apples grown in the Niĵde 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. In the 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 mm, the mean pericarp 

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 values ranged from 35.46Á to 106.46Á, 

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 that these 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 varieties.2 

Keywords: Tomato, fruit characteristics, parental selection 

  

 
2 This study is derived from ¦nal KAL's master's thesis. 
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1. INTRODUCTION  

Tomato (Solanum lycopersicum L.) 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 vitamin C, vitamin A, lycopene, 

ɓ-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 consumption, tomatoes are a very important vegetable in industrial 

production. Tomatoes are the raw material for many value-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 demand for food driven by population 

growth, it is essential to increase yields and produce high-quality products (Beres et al 2020; 

Kayiĸoĵlu and T¿rksoy, 2023). In addition to these characteristics, varieties that are 

resistant/tolerant to stress factors eliminate production 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 abiotic conditions 

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 content, pH, colour, and firmness are 

other important factors (Londono-Giraldo 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 selection criteria 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 tests and molecular-assisted selections are carried out to develop these 

characteristics (Zhu et al. 2018; Londono-Giraldo et al. 2021). Tomato processing companies 

prefer varieties with high yield per unit area and high brix and lycopene content (T¿rk et al. 

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 by parents 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 

resistance, 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., 2019; Al-Khayri et al., 

2023). Basic traits such as fruit weight, pericarp thickness, brix, 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 order to identify those 

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 determined. 

 

 

2. MATERIAL AND METHODS  

In the study, 94 tomato lines from the tomato gene pool belonging to Nadide Tarēm Seed 

Production Food Import Export Construction Landscape Trade and Industry Ltd. Co. were used 

as plant material. The seedlings were grown 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 seedlings were ready for planting, 20 plants from each genotype were planted in the 

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 preparation 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. The following 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, and maximum values 

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 evaluated for certain 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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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 52.63% of the 

genotypes had an average fruit length above the mean value (Figure 2). 

 

 
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 fruit width that exceeded the 

mean value.  
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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. 

 

 

 

Figure 5. Average number of carpels 

 

The mean number of carpels in the fruits was 2.94 across all genotypes, with genotype 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 number that exceeded the mean value. 
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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 ST62 (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). 

 

 

Figure 7. Average seed cavity length 

 

The mean cavity length was measured at 21.53 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 (Figure 7). 
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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 terms of soluble 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). 

 

 

Figure 9. Fruit color  

 

In the context of color measurement, the hue angle values were obtained from two distinct 

regions of five fruits from each genotype. The hue angle values ranged from 35.46Á to 106.46Á. 

According to Voss (1992), hue angle values between 0Ü and 90Ü represent red and its shades. 

Fourteen of the parent lines fell between 30-40Ü; 72 fell between 40-50Ü; and 6 fell between 50-

70Ü. The mean color (Hu value) was measured as 45.51 (Fig. 9). This value indicates that the 

vast majority of genotypes exhibit red-orange color tones in the mature stage. 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). 
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Kēymacē et al (2024) screened 240 tomato genotypes at the S2 stage and examined fruit 

characteristics. The study revealed significant variation in fruit pericarp thickness, carpel 

number, and SCC. Following PCA analysis in the same study, a relationship was found 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 relation to 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 conducted by 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 

ranged from 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 carpels, the flesh 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 

control 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 named H-9663 (Dadaĸ, 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 between 62 and 45 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% (Sºnmez, 2011). 

 

4. CONCLUSION 

The present study 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 diversity among genotypes with regard 

to fruit size and structural characteristics. Genotypes exhibiting high fruit flesh thickness offer 

advantages in terms of processability and durability, while lines with high SSC ratios are 

distinguished by their superior taste and quality. 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 in the 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 breeding by identifying 

lines with high parental potential. 
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ABSTRACT 

Ecosystem-based 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 in urban and 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 addresses the basic principles, implementation approaches and 

strategies of ecosystem-based design through international examples and evaluates the 

ecological, aesthetic and social benefits obtained from these practices. The findings reveal the 

importance and applicability of ecosystem-oriented approaches in sustainable landscape 

planning. 

Keywords: Ecosystem-based planting, biodiversity, sustainable landscape   

 

1. INTRODUCTION   

 

An ecosystem is an energy-operating system in which organisms such as plants, animal 

communities, and fungi have co-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 economic, social, 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, 

determines 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 harmonious work in 

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 and environmental 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 and Stewart Cowan, defined ecological 

design in their 1996 book Ecological Design as óany design that integrates with living processes 

to minimise environmentally destructive impactsô (Kallipoliti, 2018). Ecological design aims 

to create living space for local species 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 (Shu-Yang et al., 2004). 

Ecological landscape design aims to create sustainable, environmentally sensitive open spaces 

(Ak, 2024).  

Ecosystem-based 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 and climate conditions. 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 design process, 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 integrate 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 supports biodiversity, creates habitats and biotic communities for wildlife, and 

provides wildlife corridors (Sarē & Karaĸah, 2018; Steiner, 2001; Thomas et al., 2001). 

Various principles regarding the fundamentals of ecological landscape design have been 

defined by different researchers in the literature. In this study, the fundamental principles 

compiled from the works of Shu-Yang, Freedman and Cote (2004), Ryn and Cowan (2013) and 

Ak (2024) are presented in Table 1. 

 

Table 1. The fundamentals of ecological landscape design 

Principle / Criterion Description Reference 

1. User and Economy 

Orientation 

The necessity for humans and economic 

systems to meet their needs within natural 

limits 

Shu-Yang et al., 

(2004) 

2. Ecosystem Integrity 
Preservation of the structural and functional 

integrity of natural and managed ecosystems. 

Shu-Yang et al., 

(2004) 

3. Nature-Mimicking 

Design 

Taking inspiration from natureôs own design 

principles in anthropogenic systems. 

Shu-Yang et al., 

(2004); Ryn & 

Cowan (2013) 

4. Use of Renewable 

Resources 

Transition toward renewable energy sources, 

recycling, reuse, and resource efficiency. 

Shu-Yang et al., 

(2004) 

5. Ecological 

Economics Approach 

Conservation of natural capital and inclusion 

of resource depletion and environmental 

damage in economic assessment. 

Shu-Yang et al., 

(2004) 
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6. Conservation of 

Biodiversity 

Sustainable conservation of natural 

ecosystems and native species. 

Shu-Yang et al., 

(2004) 

7. Environmental 

Literacy 

Enhancing public awareness of sustainability 

and environmental sensitivity. 

Shu-Yang et al., 

(2004) 

8. Place-Specific 

Design 

Ensuring that every design is based on the 

cultural and physical characteristics of its 

location. 

Ryn & Cowan 

(2013) 

9. Ecological 

Accounting 

Holistic evaluation of environmental, social, 

and economic parameters throughout the 

design process. 

Ryn & Cowan 

(2013) 

10. Design in Harmony 

with Nature 

Integration of abiotic factors such as water, 

wind, and sunlight into design. 

Ryn & Cowan 

(2013) 

11. Participatory 

Design 

Ensuring the participation of all stakeholders 

in the ecological design process. 

Ryn & Cowan 

(2013) 

12. Making Natural 

Processes Visible 

Making natural cycles and processes 

perceptible to users. 

Ryn & Cowan 

(2013) 

13. Sustainability and 

Resource Conservation 

Creating designs based on energy, water, and 

material efficiency that do not harm the 

environment. 

Shu-Yang et al., 

(2004); Ryn & 

Cowan (2013) 

14. Viewing the 

Ecosystem as a Whole 

Considering the ecosystem as a whole, with 

all its living and non-living components. 
(Ak, 2024). 

15. Habitat Restoration 

and Conservation of 

Landscape Patterns 

Enhancing biodiversity, restoring degraded 

habitats, and maintaining landscape integrity. 
(Ak, 2024). 

 

Ecosystem-based planting design aims to create 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 areas where ecosystem-based 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. Forest 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 benefits (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, flood mitigation, 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 combining the words ópermanentô and óagricultureô. 

It focuses on creating and designing agricultural ecosystems that are sustainable and resilient. 

Co-founder David Holmgren defines permaculture as óconsciously designed landscapes that 

mimic the patterns and relationships found in nature, producing abundant food, fibre and energy 

to meet local needs.ô 

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 used for sustainable rainwater management, adding aesthetic value to urban 

areas (M¿ft¿oĵlu & Per­in, 2015).  

7. Coastal Restoration 

The restoration of coastal areas, carried out through ecosystem-based planting design, 

contributes positively to preventing erosion and increasing habitat diversity. 

8. Parks 

Urban parks provide various ecosystem services that are valuable for the well-being of city 

dwellers. They are also recognised as a nature based solution that addresses various 

environmental issues in cities (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 nature 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 around 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 for this study consists of national and international literature data related to 

ecosystem-based landscaping design. Within the scope of the study, books, articles published 

in peer reviewed journals, symposium papers, master's and doctoral theses, and current online 

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 ecosystem-based design were first determined. 

Subsequently, the findings obtained from the sources were classified to identify the application 

areas of ecosystem-based landscaping design. Finally, successful examples implemented 

worldwide were examined and evaluated in terms of their ecological functions and application 

results.  
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3. FINDINGS  

Examples of ecosystem-based 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 M®tis (Qu®bec, Canada), Millennium Park (Chicago, USA), The Eden Project 

(Cornwall, UK), Duisburg-Nord Landschaftspark (Duisburg, Germany), Changi Airport Jewel 

(Singapore) and Houtan Park (Shanghai, China). These applications have been designed using 

ecosystem-based 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 the city 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 today on this 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 Line, which prevented the structure from being demolished in 1999 (Figure 

1) (Huebner, 2019).  

 

 

Figure 1. High Line Park (Url-1, Url-2). 

 

Queen Elizabeth Olympic Park (London, England) 

Queen Elizabeth Olympic Park, designed as part of the 2012 London 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 in seven separate soil treatment areas, establishing a 

large-scale 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, and 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 lasting legacy of the Olympic 

Games, offering over 45 hectares of new wildlife habitat, kilometres of footpaths and cycle 

paths, playgrounds, gardens, caf®s, and world-class sports and cultural facilities (Figure 2) (Url-

3). 

 

 

Figure 2. Queen Elizabeth Olympic Park (Hopkins & Neal, 2013, Url-4). 

 

Jardins de M®tis (Reford Gardens) (Quebec, Canada) 

Known as the Jardins de M®tis or Reford Gardens, these gardens have been open to the public 

since 1962. Elsie Reford transformed the area, which was initially just a forest 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 needed to grow 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). 

  

 

Figure 3. Jardins de M®tis (Url-5, Url-6). 

 

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 an open-air art 

museum, cultural centre and performance venue. Bringing together different functions, 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 three-acre Lurie Garden is one of the park's most important 

components. An ecosystem-based 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 observation (Figure 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 is to demonstrate 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 educational 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 strengthening ecological 

transformation through environmental education, the Eden Project focuses on post mining 

rehabilitation and nature restoration efforts (Emir & Yēldērēm, 2024). 

 

 

Figure 5. Eden Project (Url-7).  

 

Duisburg-Nord Landschaftspark (Duisburg, 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 parks, gardens, footpaths and cycle paths that wind 

through the cities and cover an area of approximately 300 kmĮ. Various industrial landscape 
















































































































































































































































































































































































