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control methods, it is aimed to calculate the parameters that will  
Abstract - As a result of the development of the industry in line 

with  human needs and the increase in mechanization, many 

studies have been made and continue to be done on automation 

and the control of these systems. As a result of these scientific 

researches, many autonomous systems and control methods have 

been developed. The main purpose of autonomous systems is to 

provide safe movement or transportation between desired points. 

Within the scope of this purpose, the usage areas of autonomous 

systems are unmanned air, land, underwater vehicles and robots. 

One of the important issues in autonomous systems is control 

methods. This study will focus on adaptive control methods in 

autonomous systems. For example, adaptive control methods used 

in autonomous driving systems can provide safer journeys by 

eliminating human error,  while optimizing engine and brake 

activation, it can adjust vehicle following distance, follow lane, 

perform automatic parking, reduce driving  time and fuel 

consumption. By examining the results of different studies, the 

convenience and advantages of adaptive control methods will be 

emphasized. 

 
Keywords - autonomous vehicle technology, adaptive control, 

autonomous systems, adaptive control methods, unmanned 

vehicles. 

 
I. INTRODUCTION 

Adaptive control aims at stable and successful control of the 

system by determining the appropriate variable values for stable 

and minimum error control of the system, thanks to the control 

algorithm, in cases where the variables of the model cannot be 

determined correctly. The basis of adaptive control lies in 

estimating unknown controller or system parameters using the 

measured signals and using these parameters in the calculation 

of the control input. The adaptive controller is a dynamic system 

with online parameter estimation. Thanks to the ease of 

application of adaptive controllers and their compatibility with 

digital hardware, they have been the focus of attention of many 

researchers working in the field of control in recent years. 

 

The adaptive control law, which started to develop in the late 

1950s, has become very useful for multi-input, multi-output, 

nonlinear systems with the development of the learner control 

approach, which produces quite good results in the event that 

the system is exposed to robust and periodic disturbance inputs, 

which makes the system insensitive to external disturbances. 

Lyapunov stability analysis, which is widely used for testing 

and stabilizing the stability of nonlinear systems, stands out as 

a very practical approach for stabilizing adaptive control 

systems and determining the adaptation rule. In all adaptive 

minimize the error that will occur in the next step. The feature 

that distinguishes the adaptive controller from the classical 

controllers is that the controller parameters are variable and 

there is a mechanism that adjusts these parameters [1]. 

 

In the adaptive control system, the system dynamics is first 

defined. Then system selection and change occurs. After the 

system is defined, the decision function runs. Then, by 

changing the system parameters, the modification function is 

activated and optimum performance is achieved. In order to 

evaluate the system performance, a model that is similar to the 

desired system is selected. In order to observe a successful 

result, the characteristics of this model must be similar to the 

system properties [2]. In this study, adaptive control methods 

used in autonomous systems are examined and their results are 

discussed. 

 

II.  ADAPTIVE CONTROL METHODS USED IN AUTONOMOUS 

SYSTEMS 

 
Yang and Xian have developed a control system for a low- 

propulsion unmanned aerial vehicle (UAV) to hover with its 

payload. A non-linear controller has been developed to control 

the position of the UAV and the oscillation angle of the payload 

it carries depending on the cable. An adaptive control system is 

designed to compensate for the unknown length of the cable 

used to fix the system. Lyapunov based stability analysis was 

used to prove the stability of the closed loop control system. 

The developed control algorithm has been tested on a Pixhawk 

flight control board. An inertial capture system was used to 

obtain position and angle data from the system. This data is sent 

to the ground station with the help of ethernet. It was then sent 

to the flight control unit of the UAV with the help of a Zigbee 

module. This inertia data is given as feedback to the system. 

Based on these data, the desired position angles and the total 

thrust of the UAV could be calculated by calculating the control 

inputs. In order to minimize the oscillation of the payload and 

to position the UAV, strategies based on the energy function 

were used in the control system developed. For the analysis of 

the stability of the closed-loop control system, a Lyapunov- 

based stability analysis and LaSalle invariance theorem were 

used and the linearity of the system was proved. The proposed 

control system is compared with a PID controller and a terminal 

floating mode controller, and it is observed that the proposed 

control system is more successful than the other two control 
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types in both stabilization control and regulation control [3]. 

The test results of the system are given in Figure 1. 
 

Figure 1: Experimental results of the system (a) position information, 
(b) angle information [3]. 

 

Petrillo et al. In their study, they developed an adaptive control 

system for networks of autonomously connected vehicles that 

act as a team formation. Wireless communication networks in 

cooperative driving systems pose a great risk as they contain 

various security vulnerabilities. The control system developed 

to eliminate or minimize this risk is planned to provide both 

security and flexible ease of use to these networks. For this 

purpose, the security problem of a maraba convoy moving 

along a single lane against different cyber threats has been 

addressed and resolved. In the proposed collaborative control 

approach, an adaptive control method has been developed to 

reduce malicious cyber accesses by utilizing an adaptive control 

algorithm. In order to prove the accuracy of the developed 

system, a realistic simulator, PLEXE, was used and a 

comprehensive analysis was carried out. Lyapunov-Krasovskii 

theory is used to prove the stability of the closed-loop control 

system. Thanks to the results obtained, it has been seen that the 

developed system reduces cyber accesses by distributing the 

proven system. Finally, the proposed adaptive control system 

was compared with different control methods, as shown in 

Figure 2, and proved the performance of the system. [4]. 

 

 
Figure 2: (a) adaptive control, (b) Fixed-gain consensus-based control 

[4]. 

 

Kang et al. They developed an adaptive control system by 

dynamically modeling an unmanned helicopter. The error and 

other disturbance factors in the generated dynamic model were 

detected using a deep convolutional neural network. Here, the 

neural network is trained using real flight data of an aerobatic 

helicopter. This trained model has good performance to detect 

disturbances in the flight process. The accuracy of the system 

has been proven by the experiments carried out in the Stanford 

Autonomous Helicopter Project. As a result, an adaptive flight 

control system trained with neural network is presented. The 

stability of the system has been proven using the Lyapunov 

theory. The tracking errors for both the position and attitude of 

the unmanned helicopter asymptotic origin seem to converge in 

a small set [5]. Figure 3 shows the visual of the comparative test 

results. 
 

Figure 3: visual of the comparative test results [5]. 



The collision avoidance controller developed by Cheng et al. is 

an autonomous vehicle subsystem that aims to prevent and 

reduce vehicle collision accidents through automatic braking. 

In addition, any braking due to heavy traffic conditions or bad 

and dangerous roads may cause the lateral stability of the 

vehicle to deteriorate. Therefore, a system was developed using 

a lateral stability coordinated collision avoidance control 

system (LSCACS) together with a model predictive control 

(MPC). An autonomous vehicle has various dynamic states, 

including normal driving mode, fully automatic braking mode, 

and brake-balance mode. The developed LSCACS determines 

which control mode to apply based on these dynamic situations. 

The MPC is used as an auxiliary controller to calculate the yaw 

moment and to perform the appropriate braking. LSCACS 

selects the most suitable drive control mode according to the 

vehicle dynamic conditions and then adjusts the MPC weight 

matrices according to the selected mode. Another auxiliary 

controller calculates the tire forces of the wheels. The accuracy 

of this developed system has been proven by hardware-in-the- 

loop (HIL) tests. The results show that the system is more 

successful than classical methods in avoiding collision and 

maintaining the lateral stability of the vehicle [6]. Figure 4 

shows the performance comparison. 
 

Figure 4: Performance comparison. (a) Classical method, (b) 

Developed control system [6]. 

Jiang et al. In this study, with the model-independent adaptive 

control (MFAC) method and particle swarm optimization 

(PSO) algorithm they developed, they controlled a six-wheel 

independent drive (6WID), four-wheel independent steering 

(4WIS) unmanned ground vehicle (UGV) and planned the route. 

They examined accuracy and maneuverability in variable 

conditions. In the developed system, MFAC ensures that the 

wheelbase effect and the distortion caused by the time delay are 

corrected and tolerated. According to the desired steering angle 

and lateral moment, PSO, which is the auxiliary controller; It 

provides coordinated control of engine torque, braking and 

steering. Tests have been carried out on the 6WID vehicle's low 

speed and noise control. The test results have shown that MFAC 

has a high performance and tries to keep the system at an 

optimum level against time delay and other uncertainties of the 

vehicle. It has also been observed that the PSO algorithm 

improves driving based on torque distribution. In variable speed 

situations, it shows that the PSO can provide lateral stability and 

6WID can provide coordinated control [7]. The simulation 

results are given in Figure 5. 
 

Figure 5: Direction angle and rotation angle change according to test 

results [7]. 

 

Kebria et al. They developed an adaptive algorithm that can 

correct for delay and other uncertainties in teleoperation. In 

teleoperation, the time delay in the communication network, the 

uncertainties in the modeling of robotic manipulators and the 

distance affect the linearity and performance of the system 

negatively. This adaptive control algorithm has been developed 

to correct the disturbances in the system and to provide 

estimation of reference signals. Experimental simulation work 

was carried out with the SimMechanics library and 



mathematical models of a UR10 manipulator and Phantom 

Omni Haptic were extracted. In the designed models, delays in 

communication and their effects on the manipulator are 

observed. The forces applied by the master and slave systems 

are distributed non-homogeneously. In order to minimize the 

internal uncertainties, force models and friction in the generated 

simulation are augmented with the dynamic equations of the 

robots to find the maximum levels of other uncertainties. Based 

on the position-velocity combined errors and the Lyapunov 

stability analysis, the test results are observed and a high 

performance is achieved. Simulation studies have been carried 

out to perform real-time tests of the proposed control method 

and to examine its performance. For this purpose, it has been 

shown that adaptive control methodology does not force the 

system and the effects of time delay are minimized [8]. The 

error parameters observed in the test results are given in Figure 

6. 

 

Figure 6: The error parameters observed in the test results [8]. 

 

 

Liu et al. In their study, they developed a new MFAC by 

combining the modelless adaptive control (MFAC) algorithm 

with the dual sequential projection (DuSP) method. 

Symmetrically similar parameters and structures of the 

developed system were analyzed. The determined preview- 

yaw-angles, trajectory tracking problem could be easily solved 

as a stabilization problem and an autonomous vehicle test was 

conducted. The biggest advantages of this binary system are the 

definition of different distances between compact convex 

clusters, the simple construction of the system structure and the 

flexible learning of its parameters. In addition, system stability 

has been proven as a result of the study. The use of this dual 

system developed in the lateral path tracking control problem 

of autonomous vehicles has eliminated the difficulties in 

complex lateral control and demonstrated an improved 

performance. Based on this performance, it has been tested in 

the Smart Car Future Challenge Competition held in China, and 

real-time satisfactory control performance has been observed. 

[9]. The results of the comparison of the system with the 

traditional PID are given in Figure 7. 

 

 
Figure 7: Results of comparing the system with conventional PID at 

different speeds [9]. 

 

Carlucho et al. developed a linear adaptive control method to 

control autonomous underwater vehicles (AUV)  under variable 

operating conditions and harsh conditions. Reinforcement 

learning (RL) and deep reinforcement learning methods were 

used for adaptive control formulation. In RL, it uses video 

footage for training, but using cameras for inspection purposes 

only can increase energy consumption and increase unnecessary 

cost. For this, tests were made on a real system and the results 

were examined in terms of cost. Therefore, the proposed 

algorithm uses low-level data suitable for RL. In addition, the 

algorithm proposed compared to other systems carries out an 

expertise process with minimum prior knowledge. The system 

can effectively learn a successful control strategy using the 

input parameters. For the application of deep learning RL 

methods in autonomous systems, the design of the reward 

function is very important and should be considered. In this 

study, an updated reward function analysis and design was 

carried out in this study to successfully meet the constraints 

required by energy consumption optimization, sudden change 

limitation of actuators and AUV. The developed system has an 

actor-critic goal-oriented architecture for solving many dynamic 

problems. [10]. The results of the comparison of the system with 

the traditional PID are given in Figure 8. 
 

Figure 8: (a) PID, (b) Results of comparing the system[10]. 



An autonomous underwater vehicle in-house hybrid trajectory 

tracking control method has been developed by Kumar and rani. 

A model-dependent and modelless control method is combined 

to minimize the disruptive effects of system uncertainties. Due 

to uncertainties, the dynamic model of the vehicle cannot be 

accurately extracted when operating in real time. For this 

reason, all the factors affecting the system dynamics are used in 

the controller design. Because of these uncertainties, a radial 

basis functional neural network is preferred. An adaptive 

control system has been developed to compensate for unknown 

effects such as neural network reconstruction failure and 

environmental disturbances. For stability analysis, analyzes 

were made with the Lyapunov method. Thanks to these 

analyzes and the Barbalat lemma, tracking errors converge to 

zero. The accuracy and stability of the presented control method 

has been verified by comparing computer simulations 

performed on an autonomous AUV with four degrees of 

freedom [11]. The comparison of the system according to the 

classical methods by looking at the position errors is given in 

Figure 9. 
 

Figure 9: (a) location errors of the classical methods (b) location 

errors of the developed system [11]. 
 

To solve the problems such as parameter uncertainties and 

system disturbances brought about by human-machine 

collaboration (HMC) driving, Wu et al. developed an HMC 

steering torque control system based on model reference 

adaptive control (MRAC) method. A vehicle-road model has 

been established that takes the behavior of the driver while 

driving and the interaction of the steering system and the vehicle 

as input. An exponential reduction function reference model 

was created to increase the reduction rate of the vehicle's road 

lateral deviation. The parameter adaptation law is used to 

reduce the effects from uncertainties and increase the accuracy 

of the closed-loop system. In this way, boundary estimation of 

unknown disturbances between driver input and steering load is 

provided. This system is designed based on an adaptive control 

algorithm. The convergence rate of the parameter update law 

used to increase the accuracy of the closed loop control system 

is increased by using the first given value and setting the 

convergence parameter in the robust term. The actual moment 

of resistance was obtained by developing a Lumberg observer 

to observe the steering resistance moment as a state variable 

through the engine current and the front wheel rotation angle. 

Considering the influence of the driver on the controller and the 

unpredictable faults, the deteriorations in the path resistance can be 

predicted and the unknown effects can be limited. As a result of 

the analysis with Lyapunov theorem, the stability of the system 

has been proved. The system has been tested in a simulation 

environment with a real-time steering system. According to the 

results, it has been observed that the performance of the 

proposed system is sufficient for the current stage, but can be 

improved for testing on a real-time vehicle. [12]. Figure 10 

shows the real-time test results of the system. 
 

Figure 10: (a) Lateral displacement (m). (b) Tracking error (m). (c) 

Slip angle (Á). (d) Deviation rate (Á/sec). (e) Lateral acceleration (g) 

[12]. 
 

Liv et al. developed an adaptive trajectory tracking control 

method for autonomous underwater vehicles (AUV). A simple 

error matching function is used to ensure that the trajectory 

tracking error is within the desired range. A control system 

based on the Nussbaum function is also used as an auxiliary 

controller to minimize the functional errors of the AUVs. 

Unpredictable dynamic parameters and disturbances are 

gathered under a single roof called virtual parameter and 

converted into a linear parametric form. In addition, an adaptive 

trajectory tracking control system has been developed, which 

provides online estimation of virtual parameters using dynamic 

surface control technique. It has been proved with the help of 

exact stability analysis that the trajectory tracking closed loop 

control system of this system is minimized. Simulation results 



and stability analysis demonstrated the effectiveness of the 

developed trajectory tracking control system. [13]. The real- 

time test results of the system are given in Figure 11. 

 

Figure 11: The real-time test results of the system [13]. 

 

Oskroba and Mendrok realized the control of an autonomous 

vehicle with machine learning algorithms. They have 

developed an adaptive control system to provide vehicle control 

in different road scenarios. These scenarios are: vehicle 

overtaking, cornering at a safe and appropriate speed, distance 

control and lane keeping. In the simulation environment, data 

from sensors (LIDAR and cameras) are sent to adaptive 

controllers. "Unreal Engine" and "Matlab 2021a" package 

programs are used for the system. Based on the test results, it 

has been proven that adaptive controllers can work effectively 

and efficiently with the specified scenarios [14]. 

 

Astrov et al. In their study, they developed a control system for 

a non-linear Autonomous Vehicle (AV)  model of a small 

shuttle bus. In this study, an adaptive control system that can 

make trajectory changes under spatial constraints has been 

developed by considering parameters such as urban conditions, 

autonomous line safety, traffic rules and environmental 

compliance of a smart city. The results of the design and 

simulation of the control system in the Simulink/MATLAB 

environment have proven to be successful [15]. The real-time 

position graph of the vehicle according to the test results in the 

simulation environment is given in Figure 12. 

 
Figure 12: The real-time position graph of the vehicle according to 

the test results [15]. 

III.  CONCLUSION 

 
In this study, adaptive control systems used in autonomous 

systems and their results were examined. In adaptive controlled 

systems, it is basically aimed to calculate the parameters that 

will minimize the error that will occur in the next step. The 

feature that distinguishes the adaptive controller from the 

classical controllers is that the controller parameters are 

variable and there is a mechanism that adjusts these parameters. 

In simulation studies, it has been proven that the adaptive 

control system gives more successful results than other control 

systems in setting the desired reference values of the controllers. 

In real-time studies, it has been proven that the desired results 

are obtained by using an adaptive controller during the 

implementation phase. In the model reference adaptive control 

system, it has been seen that the selection of the reference model 

used, the control law and the adaptation ratio are of great 

importance. Similarly, it has been observed that the selection of 

the weight matrices and the calculated gain matrix, and the 

proportional, integral and derivative coefficients selected in the 

PID control significantly affect the system performance. As a 

result, it is seen that the adaptive control method provides 

advantages in autonomous systems compared to other methods. 
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Elektrikli/Hibrit Ara­larda Kullanilan 

Elektrik Motorlari 
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frekans baĵlantēsē nedeniyle elektromanyetik giriĸim ile ilgili  
¥zet - 19. y¿zyēlēn baĸlarēnda i­ten yanmalē motorlarēn seri 

¿retimine dayanamayan elektrikli  otomobiller, enerji  krizi,  

ara­lardan salēnan karbondioksit ve sera etkisi nedeniyle g¿nl¿k 

hayatēmēza yeniden girmeye baĸladē. Bazē ¿lkelerde fosil yakēt 

kullanan ara­larēn yasaklanmasēna yol a­an durum, otomobil 

¿reticilerini alternatif  enerji kaynaklarēna ve/veya alternatif  

tahrik sistemlerine sahip ara­lar ¿retmeye zorladē. Ancak bug¿n, 

bir­ok otomobil markasē i­in elektrikli ara­ ¿retiyor ve bunu 

yapmak i­in kapsamlē bir  tedarik  zinciri  ve servis aĵē oluĸturuyor. 

Bu ­alēĸmada, elektrikli  otomobillerde yaygēn olarak kullanēlan 

­ekiĸ motoru t¿rleri hakkēnda bilgilere ek olarak, elektrik motoru 

se­erken karar vericilerin dikkate almasē gereken parametreler de 

sunulmaktadēr [20]. 

 
Anahtar Kelimeler - Hibrit  ara­, Elektrikli  ara­, Elektrik  

motoru 

 

 
1. GĶRĶķ 

misyonlar, yakēt ekonomisi ve k¿resel ēsēnma ile ilgili  

s¿rekli sēkēlaĸan d¿zenlemeler hem ¿reticiler hem de 

t¿keticiler i­in elektrikli otomobilleri her ge­en g¿n daha 

­ekici hale getiriyor. Elektrikli ara­, i­ten yanmalē motor yerine 

elektrik motoru kullanan bir ara­ olarak tanēmlanēr. Tarihteki ilk 

elektrikli arabalar 1830'larda bulundu. Bu ­aĵēn elektrikli 

ara­larēnda kullanēlan piller ĸarj edilemez. Sadece elektrikli 

arabalar 19. Y¿zyēlēn sonunda ĸarj edilebilir pillerin 

geliĸmesiyle nispeten daha geniĸ bir kullanēm alanē bulabildi 

[1]. Motorun ­alēĸmasēnē optimize ederek ve frenleme sērasēnda 

kinetik enerjiyi geri kazandērarak, geleneksel ara­lardan daha 

verimli ­alēĸan elektrikli otomobiller, prizden ĸarj edilebiliyor 

ve aracēn ºzelliklerine baĵlē olarak yaklaĸēk 30-60 km yol 

gidebiliyor [4]. Yakēt h¿creli arabalar ise elektrik ¿retmek i­in 

yakēt olarak hidrojen kullanēr ve bu ara­lar sēfēr emisyonlu 

ara­lar olarak kabul edilir. Yakēt h¿creli ara­lar, hidrojen ve 

yakēt h¿crelerinin elde edilmesi ve depolanmasēndaki teknik 

sēnērlamalar nedeniyle yaygēn olarak kullanēlmamaktadēr [5]. 

G¿n¿m¿zde hibrit elektrikli ara­lar, piyasada geniĸ bir 

uygulama alanē bularak elektrikli aracē canlē tutan ara­lardēr. 

 

20. y¿zyēlēn ikinci yarēsēnda pilli  elektrikli ara­larēn 

sorunlarēnēn ¿stesinden gelmek i­in hibrit ara­ teknolojisi 

geliĸtirildi. Bu teknoloji zararlē gaz emisyonlarēnē sēfēra 

indirmese de en aza indiriyor ve aracē ĸarj sistemlerinden 

baĵēmsēz hale getiriyor [7]. Bunlara ek olarak hibrit elektrikli 

otomobillerin zor yanlarē, hibrit elektrikli otomobillerin 

maliyetinin y¿ksek olmasē, aracēn y¿ksek voltajēndan 

kaynaklanan g¿venlik sorunlarē, y¿ksek akēm ve y¿ksek 

sorunlardēr. 1997 yēlēnda piyasaya s¿r¿len Toyota Prius modeli 

ile ilk  kez Japonya'da modern bir hibrit elektrikli otomobil 

geliĸtirildi. Emisyonlarē sēfēra indiren ve pil problemlerinin 

¿stesinden gelen yakēt h¿cresi teknolojisi, elektrikli ara­larda 

kullanēlmak ¿zere halen araĸtērēlmakta ve geliĸtirilmekte olan 

bir teknolojidir [10]. 

 

Mekanik enerjiyi tekerleklere aktararak bir aracē hareket 

ettiren elektrik motoruna ­ekiĸ motoru denir. Elektrikli ara­larēn 

tasarēmēnda en ºnemli noktalardan biri uygun bir cer 

motorunun belirlenmesidir. Bu, kullanēcē beklentilerine, 

ara­lara ve enerji kaynaĵēna baĵlē olduĵundan karmaĸēk bir 

s¿re­tir [12]. Temel olarak elektrikli ara­lar DC motorlar, sabit 

mēknatēslē motorlar, asenkron motorlar ve rel¿ktans motorlar 

kullanēr. Ara­ uygulamalarēnda elektrik motorlarēndan temel 

beklentiler, y¿ksek tork ve g¿­ yoĵunluĵu, sabit tork ve sabit 

g¿­ aralēĵēnē kapsayan geniĸ hēz aralēĵē, y¿ksek verim, 

g¿venilirlik, dayanēklēlēk ve d¿ĸ¿k maliyettir. 

 
 

2. HĶBRĶT ARA¢LAR 

Hibrit (hibrit) elektrikli ara­, en az iki  enerji kaynaĵēna sahip 

olan ve bu enerji kaynaklarēndan en az birinin elektrik enerjisi 

olduĵu bir ara­ olarak tanēmlanmaktadēr. Hibrit otomobiller 

yakēt t¿ketimini azaltmak i­in tasarlanmēĸtēr. Bunun i­in yoĵun 

trafikte, dur-kalk ve d¿ĸ¿k devirlerde i­ten yanmalē motor 

yerine elektrik motoru kullanēyorlar, bu da em¿lsiyon 

emisyonlarēnē azaltēyor ve daha az yakēt t¿ketiyor. Elektrikli 

motor i­in gerekli olan elektrik enerjisi, i­ten yanmalē motor 

­alēĸtērēldēĵēnda motorun rejeneratif frenlemesi ile ¿retilir ve 

ak¿de depolanēr. Bu nedenle, elektrikli ara­lardan farklē olarak, 

hibrit ara­larēn ĸebekesine takēldēĵēnda ĸarj edilmesi gerekmez. 

Hibrit otomobiller g¿­ aktarēmlarēnēn yapēsēna gºre kategorilere 

ayrēlmakta, seri- hibrit, paralel hibrit ve seri-paralel hibrit 

modelleridir [18]. 

 

Sanayi devriminden sonra baĸlayan sanayileĸme s¿reci ile 

bir­ok yerde fabrikalar kurulmuĸ ve seri ¿retime ge­ilmiĸtir. 

Ara­larēn seri ¿retimi 20. y¿zyēlēn baĸēnda baĸladē [16]. Bu 

dºnemde ­evre dostu ara­ tasarēmēna yºnelik ­ºz¿mler 

d¿ĸ¿nmek yerine i­ten yanmalē motorlu ara­ ¿retiminin 

artmasēyla hibrit ara­lar hayata ge­irilmedi. Bu dºnemde hibrit 

ara­larla ilgili  ­alēĸmalar prototip olarak kaldē [17]. 
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ķekil 1. Detroit elektrikli aracēn ĸarj edilmesi (1919) [14] 

 

ķekil 2ôde hibrit elektrikli ara­ bileĸenleri gºr¿lmektedir. 
 

 
ķekil 2. Hibrit elektrikli ara­ (1-i­ten yanmalē motor 2- aktarma 3-elektrik 

motoru 4-dºn¿ĸt¿r¿c¿ 5-yakēt tankē 6-bataryalar) [15] 

 

ķekil 3ôte de gºr¿ld¿ĵ¿ gibi hibrit elektrik ara­larda 

g¿­ akēĸē ­ok farklē yollardan ger­ekleĸebilir. 

 
 

¶ 1. kaynak tek baĸēna y¿k¿ besleyebilir 

¶ 2. kaynak tek baĸēna y¿k¿ besleyebilir 

¶ 1. ve 2. kaynak aynē anda y¿k¿ besleyebilir 

¶ 1. kaynak rejeneratif frenleme ile y¿kten beslenebilir 

¶ 2. kaynak 1. kaynaktan beslenebilir 

¶ 2. kaynak aynē anda 1. kaynaktan ve y¿kten 

beslenebilir 

¶ 1. kaynak aynē anda y¿k¿ ve 2. kaynaĵē besleyebilir 

¶ 1. kaynak enerjiyi 2. kaynaĵa aktarēr 2. kaynak da 

enerjiyi y¿ke aktarabilir 

¶ 1. kaynak enerjiyi y¿ke iletir, y¿k de enerjiyi 2. 

kaynaĵa iletebilir 

 

 
ķekil 3. Hibrit elektrikli ara­ta enerji akēĸē [3] 

 
¢alēĸma koĸullarēna gºre uygun yapē ve kontrol¿n se­ilmesi 

aracēn genel performansēnē ve verimliliĵini artēracaktēr. 

 
 

3. ELEKTRĶK ARA¢LARDA KULLANILAN  MODELLER 

Elektrikli ­ekiĸ motorlarēnēn beĸ temel t¿r¿, esas olarak 

elektrikli otomobillerde kullanēlmaktadēr. Bunlar, i­ yapēlarē 

ķekil 4ôte gºsterilen DC fēr­alē motorlar (DCM), asenkron 

motorlar (ACIM), sabit mēknatēslē senkron motorlar (PMSM), 

fēr­asēz DC motorlar (BLDC) ve anahtarlamalē rel¿ktans 

motorlarē (SRM) i­erir [8]. 

 
 

ķekil 4. Elektrikli otomobillerde kullanēlan motorlarēn i­yapēlarē 

 

 

3.1. FIR¢ALI DC MOTORLAR (DCM) 

DC serisi motorun y¿ksek baĸlangē­ torku, onu ­ekiĸ 

uygulamalarē i­in uygun bir se­im haline getirir. Bu motorun 

avantajē hēzēnēn kolayca ayarlanabilmesi ve y¿kteki ani 

deĵiĸimlere dayanabilmesidir. Ortaya ­ēkan tork, akēmēn karesi 

ile doĵru orantēlēdēr. T¿m bu ºzellikler onu ideal bir cer motoru 

yapar. Bu motorlar genellikle y¿ksek kapasiteli demiryollarēnda 

kullanēlēr [2]. Elektrikli ara­larda kullanēmēnē sēnērlayan DC 

motorun bir dezavantajē, mekanik fēr­alarēn aĸēnmasē ve arēza 

oranēnēn y¿ksek olmasēdēr. 

 

Fēr­alē DC Motor S¿r¿c¿s¿: Motor hēzē deĵiĸen voltaj ile 

ayarlanēr. Fēr­alē DC motorlar, voltajēna ve g¿­ ­ēkēĸēna baĵlē 

olarak iki, dºrt veya altē kutba sahip olabilir. ķºnt veya seri alan 

sargēlarēna sahip olabilir. Seri motorlar ĸºnt motorlardan daha 

iyi kontrol edilebilir. Harici olarak uyarēlan DC motorlar, 

ayrēĸtērēlmēĸ akē ve tork kontrol ºzellikleri nedeniyle alan 

zayēflamasē i­in doĵal olarak uygundur. Ancak, kom¿tatºr ve 

fēr­alar arasēndaki s¿rt¿nme, maksimum motor hēzēnē 

kēsētlamaktadēr. 



 

 

3.2. ASENKRON MOTORLAR (ACIM)  

Asenkron ind¿ksiyon motoru, deĵiĸen bir alandaki 

iletkenlerin iletken boyunca bir EMF'yi ind¿klediĵi 

elektromanyetik ind¿ksiyon ilkesine dayanēr. Rotor ve stator 

akēsēnēn birleĸik etkisi nedeniyle motor dºner. Genellikle sincap 

kafesli asenkron motorlar kullanēlēr. Asenkron motorun 

avantajlarē, yapēm kolaylēĵē, d¿ĸ¿k maliyet ve d¿ĸ¿k bakēmdēr. 

Parlak fēr­alar yok. Bu nedenle patlayēcē alanlarda, su ve toz 

kirliliĵi olan ortamlarda kullanēlabilirler. Dezavantajē, hēz 

kontrol¿n¿n zor olmasēdēr. Motor d¿ĸ¿k g¿­ faktºr¿ ile ­alēĸēr. 

Bu nedenle, bazē g¿­ faktºr¿ d¿zeltme cihazlarē gereklidir. 

B¿y¿k bakēr kayēplarē verimde d¿ĸ¿ĸe yol a­ar. ¢ok b¿y¿k bir 

hava boĸluĵu, verimde d¿ĸ¿ĸe ve bazen de mekanik s¿rt¿nmeye 

neden olabilir. 

 

Asenkron Motor  S¿r¿c¿leri: Asenkron ind¿ksiyon 

motorunun hēz kontrol¿ voltaj frekansēnēn deĵiĸtirilmesiyle 

elde edilir. Vektºr kontroll¿ AC motor s¿r¿c¿lerinde her bir 

motor akēmē, s¿r¿c¿ i­erisindeki akēm kontrolºr¿ tarafēndan 

kontrol edilir. Ani moment artēĸlarē bu kontrol ¿nitesi tarafēndan 

algēlanēr. Motorun yeni momenti karĸēlamasē i­in ilgili faz 

sargēlarēna anlēk olarak darbe gerilimleri uygulanarak motor 

akēmēna ani darbe artēĸlarē verilir ve motorun yeni moment 

deĵerine sē­ramasē saĵlanēr. Motor yeni moment deĵerinde 

kararlē ­alēĸmaya baĸladēktan sonra vektºr kontrol iĸlevini 

yapmēĸtēr ve s¿r¿c¿ normal olan ºzellikleri ile ­alēĸmasēnē 

s¿rd¿r¿r. Bu zor kontrol yapēsē, asenkron motorlarēn kontrol 

s¿r¿c¿lerini DC motorlardan daha karmaĸēk ve maliyetli 

yapmaktadēr. 

 
 

3.3. KALICI  M IKNATISLI  SENKRON MOTORLAR (PMSM) 

Kalēcē Mēknatēslē Senkron Motorlarēn alan uyarēmē, sabit 

mēknatēslarla saĵlanēr. Bu motorlar temel olarak sin¿zoidal arka 

EMF dalga formuna sahip AC senkron motorlardēr. PMSM, 

yapēsēnda fēr­asēz DC motor ve kēsa devre motorunun 

birleĸimidir. Fēr­asēz DC motor olarak stator sargēlarēna ve sabit 

mēknatēslē rotora sahiptir. Makine ayrēca, kēsa devre motorlarēna 

benzer bir yapē olan hava boĸluĵunda sin¿zoidal bir akē 

yoĵunluĵu ¿retmek i­in tasarlanmēĸ bir sargē stator yapēsēna 

sahiptir [11]. Rotor bakēr kayēplarēnēn olmamasē, PM 

motorlarēna soĵutma a­ēsēndan bir avantaj saĵlar. Dezavantajē, 

y¿ksek sēcaklēklarēn ve y¿klerin manyetizasyon ºzelliĵinin 

kaybēna neden olmasēdēr. 

 

PMSM S¿r¿c¿leri: Kalēcē mēknatēslarla PMSM sēfēr hēzda tork 

¿retebilir ancak bu tip operasyonlar i­in dijital kontroll¿ 

invertºr gerekir. PMSM s¿r¿c¿leri y¿ksek verimli ve y¿ksek 

performanslē motor s¿r¿c¿lerdir ve motorun t¿m hēz aralēĵēnda, 

d¿zg¿n dºn¿ĸ, y¿ksek performanslē motor kontrol¿, sēfēr hēzda 

tam tork kontrol¿, hēzlanma ve yavaĸlama gibi t¿m 

fonksiyonlarda etkindir. Bu kontrol¿ elde etmek amacēyla, 

PMSM i­in vektºr kontrol teknikleri kullanēlēr. Vektºr kontrol 

yºntemleri, alan yºnlendirmeli kontrol yºntemi, akē zayēflatma 

yºntemi ve doĵrudan moment kontrol yºntemi olarak 

sēralanabilir. Alan yºnlendirmeli kontrol 

yºntemi (field oriented control, FOC) stator akēmlarēnēn dºnen 

eksen takēmlarēna dºn¿ĸt¿rmesiyle yapēlēr. 

 
 

3.4. FIR¢ASIZ DC MOTORLAR (BLDC) 

Kalēcē mēknatēslē DC motor, rotorun stator ile aynē hēzda 

dºnd¿ĵ¿ senkron bir motordur. Rotorun alan sargēsēnēn yerini 

sabit mēknatēsla deĵiĸtirmesiyle geleneksel DC motordan 

farklēlaĸēr. Kalēcē mēknatēslē senkron motor BLDC olarak da 

adlandērēlēr. 

 

Fēr­asēz DC motor veya Kalēcē mēknatēslē Fēr­asēz DC motor, 

DC beslemeyle ­alēĸēr ve mekanik (kom¿tatºr-fēr­a) deĵiĸim 

yerine elektronik olarak s¿r¿l¿r. K¿­¿k boyutlarē sayesinde g¿­ 

yoĵunluĵu y¿ksektir. Alan sargēlarē olmadēĵēndan (bakēr, ēsē vb) 

kayēplarē daha azdēr. Verimleri y¿ksektir. Kalēcē mēknatēs 

kullanarak, motorlar manyetik kutuplar ¿retmek i­in enerji 

ihtiyacēnē ortadan kaldērēr. Bºylece DC motorlardan, 

end¿ksiyon motorlarēndan ve SRMôler den daha y¿ksek verim 

elde edebilirler. Dezavantajē motorun DC serisi ve AC 

end¿ksiyon motorlarēndan daha maliyetli olmasēdēr. Mēknatēsēn 

pahalē olmasē ve mēknatēsēn mekanik g¿c¿n¿n motorda b¿y¿k 

bir tork oluĸmasēnē zorlaĸtērēr. PM BLDC motorlarēnda hēzē 

sēnērlamak i­in fēr­a yoktur ancak i­ rotor tipli  motorlarda 

maksimum hēzē kēsētladēĵē i­in mēknatēsēn sabitleme yoĵunluĵu 

konusundaki sorunlar devam etmektedir [13]. 

 

Kalēcē Mēknatēslē Fēr­asēz DC Motor S¿r¿c¿leri: Fēr­asēz 

DC motorlarēn ­alēĸtērēlmasē ve kontrol¿ olduk­a zordur. Bu 

motorlar, yapēlarē gereĵi elektronik olarak kontrol edilir ve 

doĵru akēm kom¿tasyonu i­in kontrol iĸleminde rotor pozisyon 

bilgisi gerektirirler. Fēr­asēz DC motorlarēn kontrol¿nde, iki  

ayrē kapalē ­evrim kullanēlēr. Birincisi, i­ kontrol ­evrimidir ve 

burada motor akēmē veya momenti kontrol edilir. Bu ama­la, 

motor faz sargēlarēnēn akēmlarē s¿rekli takip edilerek, referans 

akēmē izlemesi saĵlanēr. Ķkincisi ise, dēĸ kontrol ­evrimidir. Bu 

­evrimde, motor hēzē kontrol edilir. Geri besleme olarak, 

pozisyon sensºrlerinden alēnan ger­ek motor hēz ve konum 

bilgisi hēz denetleyicisinde iĸlenmektedir. 

 

3.5. ANAHTARLAMALI REL¦KTANS MOTORLAR (SRM) 

Anahtarlamalē rel¿ktans motorlarē, basit bir yapēya sahiptir. 

Hem statoru hem de rotoru ­ēkēk kutuplu yapēdadēr. Bundan 

dolayē motorlar ­ift ­ēkēk rel¿ktans motorlar olarak da 

adlandērēlēr. 

 

Anahtarlamalē rel¿ktans motorlarē, 1838 de bir lokomotifi 

hareket ettirmek amacēyla Ķsko­yaôda, Davidson tarafēndan 

kullanēlmēĸtēr. O zamanlar bu motorun kontrol¿ zor olmasēndan 

dolayē kullanēmē azdē. G¿n¿m¿zde ise motor ve s¿r¿c¿ 

tekniĵinin geliĸimi SRMôlere ilgiyi  artērmēĸtēr. Anahtarlamalē 

rel¿ktans motorlarē, statorunda sargē bulundurur. Asenkron 

ind¿ksiyon motorunda olduĵu gibi yapēsē olduk­a basittir ve 

rotorlarēnda kalēcē mēknatēs veya sargē bulundurmazlar. Bu 

y¿zden olduk­a y¿ksek hēzlara ulaĸērlar. 



 
Anahtarlē rel¿ktans motorun d¿zg¿n bir ĸekilde ­alēĸabilmesi 

i­in s¿rekli bir moment ¿retilmesi gerekir. S¿rekli moment 

¿retilmesi rotor ve stator kutbunun konum algēlayēcēlar ile 

izlenip uygun faz sērasēyla beslenmesine baĵlēdēr. Bu nedenle 

de g¿­ elektroniĵi devre elemanlarēna ihtiya­ duyulmaktadēr. 

AC, stator sargēlarēna uygulandēĵēnda stator bobinlerinden 

sin¿zoidal bir akēm akar ve deĵiĸen bir manyetik akē meydana 

gelir. Rotor bu manyetik akēnēn kutup y¿zeyindeki hareketinin 

saĵladēĵē etki ile dºner. Anahtarlamalē rel¿ktans motorun, 

rotorunun konumu farklē durumlar bulunur. Bunlardan bir 

tanesi y¿z y¿ze durumudur. Rotor kutbu ile statorun bir 

kutbunun tamamen karĸē karĸēya gelmesi durumudur. Stator ve 

rotor y¿z y¿ze konumundayken statorundan akēm akētēldēĵēnda 

moment ¿retilmez. Rotor bu konumdayken hava aralēĵē 

minimum, manyetik ge­irgenlik maksimum olur. Bu durumda 

rel¿ktans deĵeri minimum olur. Son olarak end¿ktans deĵerinin 

maksimum olduĵu gºr¿l¿r. SR motorun avantajlarē ĸunlardēr: 

Rotorunda sargē veya kalēcē mēknatēs yoktur. Bu sebeple 

¿retimi olduk­a basittir. 

 

¶ Rotoru fēr­asēzdēr. Bu sayede y¿ksek hēzda ­alēĸabilir. 

¶ Y¿ksek g¿­ ve moment elde edilebilir. 

¶ Sadece statorunda sargē olduĵu i­in soĵutmasē 

kolaydēr. 

¶ Fazlar birbirinden baĵēmsēzdēr, bir faz arēza yapsa bile 

motor ­alēĸmaya devam eder. 

¶ Verimi olduk­a y¿ksektir. 

 

SR motorun dezavantajlarē ĸunlardēr: 

 

¶ Stator end¿ktansē b¿y¿kt¿r. 

¶ Anahtarlama anēnda sargē end¿ktansēnēn u­larēnda 

y¿ksek gerilim oluĸur. 

¶ Faz uyarēmē sērasēnēn belirlenmesi i­in motor miline 

sensºr yerleĸtirilmelidir. 

¶ Bir fazdan diĵerine ge­erken gecikme olduĵu zaman 

moment azalēr. Bu y¿zden y¿ksek g¿r¿lt¿ ­ēkarēr [6]. 

 

Anahtarlamalē Rel¿ktans Motor S¿r¿c¿leri: SRM diskleri 

elektrikli ara­ uygulamalarē i­in bir potansiyele sahiptir. Bu 

motor s¿r¿c¿leri saĵlam ve basit yapē, hataya dayanēklē ­alēĸma, 

kolay kontrol ve olaĵan¿st¿ tork-hēz ºzellikleri gibi belirli 

avantajlara sahiptir. SRM s¿r¿c¿lerin tork-hēz karakteristikleri 

elektrikli ara­ y¿k karakteristikleriyle iyi bir ĸekilde eĸleĸir. 

SRM s¿r¿c¿, geniĸ sabit bir g¿­ bºlgesiyle y¿ksek hēzda 

­alēĸma kapasitesine sahiptir. Motor, y¿ksek baĸlangē­ torkuna 

ve y¿ksek tork-atalet oranēna sahiptir. Basit yapēsē ve d¿ĸ¿k 

rotor ataleti nedeniyle SRM ­ok hēzlē bir hēzlanmaya ve son 

derece y¿ksek hēzda ­alēĸmaya sahiptir. Geniĸ hēz aralēĵē 

­alēĸmasē nedeniyle SRM ºzellikle EV tahrikinde diĸli olmadan 

­alēĸma i­in uygundur. Ayrēca rotorda manyetik kaynaklarēn 

(yani sargēlar veya sabit mēknatēslar) olmamasē SRMôyi 

soĵutmayē nispeten kolaylaĸtērēr ve y¿ksek sēcaklēklara 

duyarsēzlaĸtērēr. SRM s¿r¿c¿lerin dezavantajlarē, tork 

dalgalanmasē ve akustik g¿r¿lt¿den muzdarip olmalarēdēr [19]. 

4. SONU¢LAR VE ¥NERĶLER 

Bu ­alēĸmada elektrikli otomobillerde sēk kullanēlan elektrik 

motor tipleri hakkēnda bilgi verilmesinin yanē sēra 

tasarēmcēlarēnēn/karar vericilerin elektrik motor tip se­imi 

yaparken gºz ºn¿nde bulundurmalarē gereken parametreler 

verilmiĸtir. Son olarak ta, sēk kullanēlan beĸ motor tipi bu 

kriterlere gºre karĸēlaĸtērēlarak birbirlerine olan ¿st¿nl¿k ve 

zafiyetleri gºsterilmiĸtir. Birbirlerine gºre ­eĸitli 

parametrelerde ¿st¿nl¿k saĵlayan bu motor tipleri i­inde gerek 

maliyet ve gerekse uzun dºnemli sorunsuz ­alēĸma 

(g¿venirlilik) ¿st¿nl¿ĵ¿nden dolayē alternatif akēm ind¿ksiyon 

motorlarē (ACIM) bir adēm ºne ­ēkmaktadēr. Vektºr kontroll¿ 

s¿r¿c¿lerin geliĸmesiyle zaten saĵlam, basit yapē, d¿ĸ¿k 

maliyet, uzun ºm¿r ve hata toleranslarēnēn y¿ksek oluĸu gibi 

ºzellikler bu motorlarē elektrikli otomobiller i­in avantajlē 

duruma getirmiĸtir. Mevcut ¿retilen ara­larda kullanēmē 

fazladēr. 

 

Basit ve ucuz g¿­ elektroniĵi sayesinde d¿ĸ¿k g¿­ 

uygulamalarē i­in ideal bir se­enek olan DC motorlarēn en 

b¿y¿k zafiyeti kom¿tatºr ve fēr­alar arasēndaki s¿rt¿nmenin 

arēzalara yol a­masē ve hata toleranslarēnēn d¿ĸ¿k oluĸudur. Ķlk 

dºnemler sēnērlē birka­ modelde kullanēlmasēna karĸēn mevcut 

¿retilen ara­larda kullanēmē bulunmamaktadēr. 

 

G¿­ yoĵunluĵu, y¿ksek verimlilik avantajlarēyla ind¿ksiyon 

motorlara gºre daha verimli [8] olan BLDC ve PMSM 

motorlar, yapēlarēndaki kalēcē mēknatēslar i­in nadir yer 

elementlerine ihtiya­ duymalarēna sebebiyle maliyetleri 

y¿ksektir ve g¿­l¿ otomobiller i­in uygun deĵildir [9]. 

 

BLDC ve PMSM motorlara gºre motor ve kontrolºr maliyeti 

­ok daha az olan SRMôler, g¿venilirlik, iyi verimlilik ile 

olaĵan¿st¿ bir se­enek sunar. Ancak y¿ksek tork salēnēmēna 

baĵlē y¿ksek g¿r¿lt¿ ve titreĸim en b¿y¿k dezavantajdēr. 

 

End¿striyel ­alēĸmalar i­in tasarlanan bu motor tipleri artēk 

otomotiv d¿nyasēnēn en ºnemli malzemelerinden biri olmaya 

namzettir ve gerek end¿striyel ve gerekse akademik 

­alēĸmalarēn gittik­e daha artan konusu olmaya baĸlamēĸtēr. 

Artan motivasyon, teknolojiye paralel olarak motor tip ve 

ºzelliklerinin geliĸmesine yol a­acaktēr. 
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processing time of 40.43ms and that the harris algorithm 

Abstract - A safe landing system is crucial for an unmanned 

aerial vehicle (UAV). With the increase in studies on autonomous 

UAVs, vision-based landing systems have become an important 

research topic. This paper, vision based techniques used to achieve 

autonomous landing of UAVs are reviewed. UAVs using vision-

based autonomous landing techniques aren't affected by external 

noises as don't need to communicate with another device or satellite 

during landing. This prevents the UAV landing from being 

disrupted in case of signal weakening due to jammer attacks, bad 

weather conditions and surrounding structures. There are two 

different basic scenarios in vision-based landing systems. In  the 

first,  it  is aimed for  the UAV to land autonomously in a 

predetermined area using a marker. In the second, it  is expected 

to identify a suitable landing site in an unknown area and land 

there. The methods used in different studies carried out for  these 

purposes in recent years were compared. 

Keywords - unmanned aerial vehicle, autonomous landing, 

vision based, safe landing 

 

 

I. INTRODUCTION 

ITH the increase in the use of unmanned aerial vehicles, 

studies to reduce the dependency of UAVs on humans 

have gained importance in recent years. One of the most 

important points in autonomous UAVs is the landing systems. 

In order for a UAV to land in the right site safely, it must first 

detect the site it needs to land, then change its position 

according to the site it needs to land and complete its landing. 

For this purpose, communication-based technologies such as 

the Global Positioning System (GPS) are widely used. 

However, such systems are affected by external noise. by 

environmental conditions such as tall buildings, trees [1, 2]. 

Various vision-based landing algorithms have been proposed 

by different researchers to avoid these problems. 

Cheng Xu et al designed a T-shaped landmark for the UAV 

to perform a safe and accurate landing. They proposed an 

algorithm that uses 8 angular points on the T shape to recognize 

the landmark in the images taken by the UAV from the camera 

and does not need any depth information. After comparing the 

average of the processing times and accuracy rates of the 

different algorithms they applied on the 480*320 pixel images 

to detect the angle points on the figure, they got the fastest result 

with the FAST algorithm with a processing time of 1.887ms. 

However, while the FAST algorithm correctly extracted 7 of the 

8 angular points of the T shape, it could not detect 1 of them. 

They observed that after the FAST algorithm, the harris 

algorithm gave the fastest result with a 

detected all 8 points (Table 1). They used the harris algorithm, 

taking into account their processing speed and accuracy. They 

used the Lucas Kanade Optical Flow method by making 

improvements to ensure the continuity of the landmark detected 

during the movement of the UAV [3]. 

 
Table 1: Average Corner Extraction Time 

 

Corner 
Extractor 

Image size 
(pixel) 

Extracting 
time (ms) 

Extracting 
number 

FAST 480*320 1.887 7 

SIFT 480*320 301.9 8 

SURF 480*320 81.20 8 

Harris 480*320 40.43 8 

Shi Tomasi 480*320 62.14 8 

 

 
With a similar approach, Run Ye et al. made an H-shaped 

design as seen in Figure 1 to indicate the target landing zone of 

the UAV. In order to make it easier to distinguish the shape 

from the outside environment, they placed a white disc behind 

the black H shape in the design. 
 

Figure 1: H shaped landing mark 

 
They developed an algorithm that detects the target shape by 

extracting the edge and corner features of the H shape, the basic 

structure of which is shown in Figure 2. By matching the corners 

in the algorithm they developed, they provided the location 

information of the target and the pose estimation of the UAV. 

In their trials, they observed that the UAV completed the 

landing with a maximum error of 0.52 meters and 6.22 degrees 

[4]. Although effective results are obtained in methods using 

simple shapes such as H and T shapes, the narrowing of the field 

of view as the altitude of the UAV decreases, may cause the 

loss of the target and unsuccessful landings. To solve this 

problem, Rong Liu et al designed a landing marker made of 

nested equilateral triangles as shown 
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in Figure 3. They developed an algorithm that uses the edge and 

corner properties of the triangle to detect the target. The nested 

triangles allow for easy extract of the target from the complex 

background. In addition, even if the altitude of the UAV 

decreases, continuity is ensured as the inner triangle is 

recognized. Data from the barometer, laser distance sensor and 

inertial measurement unit (IMU) are combined to obtain the 

altitude information of the UAV. They developed a PID-based 

height-adaptive method to enable the UAV to land in the correct 

position. They achieved successful results in their experiments 

in the gazebo simulation environment [5]. 

 

 
Figure 2: Image processing process 

 

 
Figure 3: Landing marker 

 
Zhou Li  et al. performed another study that enables the landing 

target to be detected from different heights, using AprilTags 

visual positioning algorithm based on monocular camera. They 

designed a landing target by placing two different sized 

apriltags side by side, as shown in Figure 4. They aimed for 

the UAV to estimate the approximate location of the target by 

detecting the large tag at high altitude, and to land accurately 

according to the location of the small tag when at low altitude. 

They added a PID controller to the system to ensure safe and 

accurate landing. They achieved successful results with less 

than 1% error in the x and y directions in their landing attempts 

by placing the landing target on a stationary ground. Later, they 

made experiments by placing the landing target on a mobile 

vehicle and again observed successful results [6]. 

 

Figure 4: Landing target 

Another approach using apriltag as the landing target was 

suggested by Tianpei Liao et al. Unlike other studies, they 

applied a technique as shown in Figure 5 to avoid collisions of 

multiple UAVs with no communication between them while 

trying to land at the same time. They assigned priority to two 

different UAVs. They used the YoloV4 [7] deep learning 

method for the low priority UAV to recognize the high priority. 

While simultaneously landing, the lower priority UAV waits 

for the other to complete their landing. 
 

Figure 5: Diagram of proposed framework 
 

Bochan Lee et al. proposed a method to ensure safe landing of 

the UAV on moving platforms, inspired by the strategy used 

by navy helicopter pilots when landing on a ship. Navy 

helicopter pilots follow a horizon bar on the ship as a reference 

when landing on a ship. In their study, instead of a horizon bar, 

they designed a checkerboard shaped visual cue as seen in 

Figure 6. They used the corner points on the checkerboard for 

the UAV to detect the visual cue, and they used the Fºrstner 

[8] corner detection method for this purpose. By integrating a 

gain-scheduled proportional integral derivative (PID) control 

system into their project, they provided the flight control of the 

UAV. In their tests on moving and fixed platforms, they 

achieved successful results with an average error of less than 5 

cm [9]. 

 

 
Figure 6: Visual cue and landing pad 



The common point of the above studies is to specify the place 

where the UAV will land using a predetermined specific 

marker. Although such approaches have shown successful 

results, they can only be used when the landing site is 

predetermined. For example, it is insufficient in cases where 

emergency landing is required. In order to avoid these 

shortcomings, there are also approaches that determine the 

appropriate landing zone by itself. Evangelos Chatzikalymnios 

et al used images from a stereo camera on the UAV and data 

from an inertial measurement unit (IMU). The four features of 

the terrain, namely flatness, depth variance, inclination and 

steepness, were extracted and potential descent zones were 

determined with a Bayes-based classifier. They achieved over 

96% accuracy at altitudes lower than 15 meters [2]. Priyanka 

Gupta et al proposed a novel approach called Tiny-SURF by 

reducing the complexity of the Speeded Up Robust Features 

(SURF) [10] algorithm. With this approach, they aimed to 

determine the potential landing zones of the UAV in an 

unknown area, to calculate it faster and more efficiently than 

the SURF algorithm. The differences of Tiny-SURF according 

to the SURF algorithm are as shown in Table 2 [11]. 

 

Table 2: Differences Between SRF and Tiny-SURF 
 

Parameter SURF Tiny-SURF 

Box Filter 
Dimension 

9*9, 15* 15, 
21*21 etc. 

9*9 only 

Interest Points Specific Variable 

Normalisation Yes No 

Non-Maximum 
Suppression 

Yes No 

Thresholding Number of 

Interest Points 

Range of 

Interest 
Points 

Descriptor 
Dimension 

64 or 128 32 

Time 
Complexity 

High Low 

 
Upesh Nepal and Hossein Eslamiat conducted a study to ensure 

a safe landing in case of a malfunction during the flight of the 

UAV. Unlike other approaches, they used deep learning 

techniques. They used different versions of the You Only Look 

Once (YOLO) [12] object detection method to identify suitable 

and unsuitable landing sites for landing. And they compared 

their results from each version of YOLO they used [13]. 

In the second chapter, two basic scenarios encountered in 

vision-based landing systems are examined and compared. In 

the third chapter, commonly used vision algorithms are 

mentioned. In the last chapter, general comments and 

comparisons were made about the review made in this paper. 

 

II.  BASIC APPROACHES IN VISION-BASED UAV L ANDING 

ALGORITHMS 

Two basic scenarios stand out in the studies examined in the 

introduction. In the first, the place where the UAV will land is 

predetermined and indicated with a marker that the UAV is 

expected to recognize. In the second, the landing site is a 

previously unknown place, and the UAV is expected to land 

on the most suitable area after identifying potential landing sites 

by analyzing the terrain on the images. In this chapter, the 

techniques and methods used in studies on two different 

scenarios will  be examined. 

A. Landing in A Marked Area 

It is easier for the UAV to land in the area determined by the 

marker than to land in an unknown area. A landing marker can 

be a letter, a symbol, a special tag, or a specially designed shape. 

In order for the Landing marker to be easily recognizable, two 

contrasting colors such as black and white or rare colors in 

nature are preferred when designing the marker. After the 

marker is determined, an algorithm is developed for the UAV 

to recognize it. Although the methods used vary, the algorithm 

applied for the landing of the UAV in an area marked is 

basically as shown in Figure 7. 

 

 
Figure 7: Visual cue and landing pad 

 
The image captured from the camera first goes through a 

preprocessing process. Operations such as noise removal, color 

space transformations, background removal, morphological 

operations, filtering, thresholding are done at this stage. The 

image obtained as a result of this step is usable and is the input 

data of the marker detection process. The marker detection 

algorithm is developed to be compatible with the marker used. 

For this purpose, features of the marker such 



as corner and edge are used. At this stage, traditional image 

processing or machine learning methods can be used. Although 

machine learning methods often cause more computational 

complexity, they yield more effective results. After the landing 

marker is detected, the necessary coordinate transformations are 

made and the location of the marker and the UAV's own 

location according to the marker are calculated on the image. 

Then, with the landing control system, the UAV is expected to 

land safely and with minimum error. Usually proportional 

integral derivative (PID) based systems are used as control 

system. However, in recent years, it is noteworthy that the use 

of machine learning-based methods such as reinforcement 

learning and artificial neural networks has increased. The 

control system used calculates the appropriate roll, pitch, yaw 

values of the UAV and adjusts its speed to ensure safe and 

accurate landing. Generally, it is aimed to decrease the speed of 

the UAV as it approaches the landing area. 

B. Landing in An Anonymous Area 

Although using a marker is an effective and easy solution for 

the UAV to land in an area, it has some disadvantages. Since 

the UAV can only land in predetermined areas, it can only be 

used during scheduled processes. For example, when the UAV 

encounters a situation that needs to make an emergency landing 

when it is not in the landing area, successful results cannot be 

obtained. When it is desired to ensure successful landings in 

unknown areas, approaches that complete the landing by 

performing terrain analysis of the UAV on the image and 

determining the most suitable region for safe landing are 

preferred. The techniques used in such approaches 

are often more complex. In addition, although it varies 

according to the technique used, hardware requirements are 

more because depth information is generally needed. For 

example, it is common to use stereo cameras instead of 

monocular cameras. There are also approaches that process data 

from different sensors together with data from the camera. 

Although the techniques used differ, the basic algorithm used is 

as shown in Figure 8. 

The terrain image captured from the camera goes through a 

preprocessing process. Then, feature extraction is done from the 

processed image using different methods. Flat, low slope, 

smooth, sufficiently wide areas are candidates for landing. From 

the identified candidate areas, the most suitable one for landing 

is selected. After the necessary coordinate transformations are 

made, the location of the landing place and the UAV is 

calculated. In the final stage, a safe landing is achieved using a 

landing control system. 

 
 

III.  COMMONLY USED ALGORITHMS FOR FEATURE 

EXTRACTION 

 
In order for a system to interpret an image, feature extraction 

operations must be performed on the image. Rotation and 

translation operations or lighting changes applied to an image 

do not affect the corner points in the image. Therefore, corner 

points are important features that can be extracted from the 

image. This section discusses commonly used methods for 

feature extraction in vision-based techniques. 

Harris Corner and Edge Detector: 

In an image, large density variations are seen around the 

corner points. In the Harris method, corner points are tried to 

be determined based on this principle. The autocorrelation 

function is used. Autocorrelation is the comparison of the 

similarity between the slightly shifted window in an image and 

the image [14, 15]. If there is a big difference between the 

original image and the shifted window, it indicates that there is 

an important point feature in the window. It is expressed 

mathematically as shown in (1). 
 

E(u, v) = äw(x, y)[I (x + u, y + v)- I (x, y)]2 

x, y 

¶ E: difference between original image and shifted 

window 

¶ u,v: displacement of window in x and y directions 

respectively 

¶ w(x,y): position of the window 

¶ I: density of the image 

 

If  E(u,v) is maximized, the equation in (2) is obtained. 
 

E(u, v) = ä[I (x + u, y + v)- I (x, y)]2 

x, y 

(1) 

 

 

 

 

 

 

 

 

 

(2) 

 

 

Figure 8: Visual cue and landing pad 

If  the expression is expanded with Taylor series and rewritten 

in matrix form, (3) is obtained. 
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(4) 

operations are performed. The use of Integral Image is another 

factor that increases the processing speed [10]. 

 
Features from Accelerated Segment Test (FAST): 

The final form of the equation is as shown in (5). In real-time applications, the performance of the FAST 

algorithm is better than the above algorithms. The basic 

E(u, v) º [u v]M 
èuø 
v (5) 

principle is as follows: To check whether there is a point of 
interest, a p pixel with density I p is selected and a t threshold 

ê ú 
value is determined. A 16-pixel circle is taken around p. The 

Then the R value for each window, indicating whether it presence of 12 adjacent pixels in the circle brighter than 

contains a corner or edge, is calculated as shown in (6). I p + t or 12 adjacent pixels darker than I p - t indicates 

R = det(M ) - k (trace (M ))2 

Á det(M) = l1l2 

Á trace (M) = l1 + l2 

(6) 
that p is a corner point. The value 12 here is a limit set by the 

author and is expressed as n. It may vary depending on the 

study. The FAST algorithm was further improved by adding a 

machine learning approach [19]. 

Á l1and l2 are the eigenvalues of M 

Here if |R| is small, it indicates that the region in the image is 

flat, if R<0, it indicates that the region is an edge, and if R is 

large, it indicates that the region is a corner [16]. 

Shi-Tomasi: 

The Shi-Tomasi algorithm provides better results by making 

some changes in the Harris detector. The R value calculated by 

the equation in (6) in the Harris method is calculated as shown 

in (7) in this method, and if R is above a certain value, it is 

determined as the window corner point [17]. 

 
IV.  CONCLUSION 

In this paper, a review of different techniques and studies 

developed for vision-based landing systems used in UAVs is 

presented. The techniques used are discussed under two sub- 

headings as ñLanding in A Marked Areaò and ñLanding in An 

Anonymous Areaò and comparisons are made. 

When the studies are examined, it is seen that the approaches 

used for landing on a marked area are simpler than those used 

for landing on an anonymous area. However, the use of such 

approaches is limited. Not suitable for emergency 

R = min(l ,l ) (7) landings. Approaches developed for landing an anonymous 

1 2 domain are more flexible, but the computational complexity is 
higher. 

Scale Invariant Feature Transform (SIFT): 

In the above methods, image rotation, translation or 

illumination changes do not affect the result. However, if the 

image is scaled, the features in the image may not be extracted. 

For example, a corner point in an image appears flat when the 

image is zoomed in enough. The SIFT algorithm solves this 

problem. Therefore, the SIFT algorithm is more advantageous 

than the Harris and Shi Tomasi detectors in cases where there 

are images at different scales. It basically consists of the 

following stages: A scale space is created to ensure that the 

result is not affected by scaling. Key points in the image are 

detected using Difference of Gaussians (DoG), an estimation of 

the Laplacian of Gaussian (LoG). Edge regions and low- 

contrast regions are discarded so that only the strong ones 

remain of the key points. An orientation is assigned for each key 

point so that the result isn't affected by rotations. SIFT features are 

created that allow unique features to be defined [18]. 



Harris, Shi Tomasi, SIFT, SURF and FAST algorithms, 

which are widely used for feature extraction in vision-based 

landing systems, are examined and some comparisons are 

made. 

 
REFERENCES 

[1] N. P. Santos, V. Lobo, and A. Bernardino, "AUTOLAND 

project: Fixed-wing UAV landing on a fast patrol boat using 

computer vision," in OCEANS 2019 MTS/IEEE SEATTLE, 

2019: IEEE, pp. 1-5. 

[2] E. Chatzikalymnios and K. Moustakas, "Autonomous vision-

based landing of UAVôs on unstructured terrains," in 2021 IEEE 

International Conference on Autonomous Systems (ICAS), 2021: 

IEEE, pp. 1-5. 

[3] C. Xu, Y. Tang, Z. Liang, and H. Yin, "Uav autonomous landing 

algorithm based on machine vision," in 2018 IEEE 4th 

Information Technology and Mechatronics Engineering 

Conference (ITOEC), 2018: IEEE, pp. 824-829. 

[4]  R. Ye, C. Tao, B. Yan, and T. Yang, "Research on Vision-based 

Autonomous Landing of Unmanned Aerial Vehicle," in 2020 

[5]  IEEE 3rd International Conference on Automation, Electronics 

and Electrical Engineering (AUTEEE), 2020: IEEE, pp. 348-

354. 

[6]  R. Liu et al., "Vision-guided autonomous landing of multirotor 

UAV on fixed landing marker," in 2020 IEEE International 

Conference on Artificial Intelligence and Computer 

Applications (ICAICA), 2020: IEEE, pp. 455-458. 

[7]  Z. Li, Y. Chen, H. Lu, H. Wu, and L. Cheng, "UAV autonomous 

landing technology based on AprilTags vision positioning 

algorithm," in 2019 Chinese Control Conference (CCC), 2019: 

IEEE, pp. 8148-8153. 

[8]  A. Bochkovskiy, C.-Y. Wang, and H.-Y. M. Liao, "Yolov4: 

Optimal speed and accuracy of object detection," arXiv preprint 

arXiv:2004.10934, 2020. 

[9]  W. Fºrstner and E. G¿lch, "A fast operator for detection and 

precise location of distinct points, corners and centres of 

circular features," in Proc. ISPRS intercommission conference 

on fast processing of photogrammetric data, 1987, vol. 6: 

Interlaken, pp. 281-305. 

[10]  B. Lee, V. Saj, M. Benedict, and D. Kalathil, "A vision-based 

control method for autonomous landing of vertical flight aircraft 

on a moving platform without using gps," arXiv preprint 

arXiv:2008.05699, 2020. 

[11]  H. Bay, T. Tuytelaars, and L. V. Gool, "Surf: Speeded up robust 

features," in European conference on computer vision, 2006: 

Springer, pp. 404-417. 

[12]  P. Gupta, B. Pareek, R. Kumar, and A. C. Aeron, "Vision-Based 

Safe Landing of UAV using Tiny-SURF Algorithm," in 2021 

IEEE International Conference on Systems, Man, and 

Cybernetics (SMC), 2021: IEEE, pp. 226-231. 

[13]  J. Redmon, S. Divvala, R. Girshick, and A. Farhadi, "You only 

look once: Unified, real-time object detection," in Proceedings 

of the IEEE conference on computer vision and pattern 

recognition, 2016, pp. 779-788. 

[14]  U. Nepal and H. Eslamiat, "Comparing YOLOv3, YOLOv4 and 

YOLOv5 for autonomous landing spot detection in faulty UAVs," 

Sensors, vol. 22, no. 2, p. 464, 2022. 

[15]  V. Rodehorst and A. Koschan, "Comparison and evaluation of 

feature point detectors," in 5th International Symposium 

Turkish- German Joint Geodetic Days, 2006. 

[16]  K. G. Derpanis, "The harris corner detector," York University, 

vol. 2, pp. 1-2, 2004. 

[17]  C. Harris and M. Stephens, "A combined corner and edge 

detector," in Alvey vision conference, 1988, vol. 15, no. 50: 

Manchester, UK, pp. 10-5244. 

[18]  J. Shi, "Good features to track," in 1994 Proceedings of IEEE 

conference on computer vision and pattern recognition, 1994: 

IEEE, pp. 593-600. 

[19]  D. G. Lowe, "Distinctive image features from scale-invariant 

keypoints," International journal of computer vision, vol. 60, no. 

2, pp. 91-110, 2004. 

[20]  E. Rosten and T. Drummond, "Machine learning for high-speed 

corner detection," in European conference on computer vision, 

2006: Springer, pp. 430-443. 

[21]   

 



T 

Electric Vehicle Charging Station 

A.A. TURGUT1 and H. TERZĶOĴLU2 

1 Selcuk University, Konya/Turkey, 218270001017@lisansustu.selcuk.edu.tr 
2Selcuk University, Konya/Turkey, hterzioglu@selcuk.edu.tr 

 

Abstract - The transportation problem has greatly decreased 

with  the spread of internal  combustion engines. But this 

widespread situation also creates disadvantages such as increasing 

the use of fossil fuels, global warming, the release of harmful gases 

into the environment, air pollution and an increase in oil prices. 

The development and use of alternative energy sources is of great 

importance. In this direction, emission-free electric vehicles 

provide a significant reduction in air pollution and are 

environmentally friendly. With its advantages such as low 

maintenance requirements, low noise, high efficiency, the interest 

and demand for electric vehicles to replace the vehicles serving in 

the existing traffic system has increased. One of the obstacles in 

front of traditional vehicle users to turn to electric vehicles is range 

anxiety, and it  is aimed to reduce this problem to a minimum level 

with  the development of charging station infrastructure systems. 

Shortening the charging time is one of the most important goals in 

making electric vehicles user-friendly.  With  fast charging stations, 

the charging time can be greatly reduced. It is aimed to increase 

the number of charging stations by installing them in suitable 

locations, to have more sockets and to widely adopt electric 

vehicles. 

 
Keywords ï Electric vehicle, charging station, charging modes, 

charging connectors. 

 

 

I. INTRODUCTION 

he first EV model was designed by Professor Stratingh in 

1835, and its application was made for the first time by 

Thomas Davenport. This vehicle had non-rechargeable 

batteries found by Robert Anderson in 1832 [1]. In 1859, lead- 

acid batteries were discovered by Gaton Plante. Prof. William 

Ayrton and John Perry designed a vehicle that can reach a 

speed of 14 km per hour using three wheels and ten lead acid 

batteries on each wheel. Immediately after the design of this 

vehicle, Carl Benz's vehicle with an IC engine (Internal 

Combustion Engine) was released on the market and 

surpassed the fastest EV of that period in terms of 

performance. In 1882, EV's did not find a place in mass 

production from 1920 to 1960, and by 1960 they had 

completely given up their place to vehicles with ICE [2]. It is 

believed that the reason why EV's could not find a place 

compared to vehicles with ICE is due to the fact that fossil 

fuel-based energy sources offered better performance with the 

technology available at that time, and systems such as 

electricity storage systems and electrical energy transfer in 

EV's were not very developed [3]. 

The transportation sector is a sector in which internal 

combustion engines using fossil fuels have harmful effects on 

the environment. Electric vehicles and renewable energy 

sources play a fundamental role in reducing the large amount of 

carbon emissions caused by both the transport and power 

generation sectors. One of the biggest factors causing air 

pollution is the gases released into the environment from the 

exhaus Tues of vehicles using internal combustion engines. It 

is known that approximately 60% of the world's oil 

consumption is used in the transportation sector, and 25.5% of 

the world's CO2 emissions are due to the use of oil in the 

transportation sector. Within the transport sector, road transport 

alone accounts for 16% of all CO2 emissions [4]. Oil reserves, 

on the other hand, are rapidly being depleted, and prices are 

increasing every day. At this stage, renewable energy means 

both a good alternative for countries and much cleaner energy 

consumption for our world. For this reason, the interest and 

demand for electric vehicles has increased, but the lack of 

charging station infrastructure and the long charging times 

increase the anxiety of users to stay on the road [5]. 

With the advent of electric vehicles on highways, the 

infrastructure investments established to meet the charging 

needs of these vehicles have increased significantly. In 

addition, research and development in order to make these 

systems better have become very important in recent years. It 

is predicted that the charging infrastructure to be created will 

become widespread quickly, enabling automobile consumers 

to turn to this technology by reducing their concerns about 

charging and staying on the road [5]. One of the biggest factors 

of the commercial success of EV's is their highly efficient 

charging stations [6]. Despite the rapid increase in the number 

of EA, the slow development of the charging station 

infrastructure, lack of numbers, and long charging times may 

limit the use of these vehicles to daily round trips and short- 

distance trips [7]. In this direction, the development, design and 

installation of fast charging stations have an important place to 

increase the use of EV. With these charging stations, time will 

be saved by shortening the charging times. Charging methods 

are examined under three main headings as wired charging, 

wireless charging and battery replacement. Wired charging is a 

system in which there is direct contact between the charger, 

power supply and the Decoiler. It consists of a rectifier with 

power factor correction and a connector. It can be divided into 

two subparts, internal and external [8]. It is a method that 

contains a rectifier and a battery group inside the vehicle, while 

the charger is located outside the vehicle [9]. The charge level 

is defined as the power level of the charging output [10] and the 

power level is the most important consideration that determines 

the length of the charging process. The charge level includes 

the secure Dec Dec 
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communication protocol between the EA and the charging 

station [11] and the communication level between the vehicles 

and the charging stations [12, 13]. The external charging 

method is also called mode 4 (level 4). This method enables DC 

energy transfer by connecting EV's to the main power supply 

network with an external charger [14]. In the wireless charging 

process, electromagnetic waves are needed to be able to transfer 

power to the EV battery. The battery replacement method is a 

system in which EA users can replace their empty batteries with 

a fully  charged battery [11]. The battery replacement situation 

consists of distribution transformers, AC-DC converters, 

batteries, robotic arm applications, charging racks, maintenance 

systems, control systems and other charging-related devices 

[15,16]. 

 
II.  ELECTRIC VEHICLES 

Electric vehicles are vehicles that gain the ability to move 

thanks to one or more electric motors that take energy from 

the batteries they have. In some vehicles, batteries are 

accompanied by supercapacitors and can provide the desired 

energy by eliminating the disadvantage of batteries due to the 

fact that they can draw instant high current. In addition, together 

with the system called regenerative braking, they can generate 

electricity during braking and charge the batteries to a certain 

amount. 

Since electric vehicles have high torque, their acceleration is 

quite good. It has many advantages such as very quiet operation, 

zero emission. The biggest disadvantage is the lack of a 

charging station and the charging speed can be long. The second 

disadvantage is that its range is short. The research on battery 

technology on the subject of range can be solved with 

improvements or improved by using more batteries. Another 

important aspect is the charging charging stations. Taking into 

account the energy sources that feed the stations, it is believed 

that EV's directly or indirectly receive energy from a power 

plant or electrochemical reactions [23-24]. 

Electric vehicles are charged with direct current (DC) due to 

their battery structure. The ability of electric vehicles to be 

charged with direct current (DC) and alternating current (AC) 

varies depending on the state of the electric vehicle's internal 

charging system (on-board charging). Electric vehicle with 

built-in charging system Figure 1. is shown in the. An electric 

vehicle with a built-in charging system performs battery 

charging by directing AC energy through a converter inside 

the vehicle. In this structure, the task of the charging stations is 

to transfer the AC energy in the network to the vehicles. They 

do not perform any straightening or mincing process in the 

energy flow. Connection of an electric vehicle with DC 

charging Figure 2.is shown in the. DC charging stations, on the 

other hand, convert AC energy into DC energy in their own 

charging units and transfer it to the vehicle. The features of the 

charging stations not only consist of switching on and off the 

mains energy, but also include functions such as charging 

socket detection, signaling by electric vehicle, charging speed 

control, security [5]. 

 

 

Figure 1. Alternating Current (AC) Charging. 
 

Figure 2. Direct Current (DC) Charging. 

III.  ELECTRIC VEHICLE CHARGING STATIONS 

Charging stations are also called electric vehicle supply 

equipment (EVSE). The electric vehicle charging station safely 

transmits the energy it receives from the electrical network to 

the battery by converting it in accordance with the electric 

vehicle. By connecting to the car charger, the necessary control 

is performed and the charging process begins. During the 

charging process, electrochemical conversion is achieved by 

applying current to the battery and thus the battery filling 

process is performed. While charging stations may have 

advanced features such as smart metering, cellular capability, 

and network connectivity, there are also models that only have 

more basic functions. 

Charging stations typically have two stages, front-end AC- 

DC and back-end DC-DC. There are different topologies 

proposed for both converters. The front-end rectifier often has 

a boost power factor correction (PFC) converter to achieve high 

power factor and low harmonic distortion. The rectifier stage 

can be realized by half-bridge, full-bridge or multi-level diode 

bridge. A half-bridge rectifier is cheaper because it contains a 

smaller number of diodes/switches, a full-bridge rectifier is 

more complicated, but the components are subjected to a lower 

load. When there is a need to reach higher power values, a multi-

level structure should be preferred for the AC-DC converter 

[17,18]. Figure 3 shows a full-bridge diode rectifier with a 

conventional PFC amplifier converter. By providing the 

exchange of diodes with the active switch, a bidirectional power 

flow can be obtained [19]. 



 

 

 
 

 

Figure 3. Full-bridge rectifier with PFC converter [19]. The 

off vehicle charging system consists of two parts, an 

AC/DC converter that faces the mains and then a DC/DC 

converter that provides an interface to the EA battery. 

Depending on the converter topology, both of these stages 

allow unidirectional or bidirectional power flow [19]. 

The commonly used bidirectional AC-DC converter is a 

three-phase LCL rectifier. It has advantages such as low 

harmonic input currents, bidirectional power flow and power 

factor regulation. Figure 4.the three-phase LCL rectifier is 

shown in. [20,21,22]. 
 

Figure 4. Three-phase LCL active rectifier [21]. 

 
A. Level 1 Charging 

The charging process of most of the EAS can be carried out 

in a 220 V outlet. This condition, called level 1 charging or slow 

charging, is when the EA is charged directly by taking energy 

from an AC outlet. The voltage is limited to 250 V in one phase 

and 480 V in three phases and the current is limited to 16 A and 

grounding is required [25]. For personal use, it is usually 

suitable for use in homes. However, it is banned in many 

countries for security reasons. In this type of charging, the 

charging elements are mounted on the vehicle and do not have 

any power converter in the charging process. They perform 

charging only by providing a connection between the decoiler 

and the mains [4]. Level 1 car-charger connection.is shown in 

the figure 5. 

Figure 5. Level 1 charging. 

 
B. Level 2 Charging 

Level 2 charging or medium fast charging receives energy 

directly from an AC outlet, as in level 1 charging. But there is 

a communication adapter on the cable. The adapter transmits 

the current in the event that there is a grounding on the side of 

the outlet. There is no control pin on the energy side. The 

voltage is limited to 250 V in one phase, and the current to 

480 V in three phases is limited to 32 A [25]. It is generally 

suitable for charging EA battery for private and public 

organizations. Level 2 charging provides sufficient power and 

can be applied in many environments such as parking lots, 

shopping malls, recreational facilities. Level 2 charging 

stations, like level 1 charging stations, only perform the 

charging process by providing communication between the 

vehicle and the network [4]. 

Level 2 charging can be applied with the cable included 

as standard in electric vehicles. However, since lower currents 

(10-12A) can be obtained from the outlet in general, charging 

times are prolonged [25]. Figure 6 is show in the level 2 car-

charger connection. 

 

 

 

Figure 6. Level 2 Charging. 

 
C. Level 3 Charging 

AC energy is used in the charging case, which is called 

level 3 or fast charging. However, connection to the charging 

station is provided by using a connector (Mennekes type) 

instead of an outlet. The car is connected to the charging 

station and a communication starts. The vehicle transmits the 

current level it can accept to the charging station and transfers 

it to the vehicle by adjusting the current inside the station. 

Unlike Level 2, in addition to mutual communication, there 

are now system protections (over current, leakage current, 

etc.) on the energy source side. In addition, the cross-section 

of the cable supplying the charging station should be selected 

so that it can provide the required power, and its installation 

should be carried out. For such reasons, level 3 provides a 

much safer, more efficient and faster charging capability than 

level 2[25]. 



The power of the charging station and the power of the built-

in charging unit on the vehicle are compared between them, 

and the smallest value Decodes the power of the charging 

process. As the power of the charging process increases, the 

charging time of the car to replenish the battery decreases. In 

Level 3, there are 4 charging criteria according to the charging 

power (current and number of phases). These; 

¶ 3.7 kVa (16 A, Single Phase ï 230 V AC) 

¶ 3.7 kVa (32 A, Single Phase ï 230 V AC) 

¶ 3.7 kVa (16 A, Three Phases ï 400 V AC) 

¶ 3.7 kVa (32 A, Three Phases ï 400 V AC) 

 

An EV can perform charging at the highest level it supports 

from the specified charging stages. For example, when an 

electric vehicle that supports up to 11 kVA is connected to a 

station that supports 22 kVA, the station will  transmit a current 

at the level of 11 kVA to the vehicle by restricting the current 

thanks to the Level 3 charging features. Therefore, the charging 

time at a station depends not only on the power of the station, 

but also on the power that the vehicle can accept (onboard 

charger). Another aspect is that the charging time increases in 

direct proportion to the battery capacity. The batteries charge 

linearly up to about 80%-90% occupancy level, but they charge 

more slowly above the specified level [25]. Figure 7 shows the 

Level 3 car-charger connection. 
 

Figure 7. Level 3 Charging. 

 
D. Level 4 Charging 

This charging level, also known as external charging, EV's 

connect to the main power grid with an external charger [29]. 

Electric vehicles generally perform the battery charging 

process by converting the AC source they receive from the 

network to DC via the rectifier (onboard charger). Due to the 

thermal limitations and cost factors for this rectifier, up to 75 

A (Level 3 type) is allowed. But DC fast charging, there is a 

capacity to charge up to 400 A from DC power stations. 

Unlike other levels, the AC source is converted to DC via the 

inverter at a fast charging station and can be transferred 

directly to the vehicle's battery group (without entering the 

rectifier). This situation realizes the fast charging situation by 

providing high current. For fast charging, there are generally 

two different types of sockets as CHAdeMO and CCS. Such 

fast charging stations require very high power and electronic 

devices [25,30]. Fig 8. Shows the level 4 vehicle-charging 

connection. 

 

 

Figure 8. Level 4 charging. 

 

IV.  CHARGING CONNECTORS 

For EA charging methods, countries on 3 different continents 

(Asia, Europe and America) have set various connector 

standards in accordance with their electrical energy 

infrastructures [26]. Generally, CCS/CCS2, CHAdeMO and 

MOD-3 connectors are available together within the charging 

station in fast charging stations systems in the world and in our 

country [28]. 

A. IEC-62192-2 Connector 

Level 1-2-3 is a connector standard used for charging (Figure 

9.). The technical nominal voltage level of this standard is 

limited to 230V for one phase and 400V for three phases. The 

current level is 16A/32A/64A. Between 3.7 kW and 43 kW, 

their use is quite common decently. The SAE J1772, 

Mennekes, Scame standards are also derivatives of this 

standard [28]. 
 

Figure 9. IEC-62192-2 Connector 

 
B. SAE J1772 Connector 

It is a standard produced in accordance with the technical 

energy infrastructure of the American continent (Figure 10.). 

The technical nominal voltage level of this standard is limited 

to 120V for one phase and 240V for three phases. The current 

level is 16A/32A [25]. 



 
Figure 10. SAE J1772 Connector[25]. 

 
C. Mennekes Connector 

There are 7 pins in the Mennekes connector, and these pins 

have different functions. These; 

¶ Three phases (L1, L2, L3). 

¶ Neutral connection. 

¶ Grounding connection. 

¶ Control and Communication Pins [25]. 
 

Figure 11. Mennekes Connector[25]. 

 
D. CHAdeMO Connector 

It originated in the Far East and is a standard produced in 

accordance with the technical energy infrastructure of the Asian 

continent. Since a lot of research, pilot applications and tests 

have been carried out on these connectors in practice, they 

are developing rapidly. Nominal operating value ranges are not 

fixed [8]. There is also a DC socket next to the socket where 

Mode 3 type charging can be done. Figure 12 shows the 

charging sockets of a vehicle. In addition to the Mode 3 type 7 

pin socket (right), there is also a DC (CHAdeMO) socket on the 

left [25]. Figure 13 shows the CHAdeMO connector. 

Figure 12. Nissan Leaf Mode 4 CHAdeMO (left) and Mod 3 

socket(right) [25]. 
 

Figure 13. CHAdeMO Connector[28]. 

 
E. CCS-COMBO Connector 

European and American vehicle manufacturers have 

developed a unified socket. It is a standard produced in 

accordance with the technical energy infrastructure of the 

European continent. It is the most suitable standard used in 

fast charging systems because it has the highest current, voltage 

and power capacity among the other standards in production. 

Since a lot of research, pilot applications and tests have been 

carried out on these connectors in practice, they are developing 

rapidly. The nominal operating value December is not fixed 

[28]. For Mode 4 type charging, connection is provided to the 

sockets shown in Figure 14. According to the type and power 

of the connected energy source, the 7-pin part at the top 

performs Mode 3 type charging and the lower part performs 

Mode 4 type charging [25]. 
 

Figure 14. Mode 3 + Mode 4 CCS socket. 



V. CONCLUSION 

Electric vehicles, It is an alternative that can be used instead 

of internal combustion engines with its noiseless, low emission 

values and more efficient. With the increasing interest and 

demand for electric vehicles, increasing the values and number 

of charging stations is of critical importance. In this study, an 

overview of the structure, level differences and socket types of 

electric vehicle charging stations is presented. Electric vehicles 

can be charged with two different charging options, AC and 

DC. During the AC charging process, there is no conversion in 

the welding part, the energy is converted to DC by the system 

on the vehicle and the battery is transferred, and thus the 

charging process is performed. The DC charging process, on the 

other hand, is transferred to the vehicle by converting AC 

energy on the side of the station and thus fast charging is 

performed. There are four basic levels of charging stations. 

Level 1 and level 2 are defined as AC slow charging, level 3 

AC fast charging, level 4 DC fast charging. Slow charging is 

more suitable for personal use, but level 1 charging is not 

recommended for use due to low safety. Fast charging can be 

done through the stations by providing the necessary 

conditions. Charging connectors are manufactured in 

accordance with some standards determined by countries and 

their use is ensured and appropriate connectors are used 

according to the charging levels. Fast charging can provide 

advantages to users by shortening the charging time. With the 

rapid development and popularization of electric vehicles, fast 

charging status is of great importance for users. 
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¥zet - Gºr¿nt¿ iĸleme, bilgisayarla gºrmede kullanēlan bir 

ºzellik ­ēkarma tekniĵidir. Tekniĵin amacē, bir  oylama 

prosed¿r¿ ile belirli ĸekil sēnēfēndaki nesneler ¿zerinde iĸlem 

yapmaktēr. Bu makalemizde Paul Hough dºn¿ĸ¿m¿yle 

daireler, elipsler ve diĵer kapalē ĸekillerin tespitini 

a­ēklayacaĵēz. 

Anahtar Kelimeler ï Paul Hough Transform, Image Procces, 

Shape detection, Circle detection 

 

 
I. Hough Dºn¿ĸ¿m¿ Tarih­esi 

Hough dºn¿ĸ¿m¿, gºr¿nt¿ analizi, bilgisayarla gºrme ve 

dijital gºr¿nt¿ iĸlemede kullanēlan bir ºzellik ­ēkarma 

tekniĵidir Tekniĵin amacē, bir oylama prosed¿r¿ ile belirli 

bir ĸekil sēnēfēndaki nesnelerin kusurlu ºrneklerini 

bulmaktēr. 

Baĸlangē­ta Hough tarafēndan 1959 yēlēnda kabarcēk odasē 

fotoĵraflarēnēn makine analizi i­in icat edildi. Bug¿n 

evrensel olarak kullanēldēĵē ĸekliyle Hough dºn¿ĸ¿m¿, 

1972'de Richard Duda ve Peter Hart tarafēndan icat edildi 

ve bunu Paul Hough óun ilgili 1962 patentinden sonra 

"genelleĸtirilmiĸ Hough dºn¿ĸ¿m¿" olarak adlandērdē. 

Dºn¿ĸ¿m bilgisayarlē gºrme topluluĵunda Dana H. 

Ballard tarafēndan 1981 tarihli "Hough dºn¿ĸ¿m¿n¿n 

ĸekilleri algēlamak i­in genelleĸtirilmesi" baĸlēklē bir dergi 

makalesiyle pop¿ler hale getirildi. 

 

 
II.  Hough Dºn¿ĸ¿m¿ kronik sorunlarē ve bulunan ­ºz¿m 

Dijital  gºr¿nt¿lerin otomatik analizinde, genellikle d¿z 

­izgiler, daireler veya elipsler gibi basit ĸekillerin 

algēlanmasēyla ilgili bir alt problem ortaya ­ēkar. Bir­ok 

durumda, gºr¿nt¿ alanēnda istenen eĵri ¿zerinde bulunan 

gºr¿nt¿ noktalarēnē veya gºr¿nt¿ piksellerini elde etmek 

i­in bir ºn iĸleme aĸamasē olarak bir kenar detektºr¿ 

(CannyEdge Fonksiyonu) kullanēlabilir. Ancak hem 

gºr¿nt¿ verisindeki hem de kenar algēlayēcēdaki kusurlar 

nedeniyle, istenen eĵriler ¿zerinde eksik noktalar veya 

pikseller olabileceĵi gibi, ideal ­izgi/daire/elips ile 

g¿r¿lt¿l¿ kenar noktalarē arasēnda uzamsal sapmalar 

olabilir. Kenar dedektºr¿ Bu nedenlerden dolayē, ­ēkarēlan 

Kenar ºzelliklerini uygun bir dizi doĵru, daire veya elips 

olarak gruplamak genellikle ºnemsizdir. Hough 

dºn¿ĸ¿m¿n¿n amacē, bir dizi parametreli gºr¿nt¿ nesnesi 

¿zerinde a­ēk bir oylama prosed¿r¿ uygulayarak kenar 

noktalarēnēn nesne adaylarēna gruplandērēlmasēnē m¿mk¿n 

kēlarak bu sorunu ­ºzmektir. 

 

 
III.  Numpy K¿t¿phanesi 

Python programlama dili  i­in ­ok boyutlu dizileri 

destekleyen ve bu dizilerde iĸlem yapmamēzē saĵlayan 

g¿­l¿ bir k¿t¿phanedir. NumPy'nin atasē Numeric, ilk  

olarak Jim Hugunin tarafēndan diĵer birka­ geliĸtiricinin 

katkēlarēyla oluĸturuldu. 2005 yēlēnda Travis Oliphant, 

Numarray'in ºzelliklerini kapsamlē deĵiĸikliklerle 

Numeric'e dahil ederek NumPy'yi yarattē. NumPy 

OpenCV ile paralel ­alēĸmaktadēr. Ve OpenCV 

k¿t¿phanesini kullanērken NumPyôē da kullanmalēyēz. 

 

 
IV.  OpenCV K¿t¿phanesi 

OpenCV ilk  olarak INTEL tarafēndan Haziran 2000 yēlēnda 

yayēnlanan ardēndan da g¿n¿m¿ze kadar geliĸtirilen ger­ek 

zamanlē bilgisayarlē gºr¿ teknolojisini barēndēran a­ēk 

kaynak kodlu bir programlama k¿t¿phanesidir. ¢oĵunluk 

ºzelliĵini C++ ¿zerinde barēndērēr. Ardēndan java, Python 

ve C#ôa da eklenmiĸtir 2011ôden itibaren GPU-CUDA 

¿zerinden iĸlemler yapabilme ºzelliĵine sahiptir. Derin 

ºĵrenme ile kullanēlabilir. 

 

 
V. Hough ¢emberi Kēsaca 

Kusurlu gºr¿nt¿lerdeki daireleri tespit etmek i­in dijital 

gºr¿nt¿ iĸlemede kullanēlan temel bir tekniktir. Daire 

adaylarē parametre uzayēnda oylama yapēlarak sonuca 

varēr. Oylama sonucunda istenilen deĵerlere uygun 

­emberler tespit edilir. 
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VI.  Teori 

Elimizde (K,L) merkezli ­emberin yarē­apē r olmak ¿zere 

ve ὸ: 0  O2“ 

ὼ =  ὑ +  ὶ  ÃÏÓ(ὸ) 

ώ =  ὒ +  ὶ  ÓÉÎ(ὸ) 
 

t a­ēsē 360 dereceyi tamamladēĵēnda merkezi K ve L; 

kenarlarēnēn noktalarē ise X ve Y olan bir ­ember vardēr. 

Bu sayēsal deĵerler elimizdeki datadēr. Yani dēĸarēdan 

gelen dijital bir gºr¿nt¿d¿r. Elde edilen x ve y deĵerleri bir 

{x,y}  bi­iminde kaydedilir. ¥rnek; {x1,y1}  , {x2,y2}  , 

{x3,y3}  (Esasēnda CannyEdge fonksiyonu ile kenar 

pikseller tespit edilir.) 

Ardēndan (x?,y?) merkezli ­emberin yarē­apē r olmak 

¿zere ve Ὢ: 0  O2“ 

ὼ? ? =  ὼ? +  ὶ  cos(Ὢ) 

ώ? ? =  ώ? +  ὶ  sin(Ὢ) 

Olacak ĸekilde f a­ēsē 360 dereceyi tamamladēĵēnda 

merkezi x? ve y?; kenarlarēnēn noktalarē ise x?? Ve y?? 

olan yeni ­emberler ­izilir. Aĸaĵēdaki ºrnek gºr¿nt¿de 

kenar ¿zerinden ­izilen yeni ­emberler tespit etmek 

istediĵimiz (K,L) merkezli ­emberin ortasēndan 

ge­mektedir. Bu durumda oranlama yapēlēr. ¥rneĵin 100 

yeni ­ember ­izilmiĸ ise ve 100 de orta noktadan ge­iyor 

ise; doĵruluk oranē %100ôd¿r. 
 

 

 
VII.  Geometrik ĸekillerin tespiti 

Elimizdeki dijital gºr¿nt¿ye (ĸekil a) CannyEdge 

(FindContours) Fonksiyonu uyguladēktan sonra (ĸekil bôde 

olduĵu gibi) kenarlarē tespit edilir ve bir diziye kaydedilir. 

FindContoursôdan elde ettiĵimiz veriyi MinAreaRect 

fonksiyonuyla iĸlediĵimizde elimizde ĸeklin y¿ksekliĵi, 

geniĸliĵi, orijine gºre a­ēsē ve orta noktasē bulunur. Ve 

ķekil bôdeki gibi ­ēktē elde edilir. ķekil bôde kērmēzē nokta 

ĸeklin orta noktasēdēr. Ardēndan da ana ĸeklin kenarlarē orta 

nokta olacak ĸekilde aradēĵēmēz ĸekil ­izilir. Ve gºr¿nt¿ C 

elde edilir. Burada ­izilen yeni ĸeklin kenarlarē ana ĸeklin 

orta noktasēndan ge­iyor ise doĵruluk oranē y¿ksek 

demektir. D¿ĸ¿k oranda ge­iyor ise aranan ĸekil ile 

elimizdeki ĸekil uyumsuz demektir. Hemen hemen ­oĵu 

kapalē ĸekil i­in ĸekil tespit algoritmasē aynē yºntem ile 

­alēĸēr. 

 

 

 

 

ķekil a 

 

 

 
ķekil b 

 

 
 

 
ķekil c 

 

 

VIII.  OpenCV Fonksiyonlarē 

A. RGB resmi HSVôye ­evirmek 

R, G, B  ɴ(0,255) 

R' = R/255 G' = G/255 B' = B/255 

R', G', B'  ɴ(0,1) 

Cmax = max(R', G', B') Cmin = min(R', G', B') 

ȹ = Cmax ï Cmin 

 

 

 

 

 

 

 

 

 

 

 

Yukarēdaki fonksiyon ile RGB resmimiz HSVôye 

dºn¿ĸm¿ĸ olur. 



 

 

 
HSV Uzayē 

HSV (0-180,0-255,0-255) 

 

 
RGB Uzayē 

RGB (0-255, 0-255, 0-255) 

 

 
B. InRange ile belirli  Renk aralēĵēnē bulmak 

ὖὭὯίὩὰὭ Ὧέὴώὥὰὥ, ὉøὩὶ (ὭὪ) 

X ve Y ekseninde tarama yapēlēr. Tarama sonucunda 

pikseller arasēnda renk yoĵunluk farkēna gºre o nokta 

Canny noktasē olur. Ve t¿m Canny noktalarē bir dizide 

kaydedilir. 
 

¥rnek gºrsel 

 

 

IX.  Otonom Ara­ta Kullanēlmasēna Dair Bir ¥rnek 

A. D¿zg¿n Kapalē ķekil 

1) ¢evre donanēm birimleri aracēlēĵē ile elde edilen 

dijital gºr¿nt¿ alēnēr. 

Ю 
 

I 
Ὢ(ὼ) =  

ẗ 
 

I 

Alt ÁÒÁÌąË <  H <  ­ÓÔ ÁÒÁÌąË 
ὠὉ(ὃὔὈ) 

Alt ÁÒÁÌąË <  S <  ­ÓÔ ÁÒÁÌąË 
ὠὉ(ὃὔὈ) 

ὃὰὸ ὥὶὥὰ Ὧ <  ὠ <  ­ίὸ ὥὶὥὰ Ὧ 

 ὖὭὯίὩὰὭ Ὧέὴώὥὰὥάὥ, ὨὩøὭὰ ὭίὩ (ὩὰίὩ) 
 

 

 

¥rnek iĸlem 

 

 

C. CannyEdge ile kenar noktalarē bulmak 

 

 

 

 
2) Alēnan gºr¿nt¿ RGB Ą HSVôye ­evrilir ve yeni 

gºr¿nt¿m¿z bu ĸekilde olur. 

 

 



3) Ardēndan InRange ile istediĵimiz renk aralēĵēnē 

se­iyoruz. (bu evrede gaussian filter kullanērsanēz 

parazitler yok olacaktēr). 
 

 

 
4) Ardēndan da canny iĸlemi ile kenarlarē 

belirtiyoruz. Buradan FindContours ile her bir 

kenar ­izgisini ayrē bir seri i­eriĵine 

kaydediyoruz. 
 

 

 
5) Her bir seriye deĵerleri kaydettikten sonra Hough 

­ember tespiti algoritmasēnē kullanarak adēm 

adēm tarama yapacaĵēmēz seride iĸlemimizi 

yapēyoruz. Bu ºrnekte toplam 8 adet i­ kont¿r ve 

1 adet ebeveyn kont¿r¿ bulunur. Ayrēca bulunan 

her kont¿r¿n y¿ksekliĵi, geniĸliĵi, a­ēsē, X ve Y 

konumu da MinAreaRect fonksiyonu ile bulunur. 

Bu ºrneĵimizde 

 
 

 

 
6)  Her ĸekle yapēlan taramanēn sonucundan sadece 

bir tanesinin eliptik bir ĸekle sahip olduĵunu 

hesaplamalar sonucunda varēyoruz. 
 

 

 
7) Ve son olarak ­ēktē gºr¿nt¿m¿z bu ĸekilde 



B. Kesilmiĸ Elips 

ķimdiye kadarki anlattēklarēmēz kapalē yani bir tam d¿zg¿n 

elips tespiti i­in idi. Lakin ortadan 2ôye ayrēlmēĸ kapalē 

olmayan elips bu durumda tespit edilemez. Bundan ºt¿r¿ 

Kont¿r birleĸtirme eylemini ger­ekleĸtiriyoruz. 
 

1) Ķlk ºnce bir parent konturunun i­erisinde en 

b¿y¿k kont¿r¿m¿z¿ se­iyoruz 
 

2) Se­ilen kont¿rde tarama yapēyoruz tarama 

sonucunda doĵruluk oranē %55ôtir. Aradēĵēmēz 

deĵerin altēndadēr. 
 

3) Bu durumda yeni bir algoritma eklenerek doĵru 

sonu­ arayēĸēna girilir. 

En b¿y¿k i­ kont¿r = A 

Aôya en yakēn i­ kont¿r = B 

A + B = C 

C yeni tarama yapacaĵēmēz kont¿r olur ve kont¿r 

iĸleminde hata payēmēz (d¿z ­izgiler) biraz daha 

fazla olacaĵēndan hata payē toleransēmēzē 

arttērērēz. Yani normalde en az %85 ise bu 

yºntemde %63ôe kadar toleransēmēz olur. 
 

4) C kont¿r¿ne yaptēĵēmēz tarama sonucunda 

deĵerimiz %64ôt¿r. Bu da bizim i­in bir eliptik 

ĸekil bulduĵumuz anlamēna gelir 
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¥zet - Nesne algēlama, gºr¿nt¿lerdeki veya videolardaki 

nesnelerin t¿r¿n¿ veya konumlarēnē belirlememizi saĵlayan bir 

bilgisayarlē gºrme teknolojisidir,  y¿z tanēma, nesne tanēma, 

s¿r¿c¿s¿z ara­lar, g¿venlik sistemleri vb. gibi ­eĸitli 

uygulamalara sahiptir.  Bu makalede, nesneleri keĸfetme 

yollarēnēn incelenmesi, geleneksel, iki  aĸamalē ve tek aĸamalē 

nesneleri algēlama tekniklerine genel bir  bakēĸ saĵlanmasē 

ama­lanmēĸtēr. Ayrēca nesne algēlama uygulamalarēnda en yaygēn 

olan uygulamalar hakkēnda bilgi  vererek basit bir  karĸēlaĸtērma 

yapmayē hedeflenmiĸtir. 

 
Anahtar Kelimeler- nesne algēlama, nesne sēnēflandērmasē, 

Derin ¥ĵrenme, evriĸimli sinir  aĵlarē, CNN. 

 

 
I. GĶRĶķ 

Nesne algēlama, gºrsel bir gºr¿nt¿ veya videoda belirli bir 

nesneyi keĸfetmeye ­alēĸtēĵē bilgisayarla gºrme gºrevlerinden 

biridir [1]. Nesne algēlamanēn amacē, bilgisayarlē gºr¿ 

uygulamalarēnēn temel problemlerinden biri olan bilgisayarlē 

gºr¿ uygulamalarēnēn ihtiya­ duyduĵu en basit bilgi 

par­alarēndan birini saĵlayan bir hesaplamalē model veya teknik 

geliĸtirmektir., Neler var? Ve nerede bulunur? [2]. Nesneleri 

algēlama, bilgisayarla gºrme alanēndaki en iyi  bilinen 

zorluklardan biridir [3]. Son on yēlda, nesne keĸfi, 

birinci bºl¿m¿nde geleneksel teknikler sunulmuĸtur. Ķkinci 

bºl¿m¿nde iki aĸamalē ve tek aĸamalē yºntemi i­eren derin 

ºĵrenmeye dayalē teknikler sunulmuĸtur, ¦­¿nc¿ Bºl¿mde en 

yaygēn tekniklerin avantaj ve dezavantajlarēnēn bir tablosu 

(basit karĸēlaĸtērma) sunulmuĸtur. Dºrd¿nc¿ bºl¿mde ise bir 

eĸyalarē keĸfetmeye yºnelik en ºnemli uygulamalardan da 

bahsedilmiĸtir. Son olarak, referanslar eklenmiĸtir. 

 
 

II.  NESNE ALGILAMA  TEKNĶKLERĶ 

Son yirmi yēlda, nesne keĸfi alanēndaki geliĸmelerin iki  

tarihsel dºnemde yapēldēĵē konusunda oybirliĵiyle kabul 

edilmiĸtir , Biri 2014 ºncesi geleneksel nesne keĸfi ­aĵē, diĵeri 

ise 2014 sonrasē derin ºĵrenmeye dayalē nesne keĸfi ­aĵē ]2[ . 

 
 

 

 

SIFT 

bilgisayarlē gºrme alanēnda en aktif ve b¿y¿yen araĸtērma alanē 

haline gelmiĸtir [4]. Bu nedenle nesne algēlama, segmentasyon, 

nesne izleme, gºr¿nt¿ a­ēklama, olay algēlama, etkinlik tanēma 

vb. gibi karmaĸēk veya ¿st d¿zey bilgisayarla gºrme gºrevlerini 

­ºzmenin temelini oluĸturur [5]. Uygulama a­ēsēndan, nesne 

keĸfi iki bºl¿me ayrēlabilir: Birincisi, "genel nesnenin keĸfi", bu 

t¿r keĸiflerde insan vizyonunu ve algēsēnē sim¿le etmek i­in 

birleĸik bir ­er­eve i­inde farklē t¿rdeki nesneleri     keĸfetmeyi     

ama­lar,     Ķkinci     ise     ñalgēlama 
uygulamalarēò, bu t¿r keĸif teknikleri de yaya algēlama, y¿z 

HOG 
 

SURF 

 

ORB 

R-CNN 

SPP-Net 

Fast R-CNN 

Faster R-CNN 

R-FCN 

FPN 

Mask R-CNN 

 

OverFeat 

YOLO 

SSD 

RetinaNet 

algēlama, metin algēlama vb. gibi ºnceden tanēmlanmēĸ t¿rleri 

keĸfetmeyi ama­lar [6] . Nesne keĸfi, robotik gºrme, otonom 

s¿r¿ĸ, insan-bilgisayar etkileĸimi, akēllē video izleme ve tēbbi 

gºr¿nt¿ algēlama dahil olmak ¿zere ­ok ­eĸitli uygulamalarē 

desteklemektedir [7]. Nesneleri algēlama teknikleri 

kapsamlēdēr ve hēzlē bir ĸekilde geliĸtirilmekte olan bilgisayar 

gºr¿ĸ¿ i­in ºnerilen bir­ok algoritma vardēr. Nesne algēlama 

i­in en uygun tekniĵi se­mek i­in test teknikleri zaman ve 

­aba gerektirir. Her teknolojinin avantajlarē ve dezavantajlarē 

olduĵundan uygun teknolojinin se­imini etkileyen bir­ok faktºr 

vardēr [8]. Bu makalede hem geleneksel nesne algēlama 

yºntemlerine hem de nesne algēlamanēn derin ºĵrenimine 

dayalē bazē teknikleri saĵlamayē ama­lanmēĸtēr. Ķlk olarak, 

Grafik 1: Nesne Algēlama Teknikleri. 

 
III.  NESNE ALGILAMADA  GELENEKSEL TEKNĶKLER 

Geleneksel nesne algēlama tekniklerinin ­oĵu, el yapēmē 

ºzellikler kullanēlarak geliĸtirilmiĸtir; 2012'den ºnce 

gºr¿nt¿leri temsil etmek i­in geliĸmiĸ tekniklerin olmamasē 

nedeniyle. Bu nedenle, araĸtērmacēlar i­in tek se­enek, sēnērlē 

hesaplama kaynaklarēnēn mevcudiyeti nedeniyle ortaya ­ēkan 

uyumsuzluĵu telafi etmek i­in ­ok ­eĸitli hēzlandērma teknikleri 

ile birlikte olduk­a karmaĸēk ºzelliklerin vektºr temsillerini 

tasarlamaktē [9]. 

Geleneksel nesne keĸfi yºntemlerinde ¿­ aĸama vardēr ve bu 

aĸamalar ĸu ĸekilde a­ēklanmaktadēr [10, 11]: 

NESNE ALGILAMA  
TEKNĶKLERĶ 

mailto:anas.rajah1@gmail.com


1) Alanē belirleme: Nesnelerin boyutu, en-boy oranē farklē 

olduĵu i­in gºr¿nt¿de farklē alanlar oluĸabilir. Bu nedenle, 

ilk aĸamada nesnenin alanēnē belirlemek gerekir; Sonu­ 

olarak, t¿m gºr¿nt¿, nesneleri algēlamak i­in ­ok ºl­ekli 

bir kayan pencere yaklaĸēmē kullanēlarak taranēr. Buna 

raĵmen, bu yaklaĸēm y¿ksek bir hesaplama maliyetine 

sahiptir ve ayrēca ­ok sayēda gereksiz se­eneĵe neden olur. 

2) ¥zellikleri ­ēkartma: Nesne bulunduktan sonra, saĵlam bir 

temsil saĵlamak i­in ºzellik ­ēkarēmē ger­ekleĸtirilir. 

Nesne tanēma ºzelliklerini ­ēkartmak i­in HOG [12] ve 

SIFT [13] gibi yºntemler kullanēlēr; Anlamlē bir temsil 

saĵlamak ¿zere. Ancak, zēt arka planlar, aydēnlatma ortamē 

ve perspektif kontrastlarē nedeniyle, her t¿r nesneyi doĵru 

ĸekilde tanēmlayan kapsamlē bir ºzellik ve manuel olarak 

tanēmlayēcēsēnē oluĸturmak ­ok zordur. 

3) Sēnēflandērma: Sēnēflandērma aĸamasēnda, hedef nesneleri 

tanēmlamak ve modelleri gºrsel algē i­in daha d¿zenli ve 

anlamlē bir ĸekilde oluĸturmak i­in sēnēflandērēcē ºrnek 

olarak kullanēlēr. 

A. SIFT 

Bu yºntem ilk  olarak 1999 yēlēnda Kanadalē Profesºr David 

G. Lowe tarafēndan tanētēldē. SIFT, konum, boyut ve dºn¿ĸe 

gºre deĵiĸmeyen sabit ana noktalarē bulabilir. Ve ge­iĸleri 

(boyut, dºnd¿rme, kērpma ve konumdaki deĵiĸiklikler) ve 

ēĸēklandērmadaki deĵiĸiklikleri belgelemek i­in g¿­l¿. Bu 

nedenle, bu teknik nesne algēlamalar i­in kullanēlabilir [13]. 

B. HOG 

Ķlk olarak 2005 yēlēnda N. Dalal ve B. Triggs tarafēndan 

tanētēldē. ¥ncelikle, eĸit aralēklē h¿crelerden oluĸan yoĵun bir 

ēzgara ¿zerinde hesaplamalar yapmak i­in tasarlanmēĸtēr. 

HOG, ­eĸitli nesne sēnēflarēnē algēlamak i­in kullanēlabilir, 

ancak yaya algēlama, HOG teknolojisinin geliĸtirilmesinin 

arkasēndaki birincil itici g¿­ olmuĸtur. HOG dedektºr¿n¿n en 

iyi  ºzelliĵi, farklē boyutlardaki nesneleri algēlamak i­in 

kullanēlabilmesi ve bu, algēlama penceresinin boyutunu 

deĵiĸtirmeden giriĸ gºr¿nt¿s¿n¿ birka­ kez yeniden 

ºl­eklendirerek elde edilebilmesidir [9, 12] 

C. SURF 

Ķlk olarak Herbert Bay ve diĵerleri tarafēndan tanētēldē. 

2006ôda. SURF, benzerlik ve gºr¿nt¿ karĸēlaĸtērmasēnēn statik 

yerel temsili i­in hēzlē ve g¿­l¿ bir algoritmadēr. SURF 

yaklaĸēmēnēn ana ilgi  alanē, kutu filtreleri kullanan operatºrlerin 

hēzlē hesaplanmasēnda yatmaktadēr, bºylece izleme ve nesne 

tanēma gibi ger­ek zamanlē uygulamalarē m¿mk¿n kēlmaktadēr. 

SIFT'ten ­ok daha hēzlē bir teknolojidir [14, 15]. 

D. ORB 

2012'de Li Xiaohong ve diĵerleri, ORB'ye dayalē dinamik 

sahneler altēnda nesne tespiti i­in yeni bir yºntem ºnerdi. Sekiz 

parametreli dºnd¿rme modelini kullanēr, hareket telafisi i­in 

genel hareket parametrelerini ­ºzmek ¿zere bunu en k¿­¿k 

kareler yºntemiyle birleĸtirir ve ­er­eve farkē yºntemini 

kullanarak nihai hareket hedefine ulaĸēr. Deneyler, bu 

yºntemin sadece SURF i­ermediĵini, aynē zamanda algēlama 

seviyelerini ve ger­ek zamanlē verimliliĵi artērdēĵēnē 

gºstermektedir. Ayrēca hareketli nesneleri ger­ek zamanlē 

olarak hēzlē ve g¿venilir bir ĸekilde takip edebilir [1, 16]. 

 
 

IV.  DERĶN ¥ĴRENMEYE DAYALI NESNE ALGILAMA 

TEKNĶKLERĶ 

Kuĸkusuz, bir ĸeyleri keĸfetmenin geleneksel yollarē hala 

etkili bir ĸekilde ­alēĸēyor ancak bilgisayarla gºr¿ alanēnda derin 

ºĵrenme, geliĸmeye b¿y¿k bir destek saĵladē ve artēk g¿nl¿k 

hayatēmēzēn bir par­asē. Sinir tabanlē yºntemler yeni ºzellikler 

ekledi, doĵruluĵu ve verimliliĵi artērdē ve Evriĸimli Sinir Aĵlarē 

(CNN'ler), Tekrarlayan Sinir Aĵlarē (RNN'ler) gibi derin 

ºĵrenme yºntemlerini kullanarak yeni teknolojiler 

geliĸtirmenin bir­ok yolunu a­tē [4]. 

Derin ºĵrenme dayalē olan (nesne keĸfi cihazlarē) iki ana 

kategoriye ayrēlabilir: Ķki aĸamalē sensºr cihazē ve tek aĸamalē 

sensºr cihazēdēr. Ķki aĸamalē sensºr cihazēndan bahsetmiĸken, 

ilk aĸamada k¿­¿k bir dizi temel ºnerme oluĸturulur, sonraki 

aĸamada ºzellik vektºrleri bu ºnerilerden ­ēkarēlēr, daha sonra 

derin evriĸimli sinir aĵlarē kullanēlarak kodlanēr ve ardēndan 

ºnceden tanēmlanmēĸ sēnēf tahminleri yapēlēr. ¥te yandan, tek 

aĸamalē bir sensºr cihazē genellikle giriĸ gºr¿nt¿s¿ndeki t¿m 

konumlarē potansiyel hedef nesneler olarak kabul eder ve her 

bir ilgi alanēnē bir hedef nesne veya sadece bir arka plan olarak 

sēnēflandērmaya ­alēĸēr. Tek aĸamalē sensºr cihazlarē ­ok daha 

hēzlēdēr ve ger­ek zamanlē nesne algēlama uygulamalarē i­in 

olduk­a uygundur, ancak genel olarak umuma a­ēk bir­ok veri 

setinde etkileyici sonu­lar saĵlayan iki  aĸamalē sensºr cihazlara 

kēyasla nispeten d¿ĸ¿k performans gºsterir [9]. 

 
Grafik 2: Genel nesne algēlama modellerinin sēnēflandērēlmasē[17]. 

 

A. Ķki aĸamalē dedektºrler 

1) R-CNN 

Ķlk olarak 2014 yēlēnda Girshick ve diĵerleri tarafēndan 

sunuldu. R-CNN, Bºlge Tabanlē Konvol¿syonel Sinir Aĵē 

anlamēna gelir. Nesne algēlama, sēnēflandērma ve yerelleĸtirme 

olmak ¿zere iki ayrē gºrevden oluĸur. Ķlk olarak, se­ici bir 

arama kullanarak sēnērlayēcē kutu alanē ("ilgi  alanē" veya "ROI") 

i­in kontrol edilebilir sayēda aday tanēmlar. Ardēndan, 

sēnēflandērma i­in her bºlgeden CNN ºzelliklerini baĵēmsēz 

olarak ­ēkarēr ve gºr¿nt¿ i­indeki nesneleri bulmak i­in bºlge 

ºnerilerini kullanēr [18]. 

2) SPP-Net 

Ķlk olarak 2014 yēlēnda He ve diĵerleri tarafēndan sunuldu. 

SPP-Net, aĵēn sabit boyut kēsētlamasēnē kaldērmak i­in 

uzamsal hiyerarĸi k¿melemesini kullanan bir baypas sinir 



mimarisidir. Spesifik olarak, son evriĸim katmanēnēn ¿st¿ne bir 

SPP katmanē ekliyoruz. SPP katmanē, ºzellikleri toplar ve daha 

sonra tamamen baĵlē katmanlara beslenen sabit uzunlukta bir 

­ēktē ¿retir. Baĸka bir deyiĸle, baĸlangē­ta kērpma veya evriĸim 

ihtiyacēnē ºnlemek i­in aĵ hiyerarĸisinin daha derin bir 

aĸamasēnda (evriĸimli katmanlar ve tam baĵlē katmanlar 

arasēnda) bazē bilgi toplama iĸlemleri ger­ekleĸtiririz [19, 20]. 

3) Fast R-CNN 

Fast R-CNN, Facebook'ta yapay zeka araĸtērmacēsē ve 

Microsoft'ta eski bir araĸtērmacē olan Ross Gerchik tarafēndan 

2015 yēlēnda ºzel olarak geliĸtirilmiĸ bir nesne dedektºr¿d¿r. 

Hēzlē R-CNN, R-CNN ile bir­ok sorunun ¿stesinden gelir. 

Adēndan da anlaĸēlacaĵē gibi Fast R-CNN'nin R-CNN'e gºre 

avantajlarēndan biri hēzēdēr [21]. 

4) Faster R-CNN 

Fast R-CNN teknolojisini tanēttēktan kēsa bir s¿re sonra 

S.Ren ve diĵerleri, 2015 yēlēnda Faster R-CNN teknolojisini 

tanēttē. Faster R-CNN, ­eĸitli boyutlarda rastgele gºr¿nt¿ler 

¿zerinde ­alēĸan ve muhtemelen her ºzellik haritasē konumunda 

bir dizi teklif oluĸturan RPN (Bºlge ¥neri Aĵē) adlē tamamen 

evriĸimli bir katman kullanēr. T¿retilmiĸ ºznitelik haritasēndan 

elde edilen ºznitelik vektºrleri daha sonra bir sēnēflandērma 

katmanēna beslenir, ardēndan nesne lokalizasyonu i­in bir 

sēnērlayēcē kutu regresyon katmanē gelir ve bu da sonunda nesne 

algēlamaya yol a­ar. Daha hēzlē R- CNN, ilk u­tan uca ve yarē 

ger­ek zamanlē derin ºĵrenme algēlama modeli olarak kabul 

edilebilir. Algēlama hēzē a­ēsēndan Faster R-CNN'nin Fast R-

CNN'den ¿st¿n olmasēna bakēlmaksēzēn, ardēĸēk algēlama 

aĸamalarēnda hala bazē hesaplama hareketsizliĵi vardēr [9, 22]. 

5) R-FCN 

Dai ve diĵerleri 2016 yēlēnda, bºlge sēnēflandērma adēmēnda 

toplam hesaplama maliyetini paylaĸan, bºlge tabanlē bir tam 

evriĸimli aĵ (R-FCN) ºnermektedir. R-FCN, bºlge bazēnda tam 

baĵlantēlē katmanlar ¿zerinde ­alēĸmadan Faster R- CNN'ye 

kēyasla daha iyi performans elde etti. Bunun nedeni, R-FCN'nin 

farklē kategorilerle ilgili  karĸēlaĸtērmalē konum bilgilerini 

kodlayan konuma duyarlē bir nokta haritasē oluĸturmasē ve 

ayrēca hedef bºlgenin her bir karĸēlaĸtērmalē konumunu 

kodlayarak uzamsal olarak bilin­li bºlgenin ºzelliklerini 

t¿retmek i­in konuma duyarlē bir k¿meleme katmanēnē 

kullanmasēdēr [23]. 

6) FPN 

Lin ve diĵerleri 2017 yēlēnda, farklē seviyelerdeki nesnelerin 

algēlanmasēnē saĵlamak i­in derin katman ºzelliklerinin sēĵ 

ºzelliklerle birleĸtirildiĵi bir FPN tekniĵi ºnerdi. Temel fikir, 

daha derin katmanlardan iyi  anlamsal ºzellikler yaratērken 

uzamsal olarak doĵru ºzellikler geliĸtirmektir. Bu FPN'nin 

geleneksel Faster R-CNN modelinde kullanēlmasē daha iyi  

algēlama sonu­larē saĵlar. Ayrēca, FPN'nin artēk en son 

dedektºrlerde temel bir yapē taĸē olduĵu da belirtilmelidir [24]. 

7) Mask R-CNN 

Mask R-CNN, gºr¿nt¿ segmentasyonu ve ºrnek 

segmentasyonu a­ēsēndan son teknoloji bir Evriĸimsel Sinir 

Aĵēdēr (CNN). He ve diĵerleri tarafēndan 2017 yēlēnda tanētēldē. 

Faster R-CNN'nin bir uzantēsē olarak, yani 

segmentasyon i­in kullanēlan sēnērlayēcē kutularē ve maskeleri 

temel ºneriler doĵrultusunda ºngºren ve en geliĸmiĸ sonu­larē 

elde eden segmentasyon [25, 26]. 

 
B. Tek kademeli dedektºrler 

1) OverFeat 

Ķlk olarak Sermanet ve diĵerleri tarafēndan sunulmuĸtur. ¢ok 

hēzlē ancak R-CNN'den daha az doĵru olan en eski derin 

ºĵrenme tabanlē nesne algēlama tekniklerinden biridir. 

OverFeat'in temel fikri,  son havuzlama katmanē DCNN'de hēzlē, 

­ok ºl­ekli bir kayan pencere kullanarak noktalarē ­ēkarmaktēr. 

Her leke i­in deĵerlendirme puanēnē tahmin eder ve lekeleri 

puanlarla iliĸkilendirir [27]. 

2) YOLO 

Ķlk olarak 2015 yēlēnda Redmon ve diĵerleri tarafēndan 

sunuldu. YOLO teknolojisinin arkasēndaki ana fikir,  gºr¿nt¿y¿ 

­oklu ēzgara h¿crelerine bºlmektir. Sēnēflandērma ve 

yerelleĸtirme algoritmalarē daha sonra her bir retinal h¿creye 

uygulanēr. Aĵdaki her nesneye karĸēlēk gelen sēnēf etiketi veya 

etiketi, nesne merkezi tarafēndan ­ºz¿mlenir. T¿m resmi 

doĵrudan eĵiterek algēlama verimliliĵini artērēr. Karmaĸēk boru 

hatlarēna sahip deĵildir ve bu onu hēzlē kēlar [28, 29]. 

3) SSD 

Ķlk olarak 2016 yēlēnda Wei Liu ve diĵerleri tarafēndan 

tanētēldē. R-CNN'de d¿ĸ¿k algēlama oranē ve YOLO'da d¿ĸ¿k 

doĵruluk sorununun ¿stesinden gelmek i­in SSD teknolojisi 

oluĸturuldu. SSD aĵ tasarēmēnēn temel fikri, hiyerarĸik ºzellik 

­ēkarēmēdēr. SSD, ºneri oluĸturmayē ve son pikselleri veya 

yeniden ºrneklemeyi ortadan kaldērdēĵē ve t¿m hesaplamalarē 

tek bir ēzgarada kaps¿llediĵi i­in nesne ºnerileri gerektiren 

yºntemler i­in basittir. Bu, SSD'nin eĵitilmesini ve bir nesne 

algēlama bileĸeni gerektiren sistemlere doĵrudan entegre 

edilmesini kolaylaĸtērēr. SSD daha doĵrudur, ancak diĵer tek 

aĸamalē yºntemlere gºre daha k¿­¿k bir girdi gºr¿nt¿ boyutuna 

sahiptir [30, 31]. 

4) RetinaNet 

Ķlk olarak 2018'de Lin ve diĵerleri tarafēndan sunuldu. 

RetinaNet, tek bir nesne algēlama paradigmasēdēr. Odak kaybē 

iĸlevi, eĵitim sērasēnda sēnēf dengesizliĵini telafi etmek i­in 

kullanēlēr. Odak kaybē, zor negatif ºrneklerde odaklanmanēn 

entropi kaybēna bir modifikasyon terimi uygular. RetinaNet, 

bir ­ekirdek aĵdan ve gºreve ºzel iki alt aĵdan oluĸan tek, 

birleĸtirilmiĸ bir aĵdēr. Omurga, t¿m giriĸ gºr¿nt¿s¿ boyunca 

evriĸimli ºzellik haritasēnēn hesaplanmasēndan sorumludur ve 

baĵēmsēz bir evriĸimli aĵdēr. Ķlk alt aĵ, omurganēn ­ēkēĸēnda 

evriĸimli bir nesneyi sēnēflandērēr; Ķkinci alt aĵ sēnērlayēcē kutu 

evriĸimli regresyon ger­ekleĸtirir. Ķki alt aĵ, yazarlarēn ºzellikle 

tek aĸamalē yoĵun algēlama i­in ºnerdiĵi basit bir tasarēma 

sahiptir [32, 33]. 



V. KARķILAķTIRMALAR 

 

A. Geleneksel nesne algēlama teknikleriyle 

karĸēlaĸtērēldēĵēnda. 

 
Tablo 1: Geleneksel nesne algēlama tekniklerinin karĸēlaĸtērēlmasē 

 

Teknikler Avantajlar Dezavantajlar 

 
SIFT 

Dºnd¿rme, ºl­ek 

deĵiĸiklikleri ve afin 

dºn¿ĸ¿mler i­in 
deĵiĸmez 

D¿ĸ¿k tespit oranē; 

Aydēnlatma 

deĵiĸimlerinde iyi  
deĵil 

 
 

HOG 

Geometrik ve 

fotometrik 

dºn¿ĸ¿mlerin 

deĵiĸmezi 

B¿y¿k hesaplama 

miktarē; D¿ĸ¿k 
tespit oranē; 

Barēnaĵē idare etmek 

zor 

 
SURF 

 

Hēzlē; SIFT ile aynē 

performansa sahiptir 

Dºnme ve 

aydēnlatma 

deĵiĸikliklerine 

karĸē kararlē deĵildir 

 

ORB 

SURF'ten daha hēzlē; 
Ķyi ger­ek zamanlē 

performans 

Y¿ksek uyumsuzluk 

oranē; 
Daha az saĵlam 

 

B. Derin ºĵrenme tabanlē nesne algēlama tekniklerine kēyasla 

1) Ķki aĸamalē dedektºrler 

 
 

Tablo 2: Karĸēlaĸtērēlan iki  aĸamalē dedektºrler 
 

Teknikler Avantajlar Dezavantajlar 

 
 

R-CNN 

¥nerilen bºlge 

sayēsē, kayan 

pencere tekniĵi ile 
karĸēlaĸtērēldēĵēnda 

daha azdēr. 

¢ok aĸamalē eĵitim; 

Yer ve zaman 

a­ēsēndan pahalē 
eĵitim; Yavaĸ nesne 

algēlama 

 
 

SPP-Net 

R-CNN'den daha 

hēzlē; ¥zelliklerin 

sēk sēk 
hesaplanmasēndan 

ka­ēnēn. 

 

Ultra derin sinir 

aĵēnēn d¿ĸ¿k 

­ºz¿n¿rl¿ĵ¿ 

 
 

Fast R-CNN 

SPP-Net ve R- 

CNN'den y¿ksek 

kaliteli algēlama; tek 

aĸamalē eĵitim 

Yavaĸ montaj; 

Se­ici arama 

yavaĸtēr, bu nedenle 
hesaplama s¿resi 

hala y¿ksektir 

 

Faster R-CNN 
Fast R-CNN'den 

Daha Hēzlē 

Yavaĸ nesne ºnerisi 

YOLO'dan daha 

yavaĸ uygulama 

 
 

R-FCN 

Kabul edilebilir 

doĵrulukla R- 
CNN'den daha hēzlē; 

daha kolay eĵitim; 

Karmaĸēklēĵē azaltēn 

 

Daha fazla hesap 

kaynaĵēna 
ihtiyacēnēz var 

 
FPN 

 

Her seviyede zengin 

semantik 

Yukarēdan aĸaĵēya 

baĵlantēnēn 
kaldērēlmasē 

doĵruluĵu azaltēr 

 

Mask R-CNN 

Eĵitilmesi kolay; Ķyi 

genelleĸtirin K¿­¿k 

genel giderler 

Her t¿rl¿ ger­ek 

zamanlē uygulama 

i­in uygun deĵildir 

2) Tek kademeli dedektºrler 

 
Tablo 3: Tek kademeli dedektºrlerin karĸēlaĸtērēlmasē 

 

Teknikler Avantajlar Dezavantajlar 

OverFeat Y¿ksek R-CNN hēzē Daha az doĵru 
  Aynē ēzgara i­indeki 
  birden fazla nesneyi 
 Verimli birleĸik algēlayamaz; 
 nesne dedektºr¿; Doĵruluk oranēndaki 

YOLO 
Son derece hēzlē; 
Hēzlē R-CNN'den 

kayēp; Bir nesneyi 
birden ­ok kez 

 daha az miktarda algēlama imkanē; 
 arka plan hatasē K¿­¿k boyutlu 
  nesneler 
  yerelleĸtirilemiyor 
 Daha Hēzlē R- 

K¿­¿k nesneler i­in 

yeterli miktarda ¿st 

d¿zey ºzellik 

oluĸturmaz 

 CNN'den Daha 

SSD Hēzlē; Daha b¿y¿k 
 nesneler i­in iyi 
 ­alēĸēr 

 
 

RetinaNet 

R-CNN'den ­ok 

daha hēzlē; ¥nceden 

ayarlanmēĸ ankrajlar 

gerekli deĵildir 

Kºĸeler oluĸturmak 

ve temel aĵē 

deĵerlendirmek i­in 

daha fazla zaman 
harcayēn 

 

 

VI.  NESNE ALGILAMA  EN ¥NEMLĶ UYGULAMALARI  

Nesne algēlama uygulamalarē, orman yangēnē algēlama ve 

nesne takibi gibi uzak nesnelerin algēlanmasēnda, g¿venlik ve 

kontrolde, insansēz hava ara­larē ve diĵer ara­larē algēlamak i­in 

otonom s¿r¿ĸte fiili kullanēmlarēnda kullanēldēĵē bir­ok alanda 

­ok yaygēn olarak kullanēlmaktadēr. Objeleri tespit etmek i­in 

tomografi ve tēbbi gºr¿nt¿leme alanēnda kullanēldēĵē i­in tēbbi 

a­ēdan da ºnemlidir. Ayrēca tarēm alanēnda vb. alanlarda 

kullanēlmaktadēr. Nesne algēlama uygulamalarēnēn 

sayamadēĵēmēz bir­ok kullanēm alanē vardēr. Bu bºl¿mde en 

yaygēn ve kullanēlan uygulamalardan bahsedilmiĸtir [28]. 

A. Y¿z tanēma. 

Y¿z algēlama, se­ilen fotoĵraflardan y¿zlerin varlēĵēnē 

algēlamayē i­eren en pop¿ler nesne algēlama uygulamalarēndan 

biridir. Konvol¿syonel sinir aĵlarē, y¿z ºzelliklerinin 

­ēkarēlmasē ve tespit edilmesinde ve nihai sonucun 

raporlanmasēnda ºnemli bir rol oynamaktadēr. Sosyal medya, 

bir fotoĵraf y¿klerken y¿z gºr¿nt¿s¿n¿ algēlamak i­in bu 

uygulamayē kullanēr ve mevcut d¿nyada son derece ºnemlidir. 

B. Ara­ algēlama. 

Baĸka bir uygulama, bu senaryoda nesne olarak hareket eden 

araba, motosiklet, otob¿s vb. ara­larēn varlēĵēnē tespit etmektir. 

Yolda hareket eden ara­larē takip etmek i­in hēz, nesne takibi 

i­in kritik  bir faktºrd¿r ve baĸarēlē olduĵu kanētlanmēĸtēr. 

C. G¿venlik ve gºzetim. 

Bu uygulama, anti-sosyal faaliyetlerin artmasē nedeniyle 

mevcut d¿nyada olduk­a deĵerlidir. Davetsiz misafirlerin, 



patlayēcēlarēn vb. uzaktan algēlama gºr¿nt¿ tabanlē tespiti bu 

kategoriye girer. Anomali tespiti, ĸirketlerin ­ok para harcadēĵē 

ve aynē zamanda bu nesne tespit uygulamalarē kategorisine 

giren bir baĸka uygulamadēr. Performansē artērmak i­in bu 

sistemleri otomatikleĸtirmek i­in bir­ok araĸtērma ­alēĸmasē 

yapēlmaktadēr. 
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Abstract ï Brushless DC (BLDC) motors are used for many 

applications because of their high torque, high efficiency, low 

acoustic noise and low maintenance cost. Recently, the interest in 

emerging adaptive controller  for  BLDC motor has been increased 

significantly. This paper surveys different  adaptive control 

strategies used for brushless DC motors. 
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I. INTRODUCTION 

Two main types of DC motors are used in industry. The 

 

 

Figure 1: Block diagram of the system. 

 
The studied brushless DC motor model is described as 

first is the conventional DC motor where the flux is produced 3 p 2l 
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permanent magnet provides the required air gap flux instead of 

the wire wound field poles. As the name suggests, brushes are 

not used for commutation. Instead, commutation is provided 

electronically. BLDC motor drives are widely used in various 

speed drive systems, especially in electric vehicles and 

industrial applications. 
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is the electrical angular speed of the rotor, p is the 

The process of designing a BLDC motor driver consists of 

complex steps such as modeling, control scheme selection, 

simulation and parameters tuning. System parameters may 

sometimes show instability due to changes in environmental 

conditions. In this case, adaptive control systems that 

number of pole pairs, l is the flux linkage established by the 

permanent magnet, J is the moment of inertia of the rotor and 

load, B is the viscous friction coefficient, T
L 

is the load torque, 

R is the stator resistance, L is stator inductance, i
q 
and 

continuously and automatically measure the dynamic i
d    

are the q, d axis stator current, v
q
 and v

d
 are the q, d axis 

characteristics of the system such as transfer function and state 

equations are preferred instead of classical feedback control. 

For a system to be adaptive, it must be self-organizing. If the 

system parameters are based on measurements from the 

environment only, it is not adaptive control. In this review 

article, studies on BLDC motor drivers using adaptive control 

are mentioned. 

 

II.  ADAPTIVE CONTROL SYSTEMS IN BLDC MOTOR 

DRIVERS 

In 2006, Jin et al. [1] presented a research study for a 

permanent magnet brushless DC motor and its adaptive 

controller. The nonlinear controller is designed with real-time 

estimation of uncertainties, such as viscous friction and load 

torque, while driving the motor follow a known speed profile. 

Virtual control is defined, and proof of asymptotic stability is 

made with the Lyapunov argument. Block diagram of the 

system is shown in Fig. 1. 

voltage respectively. In most control design, T
L 

and B are 

assumed to be some constants. However, in the proposed 

method, the relevant terms are estimated in real time.    Kan et 

al. in 2011, [2] proposed an adaptive wide angle control 

scheme to reduce the torque pulsation of BLDC motors caused 

by 120̄  commutation conduction control. The proposed scheme 

is based on an adjustable modulation waveform with wide angle 

conduction period (more than 120̄  but less than 180̄  ) and 

control the phase current to minimize the pulsation torque due 

to commutation. Block diagram of the system is shown in Fig. 

2. 

 

R 
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Figure 2: Block diagram of the adaptive wide angle PWM control 

scheme for three-phase BLDC motor. 

 

Parametric PWM modulation waveform is defined with 

three parameters (k1, k2, k3). Each switch conducts for 120̄  

and there are six steps in each periodic cycle. During each 

commutation interval, only two windings are conducted, and 

third winding is floating for 60 electrical degrees. All  terms 

and equations related to this proposed scheme are given in [2]. 

In 2014, Krishnan et al. [3] proposed an improved adaptive 

fuzzy PID controller to control speed of BLDC motor. The 

aim of this scheme is that it shows the dynamics response of 

speed with design the adaptive-fuzzy PID controller to control 

a speed of motor for keeping the motor speed to be constant 

when the load varies. The complete block diagram of speed 

control of three phase BLDC motor is below Fig. 3. 

 

 
 

Figure 3: Block diagram of speed control of BLDC motor. 

 
Inverter gate signals with electromotive forces are 

synchronized in the inner loop. The speed of the motor is 

controlled in the outer loop by changing the DC bus voltage. 

Adaptive fuzzy PID controller have two inputs (error speed, 

change in error speed) and three outputs which are Kp, Ki, and 

Kd. Simulation model of adaptive fuzzy PID controller is 

shown in fig. 4. 

 

 

 

 

 
Figure 4: Simulation model of adaptive fuzzy PID controller. 

 
The linguistic labels used to describe the fuzzy sets were zero 

(Z), negative small (NS), negative medium (NM), negative big 

(NB), positive small (PS), positive medium (PM), and positive 

big (PB). Fuzzy rules are shown as in Table 1. Each control 

input has seven fuzzy sets, so there are up to 49 fuzzy rules. 

 
Table 1: Fuzzy rules. 

 

E/CE NB NM NS Z PS PM PB 

NB NB NB NB NB NM NS Z 

NM NB NB NB NM NS Z PS 

NS NB NB NM NS Z PS PM 

Z NB NM NS Z PS PM PB 

PS NM NS Z PS PM PB PB 

PM NS Z PS PM PB PB PB 

PB Z PS PM PB PB PB PB 

Utomo et al. in 2017, [4] presented a model reference neural 

adaptive control (MRAC) based BLDC motor speed control 

scheme. Artificial  neural network (ANN) was used to build 

the inverse model of BLDC motor speed. Driver model for 

BLDC motor was shown in Fig. 5. 



 
 

 

Figure 5: MRAC based BLDC motor driver 

With a specific V
DC 

will get a specific rotation speed ( w
m 

). 

Using open loop mode then reference signal in form of expected 

rotation speed ( w
mref 

) will  compare to maximum 

rotation   speed   at   maximum V
DC 

e.g   (V
DC max 

)   to   get 

corresponding V
DC   

e.g (V
DCref   

). 

ANN consists of elements that mimic the human biological 

nervous system. ANN was used to build dynamic inverse model 

of BLDC motor. This model then used as controller. 

In 2017, Zhao et al. [5] proposed two adaptive control 

methods for speed control of Y-connection BLDC. A BLDC 

motor has three stator windings and permanent magnets on the 

rotor. Voltage equation of three windings is given as with load. 

Figure 7: Structure of adaptive control.  
 

 

 

 



where Ua, Ub, and Uc are the terminal phase voltages with respect 

to the power ground, respectively, RS is the stator resistance of 

phase windings, L is the equivalent inductance of phase windings, 

ia, ib, and ic are corresponding phase current, ea, eb, and ec are 

trapezoidal back EMFs. 
The equivalent circuit is shown in Fig. 6. 

 

 
Figure 6: Equivalent circuit of star connection BLDC motor. 

 
An adaptive control method combined with a disturbance 

observer is proposed for the BLDC motor model with parametric 

uncertainties disturbed by external disturbances with known 

structure model. All  terms and equations related to this proposed 

scheme are given in [5]. 

Mahmud et al. in 2020, [6] presented adaptive PID controller 

dependent on the extra blunder of a turn around control sign to 

comprehend non-linearity, parameter varieties and burden travel 

issues that happen in BLDC motor drive framework. 

The adaptive control structure of the proposed scheme is given 

in Fig. 7. Fig. 8 shows the overall simulation model of the 

adaptive PID controller with connected 3- phase BLDC motor  

 

 

 

 
Figure 8: Proposed simulation mode of adaptive PID 

controller. 

 
Circuit elements such as BLDC motor, PID block, adaptive 

block, MOSFET driver, IGBT driver, voltage sensor, current 

sensor, inverter, 3-phase power converter, torque load, PWM 

generator are used to prepare this controller. 

Fig. 9 is the most important parts of this research. At first, 

fixed reference R.P.M than reference rpm and load connected 

with the controller. There are two types of controller used one 

is PID and another one is the adaptive controller. After 

completing all mechanism than signal comes to MOSFET 

drive and then comes buck converter. A buck converter is a 

DC-to-DC power converter that brings down the voltage from 

its information (supply) to yield (load). Itôs also connected 

with DC voltage source, motor and output connected with 3- 

phase inverter and voltage sensor. An inverter connected with 

IGBT drive and current sensor. Current sensor connected with  

BLDC motor. 

 
 

 
Figure 9: Controller for the BLDC motor. 

 

 

 

In 2020, Rajani et al. [7] proposed DC microgrid with BLDC 

motor water pumping system. Fig. 10. shows the corresponding 

system. 

 
 

Figure 10: Proposed DC microgrid with BLDC motor water 

pumping system. 

 

Photo voltaic array, super capacitor, battery, and BLDC motor 

characteristics are given, voltage values of controllers (PI, fuzzy, 

adaptive network-based fuzzy interference system) are compared. 

The proposed ANFIS controller has proven to be more stable. Fig. 

11. shows voltage comparisons of different controllers. 



 

 
Figure 11: Voltage comparison with different controllers. 

 
Electric vehicles are on the verge of making progress with 

the support of private operators and government policies. The 

electric thrusting system is the central component of the EV. It 

consists of motor drive, power service device and wheels. In 

fact, the motor driver, working together with the electric motor, 

power converter and electronic controller, forms the core of the 

EV thrusting system. 

Patil et al. in 2020, [8] compared various direct torque 

control techniques in BLDC motor for EV. Conventional, 

adaptive flux-based control method and artificial neural 

network-based DTC methods have been compared and it has 

been proven by simulations that ANN gives better performance 

in BLDC motor. Fig. 12. shows the proposed ANN based DTC 

scheme. 

 

 
Figure 12: Proposed ANN based DTC Scheme. 

 
In 2021, Mahmud et al. [9] proposed an adaptive PID 

controller that can quickly control BLDC motors with minimal 

adjustment time and oscillation. Fig. 13. shows the proposed 

adaptive PID controller model. 

 

 
Figure 13: Proposed adaptive PID controller model. 

 
Fig. 14. Shows the different types of speed comparison with 

benchmark controller. The supply voltage is 48 V, and the 

torque load is 10 Nm-1. In this figure, blue line is a reference 

line, the yellow line is the PID controller, the pink line is the 

flower pollination algorithm (FPA), and the red line is the 

adaptive PID controller. For all conditions proposed, controller 

rise time more than better from other PID and FPA speed 

controllers. 



  
 

Figure 14: Speed (800, 1000, 1200, and 1500 RPM) on supply 

voltage 48V and torque load 10 Nm-1 comparison with benchmark 

controller. 

 
Athira et al. in 2021, [10] proposed two methods of 

regenerative braking control for EV driven by BLDC motor. 

In the proposed methods sliding mode controller provide better 

results compared to Adaptive PID controller. Fig. 15. shows 

block diagram of controller for BLDC motor. 
 

Figure 15: Block diagram of controller for BLDC motor. 

The Table 2 shows the comparison between the results with 

Adaptive PID and Sliding mode controller. In overall SMC 

produced better results such that the charging current 

magnitude and energy recovered has been increased. 
 

Table 2: Comparison of APID and SMC. 

 

Controller Torque 

(Nm) 

State of 

charge 

(%) 

Charging 

Current 

(A) 

Energy 

Recovered 

(W-s) 

Adaptive 

PID 

-3 59.99 2 650 

Sliding 

Mode 

-3 59.99 8 820 

 
SMC has reduced the stopping time compared to APID as 

shown in Fig. 16. The stopping time and distance is effectively 

reduced with sliding mode control. 

Figure 16: Stopping distance with APID and SMC control. 

 

In 2022, Guo et al. [11] presented a new adaptive saturation 

Integral Sliding Mode Controller (ADSA-ISMC) based on 

small BLDC (S-BLDC). First, a Kalman-based S-BLDC load 

disturbance observer was established, and an adaptive 

integrated sliding mode controller (AD-ISMC) was conducted 

based on the motor load obtained by the observer. Fig. 17. 

shows the structure diagram of control system. 
 

 

Figure 17: Structure diagram of control system. 

 

As can be seen from Fig. 18, the proposed ADSA-ISMC 

has the largest area among the three controllers, that is, the 

best comprehensive control performance among the three 

controllers. 

 

 
Figure 18: Controller performance index distribution. 

 
Ristiana et al. in 2022, [12] proposed advanced BLDC 



motor drive control with the principle of digital PWM 

implemented for EV which treats the motor like a digital 

system. Fig. 19. shows the block diagram of advanced BLDC 

motor driver. 
 

 
Figure 19: Advanced BLDC motor driver for EV. 

 
The digital PWM generator is affected by the PWM 

resolution (the number of variations in the value changes in 

the PWM). Related work proposed an advanced digital PWM 

control that treats BLDC motor drives like a digital system in 

Fig. 21, which is a modification of the conventional PWM 

control in Fig. 20. 
 

 

Figure 20: Conventional PWM Control. 
 

 

Figure 21: Digital PWM Control. 
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Otomotiv teknolojisindeki bu geliĸmeler, bir­ok bilimsel ve 
¥zet- Otomotiv sektºr¿nde her ge­en g¿n daha yenilik­i ve 

fonksiyonel geliĸmelerle karĸēlaĸēyoruz. Ara­larda yer alan ve 

standart ya da opsiyonel olarak sunulan ºzellikler de her ge­en 

g¿n biraz daha teknolojik hale geliyor. Otomobillerde bulunan 

sensºrler de bu teknolojik  geliĸmelerin bir  yansēmasē olarak 

karĸēmēza ­ēkēyor. G¿n¿m¿zdeki otomobillerin  bir­oĵu sahip 

olduklarē sensºrler sayesinde bilgilendirici uyarēlarē ve herhangi 

bir  arēzayē s¿r¿c¿lere anlēk olarak iletebiliyor.  Bu durum da 

s¿r¿c¿lerin kullandēklarē ara­lar ile ilgili  teĸhis koymasēnē ve olasē 

sorunlarēn b¿y¿mesini engelliyor. Ayrēca yol ve trafik  durumu 

gibi bilgilerin  paylaĸēlmasē da bu sensºrler sayesinde m¿mk¿n 

oluyor. Bu nedenle ara­larda bulunan sensºrler hem s¿r¿c¿lerin 

hem de otomobillerin  g¿venliĵi a­ēsēndan olduk­a ºnemliler. Bu 

yazēda ara­lardaki sensºrleri ve ara­ sensºr ­eĸitleri incelenmiĸtir. 

 
Anahtar Kelimeler ï sensºr, elektrikli  ara­lar, RADAR, LĶDAR, 

kamera 

 

 

I. GĶRĶķ 

on yēllarda ºzellikle otomotiv end¿strisinde, elektronik 

sistem kullanēmēna eĵilim ­ok b¿y¿k artēĸ gºstermiĸtir. Bir 

anlamda,   otomotiv  sektºr¿n¿n  geleceĵinin elektronikte 

ulaĸēlan geliĸmelere baĵlē olduĵu sºylenebilir. G¿n¿m¿zde, 

modern ara­larda  kullanēlan  elektronik sistemlerin ve 

fonksiyonlarēn sayēsē b¿y¿k artēĸ gºstermektedir. Bu geliĸmeyi 

zorlayan faktºrler, daha fazla g¿venlik gereksinimi, d¿ĸ¿k 

yakēt t¿ketimi, daha az kirlilik,  s¿r¿c¿n¿n ara­ iĸleyiĸi 

hakkēnda daha fazla bilgilendirilmesi ve yardēmcē sistemlerin 

yanē sēra eĵlence sistemleri ve konfora yºnelimlerdir. Bu 

nedenle,  bir­ok elektronik par­a ¿reticisi,  ñotomotiv 

elektroniĵi bileĸenleriò adē altēnda yeni ¿r¿n yelpazeleri 

oluĸturmuĸlardēr. Bu bileĸenler, otomobil ak¿ gerilimi, akēm 

sēnērlarē ve ortam koĸullarē dikkate alēnarak imal edilmiĸ ºzel 

yarēiletken eleman ve devrelerdir. Bilindiĵi gibi aracēn i­i, dēĸē 

ve motor bºlgesi, ºzellikle elektronik elamanlar i­in olduk­a 

zarar verici sert ortamlardēr. [1] 

 
G¿n¿m¿zde ñotomotiv elektroniĵiò ifadesi, karmaĸēk bir aĵ 

oluĸturan, geliĸmiĸ algēlayēcēlarē, kontrol birimlerini, g¿­ 

elektroniĵi devrelerini ve akt¿atºrleri ve, bunlarla b¿t¿nleĸmiĸ 

mekanik hareket sistemlerini i­ermektedirò [2]. 

teknolojik bakēĸ a­ēsēnēn otomotiv alanēna girmesine yol a­mēĸ 

ve otomotiv sektºr¿ne ºzel sensºrlerin geliĸtirilmesine katkēda 

bulunulmuĸtur. 

 

 
 

II. ARA¢LARDA KULLANILAN  SENS¥RLER 

Araba sensºrlerini bir duyu organē gibi d¿ĸ¿nebiliriz. Duyu 

organē gibi analiz eden ve sorunlarē yerinde anlēk olarak tespit 

ederler ve bizi ikaz ēĸēklarēyla bilgilendirerek bilgi aktarēmē 

iĸlemini baĸlatan bir tetikleyici gibi davranērlar [3]. 

 
¢evremizdeki sēcaklēk, basēn­, uzaklēk gibi fiziksel ortam 

deĵiĸikliklerini algēlayan cihazlara sensºr denir. Sensºrler bir 

baĸka deyiĸle algēlayēcēlardēr. Bu algēlayēcēlar fiziksel ortamla 

elektronik cihazlarē birbirine baĵlayan kºpr¿ gºrevi gºr¿rler. 

 
Bu kºpr¿ gºrevi gºren sensºrler; ara­larda yer alan s¿r¿ĸ 

g¿venliĵi, yol tutuĸu, aktarma organlarē, motor yºnetimi, aktif 

ve pasif g¿venlik sistemleri ya da konfor sistemleri gibi 

donanēmlarēn doĵru ĸekilde ­alēĸabilmesine yardēmcē olur [4]. 

 
Elektrikli ve hibrit ara­larda kullanēlan sensºrleri dahili ve 

harici sensºrler baĸlēĵē altēnda ikiye ayrēlmaktadēr. Cihazēn 

kendisiyle alakalē verilerin alēndēĵē ºrneĵin; konum, hēz, 

hēzlanma (ivmelenme), motor torku gibi veriler dahili sensºrler 

tarafēnda okunmaktadēr [5]. Cihazēn ­evresiyle alakalē verilerin 

alēndēĵē ºrneĵin; Kameralar, menzil sensºrleri (kēzēl ºtesi 

sensºr¿, lazer mesafe bulucu ve ultrasonik sensºr), yakēnlēk 

sensºrleri (foto diyot detektºr¿, dokunma) ve kuvvet sensºrleri 

gibi sensºrlere ise harici sensºrler denilmektedir. Harici 

sensºrler ­evredeki bilgileri toplamaktadēr [6]. 

 

 
 

III.  SENS¥R HABERLEķMESĶ 

 
Elektrikli ve hibrit ara­larda kullanēlan sensºrler akēm 

ĸiddeti, voltaj, diren­ gibi elektriksel deĵiĸkenleri ºl­erek 

istenilen bilgiye ulaĸmaktadēr. Bunun yanēnda ara­lardaki 

sensºrler genellikle analog sinyaller ¿retmektedirler. 
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ECU'daki (Elektronik Kontrol ¦nitesi) mikroiĸlemciler ise 

dijital sinyallerle ­alēĸērlar ve dijital sinyalleri algēlayabilirler. 

Bu nedenle herhangi bir sensºrde ¿retilen analog sinyal, 

sensºrdeki bir elektronik devreyle veya ECU'daki bir devreyle 

dijital sinyale dºn¿ĸt¿r¿l¿r. Bu sayede sinyalin parazitten 

etkilenmesi de ºnlenir [4]. G¿n¿m¿z otomobillerinde kullanēlan 

ve kullanēlmasē d¿ĸ¿n¿len veri yolu sistemleri ĸunlardēr. 

 
¶ CAN Bus 

¶ LIN Bus 

¶ MOST Bus 

¶ FlexRay 

CAN (Controller Area Network) veri yolu Bosch tarafēndan 

geliĸtirilmiĸ olan, g¿n¿m¿z¿n en ­ok kullanēlan sistemidir ve 

bir­ok sensºr CAN veri yolu ¿zerinden kontrol birimlerine 

(ECU) baĵlanmēĸtēr. [7,8]. 

 
LIN veri yolu bir se­enek olarak ger­ekleĸtirilmiĸ daha ucuz 

ve daha az problem ­ēkarmasē ama­lanmēĸ bir veri yolu 

sistemidir. Veri yollarēnēn en ºnemli ºzellikleri, otomobilin sert 

koĸullarēna uyum saĵlamasē ve oluĸabilecek elektromagnetik 

giriĸim sorunlarēndan en az etkilenmesidir. 

 
MOST daha ­ok otomobil i­inde bulunan medya ve eĵlence 

ara­larēnēn baĵlanmasē amacēyla kurulmuĸ bir aĵdēr. 

 
FlexRay geleceĵin otomobillerinde kullanēlmasē planlanan, 

ºzellikle g¿venirlik bakēmēndan x-bywire uygulamalarē i­in 

uygun olan bir veri yolu yapēsēdēr. Bu veri yolunu geliĸtirmek 

ve pazara s¿rmek i­in BMW, DaimlerChrysler, Motorola, 

Philips, GM ve Bosch ĸirketlerinin i­inde bulunduĵu bir 

konsorsiyum oluĸturulmuĸtur [9]. 

 

ķekil 1 : Ara­ iletiĸim aĵ sistemi [10] 

IV.  KTRĶKLĶ VE HĶBRĶT 

ARA¢LARDA KULLANILAN 

DAHĶLĶ SENS¥RLER 

 
Modern Elektrikli ve hibrit ara­larda ­ok sayēda ve 

­ok ama­lē sensºrler bulunmaktadēr [10]. 

 
¶ Ķvmelenme sensºr¿ 

¶ Yakēt d¿zeyi sensºr¿ 

¶ Yakēt deposu basēn­ sensºr¿ 

¶ Hēz sensºr¿ 

¶ Lastik basēn­ sensºr¿ 

¶ Sēcaklēk belirleme sensºr¿ 

¶ Nem sensºr¿ 

¶ Y¿k/aĵērlēk sensºr¿ 

¶ Soĵutma suyu seviye ve sēcaklēk sensºr¿ 

¶ Yaĵ basēncē sensºr¿ 

¶ Mesafe sensºr¿ 

Bu temel algēlayēcē elamanlarēn yanē sēra, ­arpēĸma sensºr¿, 

koltuk konum   sensºrleri gibi   bir­ok   ºzel tip sensºrlerde 

bulunmaktadēr. Sensºr elemanlarē CAN veri yolu ¿zerinden 

kontrol birimlerine baĵlanmēĸtēr [11]. 

 
Elektrikli veya hibrit ara­larda frenleme ­ok ºnemlidir. Ara­ 

frenleme yaptēĵē anda kontrol¿n¿ kaybetmemesi gerekir. Bu 

y¿zden aracēn kontrol¿n¿ kaybetmemesi i­in Hareket halindeki 

tekerleklerin dºn¿ĸ    hēzēnē    Elektronik    Kontrol ¦nitesiône 

iletilerek dºn¿ĸ hēzēna gºre frenleme yapēlmalēdēr. Teker 

hareketini ECUôya ileten sensºrlere ABS Sensºr¿ denir [4]. 

ABS (Anti Blok Sistem), direksiyon hakimiyetini kaybetmeden 

en uygun frenin yapēlmasēnē ve kazalarēn ºn¿ne ge­ilmesini 

saĵlayan sistemdir. ABS sayesinde aracēn bloke olmasē ve fren 

esnasēnda sarsēlmasē engellenir. 

 
 

ķekil 2 : ABS/Tekerlek Hēz Sensºr¿ [12] 



V.  ELEKTRĶKLĶ VE HĶBRĶT ARA¢LARDA 

KULLANILAN  HARĶCĶ SENS¥RLER 

 
Elektrikli ve Hibrit ara­larēn ­evresinden veri almasēnē 

saĵlayan sensºrlere harici sensºrler denilmektedir. Harici 

sensºrleri dahili sensºrlerden ayēran en b¿y¿k ºzellik cihazēn 

kendisinden veri almadēĵē i­in herhangi bir aksaklēk 

durumunda aracēn hareket edebilmesini kēsētlamamaktadēr. 

 
Elektrikli ve hibrit ara­larda harici sensºr olarak en ­ok 

kameralar kullanēlmaktadēr. Kameralar, aracēn ­evresini 

gºrselleĸtirmesini saĵlamaktadēr. Kameralar, ara­larda en ­ok 

otonom s¿r¿ĸ i­in kullanēlmaktadēr [13,14]. Otonom ara­larda 

kullanēlan kameralar ­ok y¿ksek ­ºz¿n¿rl¿ĵ¿ne sahiptir. 

Kamera ve bilgisayar, gºrme yazēlēmē tarafēndan iĸlenen veriler 

aracēn ­evresiyle ilgili ayrēntēlē bilgileri tanēmlamaya yardēmcē 

olmaktadērlar. 

zorluklarla karĸēlaĸmaz [17]. Saniye baĸēna toplanan nokta 

sayēsē ne kadar ­ok olursa, 3B nokta bulutu o kadar ayrēntēlē 

olabilir. 3B nokta bulutlarēnēn hēzlē g¿ncellenmesi dºnme 

hēzēyla doĵru orantēlēdēr. Iĸēk kaynaĵēnēn g¿c¿, tespit aralēĵēnē 

belirlemektedir [18]. Gºr¿ĸ alanē, LIDAR sensºr¿ tarafēndan 

gºr¿lebilen a­ēsal boyuttur. Y¿ksek ­ºz¿n¿rl¿kl¿ katē hal 

LIDAR'larē son derece d¿ĸ¿k maliyetli ve g¿venilir hale 

gelmektedir. Uygun fiyatlē olmalarē otonom s¿r¿ĸ¿n geleceĵi 

i­in ºnemli geliĸmelerin ºn¿n¿ a­acaktēr. 

 
 

ķekil 4 : Toplanan LIDAR gºr¿nt¿s¿ ve ilgili  fotoĵraf gºr¿nt¿s¿ [19] 
 

 

 

 

 

 

 

 

 

 

 

 

ķekil 3 : Ara­ ¿zerine kamera yerleĸimi [4] 

 
Kameralarēn algē kalitesini etkileyen odak uzaklēĵē, alan 

derinliĵi ve kare hēzē gibi ºzellikleri vardēr. ¦st ¿ste binen gºr¿ĸ 

alanlarēna ve hizalanmēĸ gºr¿nt¿ d¿zlemlerine sahip iki kamera 

kombinasyonuna stereo kamera denir. Stereo kamera, bir 

kiĸinin bir nesneyi gºr¿nt¿leme prensibi ile aynē ĸekilde stereo 

kamera (iki gºzl¿ kamera) kullanarak bir nesneyi birden fazla 

farklē yºnden aynē anda fotoĵraflayan bir kameradēr. 

Kameranēn pikselinin konum bilgisinden derinlik yºn¿nde bilgi 

ºl­ebilen bir kameradēr. 

 
Kameranēn yanē sēra ēĸēk algēlama ve deĵiĸen sensºr 

anlamēna gelen LIDAR kullanēlmaktadēr [15]. LIDAR 

sensºrleri, bir alanē kaplamak ve geri dºnen sinyalleri 3D nokta 

bulutuna derlemek i­in saniyede 50.000- 200.000 darbe 

gºndermektedir. ķekil 4ôte gºsterildiĵi gibi ardēĸēk algēlanan 

nokta bulutlarēndaki farkē karĸēlaĸtērarak, nesneler ve 

hareketleri, 250 metreye kadar bir 3B harita oluĸturulacak 

ĸekilde tespit edilebilmektedir [16]. LIDAR kendi ēĸēk 

kaynaklarēna sahip aktif bir sensºr olduĵundan zayēf veya 

deĵiĸken aydēnlatma koĸullarēnda ­alēĸērken kameralarla aynē 

Radar sensºrler, aynē yºnde ve ĸeritte giden ara­larē tespit 

etmek amacēyla kullanēlēr. FMCW (Frequency Modulated 

Continuous Wave) adē verilen teknoloji ile algēlama yapar ve 

vin­, tren, kamyon, tēr gibi b¿y¿k hedefleri en zorlu atmosfer 

koĸullarēnda dahi algēlar [4]. Radyo dalgalarē ēĸēk hēzēnda 

hareket eder ve elektromanyetik spektrumun en d¿ĸ¿k 

frekansēna sahiptir. RADAR uzun mesafeleri kapsar ve 

ortamdaki b¿y¿k nesneleri iyi  bir ĸekilde algēlamaktadēr. 

Manyetik dalgalarē kullandēĵē i­in yaĵēĸ ve kar gibi olumsuz 

havalardan etkilenmez. RADAR, algēlama aralēĵē, gºr¿ĸ alanē, 

konum ve hēz ºl­¿m doĵruluĵu gibi temel ºzelliklere gºre 

se­ilir [18]. RADAR ôda geniĸ a­ēlē gºr¿ĸ alanē istenirse 

menzilin kēsa olmalē ya da tam tersi dar bir gºr¿ĸ alanē ancak 

daha uzun bir menzil anlamēna gelmektedir. Bir sonraki sensºr 

d¿ĸ¿k maliyetli ultrasonik veya sonar kēsa menzilli sensºr 

olduklarē i­in park senaryolarē ve aracēn diĵer arabalara ­ok 

yakēn hareketler yapmasēnda kolaylēklar saĵlamaktadēr. 

 
Tablo 1. Otonom ara­larda kullanēlan ­eĸitli sensºrlerin 

karĸēlaĸtērēlmasē [20] 

SENS¥R 
¥L¢¦ 

ARALIĴI (m) 
FĶYAT ($) 

VERĶ ORANI 

(Mbps) 

Kamera 0 ï 250 4 ï 200 500 ï 3500 

Ultrasonik 0.02 ï 10 30 ï 400 <0.01 

RADAR 0.2 ï 300 30 - 400 0.1 - 15 

LĶDAR 0 - 250 
1000 ï 

75000 
20 - 100 

 

Sonar sensºrler RADAR ve LĶDAR gibi aydēnlatma ve ­evre 

koĸullarēndan etkilenmezler. Tablo 1.ôde gºsterildiĵi gibi sonar 

ºl­ebilecekleri maksimum menzil, gºr¿ĸ alanē tespiti ve 

maliyetlerine gºre se­ilir. 



Aracēn yerel ortamdaki gºreceli konumunu bilmenin yanē 

sēra, kullanēcēnēn hedefine doĵru bir yol belirleyebilmek i­in 

D¿nya ¿zerindeki k¿resel konumunu da bilmesi gerekmektedir 

[21]. Varsayēlan coĵrafi konum belirleme yºntemi, aracēn 

gezegendeki yeri i­in genel bir referans ­er­evesi saĵlayan 

GNSSôdir. GNSS, birka­ metre kadar b¿y¿k bir hataya sahip 

olabileceĵinden, konum bilgisi atalet sensºr¿ ve kameranēn 

bilgisiyle kaynaĸtērēlarak iyileĸtirilebilir. Bu ĸekilde, 

konumlandērma bilgisi ­ok daha kesin olacaktēr. [20]. 

 
IMU, uzayda hareket halindeki bir cismin ¿st¿nde oluĸan 3 

eksen ivme ve 3 eksen dºnme kuvvetini ºl­mek i­in iki tip 

sensºrden oluĸur. IMU sistemin ivmelenmesini, a­ēsal 

hēzlanmasēnē ve dºn¿kl¿klerini ºl­erek bu verileri sistemin 

anlēk konum verilerine dºn¿ĸt¿rmektedir. Son olarak tekerlek 

kilometre sayacē (Odometri) hareket sensºrlerinden gelen 

bilgileri kullanarak aracēn pozisyonun tahmin edilmesi iĸlemini 

ger­ekleĸtirmektedir. Ara­ tekerleklerinde bulunan sensºr 

vasētasēyla tekerleklerin dºn¿ĸ sayēsē, hēzē bilinerek aracēn 

nerede olacaĵē tahmin edilebilmektedir. 
 

ķekil 5. Ara­ ¿zerindeki harici sensºrlerin yerleĸimi 

 
VI. SONU¢ 

Otomobillerde ilk  elektronik elamanlarēn kullanēmēna 

1950ôli yēllarda baĸlanmēĸtēr. Bu elemanlar, araba radyosu 

transistºrleri ve alternatºrlerde kullanēlan diyotlardē. 

Otomobillerin g¿n¿m¿ze ulaĸan geliĸimlerinde elektrikli ve 

hibrit ara­ oluĸumu geniĸledik­e ara­larda kullanēlan elektronik 

ekipmanlarda da geliĸim gºstermiĸtir.Ara­larda kullanēlan 

elektronik ekipmanlarēn baĸlarēnda da sensºrler gelmektedir. 

Bu ­alēĸmada da elektrikli ve hibrit ara­larda kullanēlan bazē 

sensºrler derinlemesine incelenmiĸ ve bazē sensºrler arasēnda 

performans karĸēlaĸtērēlmalarē yapēlmēĸtēr. 
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Abstract ï Roller compacted concrete is like conventional 

concrete in terms of ingredients and performance criteria. It is 

widely used in roads dams. Cement replacement materials, 

alternative aggregates and fibers are widely incorporated in roller  

compacted concrete with  the purpose of achieving better 

performance and sustainability. These alternative materials along 

with mixture design, type of cement, existence of plasticizer have 

an effect on properties of RCC. Vebe time of R0 was determined 

to be 31 second which is similar with the sample contains 0.25% 

pigment. Beyond 0.25% of pigment addition by weight of cement 

vebe time noticeably increases. Vebe time of samples that have 1% 

color pigment were determined to be 36 second. Addition  of 

pigment has negative impact on vebe time and workability  of roller  

compacted concrete. 

 
Keywords ï roller compacted concrete, color pigment, fresh 

state of roller  compacted concrete, vebe test. 

 

 

I. INTRODUCTION 

OLLER compacted concrete (RCC) is widely known as dry 

mix and zero slump concrete [1]. Even RCC contains same 

materials with traditional concrete binder content is less in RCC 

[2,3]. Like conventional concrete cement replacement 

materials[2,4ï11], alternative aggregates [12ï16], and 

fibers[17ï22] were commonly used in RCC with the purpose of 

achieving sustainability and better mechanical and durability 

properties. Roller compacted concrete is mainly used in dams 

and pavements. Figure 1 represents use of RCC in dams in 

countries. 

Similar to traditional concrete it requires to achieve certain level of 

compressive strength. Minimum compressive strength of 28 

Days RCC for the environment without freeze and thaw [23] is 

28 MPa while 31 MPa is required RCC that is exposed to freeze 

and thaw effect. 

Consistency and workability of traditional concrete is 

determined by slump test while vebe test is required for RCC 

[24]. ACI 325[23] defines suitable vebe time range is 30-40 

seconds while the other studies suggest different ranges 20-40 s 

[25], 23-50 s[26], 47-65 s[27]. Chhorn et al. states 20-75 second 

of vebe time is acceptable [28]. While various vebe times have 

been put forward, vebe time of concrete depends on aggregate 

gradation, properties of cement, admixtures, and 

mixing procedure. Further when fiber is utilized in RCC it is 

vital to determine the optimum fiber volume fraction to cement 

paste ratio in order to obtain best workability[17]. Shamsaei et 

al. [29] investigated effects of utilization of cross-linked 

polyethylene was as aggregate in roller compacted concrete. 

With the increased EXLPE amount, the workability of RCC 
 

Figure 1: Roller compacted concrete distribution [30]. 

 

increased and vebe time decreased. This could be attributed to 

lower water absorption of XLPE in comparison to natural 

aggregates. Hence, free water in the mixture leads better 

workability and shorter vebe time. Algēn et al. [31] studied 

effects of macro synthetic fibers on fresh and hardened 

properties of roller compacted concrete. Vebe time of control 

mixture was determined to be 20 second. They incorporated 

0.2%, 0.4% and 0.6% macro synthetic fiber in their studies and 

relevant vebe times were determined to be 40, 44 and 46 

second. It was concluded that inclusion of macro synthetic fiber 

has negative impact on workability of RCC due to high water 

absorption capacity of the utilized fiber. 

Benouadah et al.[32] investigated physical and mechanical 

behavior of polypropylene fiber added roller compacted 
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concrete. The amount of polypropylene was 0.5, 1, 1.5, 2 and 

2.5 kg/m3. Vebe time of control mixture was determined to be 

37 while the others were determined to be 45, 47, 51, 54, 59 s 

respectively. It was proved that increase in the amount of 

polypropylene has negative impact on vebe time and 

workability of roller compacted concrete. 

In the other study [33] shredded rubber tire was utilized as 

replacement of aggregate in roller compacted concrete. Rubber 

content was by weight of aggregate. Vebe time was determined 

to be 33 second on control mixture while the lowest vebe time 

was determined to 24 second on the mixture contains 30% of 

shredded rubber tire as aggregate. 

In the recent study [34] effect of low fines content sand or 

limestone modified sand instead of standard sand in RCC was 

evaluated on vebe time. Utilization of low fines content and 

limestone modified sand as replacement of natural aggregate 

results an increase in vebe time from 26 second to 34 seconds. 

Adamu and Mohammad [35] replaced fine aggregate with 

crumb rubber in RCC. Four level of replacement 0%, 10%, 

20%, 30% by volume of fine aggregate was performed. With 

the increase of crumb rubber amount vebe time of RCC 

mixtures showed decreasing trend. Vebe time of control 

mixture is 33 seconds. Crumb rubber added mixtures (10%, 

20%, 30%) show less vebe time 30s, 25s, 21s. this decrease is 

a result of hydrophobic nature of crumb rubber. Crumb rubber 

incorporated mixtures have negative impact on workability and 

vebe time of roller compacted concrete samples. 

Within the scope of this study color pigment incorporated roller 

compacted samples were prepared and their fresh properties are 

observed. 

 

II.  MATERIALS AND METHODS 

Gradation of utilized aggregate is shown in figure 2 and photo 

of aggregates presented in figure 3. 

 

 
Figure 2: Aggregate gradation 

 

 

Figure 2: Utilized aggregate 

 

Yellow pigment was utilized in the samples. Photo of 

pigment is presented in figure 2. 
 

 
Figure 3: Utilized pigment 

 
5 different samples were prepared. The names of samples are 

R0, P0.25, P0.5, P0.75 and P1 and the amount of pigment are 

0%, 0.25%, 0.5%, 0.75 and 1% of cement by weight 

respectively. Preparation of samples for vebe test is shown in 

figure 4. 
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Figure 4: Preparation of samples for Vebe test 

Table 1:Pigment properties. 
 

Property Value Reference 

Size of Particle (325 mesh) 0.55 ASTM D 185 

Fe2O3 83 ASTM D-50-81 

Moisture 105Co% 0.4 ASTM D-280-33 

Oil absorption 55 ASTM D-281 

Water soluable salt % 0.61 ASTM D-1208 

PH(%5 water solution) 7  

Ignition Lost 1000C % 13 ASTM D-50 

Chemical Formula FeO(OH).nH2O  

 

In all the concrete mixtures water/binder ratio is the same 

furthermore the other ingredients are same as well. Only 

difference in the samples is the amount of color pigment. 
Characteristics of utilized cement are presented in table 2. 

 
Table 2: Cement properties 

 

 

Chemical and Physical 

Properties 

 

Upper and Lower Limits as per 

EN 197-1 

Min. Max 

Insoluble 

Residue 
 

0.17% 
 

- 
 

0.17% 

SiO2 21.61% - 21.61% 

Al 2O3 4.07% - 4.07% 
Fe2O3 0.27% - 0.27% 

CaO 65.71% - 65.71% 

MgO 1.32% - 1.32% 

SO3 3.34% - 3.34% 

Loss ēn Ignition 3.21% - 3.21% 

Na2O 0.31% - 0.31% 

K2O 0.34% - 0.34% 

Chloride(Cl-) 0.01% - 0.01% 

Free CaO 1.60% - 1.60% 

 
Specific Weight 

3.06 
gr/cm3 

 
- 

 
3.06 gr/cm3 

Specific Surface 

Area (Blaine) 
4600 
cm2/gr 

 
- 

 
4600 cm2/gr 

 
Initial Setting 

100 
mnt. 

 
45 

 
100 mnt. 

 
Final Setting 

130 
mnt. 

 
- 

 
130 mnt. 

Water 30% - 30% 

 

III.  TEST RESULTS 

 
Density of all the samples were determined and presented in 

figure 5 below. Addition of pigment has small enhancing 

effect on the density. 

 
 

 

Figure 5: Density of Fresh Concrete 

 

Vebe test was carried out in accordance with ASTM C 1170- 

91[36]. Vebe test results are presented in figure 6. Vebe time 

of R0 was determined to be 31 second which is similar with 

the sample contains 0.25% pigment. 

 

 

 

 

 
   

  

    

     

    

        

      

      

 
 

Figure 6: Vebe test results 

 

Beyond 0.25% of pigment addition by weight of cement vebe 

time noticeably increases. Vebe time of samples that have 1% 

color pigment were determined to be 36 second. Addition of 

pigment has negative impact on vebe time and workability of 

Density of Fresh Concrete (kg/m3) 
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2341,0 
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R0 P0.25 P0.5 P0.75 P1 



roller compacted concrete. The particle size of pigment is 

greater than particles of cement. This might provide an 

advantage in comparison to pozzolanic materials of which 

particle size is smaller than cement. It can be concluded that 

with this particle color pigment do not harm vebe time very 

badly in comparison to some other pozzolanic materials. In this 

study cost of pigment incorporation was not investigated 

similarly beyond 1% of pigment incorporation was not 

investigated. 1% was determined from the literature studies. In 

the future studies these points should be investigated. 

 
ACKNOWLEDGMENT 

This research has been carried out with the support of 

Konya Technical University Scientific Research Projects 

Coordinatorship under Project Number of 21104015 as part of 

PhD study of Gokhan Calis. The authors would like to thank 

Konya Technical University for their support. 

 
 

REFERENCES 

 

[1] P. Shafigh, M. Hashemi, B.H. Nam, S. Koting, Optimum moisture 
content in roller-compacted concrete pavement, Int. J. Pavement Eng. 

21 (2020) 1769ï1779. 

https://doi.org/10.1080/10298436.2019.1567919. 

[2] S. Husein Bayqra, A. Mardani-Aghabaglou, K. Ramyar, Physical and 
mechanical properties of high volume fly  ash roller compacted 

concrete pavement (A laboratory and case study), Constr. Build. 

Mater. 314 (2022). 
https://doi.org/10.1016/j.conbuildmat.2021.125664. 

[3] ķ. Yazici, A. Mardani-Aghabaglou, M. Tuyan, A.A. ¦te, Mechanical 

properties and impact resistance of roller-compacted concrete 
containing polypropylene fibre, Mag. Concr. Res. 67 (2015). 

https://doi.org/10.1680/macr.14.00242. 

[4] S.A. Yildizel, O. Timur, A.U. Ozturk, Abrasion Resistance and 
Mechanical Properties of Waste-Glass-Fiber-Reinforced Roller- 

compacted Concrete, Mech. Compos. Mater. 54 (2018). 

https://doi.org/10.1007/s11029-018-9736-6. 

[5] S. Alireza, M. Rad, A. Modarres, Cold Regions Science and 
Technology Durability properties of non-air entrained roller 

compacted concrete pavement containing coal waste ash in presence 

of de-icing salts, Cold Reg. Sci. Technol. 137 (2017) 48ï59. 
https://doi.org/10.1016/j.coldregions.2017.02.006. 

[6] H. Rooholamini, R. Sedghi, B. Ghobadipour, M. Adresi, Effect of 

electric arc furnace steel slag on the mechanical and fracture 
properties of roller-compacted concrete, Constr. Build. Mater. 211 

(2019) 88ï98. https://doi.org/10.1016/j.conbuildmat.2019.03.223. 

[7] S.K. Rao, P. Sravana, T.C. Rao, Investigating the effect of M-sand on 
abrasion resistance of Roller Compacted Concrete containing GGBS, 

Constr. Build. Mater. 122 (2016) 191ï201. 

https://doi.org/10.1016/j.conbuildmat.2016.06.054. 

[8] A. Yerramala, K. Ganesh Babu, Transport properties of high volume 

fly ash roller compacted concrete, Cem. Concr. Compos. 33 (2011) 

1057ï1062. https://doi.org/10.1016/j.cemconcomp.2011.07.010. 
[9] A. Mardani-Aghabaglou, K. Ramyar, Mechanical properties of high- 

volume fly ash roller compacted concrete designed by maximum 

density method, Constr. Build. Mater. (2013). 
https://doi.org/10.1016/j.conbuildmat.2012.07.109. 

[10] D. Tavakoli, P. Fakharian, J. de Brito, Mechanical properties of 

roller-compacted concrete pavement containing recycled brick 
aggregates and silica fume, Road Mater. Pavement Des. (2021). 

https://doi.org/10.1080/14680629.2021.1924236. 

[11] C.D. Atiĸ, U.K. Sevim, F. ¥zcan, C. Bilim, O. Karahan, A.H. 

Tanrikulu, A. Ekĸi, Strength properties of roller compacted concrete 
containing a non-standard high calcium fly ash, Mater. Lett. 58 

(2004) 1446ï1450. https://doi.org/10.1016/j.matlet.2003.10.007. 

[12] M. Selvam, S. Debbarma, S. Singh, X. Shi, Utilization of alternative 

aggregates for roller compacted concrete pavements ï A state-of-the- 

art review, Constr. Build. Mater. 317 (2022) 125838. 
https://doi.org/10.1016/j.conbuildmat.2021.125838. 

[13] E. Sheikh, S.R. Mousavi, I. Afshoon, Producing green Roller 

Compacted Concrete (RCC) using fine copper slag aggregates, J. 

Clean. Prod. 368 (2022) 133005. 
https://doi.org/10.1016/j.jclepro.2022.133005. 

[14] S. Debbarma, G.D. Ransinchung, Achieving sustainability in roller 
compacted concrete pavement mixes using reclaimed asphalt 

pavement aggregates ï state of the art review, J. Clean. Prod. 287 

(2021). https://doi.org/10.1016/j.jclepro.2020.125078. 
[15] S. Debbarma, G.D. Ransinchung, S. Singh, S.K. Sahdeo, Utilization 

of industrial and agricultural wastes for productions of sustainable 

roller compacted concrete pavement mixes containing reclaimed 
asphalt pavement aggregates, Resour. Conserv. Recycl. 152 (2020) 

104504. https://doi.org/10.1016/j.resconrec.2019.104504. 

[16] S. Singh, G.D.R.N. Ransinchung, P. Kumar, Feasibility study of RAP 
aggregates in cement concrete pavements, Road Mater. Pavement 

Des. 20 (2019) 151ï170. 

https://doi.org/10.1080/14680629.2017.1380071. 
[17] K. Siamardi, S. Shabani, Evaluation the effect of micro-synthetic 

fiber on mechanical and freeze-thaw behavior of non-air-entrained 

roller compacted concrete pavement using response surface 
methodology, Constr. Build. Mater. 295 (2021) 123628. 
https://doi.org/10.1016/j.conbuildmat.2021.123628. 

[18] M. Ahmadi, G.A. Shafabakhsh, A. Hassani, Fracture and mechanical 

performance of Two-Lift  Concrete Pavements made of Roller 
Compacted Concrete and Polypropylene Fibers, Constr. Build. 

Mater. 268 (2021). 

https://doi.org/10.1016/j.conbuildmat.2020.121144. 
[19] K. Neocleous, H. Angelakopoulos, K. Pilakoutas, M. Guadagnin, 

Fibre-reinforced roller compacted concrete transport pavements, 

Proc. Inst. Civ. Eng. Transp. 164 (2011) 97ï109. 
https://doi.org/10.1680/tran.9.00043. 

[20] D. Scorza, R. Luciano, S. Mousa, S. Vantadori, Fracture behaviour of 

hybrid fibre-reinforced roller-compacted concrete used in pavements, 
Constr. Build. Mater. 271 (2021). 

https://doi.org/10.1016/j.conbuildmat.2020.121554. 

[21] S.K. Lee, M.J. Jeon, S.S. Cha, C.G. Park, Mechanical and 
permeability characteristics of latex-modified fiber-reinforced roller- 

compacted rapid-hardening-cement concrete for pavement repair, 

Appl. Sci. 7 (2017). https://doi.org/10.3390/app7070694. 

[22] R. Zabihia, J. Nejad, Investigating the strength indices of roller 

compacted concrete containing propylene fibers for the pavement of 
roads, Rev. QUID. 1 (2017) 475ï483. 

[23] ACI 327, Guide to Roller-Compacted Concrete Pavements, Am. 

Concr. Inst. 327R (2015). 
[24] ACI 327, Guide to Roller-Compacted Concrete Pavements, 2015. 

[25] K. Khayat, N. Libre, Roller Compacted Concrete : Field Evaluation 
and Mixture Optimization, A Natl. Univ. Transp. Cent. Missouri 

Univ. Sci. Technol. August (2014) 118. 

[26] C. Hazaree, H. Ceylan, K. Wang, Influences of mixture composition 
on properties and freeze-thaw resistance of RCC, Constr. Build. 

Mater. 25 (2011) 313ï319. 

https://doi.org/10.1016/j.conbuildmat.2010.06.023. 
[27] C. Chhorn, S.J. Hong, S.W. Lee, A study on performance of roller- 

compacted concrete for pavement, Constr. Build. Mater. 153 (2017) 

535ï543. https://doi.org/10.1016/j.conbuildmat.2017.07.135. 

[28] C. Chhorn, S.J. Hong, S.W. Lee, ScienceDirect Relationship between 

compressive and tensile strengths of roller-compacted concrete, J. 

Traffic Transp. Eng. (English Ed. 5 (2017) 215ï223. 

https://doi.org/10.1016/j.jtte.2017.09.002. 

[29] M. Shamsaei, I. Aghayan, K.A. Kazemi, Experimental investigation 
of using cross-linked polyethylene waste as aggregate in roller 

compacted concrete pavement, J. Clean. Prod. 165 (2017) 290ï297. 

https://doi.org/10.1016/j.jclepro.2017.07.109. 
[30] G.M. Sabnis, Green Building with Concrete Sustainable Design and 

Construction, 2nd ed., Taylor & Francis Group, New York, 2016. 

[31] Z. ALGIN, K. MERMERDAķ, M.S. ZEYNEPLĶ, SĶLĶNDĶRLE 
Sikiĸtirilmiĸ Betonda MakroSentetē→k Elyaf KullanimininOptē→mum 

Ķ­erē→ĵē→ne  Ve  Betonun  Dayani¥zellē→klerē→nEtkē→sē→,  ¥mer  Halisdemir 

¦niversitesi M¿hendislik Bilim. Derg. 8 (2019) 992ï1004. 
https://doi.org/10.28948/ngumuh.534055. 



[32] A. Benouadah, M. Beddar, A. Meddah, Physical and mechanical 

behaviour of a roller compacted concrete reinforced with 

polypropylene fiber, J. Fundam. Appl. Sci. 9 (2017) 623. 
https://doi.org/10.4314/jfas.v9i2.1. 

[33] A. Meddah, M. Beddar, A. Bali, Use of shredded rubber tire 

aggregates for roller compacted concrete pavement, J. Clean. Prod. 

72 (2014) 187ï192. https://doi.org/10.1016/j.jclepro.2014.02.052. 

[34] M. Hashemi, P. Shafigh, M. Abbasi, I. Asadi, The effect of using low 
fines content sand on the fresh and hardened properties of roller- 

compacted concrete pavement, Case Stud. Constr. Mater. 11 (2019) 

1ï11. https://doi.org/10.1016/j.cscm.2019.e00230. 
[35] B.S. Mohammed, M. Adamu, Mechanical performance of roller 

compacted concrete pavement containing crumb rubber and nano 
silica, Constr. Build. Mater. 159 (2018) 234ï251. 

https://doi.org/10.1016/j.conbuildmat.2017.10.098. 

[36] A.C. C, Determining Consistency and Density of Roller-Compacted 
Concrete Using a Vibrating Table 1, Annu. B. ASTM Stand. 91 

(1998) 1ï5. 



Yerleĸik ķarj Birimi  Tasarimi 

Halide G¿lh¿da AYYILDIZ 1 and ķinasi ERG¦N2 

1 Selcuk University, Konya/Turkey, halideayyildiz@hotmail.com 
2Selcuk University, Konya/Turkey, sinasiergun@hotmail.com 

 

Abstract - The on-board charging unit is a switched-mode power 

supply, which is usually found stationary in electric vehicles and 

has the ability to charge the battery by feeding it over the mains 

voltage. There are several different methods used when charging 

vehicles. These methods are constant current charging, constant 

voltage charging and constant current ï constant voltage charging. 

The issues to be considered when choosing the charging methods 

to be used vary according to the selected charging method. In 

addition to these, there are also different  charger October 

topologies in this unit.  These topologies are; switching chargers are 

linear regulator, shunt regulator, buck regulator, pulse charger 

and inductive charging. Another consideration to be considered 

when designing the on-board charging unit is the voltage value of 

the battery to be used in electric vehicles. If you want to design a 

charger with a fast charging feature, the ampere value is another 

important  point. 

Keywords - Embedded Recharging Unit,  Electric Vehicle, 

Battery, Power Supply, Charger. 

 
¥zet - Yerleĸik ĸarj birimi, genellikle elektrikli ara­larda sabit 

olarak bulunan ve bataryayē ĸebeke gerilimi  ¿zerinden besleyerek 

ĸarj edebilme yeteneĵine sahip anahtarlamalē bir g¿­ kaynaĵēdēr. 

Ara­larē ĸarj ederken kullanēlan birka­ farklē yºntem 

bulunmaktadēr. Bu yºntemler; sabit akēmda ĸarj, sabit gerilimde 

ĸarj ve sabit akēm ï sabit gerilimde ĸarjdēr. Kullanēlacak olan ĸarj 

yºntemleri se­ilirken dikkat edilmesi gereken hususlar, se­ilen 

ĸarj etme ĸekline gºre deĵiĸiklik gºstermektedir. Bunlara ek 

olarak bu birimde farklē ĸarj cihazē topolojileri de vardēr. Bu 

topolojiler; anahtarlamalē ĸarj cihazlarē, doĵrusal reg¿latºr, ĸºnt 

reg¿latºr, buck reg¿latºr¿, darbeli ĸarj cihazē ve end¿ktif ĸarjdēr. 

Yerleĸik ĸarj birimi tasarlanērken dikkat edilmesi gereken bir diĵer 

husus ise elektrikli ara­larda kullanēlacak olan bataryanēn voltaj 

deĵeridir. Eĵer hēzlē ĸarj ºzelliĵinde bir ĸarj cihazē tasarlanmak 

isteniyor ise amper deĵeri de bir  diĵer ºnemli  noktadēr. 

Anahtar Kelimele r- Yerleĸik ķarj Birimi,  Elektrikli  Ara­, Batarya, 

G¿­ Kaynaĵē, ķarj Cihazē 

 

 

 
I. GIRIķ 

G¿n¿m¿zde geliĸen teknolojiler ile ºnemli ºl­¿de hayatē 

etkilen ­evre ve hava kirliliĵinin de etkisiyle elektrikli 

ara­lara olan talep artmēĸ durumdadēr. Bu artēĸ ile birlikte 

elektrikli ara­larda kullanēlmak ¿zere bataryalar ve bu 

bataryalarē ĸarj edebilecek kapasiteye sahip g¿­ 

kaynaklarēna da ihtiya­ duyulmuĸtur. Bir yerleĸik ĸarj 

birimi ara­ta bulunan bataryayē ĸarj edebilecek ºzellikte bir 

g¿­ kaynaĵēdēr. Elektrikli ara­larda kullanēlan bataryalar 

genel itibari ile tekrar ĸarj edilebilir pillerden 

¿retilmektedirler. Kurĸun-asit, nikel metal hidrid (NiMH), 

nikel-kadmiyum (NiCd), Lityum iyon (Li-ion), Lityum- 

demir fosfat (LiFePO4) gibi ĸarj edilebilir b¿t¿n bataryalar 

aynē temel prensibe gºre ­alēĸērlar [5], Bu pilleri istenilen 

ĸekilde ĸarj edebilmek de ĸarj cihazēnēn gºrevidir. Bu ĸarj 

cihazlarē tasarlanērken dikkat edilmesi gereken hususlar 

vardēr. ¥rneĵin; batarya voltajēnēn gerilimi, pillerin amper 

deĵerleri bu hususlardan birka­ēdēr. 

Tasarēmcēnēn, bataryayē ĸarj ederken kullanabileceĵi birka­ 

yºntem vardēr. Bunlar; sabit akēmda ĸarj, sabit gerilimde 

ĸarj ve sabit akēm sabit gerilimde ĸarjdēr. Bu yºntemler 

se­ilirken dikkat edilecek ºzellikleri hepsinde farklēdēr. 

Aĸaĵēdaki ķekil 1.1.ôde standart bir doĵrultucu ºrneĵi 

verilmiĸtir. 

 

ķekil 1.1. Standart bir doĵrultucu 
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Yerleĸik ĸarj birimi, doĵrultuculardan ve ­eviricilerden 

oluĸurlar. Doĵrultucunun gºrevi, tek faz alternatif ĸebeke 

gerilimini diyotlar ile doĵrultmaktēr. Daha sonra 

doĵrultulan gerilim filtrelenerek DC gerilime yakēn bir 

gerilim elde edilir. Ķzolasyonlu DC-DC ­eviricilerin ise 

dºrt farklē ­eĸidi vardēr. Bunlar: 

a. Flyback : < 150 Watt 

b. Forward: 50-500 Watt 

c. Half Bridge: 250-1000 Watt 

d. Full Bridge: > 1000 Watt 

 

 

 
 

II.  SMPS (ANAHTARLAMALI  G¦¢ KAYNAĴI) 

Bu makalede ¿zerinde durulacak g¿­ kaynaĵē t¿r¿ SMPSô 

lerdir. DA-DA dºn¿ĸt¿r¿c¿ler, anahtarlama i­in tristºrler 

bulunduĵunda ilk  olarak kēyēcē devreleri gibi kullanēlmēĸtēr. 

G¿n¿m¿zde ise IGBT ve MOSFETô ler DA- DA 

dºn¿ĸt¿r¿c¿lerde kullanēlmaktadēr [6]. Bu t¿r devreler 

SMPS (anahtarlamalē g¿­ kaynaklarē) devreleri olarak 

bilinmektedir.   Anahtarlamalē   g¿­   kaynaklarē   kēsaca 

transistºrlerinin iletim ve kesim durumlarēnda ­alēĸērlar. Bu iki 

konum i­in akēm-gerilim ­arpēmlarē kayēplarē azaltmak i­in 

minimum seviyede tutulur. Baĸka bir ifadeyle, transistºrler 

iletimde olduklarē durumda minimum gerilim d¿ĸ¿m¿ ve 

y¿ksek akēm ge­iĸine sebep olurlar. Kesim durumunda ise 

anahtar y¿ksek diren­ gºstererek akēm ge­iĸine izin verilmez 

ve transistºr ¿zerinde y¿ksek gerilim gºr¿l¿r. 

Yerleĸik ĸarj birimi tasarlanērken devre elemanlarēnēn 

matematiksel hesaplamalarē aĸaĵēdaki form¿llerde verilmiĸtir. 

¥rnek bir ĸarj birimi tasarēmēnē gºz ºn¿ne alalēm. Tasarlanan 

devrenin giriĸ besleme gerilimi AC 230 V/50 Hz olarak 

se­ilmiĸ olsun. Devreye giren AC 230V ĸebeke gerilimi ilk  

ºnce ñEMI (Electromegnetic Ķnterference Filter)ò aracēlēĵē ile 

parazitli akēmēndan ve sinyalinden temizlenmektedir. EMI 

Filterôden ­ēkan gerilim sinyali kºpr¿ diyotlardan ge­erek 

pozitif alternansa doĵrultulmaktadēr. Kºpr¿ diyottan ­ēkan bu 

gerilim, tam anlamēyla DC gerilim olarak adlandērēlamaz. Bu 

gerilimi DC 325V seviyesine ­ēkarabilmek i­in ĸekil 2.1ódeki 

hesaplamalar kullanēlarak dºrt adet paralel kondansatºr kºpr¿ 

diyotun ­ēkēĸēna baĵlanmēĸtēr. 

ñSMPSò olarak adlandērēlmaktadēr. G¿­ kaynaklarēnēn ὠ =  ὠ (Ὥὲ) =  
ὠὴ(Ὥὲ) Ὕz 

 

(2.1) 

Ὀὅ ὖ 2Ὑὅ 

temeli, AC gerilimi DC gerilime ­eviren dºn¿ĸt¿r¿c¿lere 

dayanēr. SMPSô ler (Switch Mode Power Supply) ise , 

i­erisinde g¿­ ¿retmek i­in anahtarlamalē reg¿latºr 

bulundururlar. Temel anlamda ¿­ tip SMPS 

bulunmaktadēr. Bunlar; Buck converter (al­altēcē), Boost 

convertet (y¿kseltici) ve Buck-Boost converterlardēr (hem 

al­altēcē hem y¿kseltici). Aĸaĵēdaki ķekil 2.1. óde standart 

bir g¿­ kaynaĵēnēn iĸleyiĸ sērasē verilmiĸtir [1]. 

 

 

Kondansatºrlerden ­ēkan DC 325V gerilim mosfetlere 

gelmektedir. Mosfetlerin kullanēlma amacē DC gerilimi kēyēp 

SMPS transformatºr¿ ¿zerinde AC kare dalga gerilimi 

oluĸturmaktēr. Mosfetlerin gate bacaklarē devrede kullanēlan 

ñSTM32F103C8T6ò mikroiĸlemcisinin ñTIM1 ve TIM2ò 

pinleri ile 180Á faz farkēyla complementery sinyali ile 

tetiklenmektedir. Tetiklenen mosfetler gelen DC 325 V gerilim 

sinyalini kare dalga formatēna dºn¿ĸt¿rmektedir. Bºylece 

SMPS transformatºr, 325V DC gerilimi primer giriĸinden alēp 

seconder ­ēkēĸēna iletecektir. Elde edinilen bilgiler 

doĵrultusunda sarēm hesaplarē yapēlmēĸ ve transformatºr 

sarēlērken tel kalēnlēĵē i­in frekans gºz ºn¿ne alēnarak doĵru 

kalēnlēkta emaye kaplē bakēr tel kullanēlmēĸtēr. Yapēlan 

hesaplamalar, hesaplamalar baĸlēĵē altēnda detaylē bir ĸekilde 

verilmiĸtir [4]. 

ķekil 2.1. Standart bir g¿­ kaynaĵēnēn iĸleyiĸ sērasē [2] 

Anahtarlamalē g¿­ kaynaklarēnēn iĸleyiĸinin anlaĸēlabilmesi 

ὔὖ 
 
ὔ 

=   
ὠὖz  108 

τὪzzὄάὥὼzὃ 

=  
ὠί  zὔ 

(2.2) 

 
(2.3) 

olduk­a kolaydēr. PWM anahtarlamalē g¿­ kaynaklarē g¿­ ί ὠὴ 
ὴ 



Sarēm sērasēnda kullanēlan bobinin hesaplarē aĸaĵēda 

verilmiĸtir. 

ὸέὲ =  
ὠίzὝ 

ὠὴz2 
(2.4) 

ὒ =  
(ὠὴὠί) ὸzέὲ 

ὨὍὒ 
(2.5) 

2.6 ôdaki form¿l kullanēlarak devrede kullanēlacak bobinin 

sarēm hesabē yapēlmēĸtēr. Yapēlan hesaplamalar sonucunda 

sim¿lasyon denemelerinde kullanēlacak transformatºr 

sargēlarēnē bulunmuĸtur. 

ὒ =  ὔ2  zὃὒ (2.6) 

Devrenin ­ēkēĸēndaki gerilim bobin sayesinde filtrelendikten 

sonra kondansatºrler ile depolanarak ­ēkēĸta DC gerilim elde 

edilmiĸtir. Bobin ­ēkēĸēnda yer alan kondansatºrlerin hesabē 

aĸaĵēda verilmiĸtir. 

 

 

 

 

 

 

 

 

 
Tablo 3.2. Anahtarlamalē temel DA-DA dºn¿ĸt¿r¿c¿lerin 

karĸēlaĸtērēlmasē 

Bu programlar ¿zerinden devrelerin ĸematik, PCB gibi 

ὅ =  
ὨzὍὅzὸέὲ 

Dὠὅ 
 
 
 

III.  DEVRE TASARIMI 

(2.7) ­izimlerinin yapēlmasēnēn yanē sēra devrelerin sim¿lasyon 

gºr¿nt¿lerine de eriĸilebilir. Aĸaĵēdaki ķekil 3.3óte ĸarj 

birimi ¿zerindeki mosfetlerin anahtarlama grafiĵi 

Bu makalede ¿zerinde durulacak g¿­ kaynaĵē t¿r¿ SMPSô 

lerdir. G¿­ kaynaklarēnēn temeli, AC gerilimi DC gerilime 

­eviren dºn¿ĸt¿r¿c¿lere dayanēr. SMPSô ler (Switch Mode 

Power Supply) ise i­erisinde g¿­ ¿retmek i­in 

anahtarlamalē reg¿latºr bulundururlar. Temel anlamda ¿­ 

tip SMPS bulunmaktadēr. Bunlar; Buck converter 

(al­altēcē), Boost convertet (y¿kseltici) ve Buck-Boost 

converterlardēr (hem al­altēcē hem y¿kseltici). Aĸaĵēdaki 

ķekil 3.1óde standart bir g¿­ kaynaĵēnēn iĸleyiĸ sērasē 

verilmiĸtir. 

 
 

 

ķekil 3.1. Standart bir g¿­ kaynaĵēnēn iĸleyiĸ sērasē 

Tablo 3.2ôde temel anahtarlamalē g¿­ kaynaklarēnēn etraflē 

bir ºzeti ve karĸēlaĸtērēlmasē verilmiĸtir [3]. 

verilmiĸtir. 
 

 

ķekil 3.3. Mosfetlerin anahtarlama grafiĵi 

Aĸaĵēdaki ķekil 3.4.ôte devrenin Proteus programēndan 

alēnan 3 boyutlu modeli gºsterilmiĸtir. 

 

ķekil 3.4. Devrenin Proteus programēndan alēnan 3 boyutlu 

gºr¿nt¿s¿ 

Aĸaĵēdaki ķekil 3.5.ôte ĸarj devresinin Proteus programē 

¿zerinden ­izilmiĸ olan PCB gºr¿nt¿s¿ verilmiĸtir. 



 

 

ķekil 3.5. Devrenin Proteus programēndan ­izilmiĸ PCB 

gºr¿nt¿s¿ 

 

 
IV.  ¦RETIM ¢ALIķMALARI 

Devrenin bilgisayar ortamēnda tasarlanmasēnēn ardēndan 

kuĸe k©ĵēda ­ēktēsē alēnēr ve ­ift taraflē bakēr plaket ¿zerine 

sēcak tabla yardēmēyla transfer edilir. Sēcak tabladan farklē 

bir yºntem olarak tiner veya aseton da kullanēlabilir. 

Sonrasēnda bakēr plaket asite atēlēr ve plaket ¿zerinde 

komponentlerin bacak delikleri genellikle elektrikli 

matkap kullanēlarak a­ēlēr. Sonrasēnda dip kēlēflē elemanlar 

bakēr plaket ¿zerine lehimlenir. Genelde bu tarz elektronik 

devreler basēlērken ­ift taraflē devre basēmē yºntemi 

kullanēlēr. Sonrasēnda hesaplarē daha ºnceden yapēlan 

transformatºr ve bobinin sarēlmasē i­in ­alēĸmalara 

baĸlanēr. ¥rneĵin ferrit ve toroid n¿velerin tercih edildiĵi 

bir trafonun sarēm esnasēndaki fotoĵraflarē aĸaĵēdaki ķekil 

xôde verilmiĸtir. 

 

 
ķekil 4.1. Trafonun sarēm aĸamalarē 

 
Aĸaĵēdaki ķekil 4.2.ôde baskē devresi yapēlmēĸ ve elemanlarē 

lehimlenmiĸ devrenin son hali verilmiĸtir. 

 
 

ķekil 4.2. Devrenin son hali 

 
V. TEST AķAMALARI 

Devrenin basēlmasēnēn ve lehimlenmesinin ardēndan kēsa 

devre kontrol¿ yapēlmēĸ ve test i­in hazēr hale getirilmiĸtir. 

Devre test edilirken omik y¿k bulunamadēĵē i­in ­ēkēĸ gerilimi 

kontroll¿ olarak arttērēlmēĸtēr. Devrenin test aĸamasēnda 

­ekilen fotoĵraflarē aĸaĵēdaki ķekil 5.1ôde gºsterilmiĸtir. 
 

 

ķekil 5.1. Devrenin test aĸamasē 
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Abstract - Today, the gaming industry  has become a very broad 

industry that develops rapidly and uses and even triggers many 

technological innovations. So much so that the end user can be a 

company from the defense industry or an individual who has 

nothing to do with  technology. This breadth of activity  also reveals 

very broad needs. One of them is machine learning- supported 

software that is used in many places today. In the gaming industry, 

machine learning is widely used in different places. Gaming 

companies or gaming startups generally do not share the ML 

algorithms they use in their software due to their intellectual 

property rights. The most well-known application of machine 

learning in games is the use of deep learning agents that compete 

with  professional human players in complex strategy games. In 

this article, the algorithms used and the games they use are 

examined. 

Keywords ï game ï agent - artificial intelligence ï machine 

learning - deep learning 

 

 

I. INTRODUCTION 

Various artificial intelligence techniques have been used in 

video games, ranging from non-player character (NPC) control, 

enemy character and combat mechanics to procedural content 

generation (PCG). Machine learning is a subset of artificial 

intelligence that focuses on using algorithms and statistical 

models to make machines act without specific programming. 

This contrasts sharply with traditional AI  methods such as 

search trees and expert systems. 
 

Knowledge of machine learning techniques in gaming is 

mostly made public through research projects, as most gaming 

companies choose not to publish certain information about their 

intellectual property. The most well-known application of 

machine learning in games is the use of deep learning agents 

that compete with professional human players in complex 

strategy games. It has had an important application of machine 

learning in games such as Atari/ALE, Doom, Minecraft, 

StarCraft, and car racing. Other games that did not originally 

exist as video games, such as Chess and Go, have also been 

influenced by machine learning. In this way, machine learning 

techniques have taken on a human- interactive structure and 

their usage area and competence have increased. 

 

 
II.  OVERVIEW OF RELEVANT MACHINE LEARNING TECHNIQUES 

Deep learning: Deep learning is a subset of machine learning 

which focuses heavily on the use of artificial neural networks 

(ANN) that learn to solve complex tasks. Deep 

learning uses multiple layers of ANN and other techniques to 

progressively extract information from an input. Due to this 

complex layered approach, deep learning models often require 

powerful machines to train and run on. 

 

Convolutional neural networks: Convolutional neural 

networks (CNN) are specialized ANNs that are often used to 

analyze image data. These types of networks are able to learn 

translation invariant patterns, which are patterns that are not 

dependent on location. CNNs are able to learn these patterns in 

a hierarchy, meaning that earlier convolutional layers will learn 

smaller local patterns while later layers will learn larger patterns 

based on the previous patterns.[3] A CNN's ability to learn 

visual data has made it a commonly used tool for deep learning 

in games.[4][5] 

 

Recurrent neural network Recurrent neural networks are a 

type of ANN that are designed to process sequences of data in 

order, one part at a time rather than all at once. An RNN runs 

over each part of a sequence, using the current part of the 

sequence along with memory of previous parts of the current 

sequence to produce an output. These types of ANN are highly 

effective at tasks such as speech recognition and other problems 

that depend heavily on temporal order. There are several types 

of RNNs with different internal configurations; the basic 

implementation suffers from a lack of long term memory due to 

the vanishing gradient problem, thus it is rarely used over 

newer implementations.[3] 

 
Long    short-term    memory:    A long     short-term memory 

(LSTM) network is a specific implementation of a RNN that is 

designed to deal with the vanishing gradient problem seen in 

simple RNNs, which would lead to them gradually "forgetting" 

about previous parts of an inputted sequence when calculating 

the output of a current part. LSTMs solve this problem with 

the addition of an elaborate system that uses an additional 

input/output to keep track of long term data.[3] LSTMs have 

achieved very strong results across various fields, and were 

used by several monumental deep learning agents in 

games.[6][4] 

 
Reinforcement learning: Reinforcement learning is the 

process of training an agent using rewards and/or punishments. 

The way an agent is rewarded or punished depends heavily on 

the problem; such as giving an agent a positive reward for 

winning a game or a negative one for losing. Reinforcement 

learning is used heavily in the field of machine learning and can 

be seen in methods such as Q- 

mailto:218273001001@lisansustu.selcuk.edu.tr


learning, policy search, Deep Q-networks and others. It has seen 

strong performance   in   both   the   field   of   games and 

robotics.[7] 

 
Neuroevolution: Neuroevolution involves the use of both 

neural networks and evolutionary algorithms. Instead of using 

gradient descent like most neural networks, neuroevolution 

models make use of evolutionary algorithms to update neurons 

in the network. Researchers claim that this process is less likely 

to get stuck in a local minimum and is potentially faster than 

state of the art deep learning techniques.[8] 

 

III.  RELATED WORKS 

There is many realeted works on using machine learning to 

game development. Deep learning agents one of them. 

A. Machine learning agents 

Machine learning agents have been used to take the place of a 

human player rather than function as NPCs, which are 

deliberately added   into   video   games   as   part   of designed 

gameplay. Deep learning agents have achieved impressive 

results when used in competition with both humans and other 

artificial intelligence agents.[2][9] 

 
Table 1: Using Deep Learning Agents examples 

 

 

 

 

 

 

 

B. Computer Vision-Based Agents 

Computer vision focuses on training computers to gain a 

high-level understanding of digital images or videos. Many 

computer vision techniques also incorporate forms of machine 

learning, and have been applied on various video games. This 

application of computer vision focuses on interpreting game 

events using visual data. In some cases, artificial intelligence 

agents have used model-free techniques to learn to play games 

without any direct connection to internal game logic, solely 

using video data as input. 

 
Table 2: Using Deep Learning Agents examples 

 

 

 

 

 

 

 
 

C. Strengths and Weaknesses of Deep Learning Agents 

Machine learning agents are often not covered in many game 

design courses. Previous use of machine learning agents in 

games may not have been very practical, as even the 2015 

version of AlphaGo took hundreds of CPUs and GPUs to train 

to a strong level.[2] This potentially limits the creation of highly 

effective deep learning agents to large corporations or 

extremely wealthy individuals. The extensive training time of 

neural network based approaches can also take weeks on these 

powerful machines.[4] 

The problem of effectively training ANN based models 

extends beyond powerful hardware environments; finding a 

good way to represent data and learn meaningful things from 

it is also often a difficult problem. ANN models often overfit to 

very specific data and perform poorly in more generalized 

cases. AlphaStar shows this weakness, despite being able to 

beat professional players, it is only able to do so on a single map 

when playing a mirror protoss matchup.[4] OpenAI Five also 

shows this weakness, it was only able to beat professional player 

when facing a very limited hero pool out of the entire game.[13] 

This example show how difficult it can be to train a deep 

learning agent to perform in more generalized situations. 

Machine learning agents have shown great success in a 

variety of different games.[12][2][4] However, agents that are 

too competent also risk making games too difficult for new or 

casual players. Research has shown that challenge that is too far 

above a player's skill level will  ruin lower player 

enjoyment.[16] These highly trained agents are likely only 

desirable against very skilled human players who have many 

of hours of experience in a given game. Given these factors, 

highly effective deep learning agents are likely only a desired 

choice in games that have a large competitive scene, where they 

can function as an alternative practice option to a skilled human 

player. 

D. Machine learning for procedural content generation in 

games 

Machine learning has seen research for use in content 

recommendation and generation. Procedural content 

generation is the process of creating data algorithmically rather 

than manually. This type of content is used to add replayability 

to games without relying on constant additions by human 

developers. PCG has been used in various games for different 

types of content generation, examples of which include 

weapons in Borderlands   2,[25] all   world   layouts in 

Minecraft[26] and entire   universes   in No   Man's Sky.[27] 

Common approaches to PCG include techniques that involve 

grammars, search-based algorithms, and logic 

programming.[28] These approaches require humans to 

manually define the range of content possible, meaning that a 

human developer decides what features make up a valid piece 

of generated content. Machine learning is theoretically capable 

of learning these features when given examples to train off of, 

thus greatly reducing the complicated step of developers 

specifying the details of content design.[29] Machine learning 

techniques used for content generation include Long Short- 

Term Memory (LSTM) Recurrent Neural 

Networks (RNN), Generative Adversarial networks (GAN), 

and K-means clustering. Not all of these techniques make use 

of ANNs, but the rapid development of deep learning has greatly 

increased the potential of techniques that do.[29] 

Game Type Game Name AI 

Turn-based Chess Deep Blue 

Turn-based Go AlphaGo 

Turn-based Go AlphaGo Zero 

Real-time strategy StarCraft AlphaStar 

Multiplayer online Dota 2 OpenAI Five 

 

Game Type Game Name AI 

Emulator Pong Andrej Karpathy 

Emulator Atari Games MuZero 

FPS Doom AlphaGo Zero 

Single Player Super Mario Deep Q-Learning 

3D Sandbox MineCraft OpenAI 
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IV.  CONCLUSION 

Artificial  intelligence and immersive technologies are 

powerful tools for educational games development. New 

constructors without programming skills existence open 

perspectives for the creation of new curriculums for game- 

based and project-based learning. 
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renklerinin yoĵunluklarēnēn ayarlanmasēyla elde edilen farklē 
¥zet ï Ķnsansēz hava ara­larēnēn kullanēmēnēn artmasē ve 

teknolojinin  ilerlemesiyle birlikte  gºr¿nt¿ iĸleme teknikleri  de 

s¿rekli geliĸme gºstermiĸtir. Ķnsansēz hava ara­larēnda yer alan 

gºr¿nt¿ iĸleme pek ­ok gºrevi yerine getirmektedir. Bu 

gºrevlerden nesne tespiti ve nesne takibi  ele alēnmaktadēr. 

Gºr¿nt¿ Ķĸleme, gºr¿nt¿y¿ dijital form haline getirerek ve bazē 

iĸlemleri ger­ekleĸtirmek i­in geliĸtirilmiĸ, spesifik gºr¿nt¿ elde 

etmek i­in kullanēlan bir yºntemdir. Bu yºntemin girdisi video 

kesiti veya fotoĵraf gibi bir gºr¿nt¿d¿r. ¢ēktēsē ise gºr¿nt¿n¿n 

istenilen ya da dikkat edilmesi gereken bºl¿m¿ne karĸēlēk gelir. 

Gºr¿nt¿ ise s¿rekli gibi gºr¿nse de aslēnda par­alardan oluĸan 

yapēlardēr. Hazērlanan bu makalede de ĶHAôlarēn gºr¿nt¿ iĸleme 

tekniklerine ve kullanēlan Opencv k¿t¿phanesine deĵinilerek 

sonrasēnda oluĸturulacak ­alēĸmalara ēĸēk tutmasē 

d¿ĸ¿n¿lmektedir. 

 
Abstract ï With the increase in the use of unmanned aerial 

vehicles and the advancement of technology, image processing 

techniques have also shown continuous improvement. Image 

processing in unmanned aerial vehicles performs many tasks. 

Among these tasks, object detection and object tracking are 

covered. Image Processing is a method used to obtain a specific 

image developed by converting the image into digital form and 

performing some operations. The input of this method is an 

image such as a video clip or a photograph. Its output 

corresponds to the part of the image that is desired or needs 

attention. Although the image seems to be continuous, it is 

actually a structure made up of parts. 

 
Keywords - Gºr¿nt¿ Ķĸleme, OpenCv, Derin ¥ĵrenme, Nesne 

Sēnēflandērma, Python 

 

 
I. GIRIķ 

Gºr¿nt¿ iĸleme teknikleri kullanēlarak yapēlan ­alēĸmalarda, ilk  

olarak kameradan gºr¿nt¿ler alēnmaktadēr. Alēnan bu gºr¿nt¿ler 

¿zerinde, gºr¿nt¿ ºn iĸleme adēmlarē uygulanmakta ve 

ilgilenilen nesnelere ait ºzellik ­ēkartēmē ger­ekleĸtirilmektedir. 

Ortamda bulunan nesnelerin doĵru bir ĸekilde tespit edilmesi ­ok 

ºnemlidir. Nesnelerin tespit edilmesi veya tanēnmasē amacēyla 

yapēlan ­alēĸmalarda farklē yºntemler tercih edilmektedir. 

Nesnelere ait basit ºzellikler kullanēlarak hēzlē ve etkili nesne 

tanēmaya yºnelik ­alēĸmalar [1], karmaĸēk arka plan ­ēkarēmē ile 

tanēma [2], ĸekil tanēma, renk tanēma, kenar ve kºĸe tanēma, 

istatistiksel ºr¿nt¿ tanēma, ĸablon eĸleme gibi ­eĸitli yºntemler 

kullanēlmaktadēr [3]. 

Gºr¿nt¿, par­alardan oluĸan bir yapēdēr. Bu par­alara piksel 

denmektedir. Her gºr¿nt¿, iki boyutlu piksel dizisidir. Her bir 

piksel, RGB denilen ve ¿­ ana renk olan kērmēzē, mavi ve yeĸil 

renklerden oluĸmaktadēr. Bu sayede, farklē gºr¿nt¿ler elde 

edilerek bu gºr¿nt¿ler bilgisayarlarēn anlayabileceĵi ĸekilde ó0ô 

ve ó1ô olarak kodlanmaktadēr. 

Gºr¿nt¿ Ķĸleme, girdinin video ­er­evesi veya fotoĵraf 

gibi gºr¿nt¿ olduĵu ve ­ēktēnēn gºr¿nt¿ veya bu 

gºr¿nt¿yle iliĸkili ºzellikler olabileceĵi bir sinyal 

daĵētma yºntemidir. Bu yºntemin girdisi video kesiti 

veya fotoĵraf gibi bir gºr¿nt¿d¿r. ¢ēktēsē ise gºr¿nt¿n¿n 

istenilen ya da dikkat edilmesi gereken bºl¿m¿ne 

karĸēlēk gelir. Genellikle Gºr¿nt¿ Ķĸleme sistemi, 

ºnceden belirlenmiĸ sinyal iĸleme (Signal Processing) 

yºntemlerini uygularken gºr¿nt¿leri iki  boyutlu 

sinyaller olarak ele alēnmaktadēr. 

Gºr¿nt¿ iĸlemenin gºrselleĸtirme, gºr¿nt¿ 

keskinleĸtirme ve restorasyon, desen tanēma ve gºr¿n 

tanēma olmak ¿zere beĸ ama­tan oluĸmaktadēr. 

 

 

II.  G¥R¦NT¦ IķLEME NASIL ¢ALIķIR 

Gºr¿nt¿ iĸleme, yapay zek©, makine ºĵrenimi ve derin 

ºĵrenmeden gelen giriĸleri kullanmaktadēr. Buluttaki b¿y¿k 

miktarlarda gºrsel veri veya gºr¿nt¿ler ¿zerinde eĵitilen 

algoritmalarda ­alēĸmaktadēr. Bu gºrsel verilerdeki desenleri 

algēlar ve diĵer gºr¿nt¿lerin i­eriĵini belirlemede bu desenleri 

kullanmaktadēr. 

 

III.  G¥R¦NT¦ IķLEME ILE BIR G¥R¦NT¦ NASIL ANALIZ  EDILIR 

Algēlama cihazē olan kamera bir gºr¿nt¿y¿ yakalar. Bu bir 

video kamera, tēbbē gºr¿nt¿leme cihazē veya herhangi bir analiz 

i­in gºr¿nt¿y¿ yakalan cihaz olabilir. 

Gºr¿nt¿ daha sonra gelen veriyi aktarmasē i­in yorumlama 

cihazēna gºndermektedir. Yorumlama cihazē, gºr¿nt¿y¿ 

bºlmek, gºr¿nt¿deki desenleri bilinen desenler kitaplēĵēyla 

karĸēlaĸtērmak ve gºr¿nt¿deki herhangi bir i­eriĵin eĸleĸip 

eĸleĸmediĵini belirlemek i­in desen tanēmayē kullanēr. Model, 

belirli bir nesne t¿r¿n¿n gºr¿n¿m¿ gibi genel bir ĸey olabilir 

veya y¿z ºzellikleri gibi benzersiz tanēmlayēcēlarē temel 

alabilmektedir. Bir kullanēcē, bir gºr¿nt¿yle ilgili  belirli bilgiler 

ister ve yorumlama cihazē, gºr¿nt¿n¿n analizine dayalē olarak 

istenen bilgileri saĵlamaktadēr. 
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IV.  G¥R¦NT¦ IķLEME ADIMLARI  

Gºr¿nt¿ iĸleme temel olarak aĸaĵēdaki ¿­ adēmē 

i­ermektedir. 

ï Gerekli ara­lar ile imajē aktarēlmasē 

ï Gºr¿nt¿n¿n analiz edilerek istenilen 

doĵrultuda iĸlenmesi 

ï Analiz edilip iĸlenen veri raporu ve ­ēktēsēnēn, 

sonucunun alēnmasē 

 
Gºr¿nt¿ iĸleme adēmlarēnēn yanēnda gºr¿nt¿ iĸleme i­in iki  t¿r 

yºntem kullanēlmaktadēr. Bunlardan ilki analog gºr¿nt¿ 

iĸleme diĵeri dijital gºr¿nt¿ iĸleme yºntemidir. Dijital ve 

analog gºr¿nt¿ iĸleme i­in verinin ge­mesi gereken birtakēm 

temel aĸamalar vardēr. Bu aĸamalar arasēnda: 

ï ¥n iĸleme 

ï Geliĸtirme ve gºr¿nt¿leme 

ï Bilgi  ­ēkarēmē 

yer almaktadēr. Bu asmalarēn ardēndan ilgili veriden ihtiyaca 

gºre sonu­lar elde edilebilmektedir. 

 

 

 

 

 

 

 

 

 
ķekil 1. Gºr¿nt¿ Ķĸleme Akēĸ ķemasē 

 

V. G¥R¦NT¦ IķLEME ILE NESNE TESPITI 

5.1 Nesne Sēnēflandērma 

 

Sistem, bir gºr¿nt¿deki nesneleri tanēmlanmēĸ bir kategoriye 

gºre sēnēflandērēr. ¥rneĵin, nesne sēnēflandērmasēyla bir 

bilgisayar, insanlarē bir fotoĵraftaki nesnelerden ayērabilir ve 

fotoĵrafta ka­ kiĸinin gºr¿nd¿ĵ¿n¿ belirleyebilir. 

 

5.2 Nesne Tanēmlamasē 

 

Sistem, bir fotoĵraf, video veya gºr¿nt¿deki belirli, bir nesneyi 

tanēmlar. ¥rneĵin, nesne tanēmlamayla sistem yalnēzca bir 

fotoĵraftaki insanlarē ayērt etmekle kalmaz, aynē zamanda bu 

kiĸilerin kimliklerini  veya ºzelliklerini belirleyebilmek i­in 

gºr¿n¿mlerini de analiz edebilir. 

 

5.3 Nesne Ķzleme 

Sistem, zaman i­inde hareket eden bir nesnenin konumu 

iĸlemek i­in bir videoyu analiz eder. ¥rneĵin, nesne 

izleme ile park yeri gºzetleme kamerasē, bir otoparktaki 

arabalarē tespit edebilir ve bu arabalarēn zaman i­indeki 

konumu ve hareketleri hakkēnda bilgi saĵlayabilir. 

 
VI.  INSANSIZ HAVA  ARACI 

ĶHA, fiziksel olarak i­inde insan bulunmayan uzaktan kontrol 

edilebilen sistemi olan, amaca uygun ekipman taĸēyan u­ak 

teknolojidir.[4] Yer istasyonuyla birlikte taĸēnabilmekte ve u­uĸa 

hazēr hale getirilebilmektedir. [5] Belli aĵērlēk ve boyutlardaki 

toplarē taĸēyarak belirlenmiĸ bºlgelere bērakabilecek elektrik 

motorlu, radyo kontroll¿ ve pervaneli bir ĶHA tasarēmē 

yapēlmēĸtēr. Elektrik motoru olarak ¿­ fazlē fēr­asēz motor, 

pervane olarak karbon pervane ve radyo kontrol¿ i­in telemetri 

kullanēlmēĸtēr. ķekil 2ôde tasarēmē gºsterilmiĸtir. 

 

ķekil 2: ĶHA Tasarēmē 

Kanat a­ēklēĵē taĸēma kuvveti hesabēna gºre hesaplanmēĸtēr ve 

1500 mmôdir. Kuyruk olarak konvansiyonel kuyruk se­ilmiĸtir. 

U­uĸun emniyetli bir ĸekilde saĵlanmasē i­in bē­ak tipi sigorta, 

akēm kesici ve iniĸ takēmē kullanēmē uygun gºr¿lm¿ĸt¿r. U­uĸ 

kontrol¿ ve gºr¿nt¿ iĸlemede ise python dili ile Nvidia Jetson 

Nano kartēnē kullanarak u­uĸ kontrol sistemiyle birlikte gºr¿nt¿ 

iĸlemenin ger­ekleĸtirilmesi hedeflenmektedir. Yer kontrol 

istasyonunda kullanēlacak yazēlēm ile telemetri ve ĶHA arasēnda 

kablosuz iletiĸim saĵlanacaktēr. Manevra kabiliyeti ¿stten kanat 

ve konvansiyonel kuyruk kombinasyonu ile ger­ekleĸtirilecektir. 

Kamerayē ºn konuma yerleĸtirerek alēnacak verim artērēlmaya 

­alēĸēlmēĸtēr. ķekil 3ôde Gºrev Yazēlēm Algoritmasē verilmiĸtir. 
 

 

ķekil 3: Gºrev Yazēlēm Algoritmasē 

Kamera ¿zerinden elde edilen gºr¿nt¿ler OpenCv 

k¿t¿phanesinde iĸlenecektir. Renk tespiti algoritmalarē 

kullanēlarak gºrev alanēndaki kērmēzē piksel yoĵunluĵuna sahip 

bērakma alanē tespit edilecektir. Bu konumu elde ettikten sonra 

gºrev yazēlēmēndaki algoritmalar kullanēlarak servolara 

zamanēnda g¿­ ulaĸacaktēr. Bºylece kapak­ēklar a­ēlacaktēr. 



VII.  SONU¢ 

Makalede, ĶHA ¿zerinde gºr¿nt¿ iĸleme teknikleri 

kullanēlarak ortamda bulunan nesnelerin tespit ve 

sēnēflandērēlmasēna yºnelik ­alēĸma anlatēlmaktadēr. Yapēlan 

­alēĸmada, ortamda bulunan nesnelerin ger­ek zamanlē olarak 

tespit edilmesi, sēnēflandērēlmasē ve elde edilen sonu­lar 

sunulmaktadēr.[6] 
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%26ôsē ulaĸēmda kullanēlmaktardēr[3]. 
 

¥zet ï Ulaĸēm ara­larēnda kullanēlan fosil yakētlarēn her ge­en 

g¿n pahalēlaĸmasē ve giderek t¿kenmesi ulaĸēmēn daha az maliyetli  

olmasē konusunda ekonomik bir  ­ºz¿m arayēĸē doĵurmuĸtur. Bu 

konuda ­eĸitli denemeler sonrasē g¿n¿m¿zde hēzla yaygēnlaĸan 

elektrikli ara­larēn ­ēkmasēna neden olmuĸtur. Bu ara­larēn hem 

doĵayē kirlenmekten korumasē hem de daha ucuz bir  yakēt 

maliyeti sunmasē planlanmaktadēr. Fakat elektrikli  ara­larēn da 

t¿ketimini karĸēlamak i­in bazen fosil yakētlara 

baĸvurulabilmektedir. Bunun da hem doĵayē koruma hem de 

ekonomiye katkēsē ­ok olmayacaĵē d¿ĸ¿n¿lmektedir. Elektrikli  

ara­larēn elektriĵini g¿neĸten karĸēlamak ve hatta bunu da her 

yerde yapmak i­in g¿neĸ panelleri ara­larēn ¿zerine konulmasē 

fikri  daha cazip olduĵu d¿ĸ¿n¿lmektedir. Bu makalede elektrikli  

ara­lar ve g¿neĸ arabasē konusunda ­alēĸēlmēĸtēr. 

 
Anahtar kelimeler ï Elektrikli  ara­lar, G¿neĸ enerjisi,  Pv panel, 

G¿neĸ paneli, g¿neĸ arabasē. 

 

I. GĶRĶķ 

¦N¦M¦ZDE ulaĸēmēn, hayatēmēzēn her anēnda ve 

dºneminde ­ok deĵerli olduĵu tartēĸēlmaz bir konudur. 

Ulaĸēmē daha hēzlē ve zahmetsiz olarak saĵlamak adēna ilk  

olarak insanlar kaĵnē kullanarak baĸlamēĸlardēr. Bu zamanla 

yerini at arabalarē, motorsuz iki  tekerlekli ara­lar ve daha 

sonra motorlu ara­lara bērakmēĸtēr. G¿n¿m¿zde kullanēlan 

ara­lar ise zamanēn verdiĵi teknoloji ile ­eĸitli fosil yakēt 

t¿keten ara­lar , hibrit ara­lar ve elektrikli ara­lar olarak 

tasarlanmaktadēr. 

Kullanēcēlar, s¿r¿ĸ konforu ve yakēt verimliliĵini d¿ĸ¿nerek 

son yēllarda giderek elektrikli otomobillere yºnelmektedir. Bu 

durumu gºz ºn¿ne alan firmalar i­ten yanmalē motor ¿retimini 

yavaĸlatma hatta durdurma kararē almaktadēr. Hatta avrupa 

¿lkeleri tek tek gelecekte dizel ve benzinli ara­larēn 

durdurulmasē kararē almaktadēr. Bu ¿lkeler sērasēyla 

Hollanda2025, Norve­ 2025, Almanya 2030, Ķngiltere ve 

Fransa 2040 yēlēnda dizel ve benzinli ara­ ¿retimini 

yasaklayacaklarēnē duyurmuĸlardēr.[1, 2] 

Bilindiĵi gibi elektrikli ara­larēn artmasēyla elektrik 

ihtiyacēnēn da artmasē ka­ēnēlmaz bir sorun olmaktadēr. Bu 

nedenle insanlar elektrik ihtiyacēnē hem daĵētēcē ĸebekelere y¿k 

olmadan daha az maliyetle hem de kesintisiz bir ĸekilde 

s¿rd¿rmek istemektedir. 

Bilindiĵi gibi d¿nya genelinde elektrik ihtiyacēnēn tamamē 

yenilenebilir enerji kaynaklarēndan karĸēlanamamaktadēr. 

Elektrik ihtiyacēnē karĸēlamak i­in fosil yakētlar 

kullanēlmaktadēr. Fosil yakētlardan elde edilen enerjinin ise 

 
II. ELEKTRĶKLĶ ARA¢LARIN VERĶMĶ 

Elektrikli ara­larēn kullanēmēnēn yaygēnlaĸmasēyla birlikte 

verimliliĵi de tartēĸma konusu olmuĸtur. G¿n¿m¿zde kullanēlan 

dizel motorlarēn verimliliĵi %32 olarak hesaplanmaktadēr. Bu 

tarz ara­larda kullanēlan yakētēn s¿r¿ĸe katkēsē 

deĵerlendirildiĵinde, yakētēn 3ô te 2ôlik bir kēsmē 

kullanēlamamaktadēr. Elektrikli ara­larda ise bu oran %88 

olarak hesaplanmēĸtēr[3]. Bu fark ortraya koyuyor ki, elektrikli 

ara­larēn s¿r¿ĸe katkēsē ­ok daha fazla olmaktadēr. 

S¿r¿ĸ verimliliĵi, konforu ve ulaĸēm maliyeti 

d¿ĸ¿n¿ld¿ĵ¿nde elektrikli ara­lara yºnelimin baĸlangēcēnē da 

beraberinde getirmektedir. 

D¿nyada elektrikli ara­larēn yaygēnlaĸmaya baĸlamasē 2008 

yēlēndan itibaren Nissan, renoult ve tesla otomobil ĸirketlerinin 

ºnc¿l¿ĵ¿ ile baĸlamēĸtēr. 2010 yēlēnda Nissan firmasēnēn 

piyasaya s¿rd¿ĵ¿ Nissan LEAF modeli avrupada en ­ok satan 

otomobiller arasēnda yerini almēĸtēr.[4] T¿keticilerin elektrikli 

ara­lara yoĵun ilgi gºstermesinin baĸlēca sebeplerinden biri de 

kararlēlēĵē olmuĸtur. 

G¿n¿m¿ze kadar elektrikli ara­larēn her ge­en yēl piyasada 

­ok yer almaya baĸladēĵē gºr¿lmektedir. 

III.  ELEKTRĶKLĶ ARA¢LARIN SINIFLANDIRILMASI 

Elektrikli ara­larēn sēnēflandērēlmasē kullanēlan teknoloji- 

lerine gºre beĸ basamakta incelenebilir.(Gºrsel 1) 

 
Gºrsel 1: elektrikli ara­larlarda enerji kaynaklarē 

 

Bataryalē Elektrikli  Ara­lar BEA:  bu ara­larda tahrik 

sistemi tamamen elektrikli motor kullanēlarak tasarlanmēĸtēr. 

I­erisinde baĸka i­ten yanmalē motorlar yoktur. Elektrikli motor 

g¿­ sistemi bataryalar ile oluĸturulmuĸtur. Bataryalē Elektrikli 

Ara­lar zararlē emisyon gazē ¿retmemektedir.[5] Bu 
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model ara­larēn tek bir ĸarj ile 500km mesafeye 

ulaĸabilmektedir.[6] 

Plug-in elektrikli  Hibrit  Ara­lar( PEHA):  Takēlabilir 

elektrikli hibrit ara­lardēr. Normal i­ten yanmalē motorlara ek 

elektrikli motor takēlabilir. Duvara konulan bir elektrik 

daĵētēcēsē yardēmē ile ĸarj edilebilen bataryalarē bulunur. [7] bu 

modellerde bir elektrik motoru 50km mesafe ek katkēda 

bulunur.[8] 

Hibrit Elektrikli Ara­lar(HEA): Bir adet i­ten yanmalē 

motor ve bir adet elektrikli motor bulunur. Elektrikli motorun 

g¿­ sistemi bataryalarē, ĸebekeye baĵlanarak ĸarj edildiĵi gibi, 

i­ten yanmalē motor sayesinde ara­ ­alēĸēr durumda hareket 

etmiyorken ĸarj edilebilir. Ayrēca aracēn s¿r¿ĸ esnasēnda 

frenleme yaptēĵē zamanlar da boĸta kalan g¿­ bataryalarda 

elektrik depolamak i­in kullanēlēr. Bu elektrik motorlarēnēn 

s¿r¿ĸe katkēsē 30-40 km olmaktadēr.[9] 

Yakēt H¿creli Elektrikli  Ara­lar(YHEA): bir adet elektrik 

motoru bulunan bu ara­larda, havanēn i­inde yer alan hidrojen 

ve oksijen karēĸēmē sēkēĸtērēlarak yakēt olarak kullanēlēr. 

Yakēttan arta kalan sadece su olmaktadēr.[10] Yakēt olarak 

kullanēlan hidrojenin ¿retiminde genellikle doĵalgaz 

kullanēlmaktadēr.[11]Bu t¿r ara­larla tek bir yakēt ile 650km 

mesafe katedilebilmektedir. I­ten yanmalē motorlarēn yerini 

almasē beklentisinden dolayē yakēt h¿creleri bazē modellerde 

batarya ve superkapasitºr ile birlikte kullanēlmaktadēr.[12] 

Geniĸletilmiĸ Menzilli  Elektrikli  Ara­lar(GMEA): bu 

ara­larda ana tahrik olarak bir elektrikli motor bulunur. Bunun 

yanēda ise bir i­ten yanmalē motor ile gerektiĵinde bataryanēn 

ĸarj edilmesi saĵlanēr. Batarya maksimum seviyeye ulaĸtēĵēnda 

ise artēk motor bataryayē ĸarj etmeyi durdurur.[13] Elektrikli 

motorun menziline ek olarak 150km bir mesafe katkēda 

bulunabilir. 

 
 

IV.  ELEKTRĶKLĶ ARA¢LARDA KULLANILAN  

TEKNOLOJĶLER 

Elektrikli ara­lar, motor t¿rleri ve menzilleri bakēmēndan 

tercih edilme veya tercih edilmeme gibi sēnēflandērlabilir. 

Elektrikli ara­larda tahrik sistemi(elektrik motoru), enerji 

depolama sistemleri, jeneratºr, g¿­ aktarēm organē ve elektronik 

kontrol sistemi yer almaktadēr. Bu par­alarēn farklē yollarla ve 

farklē teknolojilerle kullanēlmasēyla elektrikli ara­ teknolojisi de 

farklēlēk gºstermektedir.[14] 

 
A. ELEKTRĶKLĶ ARA¢ TAHRĶK SĶSTEMĶ 

Elektrikli ara­larda tahrik sisitemi bu ara­larēn kalbi 

niteliĵindedir. Aracē hareket ettirmek i­in bataryada depolanan 

enerjiyi mekanik enerjisine dºn¿ĸt¿ren sistemdir. Tahrik 

sisteminde istenilen ºzellikler g¿­l¿, verimli, hafif, ucuz , 

g¿r¿lt¿s¿z ve uzun ºm¿rl¿ olasēdēr. 

Elektrik motor mimarisinde ­ok ­eĸitlilik olmasēnēn yanēnda 

en ­ok tercih edilen modeler asenkron motor, sabit mēknatēslē 
motor ve anahtarlama red¿ktanslē motordur.[2] 

Asenkron motor:  statora uygulanan elektrik enerjisini 

rotoru dºnd¿rerek mekanik enejiye dºnd¿rmeye yarayan 

makinelere verilen isimdir. Yapēlarē olduk­a saĵlam ve 

verimleri ­ok y¿ksektir. [15] 

Piyasada ¿retilmiĸ yaygēn olarak kullanēlan elektirkli 
ara­larēn tahrik sistemlerinde % 16 oranēnda asenkron motor 

kullanēlmaktadēr.[16, 17] 

Sabit mēknatēslē motor:  senkron motorlarda kullanēlan 

doĵru akēm uyartēm sargēsēnēn s¿rekli mēknatēsla yer 

deĵiĸtirilerek manyetik akēnēn mēknatēs tarafēndan 

saĵlanmasēyla sabit mēknatēslē senkron motor elde edilmiĸ olur. 

Gºm¿l¿ s¿rekli mēknatēslē motor modellerinin asonkron 

motor modellerne gºre verimi arttērēlabilir. Motorda bulunan 

mēknatēsēn deĵiĸik konumlandērēlmasē ve fiziksel ºzellikleri 

deĵiĸtirilerek bu m¿mk¿n olur. Keskin arabul f.ô ēn yaptēĵē 

­alēĸmada bu sistemler %4,78 oranēnda daha fazla verim 

saĵladēĵē gºr¿lmektedir. [18] 
 

 
Gºrsel   2:    S¿rekli    mēknatēslē    senkron    motor 

modeli[19]. 

Anahtarlama red¿ktanslē motor:  senkron motor 

­eĸitlerinden birisi olan AR motorun rotorlarēnda mēknatēs ve 

sargē gibi elemanlar bulunmayēp demir ve saclardan imal 

edilmektedir. Statorunda ise basit yapēdan oluĸan ince telli ve 

­ok sargēlē yapēlar bulunmaktadēr.[20] 

Ar motorlar rotorlarēnēn uyartēm sargēsē ve mēknatēsē 

olmamayēĸē nedeniyle ­ok y¿ksek hēz ve sēcaklēklarda 

­alēĸmaya elveriĸlidir. Bu sebepten ve ­abuk ivmelenmeleri, 

y¿ksek g¿venilirlikli olmalarē az arēzalanmalarē, sabit g¿­ ve 

tork karakteritiklerinden dolayē elektirkli ara­larda tercih 

edilmektedir.[21] 
 

Tablo 1: motor ­eĸiterinin karakteristikleri 0 ile 5 puan 

arasēnda deĵerlendirilmesi[21] 

 
B. ENERJĶ DEPOLAMA SĶSTEMLERĶ 

Batarya teknolojisi elektrikli ara­lar i­in ºnemli bir konudur. 

Batarya sistemi temelde anot(+), katod(-) ve elektrolit 

i­erisindeki par­acēklarēn hareketinden oluĸur. Ancak kullanēmē 

sērasēnda dikkat edilmesi gereken deĵerler vardēr. bu 



limitlerin aĸēlmasē durumunda batarya ºmr¿ ciddi oranda 

azalmaktadēr.(Gºrsel 2) Elektrikli ara­larda iki  tip pil 

kullanēlmaktadēr. Nissan ve Mitsubishi gibi firmalarēn enerji 

kaynaĵē olarak kullandēĵē piller lityum temellidir. Toyota, 

honda ve ford gibi firmalarēn kullandēklarē ise nikel metal hidrit 

pillerdir.[22] 
 

 
Gºrsel 3: batarya kapasitesi. 

Lityum  piller:  Hafēza etkisi olmayan yeniden doldurulabilen 

bir pil ­eĸididir. Hafif olmalarē ve y¿ksek enerji 

kapasitelerinden dolayē kulanēmē ­ok yaygēndēr. 

Lityum piller, y¿ksek enerji depolama kapasitesi, y¿ksek 

verim, uzun ­alēĸma ºmr¿, d¿ĸ¿k dejarj limiti  gibi ¿st¿n 

ºzellikleri bakēmēndan elektrikli ara­larda kullanēlmēĸ ve 

geliĸtirlmesi i­in ­alēĸmlara konu olmuĸtur.[23] 

Fakat kapasite kaybē ¿retim tarihinden itibaren kullanēlmasa 

dahi baĸlar. Ayrēca bulunduklarē ortam sēcaklēkarē da kapasite 

kaybēna yol a­ar. Pil kapasitesi, %40 kapasite doluluĵundaki 

pilde 0 Ác de %2ôye, 25 Ác de %4ôe, 40 Ác ise %15ôe d¿ĸer. 

Nikel metal hidrit piller: ĸarj edilebilir bir pil olan nikel 

metal hidrit pillerde anottaki kimyasal reaksiyon, nikel 

kadminyum ve nikel oksit karēĸēmēdēr. Katodda ise hidrojen 

emici alaĸēm kullanēlmaktadēr. Enerji verimliliĵi ise lityum iyon 

pile yakēndēr. 

Bu bataryalar 1990 yēlēndan beri elektrikli ara­larda 

kullanēlmaktadēr.[24] 

Bunlarēn dēĸēnda gelecekte kullanēlmak ¿zere laboratuvar 

ortamēnda hala geliĸtirilmekte olan lityum s¿lf¿r, ­inko hava 

ve lityum hava karēĸēmlē batarya ­eĸitleri de vardēr.[25] 
 

Tablo 2: Batarya t¿rleri. 

C. G¦¢ AKTARIM ORGANLARI 

Elektrikli ara­larda g¿­ aktarēmē, tek motorlu ve iki motorlu 

aktarēm olarak iki  ana baĸlēkta toplanēr. Tek motorlu ara­ 

aktarma tipleri ise 3 sēnēfa ayrēlēr. Bunlar; geleneksel, 

ĸanzumansēz( arka motor- ºn taker) ve ĸanzumansēz( ºn motor- 

ºn taker). Iki motorlu aktarēm tipleri de yine 3 sēnēfa 

ayrēlmaktadēr. Bunlar ise; ĸanzumansēz, tekerlek i­i sabit diĸlili 

ve tekerlek i­i sabit diĸlisizdir.[21](Gºrsel 3) 

 

 
 
Gºrsel 4: tek motorlu geleneksel tip, ĸanzumansēz (ºn motor-ºn 

taker),ĸanzumansēz(arka motor-ºn taker),iki motorlu sabitdiĸlili, 

tekerlek i­i sabit diĸlisiz ĸanzuman tipleri. [21] 

 

D. ELEKTRONĶK KONTROL SĶSTEMLERĶ 

Elektrikli ara­larēn kontrol¿ aracēn dijital sinyal iĸlemcisi 

tarafēndan yºnetilir. YSA ile ºĵretilen bilgiler ile ger­ekte 

ºl­¿len deĵerler ēĸēĵēnda motorun hēzēnē belirler. Motor 

¿zerindeki enerji kontrol¿n¿ IGBT ler ile saĵlar. Motorun 

­ektiĵi anlēk akēm deĵeri sensºrler vasētasē ile dijital sinyal 

iĸlemcisine aktarēlēr ve dijital sinyal iĸlemcisi ºnceki bilgiler 

ile karĸēlaĸtērma yaparak motorun saĵlēklē kontrol¿n¿ 

saĵlar.[26] 

 
 

Gºrsel 5: Elektrikli ara­lar i­in kontrol sistemleri basit bir 

blok diyagramē. 

V. ELEKTRĶKLĶ ARA¢LARIN ķARJ SĶSTEMLERĶ 

Elektrikli ara­larda bulunan bataryalarēn enerji ihtiyacēnē 

karĸēlamak i­in iki t¿r ĸarj sistemi kullanēlmaktadēr. Bunlardan 

ilki aracēn i­inde bulunan ĸarj sistemidir. Elektrik ĸebekesine 

doĵrudan baĵlanēp ara­ i­i ĸarj sisteminden ge­erek ak¿leri 

dolduran bu sistem en fazla 3,5 kwôa kadar g¿­ deĵerinde 

­alēĸmaktadēr. Diĵer tip ĸarj sistemi ise ara­ dēĸēnda yer alēp, 

ara­ i­indeki ak¿lere doĵrudan baĵlanabilir ve bu sayede 20kw 

¿zerinde bir g¿­ ile ĸarj iĸlemi ger­ekleĸtirebilir.[27] 

Elektirkli ara­ ĸarj sistemleri sabit( statik) ve hareketli( 

dinamik) olarakta ikiye ayrēlabilir. Genellikle aracēn ºn¿nde 

veya arkasēnda bulunan baĵlantē noktalarē ile ara­ park 

halindeyken AC den DC ye dºn¿ĸt¿r¿c¿ kullanēlarak elektrikli 

ara­larēn bataryalarēnēn ĸarj edilmesi sistemine sabit ĸarj sistemi 

denir. Kullanēm kolaylēĵē ve maliyet yºn¿n¿nden yaygēn olarak 

kullanēlan ĸarj sistemidir. Evlerde, ticari alanlarda, alēĸveriĸ 

merkezlerinde ve otoparklarda kullanēlēr. Kablosuz ĸarj sistemi 

olarak ta adlandērēlan hareketli ĸarj sistemi, aracēn hareket 

halindeyken ĸarj olmasēnē saĵlayan elektrik akēmēnē, ara­ 

i­indeki bobin vasētasēyla yol altēna 



dºĸenmiĸ elektrik aktarēm kablolarēndan alēr. Bu ĸekilde 
ara­taki mevcut bataryalarē b¿y¿t¿p aĵērlēĵē arttērmadan daha 

uzun menzile ­ēkarmak m¿mk¿nd¿r.[28] 

 
VI.  ARA¢ ¦ZERĶNE ENTEGRE G¦NEķ PANELĶ ĶLE 

ķARJ SĶSTEMĶ 

Enerjisini doĵrudan fotovoltaik h¿crelerden alan, park 

halinde veya hareket ederken bataryaya enerji depolayan 

sistemlerdir. Bu sistemlerin en b¿y¿k avantajē tek bir ĸarj ile 

ĸarj istasyonuna uĵramadan ­ok daha uzun mesafe katetmesine 

olanak saĵlamasēdēr. ¥zellikle yaz aylarēnda g¿nd¿z s¿resi 

uzun olduĵundan, ara­ ¿zerine g¿neĸ ēĸēnlarēnē daha fazla s¿re 

alacaktēr ve aracēn kat edeceĵi mesafe daha ­ok artacaktēr. Ara­ 

ĸirketleri otomobillerin batarya i­in ayrēlan kēsmēnda 

geniĸleme yapamayacaĵēndan batarya ve menzil sorunu giderek 

kritik  hale gelmektedir. Bu nedenle bir­ok ara­ ĸirketi menzili 

daha da arttērmak i­in elektirkli ara­larēn ¿zerne panel 

yerleĸtirerek bu sorunu ­ºzmek istemektedir. G¿neĸ paneli 

entegre edilen bir elektrikli aracēn ĸehir i­i kullanēmēnda 

menzilinin %10 arttēĵē ºl­¿lm¿ĸt¿r.[29] 
 

Gºrsel 6: Basit bir g¿neĸ enerjisi ile batarya ĸarj blok diyagramē. 

 

Elektrikli ara­larda gºvdeye yerleĸtirilecek pv panellerin 

aerodinamik yapēyē aĸērē bozmamasē gerekir. Elektrikli aracēn s¿r¿ĸ 

esnasēnda yaĸanan s¿rt¿nmeden kaynaklē g¿­ kayēplarēnēn minimize 

edilmesi gerekmektedir. Aerodinamik s¿rt¿nme kuvvetinin 

hesaplanmasē bir denklem ile m¿mk¿n olabilir. Aerodinamik s¿rt¿nme 

kuvvetine drag force denmektedir ve FD ile gºsterilmektedir. Bu ifade 

ile aerodinemik s¿rt¿nme kuvvetinin hesaplanmasē, ( 1) ile 

gºsterilmektedir. 

 

FD = İ ɟ.V2.A.CD (1) 
 

A aracēn kesit alanēnē, V aracēn r¿zgara karĸē baĵēl hēzēnē, ɟ ise 

havanēn yoĵunluĵunu ifade etmektedir.[30] 

 

VII.  G¦NEķ ENERJĶSĶ ĶLE ¢ALIķAN ARA¢LARIN 

ELEKTĶRK TASARIMI  

Pv panellerin elektrik ¿retimi g¿n ēĸēĵē ve sēcaklēĵa baĵlē 

olarak deĵiĸmektedir. G¿n ēĸēĵē arttēk­a maksimum verime 

ulaĸĸada sēcaklēkta beraberinde artacaĵēndan verimi olumsuz 

etkileyecektir. (Gºrsel 7) de scaklēĵēn olmsuz etkisi grafik ile 

ifade edilmiĸtir. 

Pv panellerden maksimum verimi alabilmek i­in MPPT ( 

maksimum power point tracker) devreleri tasarlanmēĸtēr. Devre 

temelde akēm ve gerilim ºrneklerini s¿rekli ĸekilde alarak, giriĸ 

akēmēnēn en ¿st seviyede tutmayē ama­lamaktadēr.[31] Akēmēn 

artmasēyla da sistemden ­ekilecek g¿c¿n artmasē saĵlanmēĸ 

olacaktēr. Akēm veya gerilimin artmasē g¿­ formul¿nden yola 

­ēkarak g¿c¿ arttērdēĵē gºr¿lebilir. 

 

P= I.V (2) 

 

 
 

Gºrsel 7: Pv panellerin sēcaklēĵa baĵlē akēm ve gerilim deĵiĸimi. 

 
 

Elektrikli ara­larēn ¿zerine yerleĸtirliecek panellerin 

g¿c¿n¿n ºnemine ragmen boyutu ve aĵērlēĵē da aracēn dinamik 

yapēsēnēn etkilenmesinde ­ok ºnemli bir rol oynar. Elektrikli 

araca konulacak panellerin geometrisi, aĵērlēĵē ve yerleĸim ĸekli 

aracēn aerodinamiĵini bozmamalēdēr. Genel olarak elektrikli 

ara­larēn pv panel yerleĸim alanē 6 m2 dir.[32] 

 
 

VIII.  SONU¢ VE TARTIķMA 

Ulaĸēm ara­larēnēn yakēt maliyeti ve kēsētlēlēĵē dĸ¿n¿lerek 

elekrikli ara­lara yºneliminin arttēĵē gºr¿lm¿ĸ ve elektirkli 

ara­larēn elektirk tasarēmē ve verimliliĵi ºn plana ­ēkmēĸtēr. 

Ancak elektrikli ara­larēn verimi y¿ksek olsa da tek bir ĸarj ile 

daha uzun mesafe kat edebilmesi i­in bataryalarēn 

geliĸtirilmesi ve ĸarj istasyonlarēnēn yaygēnlaĸtērēlmasē 

gerekmektedir. 

Elektrikli ara­larēn artmasēyla enerji ihtiyacēnē arttērmasē 

ka­ēnēlmaz olacaktēr. Enerji ihtiyacēnē karĸēlamak adēna 

yenilenebilir enerji sistemlerinden faydalanmasē gerektiĵi a­ēk 

bir konudur. Enerji ihtiyacēnēn karĸēlanmasē i­in fosil yakētlara 

baĸvurulmasē gelecek i­in tehlike oluĸturmakla birlikte yakēt 

maliyeti ve CO2 salēnēmēnē arttēracaktēr. Bunun yerine 

yenilenebilir enerjiden, ºzellikle de g¿neĸ enerjisinden 

faydalanēlmasē hem maliyetleri d¿ĸ¿recek hem de CO2 salēnēmē 

gibi zararlē gazlardan d¿nya korunmuĸ olacaktēr. G¿neĸ 

enerjisinden faydalanmanēn ºn¿n¿n a­ēlmasē i­in pv panellerin 

¿retimi kousunda devletimizin teĸvik ve ºzendirme politikasē 

yapmasē ¿lke i­in faydalē olacaktēr. 

Elektirkli ara­larēn g¿­ aktarēm organlarēnda meydana gelen 

verim kaybēnēn ºn¿ne ge­ilmesi ve tork ¿retiminin arttērēlmasē 

­alēĸmalarēnēn yapēlmasē da konforlu ve s¿rd¿r¿lebilir ara­lar 

i­in kullanēcē tercihinde ºn plana ­ēkacaktēr. 

Elektrikli ara­larēn kullanēlan teknolojiye gºre satēĸ fiyatēnēn 

y¿ksek olduĵu gºr¿lmektedir. Kullanēmēn yaygēnlaĸmasēyla ve 

yatērēmēn artmasēyla birlikte ¿retim maaliyetleri d¿ĸeceĵinden 

satēĸ fiyatēnēn da d¿ĸmesi gerekmektedir. 

Ayrēca elektirkli ara­larēn savunma sanayisinde kullanēmēnēn 

arttērēlmasē da gerekmektedir. Savunma sanayisinde kullanēmēn 

artmasēyla i­ten yanmalē motorlarēn enerji ihtiyacēnda olduĵu 

gibi enerjide baĵēmlēlēĵē ortadan kaldēracak ve ¿lkeyi askeri 

alanda daha baĵēmsēz yapacaktēr. 
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¥zet - Gºr¿nt¿ iĸleme, bilgisayarla gºrmede kullanēlan bir 

ºzellik ­ēkarma tekniĵidir. Tekniĵin amacē, bir  oylama 

prosed¿r¿ ile belirli ĸekil sēnēfēndaki nesneler ¿zerinde iĸlem 

yapmaktēr. Bu makalemizde Paul Hough dºn¿ĸ¿m¿yle 

daireler, elipsler ve diĵer kapalē ĸekillerin tespitini 

a­ēklayacaĵēz. 

Anahtar Kelimeler ï Paul Hough Transform, Image Procces, 

Shape detection, Circle detection 

 

 
I. Hough Dºn¿ĸ¿m¿ Tarih­esi 

Hough dºn¿ĸ¿m¿, gºr¿nt¿ analizi, bilgisayarla gºrme ve 

dijital gºr¿nt¿ iĸlemede kullanēlan bir ºzellik ­ēkarma 

tekniĵidir Tekniĵin amacē, bir oylama prosed¿r¿ ile belirli 

bir ĸekil sēnēfēndaki nesnelerin kusurlu ºrneklerini 

bulmaktēr. 

Baĸlangē­ta Hough tarafēndan 1959 yēlēnda kabarcēk odasē 

fotoĵraflarēnēn makine analizi i­in icat edildi. Bug¿n 

evrensel olarak kullanēldēĵē ĸekliyle Hough dºn¿ĸ¿m¿, 

1972'de Richard Duda ve Peter Hart tarafēndan icat edildi 

ve bunu Paul Hough óun ilgili 1962 patentinden sonra 

"genelleĸtirilmiĸ Hough dºn¿ĸ¿m¿" olarak adlandērdē. 

Dºn¿ĸ¿m bilgisayarlē gºrme topluluĵunda Dana H. 

Ballard tarafēndan 1981 tarihli "Hough dºn¿ĸ¿m¿n¿n 

ĸekilleri algēlamak i­in genelleĸtirilmesi" baĸlēklē bir dergi 

makalesiyle pop¿ler hale getirildi. 

 

 
II.  Hough Dºn¿ĸ¿m¿ kronik sorunlarē ve bulunan ­ºz¿m 

Dijital  gºr¿nt¿lerin otomatik analizinde, genellikle d¿z 

­izgiler, daireler veya elipsler gibi basit ĸekillerin 

algēlanmasēyla ilgili bir alt problem ortaya ­ēkar. Bir­ok 

durumda, gºr¿nt¿ alanēnda istenen eĵri ¿zerinde bulunan 

gºr¿nt¿ noktalarēnē veya gºr¿nt¿ piksellerini elde etmek 

i­in bir ºn iĸleme aĸamasē olarak bir kenar detektºr¿ 

(CannyEdge Fonksiyonu) kullanēlabilir. Ancak hem 

gºr¿nt¿ verisindeki hem de kenar algēlayēcēdaki kusurlar 

nedeniyle, istenen eĵriler ¿zerinde eksik noktalar veya 

pikseller olabileceĵi gibi, ideal ­izgi/daire/elips ile 

g¿r¿lt¿l¿ kenar noktalarē arasēnda uzamsal sapmalar 

olabilir. Kenar dedektºr¿ Bu nedenlerden dolayē, ­ēkarēlan 

Kenar ºzelliklerini uygun bir dizi doĵru, daire veya elips 

olarak gruplamak genellikle ºnemsizdir. Hough 

dºn¿ĸ¿m¿n¿n amacē, bir dizi parametreli gºr¿nt¿ nesnesi 

¿zerinde a­ēk bir oylama prosed¿r¿ uygulayarak kenar 

noktalarēnēn nesne adaylarēna gruplandērēlmasēnē m¿mk¿n 

kēlarak bu sorunu ­ºzmektir. 

 

 
III.  Numpy K¿t¿phanesi 

Python programlama dili  i­in ­ok boyutlu dizileri 

destekleyen ve bu dizilerde iĸlem yapmamēzē saĵlayan 

g¿­l¿ bir k¿t¿phanedir. NumPy'nin atasē Numeric, ilk  

olarak Jim Hugunin tarafēndan diĵer birka­ geliĸtiricinin 

katkēlarēyla oluĸturuldu. 2005 yēlēnda Travis Oliphant, 

Numarray'in ºzelliklerini kapsamlē deĵiĸikliklerle 

Numeric'e dahil ederek NumPy'yi yarattē. NumPy 

OpenCV ile paralel ­alēĸmaktadēr. Ve OpenCV 

k¿t¿phanesini kullanērken NumPyôē da kullanmalēyēz. 

 

 
IV.  OpenCV K¿t¿phanesi 

OpenCV ilk  olarak INTEL tarafēndan Haziran 2000 yēlēnda 

yayēnlanan ardēndan da g¿n¿m¿ze kadar geliĸtirilen ger­ek 

zamanlē bilgisayarlē gºr¿ teknolojisini barēndēran a­ēk 

kaynak kodlu bir programlama k¿t¿phanesidir. ¢oĵunluk 

ºzelliĵini C++ ¿zerinde barēndērēr. Ardēndan java, Python 

ve C#ôa da eklenmiĸtir 2011ôden itibaren GPU-CUDA 

¿zerinden iĸlemler yapabilme ºzelliĵine sahiptir. Derin 

ºĵrenme ile kullanēlabilir. 

 

 
V. Hough ¢emberi Kēsaca 

Kusurlu gºr¿nt¿lerdeki daireleri tespit etmek i­in dijital 

gºr¿nt¿ iĸlemede kullanēlan temel bir tekniktir. Daire 

adaylarē parametre uzayēnda oylama yapēlarak sonuca 

varēr. Oylama sonucunda istenilen deĵerlere uygun 

­emberler tespit edilir. 
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VI.  Teori 

Elimizde (K,L) merkezli ­emberin yarē­apē r olmak ¿zere 

ve ὸ: 0  O2“ 

ὼ =  ὑ +  ὶ  ÃÏÓ(ὸ) 

ώ =  ὒ +  ὶ  ÓÉÎ(ὸ) 
 

t a­ēsē 360 dereceyi tamamladēĵēnda merkezi K ve L; 

kenarlarēnēn noktalarē ise X ve Y olan bir ­ember vardēr. 

Bu sayēsal deĵerler elimizdeki datadēr. Yani dēĸarēdan 

gelen dijital bir gºr¿nt¿d¿r. Elde edilen x ve y deĵerleri bir 

{x,y}  bi­iminde kaydedilir. ¥rnek; {x 1,y1} , {x2,y2}  , 

{x3,y3}  (Esasēnda CannyEdge fonksiyonu ile kenar 

pikseller tespit edilir.) 

Ardēndan (x?,y?) merkezli ­emberin yarē­apē r olmak 

¿zere ve Ὢ: 0  O2“ 

ὼ? ? =  ὼ? +  ὶ  cos(Ὢ) 

ώ? ? =  ώ? +  ὶ  sin(Ὢ) 

Olacak ĸekilde f a­ēsē 360 dereceyi tamamladēĵēnda 

merkezi x? ve y?; kenarlarēnēn noktalarē ise x?? Ve y?? 

olan yeni ­emberler ­izilir. Aĸaĵēdaki ºrnek gºr¿nt¿de 

kenar ¿zerinden ­izilen yeni ­emberler tespit etmek 

istediĵimiz (K,L) merkezli ­emberin ortasēndan 

ge­mektedir. Bu durumda oranlama yapēlēr. ¥rneĵin 100 

yeni ­ember ­izilmiĸ ise ve 100 de orta noktadan ge­iyor 

ise; doĵruluk oranē %100ôd¿r. 
 

 

 
VII.  Geometrik ĸekillerin tespiti 

Elimizdeki dijital gºr¿nt¿ye (ĸekil a) CannyEdge 

(FindContours) Fonksiyonu uyguladēktan sonra (ĸekil bôde 

olduĵu gibi) kenarlarē tespit edilir ve bir diziye kaydedilir. 

FindContoursôdan elde ettiĵimiz veriyi MinAreaRect 

fonksiyonuyla iĸlediĵimizde elimizde ĸeklin y¿ksekliĵi, 

geniĸliĵi, orijine gºre a­ēsē ve orta noktasē bulunur. Ve 

ķekil bôdeki gibi ­ēktē elde edilir. ķekil bôde kērmēzē nokta 

ĸeklin orta noktasēdēr. Ardēndan da ana ĸeklin kenarlarē orta 

nokta olacak ĸekilde aradēĵēmēz ĸekil ­izilir. Ve gºr¿nt¿ C 

elde edilir. Burada ­izilen yeni ĸeklin kenarlarē ana ĸeklin 

orta noktasēndan ge­iyor ise doĵruluk oranē y¿ksek 

demektir. D¿ĸ¿k oranda ge­iyor ise aranan ĸekil ile 

elimizdeki ĸekil uyumsuz demektir. Hemen hemen ­oĵu 

kapalē ĸekil i­in ĸekil tespit algoritmasē aynē yºntem ile 

­alēĸēr. 

 

 

 

 

ķekil a 

 

 

 
ķekil b 

 

 
 

 
ķekil c 

 

 

VIII.  OpenCV Fonksiyonlarē 

A. RGB resmi HSVôye ­evirmek 

R, G, B  ɴ(0,255) 

R' = R/255 G' = G/255 B' = B/255 

R', G', B'  ɴ(0,1) 

Cmax = max(R', G', B') Cmin = min(R', G', B') 

ȹ = Cmax ï Cmin 

 

 

 

 

 

 

 

 

 

 

 

Yukarēdaki fonksiyon ile RGB resmimiz HSVôye 

dºn¿ĸm¿ĸ olur. 



 

 

 
HSV Uzayē 

HSV (0-180,0-255,0-255) 

 

 
RGB Uzayē 

RGB (0-255, 0-255, 0-255) 

 

 
B. InRange ile belirli  Renk aralēĵēnē bulmak 

ὖὭὯίὩὰὭ Ὧέὴώὥὰὥ, ὉøὩὶ (ὭὪ) 

X ve Y ekseninde tarama yapēlēr. Tarama sonucunda 

pikseller arasēnda renk yoĵunluk farkēna gºre o nokta 

Canny noktasē olur. Ve t¿m Canny noktalarē bir dizide 

kaydedilir. 
 

¥rnek gºrsel 

 

 

IX.  Otonom Ara­ta Kullanēlmasēna Dair Bir ¥rnek 

A. D¿zg¿n Kapalē ķekil 

1) ¢evre donanēm birimleri aracēlēĵē ile elde edilen 

dijital gºr¿nt¿ alēnēr. 
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Ὢ(ὼ) =  
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Alt ÁÒÁÌąË <  H <  ­ÓÔ ÁÒÁÌąË 
ὠὉ(ὃὔὈ) 

Alt ÁÒÁÌąË <  S <  ­ÓÔ ÁÒÁÌąË 
ὠὉ(ὃὔὈ) 

ὃὰὸ ὥὶὥὰ Ὧ <  ὠ <  ­ίὸ ὥὶὥὰ Ὧ 

 ὖὭὯίὩὰὭ Ὧέὴώὥὰὥάὥ, ὨὩøὭὰ ὭίὩ (ὩὰίὩ) 
 

 

 

¥rnek iĸlem 

 

 

C. CannyEdge ile kenar noktalarē bulmak 

 

 

 

 
2) Alēnan gºr¿nt¿ RGB Ą HSVôye ­evrilir ve yeni 

gºr¿nt¿m¿z bu ĸekilde olur. 

 

 



3) Ardēndan InRange ile istediĵimiz renk aralēĵēnē 

se­iyoruz. (bu evrede gaussian filter kullanērsanēz 

parazitler yok olacaktēr). 
 

 

 
4) Ardēndan da canny iĸlemi ile kenarlarē 

belirtiyoruz. Buradan FindContours ile her bir 

kenar ­izgisini ayrē bir seri i­eriĵine 

kaydediyoruz. 
 

 

 
5) Her bir seriye deĵerleri kaydettikten sonra Hough 

­ember tespiti algoritmasēnē kullanarak adēm 

adēm tarama yapacaĵēmēz seride iĸlemimizi 

yapēyoruz. Bu ºrnekte toplam 8 adet i­ kont¿r ve 

1 adet ebeveyn kont¿r¿ bulunur. Ayrēca bulunan 

her kont¿r¿n y¿ksekliĵi, geniĸliĵi, a­ēsē, X ve Y 

konumu da MinAreaRect fonksiyonu ile bulunur. 

Bu ºrneĵimizde 

 
 

 

 
6)  Her ĸekle yapēlan taramanēn sonucundan sadece 

bir tanesinin eliptik bir ĸekle sahip olduĵunu 

hesaplamalar sonucunda varēyoruz. 
 

 

 
7) Ve son olarak ­ēktē gºr¿nt¿m¿z bu ĸekilde 



B. Kesilmiĸ Elips 

ķimdiye kadarki anlattēklarēmēz kapalē yani bir tam d¿zg¿n 

elips tespiti i­in idi. Lakin ortadan 2ôye ayrēlmēĸ kapalē 

olmayan elips bu durumda tespit edilemez. Bundan ºt¿r¿ 

Kont¿r birleĸtirme eylemini ger­ekleĸtiriyoruz. 
 

1) Ķlk ºnce bir parent konturunun i­erisinde en 

b¿y¿k kont¿r¿m¿z¿ se­iyoruz 
 

2) Se­ilen kont¿rde tarama yapēyoruz tarama 

sonucunda doĵruluk oranē %55ôtir. Aradēĵēmēz 

deĵerin altēndadēr. 
 

3) Bu durumda yeni bir algoritma eklenerek doĵru 

sonu­ arayēĸēna girilir. 

En b¿y¿k i­ kont¿r = A 

Aôya en yakēn i­ kont¿r = B 

A + B = C 

C yeni tarama yapacaĵēmēz kont¿r olur ve kont¿r 

iĸleminde hata payēmēz (d¿z ­izgiler) biraz daha 

fazla olacaĵēndan hata payē toleransēmēzē 

arttērērēz. Yani normalde en az %85 ise bu 

yºntemde %63ôe kadar toleransēmēz olur. 
 

4) C kont¿r¿ne yaptēĵēmēz tarama sonucunda 

deĵerimiz %64ôt¿r. Bu da bizim i­in bir eliptik 

ĸekil bulduĵumuz anlamēna gelir 
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¥zet - D¿nya n¿fusundaki artēĸ ulaĸēm sorununu da beraberinde 

getirmekte ve trafiĵe ­ēkan ara­ sayēsē her ge­en g¿n artmaktadēr. Ķ­ten 

yanmalē motorlara  sahip ara­ sayēsēndaki artēĸ ­evreye zarar vermektedir. 

Bundan dolayē g¿n¿m¿zde elektrikli  ara­lar da ¿retim ve kullanēm 

artmaktadēr. Bu tarz ara­lar i­in kullanēlan haberleĸme sistemlerinin 

temelinde Seri haberleĸme bulunmaktadēr. Seri haberleĸme senkron ve 

asenkron olarak iki  ĸekilde incelenmektedir.Seri haberleĸmede 

haberleĸmeye etki eden bir ­ok faktºr bulunmaktadēr. Bu faktºrlerden 

birisi  de iletim yoludur.Ara­ i­inde bulunan haberleĸme t¿rleri 

mesafeleri,hēzlarē ve haberleĸme de kullanēlan byte uzunluklarē ile 

deĵiĸkenlik gºsterebiliyorlar. Bu haberleĸme protokolleri  CanBus,Rs- 

232,Rs-485,I2C,SPI gibi ºrneklendirilebilir.Bu makale de ara­ i­in 

haberleĸmeye, uygun olabilecek sistemlerden sēk kullanēlan bu 

protokollerin  kullanēm alanlarēna gºre deĵerlendirilmesi ve ara­ i­in 

uygun protokole karar  verilmesi ama­lanmēĸtēr 

 
Anahtar Kelimeler ï CanBus,Rs-485,I2C,SPI,232,Seri 

Haberleĸme, Elektrikli  Araba, Haberleĸme, Ķletim Yolu 

 

 
1-GIRIķ 

Haberleĸme ihtiyacē insanoĵlunun yery¿z¿nde var olduĵu g¿n itibariyle var 

olan bir gereksinimdir. Yery¿z¿nde insanlarēn sayēsēnēn artmasē ve baĸka 

mekanlara daĵēlmalarē ile birlikte gittikleri yerlerden haber iletme ihtiyacē ortaya 

­ēkmēĸtēr.Yani haberleĸme bilgiyi  bir noktadan baĸka bir noktaya 

iletmektir.Haberleĸme terimi bilgiyi  elektriksel yollarla 

gºndermeye,almaya,iĸlemeye karĸēlēk gelir.Haberleĸmenin amacē, herhangi bir 

bi­imdeki zaman ve uzay i­inde kaynak olarak adlandērēlan bir 

noktadan(verici),kullanēcē denilen baĸka bir noktaya(alēcē) aktarēlmasēdēr.Bug¿n 

telefon,radio,televizyon gibi elektriksel iletiĸimin ­eĸitleri,g¿nl¿k yaĸantēmēzēn 

vazge­ilmez birer par­asē olmuĸlardēr.Elektriksel iletiĸimin diĵer bazē ºnemli 

ºrnekleri ĸu ĸekilde sēralanabilir;radar,telemetri,bilgisayarlar arasē bilgi 

aktarēmē,askeri ama­lar i­in kullanēlan telsiz,ara­lar.Bu liste istenildiĵi kadar 

geniĸletilebilir.Elektronik devre ºĵeleri teknolojisindeki yeni ilerlemelere baĵlē 

olarak ºn¿m¿zdeki yēllarda iletiĸimde ºnemli geliĸmelerin olmasē ka­ēnēlmazdēr. 

[1],[2] 

Haberleĸme ¿­ ana kanal ¿zerinden ger­ekleĸir.Verici,alēcē ve iletim 

ortamē.Verici gºnderilecek bilgiyi  ortamda iletilecek hale getiren,gerekli 

kodlamalarē ve kuvvetlendirmeyi yapan elektronik devrelerdir.Alēcē ise verici 

tarafēndan kodlanmēĸ olarak gºnderilen sinyalin kodunu ­ºzerek bilgi sinyalini 

orjinal haline dºn¿ĸt¿ren elektronik devrelerdir.Ķletim ortamē ise verici 

tarafēndan iletime hazēr hale getirilen sinyalin gºnderildiĵi ortamdēr.Ķletim 

ortamlarē kablolu veya kablosuz olmak ¿zere ikiye ayrēlēr.Kaynaktan ­ēkan bilgi 

gerekli dºn¿ĸ¿mler yapēlarak vericiye iletilir.Verici  bilgiyi  iletim ortamēna 

gºndererek alēcē tarafēndan ulaĸēlmasēnē saĵlar.Alēcēya gelen bilgi gerekli 

dºn¿ĸ¿mler yapēlarak hedef noktaya ulaĸēr.Haberleĸmenin geniĸ olarak bilginin 

bir noktadan diĵer bir noktaya aktarēmē olduĵuna deĵinmiĸtik.Bilginin nasēl 

aktarēldēĵēna gelelim;Haberleĸme sistemi i­inde bilgi aktarēmē,bilgiyi 

elektromanyetik bir dalgaya mod¿le ederek elde edilir ki bu bilgi sinyalinin 

taĸēyēcē rol¿n¿ oynar.Mod¿lasyon iĸlemi,bir bilgi iĸaretinin iletim ortamēna 

uygun hale getirilmesidir.Yani iletim ortamēmēza uygun olan elektromanyetik 

dalgaya 

 
uygun   hale   getirmek   i­in   bilgiyi   taĸēyēcē   sinyale   module   etme 

 

iĸlemidir.Genlik ve frekans mod¿lasyonu olarak ikiye ayrēlēr.Ve mod¿le edilmiĸ 

sinyal iletim ortamēna verilir.Mod¿le edilmiĸ taĸēyēcē,iletim ortamēndan istenilen 

varēĸ noktasēna ulaĸtēĵēnda asēl bilgi sinyali demod¿le edilerek yeniden elde 

edilir.Demod¿lasyon iĸlemi ise mod¿lasyon tersi bir iĸlemdir.Bilgi iĸaretini 

taĸēyēcē iĸaretten ayērmak i­in kullanēlēr.Bºylece bilgi sinyali iletiĸmiĸ olur. 

[3],[4] 

 
2- MA TERYAL  VE Y¥NTEM 

¢alēĸmada kullanēlan haberleĸme protokolleri bir ­ok makale ve internet 

sitesi ¿zerinden alēnmēĸtēr. Haberleĸme protokolleri arasēnda incelemeler 

yapēlmēĸ ve karĸēlaĸtērēlmalarē a­ēklamalarēn peĸinden gelen c¿mleler ile 

ºzetlenerek ilerlenmiĸtir.Gºzlemlerin sonucunda doĵru protokol¿n proje i­in 

uygunluĵuna karar verilmiĸtir.Protokollerin g¿n¿m¿zde kullanēmlarē hakkēnda 

da deĵerlendirmeler yapēlmēĸtēr. 

 
2.1- ĶLETĶM ORTAMINDAN KAYNAKLANAN BOZULMALAR VE 

G¦R¦LT¦ 

Gºnderilecek olan veri karĸē tarafta bulunan alēcēya ulaĸēncaya kadar belirli 

bazē bozulmalara uĵrar bu bozulmalar, elektronik ekipmanlar ve iletim yolu 

y¿z¿nden oluĸmaktadēr.Bunlar aĸaĵēdaki gibi ºzetlenebilir.[5][6] 

 
2.1.1- Ķĸaret Zayēflamasē 

Ķletimin ortamēna baĵlē olarak deĵiĸebilen bu durum verinin gºnderileceĵi 

kēsēmlarda gºnderilen dalganēn genliĵinde olan d¿ĸ¿ĸlerden dolayē bu sorun 

­ēkmaktadēr. Bu sinyali oluĸturan harmonik faktºrler iletim ortamēnda farklē 

miktarlarda zayēflamalara uĵrar.Frekans arttēk­a zayēflama ve bozulmalar 

artmaktadēr.[5][6] 

 
2.1.2- Gecikme Bozulmasē 

Verinin iletiminden kaynaklanabilecek bozulmalardēr.Bu durumlara ĸu 

ĸekilde ºrnek verilebilir.Fiber optic kablolalar yani internet hēzlarēmēzda 

meydana gelen deĵiĸiklikler.Ķletimin ortamēnēn deĵiĸkenliĵinden ve yolda oluĸan 

gecikmeden ºt¿r¿ oluĸan bozulmalar bu duruma ºrnek verilebilir.[5][6] 

 
2.1.3- G¿r¿lt¿ 

Haberleĸme sistemlerinde yaĸanan istenmeyen bozulmalara yani veriyi 

d¿zg¿n bir ĸekilde iletilememesine temel olarak g¿r¿lt¿ denir. Genel anlamda 

ortamdan kaynaklanan elektriksel,iĸaretciden oluĸan rastgele oluĸan dalgalanma 

olarak tanēmlanēr.Bu durumu sēnfēlandēracak olursak 2 sēnēfa ayērabiliriz. 

¶ Parazit:Ķstenmeyen sinyaller ortamda oluĸan diĵer frekanslardan ºt¿r¿ 

bizim frekansēmēzē etkileyen bozucu sinyaller olarak adlandērēlabilir.Bu 

durumdan kurtulmak i­in ek elektroniksel devreler veya daha saĵlēklē 

bir ortam d¿zeneĵi kurulmalēdēr 

¶ Termal G¿r¿lt¿: Isēl g¿r¿lt¿, devrede bulunan kompanentlerin 

oluĸturmuĸ olduĵu ­alēĸma sēcaklēklarēndan dolayē ortaya ­ēkan bunun 

yanēnda ortam sēcaklēĵēnēn da etkilediĵi durumlardēr.Bu durumu 

ortamdan kaldērmak i­in devreye veya ortama ek olarak soĵutucu 

sistemler eklenmelidir..[5][6] 

 
2.2- SERI HABERLEķME 

Seri haberleĸme de bir byte veriyi gºndermek i­in itetken ¿zerinden bit bit peĸ 

peĸe gºnderilme yapēlēr. Bu gºnderim iĸleminde mesajēn baĸēnda baĸlangē­ biti 

sonunda ise bitiĸ biti bulunur.[7] Bu bitlerin kullanēlma amacē verinin karĸē 

tarafa d¿zg¿n ve ĸifreli bir ĸekilde ulaĸmasēnē istediĵimizden 

mailto:kerim.dndrr@gmail.com
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kaynaklanmaktadēr. Veri iletim hēzē karĸē tarafa bilginin ne kadar doĵru 

ulaĸtēĵēnda ºnemli bir rol oynamaktadēr. Bu hēza baudrate denmektedir. Baud 

rate 1saniye i­inde ulaĸtērēlan bit sayēsēdēr.Seri haberleĸme kendi i­erisinde 

senkron ve asenkron olarak ikiye ayrēlēr.[7][8] 

 
2.2.1 Senkron Haberleĸme 

Senkron haberleĸme ger­ekleĸtiren,gºnderilen veri biti ve alēnan veri biti 

birbiriyle uyumlu ve eĸ zamanlē olarak ­alēĸmaktadēr. Yani hem veriyi alēp 

hemde iletme iĸlemlerini ger­ekleĸtirmelidir.( SPI ,I2C)[8] 

 

2.2.2 Asenkron Haberleĸme 

Asenkron haberleĸme senkron haberleĸmenin tam tersidir. Aynē anda veriyi 

hem alēp hem iletmek zorunda deĵildir.Senkron haberleĸmeye gore daha yavaĸ 

bir haberleĸmedir.[7][8] 

 
2.3- UART HABERLEķME 

Universal asynchronous receiver transmitter (Uart). Adēndan da anlaĸēlabileceĵi 

gibi asenkron bir yapēdēr. Bu yapē aslēnda bir ­iptir. Bir mikrodenetleyici seri 

portlarē kullanēlarak haberleĸme saĵlayan gºm¿l¿ bir devreden 

oluĸmaktadēr.Data tipi ve hēzē ile deĵiĸiklik gºsteren,programlanabilir bir 

sistemdir. 

 
2.3.1- Baud Rate Hēzē 

Veri aktarēmēnda baud hēzē, saniyede aktarēlan sembol veya sayēyē ifade 

eder.Bir sembol yada sayē sabit sayēda bit grubudur.Haliyle bir saniyede 

aktarēlan bit sayēsē ve baud hēzē olan bit hēzē,bir sembol yanlēzca bir bit 

olduĵunda eĸit olacaktēr.[7][9] 

 
2.3.2- Baĸlangē­ Biti  

Veri iletimi olmadēĵēnda,UARTôēn iletim hattē y¿ksek voltajda(HIGH) 

tutulur.Veri transferini baĸlatmak i­in,bir saat dºng¿s¿ i­in voltaj y¿ksekten 

d¿ĸ¿ĵe ­ekilir.Bu ge­iĸ baĸlangē­ biti olarak iĸ gºr¿r.[10][9] 

 
2.3.3- Sonlandērma Biti  

Sonlandērma biti ise baĸlangē­ bitinde yapēlan iĸin tam tersi d¿ĸ¿kten y¿kseĵe 

­ekilen voltaj (LOW)i­in ger­ekleĸen bu ge­iĸ sonlandērma biti olarak 

adlandērēlēr.[10][9] 

 
2.3.4- Parity  

Ķletim sērasēndaki verilerdeki deĵiĸimi belirtmek i­in bir eĸlik biti 

kullanēlēr.Uyumsuz baud oranlarē, elektromanyetizma veya uzun mesafeli veri 

aktarēmē dahil verilerdeki deĵiĸimin birka­ nedeni vardēr.Veri ­er­evesini 

aldēktan sonar,UART veri ­er­evesindeki toplam bit sayēsēnēn ­ift mi yoksa tek 

mi olduĵunu control eder.Bu 1 deĵeri olan bitlerin sayēsē sayēlarak yapēlēr.Eĸlik 

biti sēfēr ise veri ­er­evesindeki bitlerin sayēsē bir ­ift sayēdēr.Bir ise veri 

­er­evesindeki bit sayēsē tektir.Eĸlik biti verilerle uyuĸmuyorsa UART veri 

­er­evesindeki bit hatayē tanēmlar.[10][9] 

 
2.4 UART UYGULAMALARI  

Uart uygulamalarē genellikle mikrodenetleyici sistemlerde gºr¿lmektedir. Bir 

­ok mod¿l bunlara ºrnek verilebilir. Bunlardan bazēlarē kablosuz iletiĸim,GPS 

¿niteleri,CanBus,Rs-485,Rs-232,gibi protokoller ile ­eĸitlendirilebilir.Bu 

protokollerin yapēlarēndan kēsaca bahsetmek gerekirse; 

 
2.4.1- Rs232 

Kēsa mesafelerde haberleĸme saĵlamak i­in 1960ôlarēn baĸlarēnda ortaya 

­ēkmēĸtēr. ķuan kullanēlan standar ise 1987ôde standart haline 

getirilmiĸtir.Yapēlan araĸtērmalar sonucu kablolarēn kapasitansēndan dolayē 15 

metre ve ¿zeri uzunluklar da haberleĸmede verilerin bozulmaya baĸladēĵē 

gºzlemlenmiĸtir.D¿ĸ¿k kapasite deĵeri olan kablolar ile bu uzunluĵun 300 

metreye kadar y¿kseltildiĵi de test aĸamalarē arasēna not edilmiĸtir. 

Aynē zamanda ­ift yºnl¿ (full duplex) olarak da ­alēĸabilmektedir. ASCII 

karakterlerinden oluĸan bir veri tipi ile gºnderilen bu veriler ASCII 

 

formatēndan kaynaklē olarak 8 bitlik  karakterler halinde iletilmektedir. [12][13] 

 
2.4.2-Rs422 

Bu standart,Rs-232ôdeki kēsa iletim mesafesi ve yavaĸ iletim hēzē gibi 

sorunlardan dolayē doĵan ihtiya­lar neticesinde ortaya ­ēkmēĸ bir 

standarttēr.Sinyal hatlarēnēn amacē ve zamanlamasē tanēmlanēr,ancak konektºrler 

tanēmlanmaz.Rs-232 ile karĸēlaĸtērēldēĵēnda,g¿r¿lt¿ye daha iyi  direnebildiĵi gibi 

daha uzun mesafelere de veriyi iletebilmektedir.Aynē anda haberleĸebildiĵi cihaz 

sayēsē ise 10 adettir. [14][15] 

 
2.4.3- Rs485 

Rs485 422ônin bir geliĸmiĸ versyonudur.Bu standart haberleĸilen cihaz 

sayēsēnē ondan otuz ikiôye ­ēkartēr.Birden fazla cihazē yºnetebilmektir.Rs422ônin 

bir ¿st seviyesi olmakla beraber Rs485 Rs422 cihazlarēnē da control 

edebilir.Ķletim mesafesi 1200 metre olarak belirlenmiĸtir.Rs485 aynē anda birden 

fazla cihazla iletiĸim kurulmasēna izin veren sistemdir.Tekrarlayēcēlar ile birlikte 

cihaz sayēsē ve mesafe y¿kseltilebilmektedir.Dezavantajē olarak programlanmasē 

daha zor olmakla beraber iletimde sērasēyla iĸ yapmaktadēr.Hem veri alēp hemde 

veriyi gºnderme gibi bir iĸlem yapamamaktadēr.[16][17] 

 
2.4.4- Can Bus 

Can Bus ISO 11898 standartlarē tarafēndan tanēmlanan bir elektronik iletiĸim 

veri yoludur.Bu standartlar,diĵer ĸeylerin yanē sēra iletiĸimin nasēl 

ger­ekleĸtiĵini,kablolamaônēn nasēl yapēlandērēldēĵēnē ve mesajlarēn nasēl 

oluĸturulduĵunu tanēmlar.Toplu olarak, busistem bir CAN veri yolu olarak 

adlandērēlēr.Can Bus g¿n¿m¿z otomobillerinde ve diĵer cihazlarda bulunan 

Elektronik Kontrol Birimlerinin (ECUôlar) birbirleriyle g¿venilir,ºncelik odaklē 

bir ĸekilde iletiĸim kurmasē saĵlamak i­in tasarlanmēĸ mesaj tabanlē bir 

protokold¿r.Mesajlar veya ñ­er­evelerò 

 
ķekil 2 [23] 

 
Aĵdaki t¿m cihazlar tarafēndan alēnēr ve ana bilgisayar gerektirmez.Master slave 

 

yapēsēndan arēnmēĸ bir sistemdir. CAN veri yolu ¿zerindeki cihazlara 

ñd¿ĵ¿mlerò denir. Her d¿ĵ¿m, bir CPU, CAN denetleyicisi ve d¿ĵ¿m tarafēndan 
gºnderilen ve alēnan verilerin sinyal seviyelerini uyarlayan bir alēcē-vericiden 

oluĸur. T¿m d¿ĵ¿mler veri gºnderip alabilir, ancak aynē anda deĵildir. ID 

sistemi ile y¿ksek ºncelik verilen d¿ĵ¿mler ºnce mesajē iletir ve mesajē alēr. 
D¿ĵ¿mler doĵrudan birbirlerine veri gºnderemezler. Bunun yerine, verilerini, 
adreslendikleri herhangi bir d¿ĵ¿m i­in mevcut olan aĵa gºnderirler. CAN 
protokol¿ kayēpsēzdēr ve veri yolundaki ­ekiĸmeleri ­ºzmek i­in bit tabanlē bir 
tahkim yºntemi kullanēr.T¿m d¿ĵ¿mler, aĵdaki t¿m verileri aynē anda 
ºrnekleyecek ĸekilde senkronize edilir. Bununla birlikte, veriler saat (zaman) 
verileriyle iletilmez, bu nedenle CAN, ºrneĵin EtherCAT gibi ger­ekten 
senkronize bir veri yolu deĵildir.Mesaj uzunluĵunun iki ­eĸidi vardēr: standart 
ve geniĸletilmiĸ. Ger­ek fark, tahkim alanēndaki ek 18 bitlik  tanēmlayēcēdēr.[18] 



ķekil 1.[18] 

 

Standartôa gºre bir Can veri yolunun maksimum hēzē 1Mbit/saniyedir. Bazē 
uygulamalarda bu hēzēnda ¿st¿ne ­ēkabilmektedir.Kablo uzunluĵu 40 metre 

maksimum olarak kullanēlabilir.Ķletim hēzēna gºre kablo uzunluĵu 

deĵiĸebilmektedir. 

- 500kbit/s 100metre 

- 250kbit/s 200 metre 

- 125kbit/s 500 metre 

- 10kbit/s 6 kilometre 

olarak belirlenmiĸtir.[18][19] 

Can Bus kullanēm alanlarēna ºrnek verecek olursak,asansºrler,u­aklar,aĵēr 
hizmet filo telematiĵi, ara­lar(motor,otomobil..)gemiler,tēbbi cihazlar gibi 

ºrnekler verilebilir. Can Busôēn avantajlarē ise bu standartôēn genel olarak 

d¿nyanēn her yerinde kabul gºrmesi en ºnemli olanēdēr. Bununla birlikte; 

 
- Basit ve D¿ĸ¿k maliyetli 
- Tamamen Merkezleĸtirilmiĸ 
- Son Derece Saĵlam 
- Verimli 
- Azaltēlmēĸ Ara­ Aĵērlēĵē 
- Kolay Daĵētēm 

 
gibi avantajlarē da bulunmaktadēr.Can,m¿kemmel kontrol ve arēza tespit 

yeteneklerine sahiptir.Bir hatayē algēlamak kolayca yapēlēr ve bºylece iletilen 
veriler gitmesi gereken yere ulaĸēr.Karmaĸēk bir sistemin daĵētēlmēĸ kontrol¿ 

gerektiĵinde ideal bir protokold¿r.Aĵēr kablolamayē ve dolayēsēyla maliyeti ve 
aĵērlēĵē azaltēr.¢ip maliyeti diĵer standartlarēn kullanēlmēĸ olduĵu ­iplerin 

maliyetine nazaran ucuzdur.[18][19][20] 
ISO 11898 standardē, CANôēn ­eĸitli versiyonlarēnē tanēmlar. Otomobil 
end¿strisinde kullanēlan baskēn CAN t¿rleri ĸunlardēr: 

 
- Low Speed CAN 

 
Y¿ksek g¿ncelleme oranlarē gerektirmeyen hataya dayanēklē sistemler i­in 

kullanēlēr. Maksimum veri aktarēm hēzē 125 kbpsôdir, ancak kablolama bu 

nedenle y¿ksek hēzlē CANôden daha ekonomiktir. Otomotiv uygulamalarēnda, 

d¿ĸ¿k hēzlē CAN tanēlama, pano kontrolleri ve ekranlarē, elektrikli camlar vb. 

i­in kullanēlēr.[18][19][22] 
 

- High Speed Can 

 

 
Y¿ksek g¿ncelleme hēzlarē ve y¿ksek veri doĵruluĵu gerektiren kritik alt 

sistemler (ºr. kilitlenme ºnleyici fren sistemi, elektronik stabilite kontrol¿, hava 
yastēklarē, motor kontrol ¿niteleri vb.) arasēndaki iletiĸim i­in kullanēlēr. Y¿ksek 

hēzlē CANôēn veri aktarēm hēzlarē saniyede 1 kbit ile 1 Mbit arasēnda 

deĵiĸmektedir.[20][21][19] 

 
Canbus standartē kendi i­erisinde de bir ­ok farklē isimler altēnda ayrēlmēĸ bir 

standarttēr. Bu protokol¿n genel anlamda ­alēĸma prensibi anlattēldēĵē 
gibidir.Ara­lar i­in kullanēlmasē uygun gºr¿len bir protokold¿r. 

 

 

3 ï SONU¢LAR 
Bu ­alēĸma da elektrikli ara­lar i­in ara­ i­erisinde kullanēlabilecek 

haberleĸme protokollerinden bahsedilmiĸ olup uygun olanlar kendi i­erisinde bir 

karĸēlaĸtērmaya sokulmuĸtur.Bu karĸēlaĸtērma sonunda alēnan referanslar 

doĵrultusun da bir tablo oluĸturulmuĸ olup, deĵerlendirilmeye alēnmēĸtēr.Bu 

deĵerlendirme sonunda Canbus standartēnēn bu proje i­in en doĵru haberleĸme 

protokol¿ olduĵuna karar kēlēnmēĸtēr.A­ēk­a diĵer protokollere gore daha 

avantajlē olduĵu gºr¿nmektedir.Bu karar ile birlikte Canbus standartēnēn kendi 

i­inde ayrēlmēĸ baĸlēklarē daha detaylē incelenerek ihtiya­ doĵrultusun da doĵru 

Canbus protokol¿ kullanēlmak i­in sisteme entegre edilebilir. 

 

ķekil 3 
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Abstract - Batarya Yºnetim Sistemi (BYS), h¿cre 

dengelemelerini ger­ekleĸtirerek, h¿cre voltajlarēnē eĸit seviyede 

tutmak, batarya akēmēnē, gerilimini istenen seviyelerde kalmasēnē 

saĵlamak ve aksi durumda kullanēcēya aktararak  sisteme 

m¿dahale etmek, batarya paketi sēcaklēĵēnē takip ederek sistemin 

istenmeyen sēnērlar dēĸēna ­ēktēĵēnda, paketi kapatmak ve elde 

edilen verileri n kullanēcēya aktarēlmasē saĵlamakla gºrevlidir. 

Elektrikli  ara­ i­erisinde kullanēlacak olan yani ger­ekleĸtirilmesi 

istenen bataryanēn gerilim deĵeri 72 Vôtur. 72 Vôluk batarya 

geriliminin saĵlanmasē 20Sôlik bir BYS tasarēmē 

ger­ekleĸtirilmiĸtir. 

 

 
Keywords - batarya, bys, akēm, gerilim, sēcaklēk, SoC, SoH, pil  

 

 

I. INTRODUCTION 

ATARYA,    pil h¿crelerinin   seri ve  paralel 

baĵlanmasēyla oluĸan pil paketleridir. Piller, pillerin 

g¿venilir ­alēĸmasēnē saĵlamak i­in uygun bir batarya yºnetim 

sisteminin (BYS) hayati ºnem taĸēdēĵē elektrikli ara­lar gibi 

bir­ok y¿ksek  g¿­l¿   uygulamada    yaygēn   olarak 

kullanēlmaktadēr. Batarya   yºnetim sistemi  h¿crelerden 

oluĸmaktadēr. H¿creler  bir araya    getirilip batarya 

oluĸturulurken silindirik- prizmatik (sert ambalaj) ve poĸet- 

kese (yumuĸak ambalaj) olmak ¿zere iki  ­eĸit paket kullanēlēr. 

Batarya yºnetim   sistemi,   h¿creler  arasēndaki gerilim 

dengesizlikleri dikkate alarak ĸarj veya deĸarj kontrol¿ 

yapmaktadēr. Eĵer h¿creler arasēndaki gerilim dengesizlikleri 

giderilmek istenirse aktif veya pasif elemanlar kullanēlarak 

batarya dengeleme sistemi oluĸturulmaktadēr. Batarya yºnetim 

sistemi gerilim, akēm, sēcaklēk, basēn­ (bazē batarya t¿rlerinde) 

gibi faktºrleri izlemektedir. Batarya yºnetim sistemleri 

aĸaĵēda verilen ºzellikleri hesaplamaktadēr.[1] 

 
¶ Maksimum minimum gerilim deĵerleri 

¶ ķarj durumu (SOC) 

¶ Deĸarj derinliĵi(DOD) 

¶ Saĵlēk durumu(SOH) 

¶ G¿­ durumu 

¶ G¿venlik durumu 

¶ ķarj akēm sēnērē 

¶ Deĸarj akēm sēnērē 

¶ Son ĸarjdan itibaren kullanēlan enerji 

¶ H¿cre i­ empedansē 

¶ Ķlk kullanēmdan itibaren kullanēlan toplam enerji 

Bataryanēn uzun ºm¿rl¿ olmasēnē saĵlayan parametrelerden 

biri de h¿cre grup gerilimlerinin eĸit olmasēdēr. ¢¿nk¿ seri baĵlē 

bir pil grubunun deĸarj durumunu gruptaki en d¿ĸ¿k gerileme 

sahip h¿cre belirlemekte ve pil grubu ºmr¿n¿n azalmasēna 

neden olmaktadēr. Benzer ĸekilde ĸarj sērasēnda y¿ksek gerilime 

sahip olan h¿cre, bataryada denge kaybēna neden olur ve d¿ĸ¿k 

gerilime sahip h¿crenin tam dolmasēna izin vermez. Pasif 

dengelemeli batarya yºnetim sistemlerinde; bir eĸik deĵeri 

se­ilir ve herhangi iki h¿cre arasēndaki fark bu eĸiĵi aĸarsa, 

bypass diren­lerini kullanarak bu fazla enerji harcanēr. Bu 

dengeleme yºnteminin en b¿y¿k dezavantajē enerjinin ēsē 

enerjisi olarak dēĸarē atēlmasēdēr. Isē olarak paket dēĸēna atēlan 

enerji miktarē toplam batarya paketi d¿ĸ¿n¿ld¿ĵ¿nde gºz ardē 

edilemeyecek d¿zeye gelecektir. 

 
Batarya teknolojisindeki ilerleme, batarya yºnetim 

sisteminin salt bir izleme ¿nitesinden ­ok iĸlevli entegreye 

ge­iĸini hēzlandērēr. BYSônin etkin kontrol¿n¿n 

uygulanabilmesi i­in batarya modelinin oluĸturulmasē 

gerekmektedir. Daha kapsamlē ve hēzlē batarya modeli ile 

batarya seviyesinin davranēĸēnē araca yansētmak doĵru ve etkili 

olmaktadēr. Bu temelde, pil g¿venliĵini, g¿c¿n¿ ve 

dayanaklēlēĵēnē saĵlamak i­in pil durum tahmini, enerji 

eĸitleme, termal yºnetim ve arēza teĸhisi gibi modele dayalē bazē 

temel teknolojiler geliĸmiĸtir. Ayrēca, BMS ile ara­ 

kontrolºrler, motor kontrolºrler vb. arasēndaki etkileĸimlerin 

iletiĸimi, s¿r¿ĸ¿ optimize etmek ve ara­ performansēnē 

iyileĸtirmek i­in ºnemli bir husustur. [3] 

 
Batarya yºnetim sitemi pil paketinin verimli kullanēlmasē 

i­in gerekli bir sistemidir. BMSôde oluĸturduĵumuz algoritma 

sayesinde mikrodenetleyici gerekli adēmlarē yapmasē gereklidir. 

Mikroiĸlemci Kullanmēĸ olduĵumuz battery afe entegresi ile 

iletiĸime ge­tikten sonra h¿cre gerilimlerini okuyup paket 

gerilimini hesaplattēktan sonra kullanēlabilecek batarya ºmr¿n¿ 

hesap etmesi yani ĸarj oranēnē bulmasē gerekmektedir. Bu 

hesaplamalar sonucunda bataryanēn verilerini kullanēcēya Maks 

Min deĵerleri olacak ĸekilde iletmelidir. Bu deĵerlikler min 

deĵerinde ĸarj iĸlemini Maks deĵerinde deĸarj uygun 

bildirilerini  sisteme ve kullanēcēya ilgili koĸullar altēnda 

iletmelidir. Batarya ĸarjda veya boĸta ise MCU okunan h¿cre 

gerilimleri arasēndaki farkē algoritmaya sokarak gerekli 

dengeleme iĸlemlerini yapmakla y¿k¿ml¿d¿r. 

mailto:sedamnur8@icloud.com


Batarya Yºnetim Sisteminine ait Blok Diyagramē ķekil 1ôde 

verilmiĸtir. 
 

 
ķekil 1: BMSôe Ait  Blok Diyagram 

 
II.  MATH 

Genel olarak, bataryalar i­in en ºnemli deĵiĸkenlerden biri 

olan SoC, Q(t) mevcut ĸarj miktarēnēn, C(n) anma kapasitesine 

oranē olarak tanēmlanmaktadēr. Anma kapasite, ¿retici 

tarafēndan verilmekte ve bataryada saklanabilecek azami 

enerji miktarēnē temsil etmektedir. SoC deĵerinin hesaplanmasē 

Denklem 1ôde verilmiĸtir.[2] 

 

  (denklem 1) 

Bataryanēn ĸarj veya deĸarj anēndaki durumu, dayanēklēlēĵē, 

performansē ve g¿venliĵinin ¿zerinde b¿y¿k rol¿ olan SOH 

parametresi, zamanla verimliliĵi d¿ĸen bataryanēn bir sonucu 

olarak tahmininin yapēlmasēnda ve aracēn kullanēm anēndaki 

s¿r¿ĸ mesafesini hesaplamak i­in olduk­a ºnemlidir. SOH 

bataryanēn ĸarj durumunu y¿zdelik olarak gºsterir. 

 

III.  HELPFUL HINTS 

Bir batarya paketi, kaynak ama­larē i­in yeterli enerjiyi elde 

etmek i­in seri veya paralel h¿cre gruplarēndan yapēlēr. Her bir 

uygulama i­in pil tipini se­erken dikkate alēnmasē gereken 

bir­ok parametre vardēr ve bunlarēn t¿m¿, paketin nihai 

ºzelliklerini tanēmladēklarē i­in eĸit derecede ºnemlidir. Her 

pil kimyasē, t¿r¿, farklē ºzellikleri ile tanēmlanēr. 

Lityum ­ok hafif bir metaldir ve ĸaĸērtēcē elektriksel 

ºzelliklere sahiptir. Halihazērda Nikel'in verdiĵi 3V ve 2,4V 

Kurĸun-Asit teknolojisinin sunduĵuna gºre 4,2'ye kadar daha 

y¿ksek voltaj h¿crelerine izin veren malzemedir. Bu teknoloji 

Tesla gibi ºnc¿ elektrikli ara­ ĸirketleri tarafēndan tercih 

edilmektedir. Ve taĸēnabilir  elektronik sektºr¿nde yēllardēr 

kullanēlmaktadēr. Y¿ksek enerji yoĵunluĵu verdikleri, hafif 

olduklarē ve seri ¿retime baĸladēklarē i­in fiyatlarē d¿ĸ¿k oluyor. 

Projede kullanēlacak pil t¿r¿ Sonyôin US18650VTC6 olarak 

karar verilmiĸ ve ºzellikleri Tablo 1ôde verilmiĸtir. 

Tablo 1: Sony VTC6 pili  ºzellikleri 
 

ķarj Metodu Sabit akēm ve sabit voltaj 

Pil ķarj S¿resinde max 

Deĵer 

4.2 V (0.05 toleransla) 

Nominal Voltaj 3.6 V 

ķarj Akēmē 3.0A 

ķarj S¿resi 2.5 h 

Oluĸan ¢evre Sēcaklēĵē 23 C 

H¿cre ķekli Silindirik 

H¿cre Boyutu Dmax = 18.5mm; Lmax = 

65.2mm 

Aĵērlēk 46.6g 

 

Bu ºzellikleri sebebiyle BMS sisteminde izleme ve kontrol 

olmak ¿zere birbirlerini tamamlayan iki ºnemli kriter vardēr. 

Ķdeal bir BMS d¿ĸ¿k g¿­ t¿ketimini saĵlanmasē ve bataryanēn 

tam kapasitesinin kullanēlmasē gºrevlerini yerine getirmelidir. 

Fazla ĸarj, fazla deĸarj ve g¿­ t¿ketimi gibi sebeplerden pilin 

zarar gºrmesini ºnlemelidir. 

 

Batarya yºnetim sisteminin temel ºzelliklerinden olan h¿cre 

eĸitleme fonksiyonunda, aktif ve pasif eĸitleme tekniĵi olarak 

iki  metot bulunur. H¿crelerin elektriksel durumlarēnēn 

kestirimi yapēldēktan sonra (gerilimleri, sēcaklēklarē, 

kapasiteleri vb.), BYS dengesizlikler bulunan h¿creleri pasif 

veya aktif (geliĸmiĸ sistemlerde her iki eĸitleme tekniĵi aynē 

sistem i­in farklē noktalarda da uygulanabilir) eĸitleme tekniĵi 

ile h¿creler arasēndaki dengesizlikleri gidermeye ­alēĸēr. 

Kullandēĵēmēz dengeleme yºntemi maliyetini de gºz ºn¿nde 

bulundurarak pasif dengeleme yºntemi ile ger­ekleĸtirilmiĸtir. 

H¿cre eĸitleme teknikleri ķekil 2ôde verilmiĸtir. 
 

ķekil 2: Dengeli ve Dengesiz Batarya H¿crelerinin Gºsterimi 

Batarya ile haberleĸme sinyali baĸlatēlēr ve BMS verilerini 

mikro denetleyicide okuyup bataryanēn ĸarj veya deĸarj 

durumuna karar verilir. ķarj edilmek istenen bataryada gerilim 

deĵerlerine ilk  olarak BMS sisteminde karar verilir. Daha sonra 

verilen karar sonucu Vmax>Vĸarjlimit deĵerleri saĵlanmēĸ ise BMS 

sistemi ĸarjē durdurur. Deĵerler saĵlanmamēĸ ise ĸarj devam 

eder ve diĵer karar kēsmēna ge­ilmiĸ olur. Buradaki karar 

kēsmēnda ise batarya h¿crelerindeki herhangi bir eĸitsizlik 

durumunda balansēn gerekli olup olmadēĵē BYS sistemi 

tarafēndan karar verilir. Herhangi bir balans durumunda balans 

baĸlatēlēr. Balans durumu gerekmiyor ise diĵer karar 

mekanizmasēna ge­ilir. Sēradaki karar mekanizmasēnda batarya 

h¿crelerinin sēcaklēk deĵerleri kontrol edilir. Kontrol edilen 

sēcaklēk deĵerleri optimum 



sēcaklēk aralēĵēndan farklē ise ĸarj iĸlemi durdurulur. Optimum 

sēcaklēk deĵerleri arasēnda olan h¿creler kapasitelerinin 

hesaplanmasē sonrasēnda BYS ôye komutlar gºnderir. Bu 

iĸlemler sonucunda veriler CAN BUS sisteminde TFT ekrana 

yazdērēlēr. Deĸarj gerektirecek durumda ise gerilim deĵerlerini 

kontrol¿nden sonra sēcaklēk deĵerlerinde anormallik sºz konusu 

ise deĸarj iĸlemini durdurup batarya paketinin ¿zerine 

yerleĸtirilen fanlarēn ­alēĸmasē ger­ekleĸtirilir. Anormallik 

olmayan durumlarda ise akēm deĵerleri kontrol edilir. 

Amax>Alimit  deĵeri saĵlanmēĸ ise deĸarj iĸlemi durdurulur. 

Saĵlanmamēĸ ise h¿cre kapasiteleri hesaplanēr ve BYS 

komutlarēnē CAN BUS sisteminde iĸlendikten sonra TFT 

ekrana yazdērēlēr. [4] 

 

Bu iĸlemleri yaparken kullanēlmasē kararlaĸtērēlan entegre 

LTC6804 olarak se­ilmiĸtir. Bu entegrenin se­ilme sebepleri; 

LTC6804 entegreleri LĶ-ON bataryalarēn eĸit ve aynē zaman 

i­erisinde ĸarj olmasēnē saĵlayan ­eĸitli entegreler arasēndan 

bir tanesidir. ¦retilecek 20 h¿creli batarya i­in piyasadaki diĵer 

entegrelerin birbirine seri baĵlanamama ve maksimum 

12 h¿creye kadar kontrol saĵlamasēndan dolayē batarya yºnetim 

sistemi i­in en kullanēĸlē olan LTC6804-1 entegresi se­ilmiĸtir. 

LTC6804-1 kullanarak birbirine 2 seri baĵlanmēĸ entegre ile 

toplamda 20 h¿creli bir batarya kontrol edilebilinir. 20 h¿creli 

batarya ķekil 3ôte gºr¿len LTC6804 -1 entegresine sahip devre 

ile kontrol edilmektedir. 

 

 
ķekil 3: LTC6804-1 Entegresi 

 
Her h¿cre baĵlantēsē arasēnda BSS308PE MOSFETôi ,10nF 

deĵerine sahip kondansatºr ve 100ohm, 33ohm, 3,3k 

deĵerlerine sahip diren­ler bulunmaktadēr. Tasarlanan batarya 

yºnetim sisteminde kondansatºrlerin gºrevi her h¿creye paralel 

bir ĸekilde baĵlanēp h¿creler arasēndaki gerilim eĸitsizliĵi 

durumunda ķekil 4ôte gºr¿len LTC entegresinde verilerin 

okunup, gelen verilere gºre atēlacak adēmlarēn belirlenmesi 

ĸeklindedir. Balans gerekli olduĵu durumlarda h¿creler 

arasēndaki eĸitliĵi BSS308PE MOSFETôler ile giderilmesi 

iĸlemi baĸlatēlmaktadēr. Her h¿crenin dengeli bir ĸekilde 

dolumu ger­ekleĸene kadar bu olaylar bu ĸekilde 

ger­ekleĸmeye devam etmektedir. 

 

 
 

ķekil 4: LTC6804 H¿crelerinin Baĵlantēsē 

 

Ķzolasyon trafosu yardēmēyla 2 Adet LTC6804-1 entegresini 

izoleli seri Haberleĸme ile baĵlayēp MAX 24 h¿cre kontrol¿ 

ger­ekleĸtirilmiĸtir. Ķzolasyon trafosu yardēmēyla h¿crelerin 

d¿zeni 1 2 3 4 5 6éééé24 ĸeklinde devam etmektedir. Bu 

sayede h¿creler arasēnda dengelenme eĸit bir ĸekilde 

ger­ekleĸmektedir. Her iki  ¿r¿nde de protokol olarak SPI 

protokol¿ kullanēlēr fakat fiziksel katmanda, Linear Technology 

firmasēnēn geliĸtirdiĵi, ñisolated SPIò kēsaca ñisoSPIò yapēsē 

kullanēlmaktadēr. IsoSPI yapēsēnda bir adet sinyal trafosu ile 

haberleĸme hattē izole edilir ve iki telli bir baĵlantē yapēsē 

kullanēlēr. Ana karttaki klasik SPI yapēsēnē isoSPIôa ­evirmek 

i­in ayrē bir transceiver entegre devresi kullanēlēr. LTC6804-1 

entegre devrelerinin baĵlantē yapēsē ķekil 5ôte gºsterilmektedir. 

 

ķekil 5: 24S BMS Devresi 



ĶsoSPI haberleĸmesinin normal SPI haberleĸmesinden farkē 

izoleli ve pinlerin 2ôĸerli olarak gruplandērēlmasē ĸeklindedir. 

Bizim bu seneki BMS devremizde totalde 20 h¿cre kontrol¿ 

saĵlanmaktadēr ve bu h¿creler 10Sôlik kēsēm 1.entegrede diĵer 

10Sôlik kēsēm 2.LTC6804 entegremizde olmaktadēr. 

H¿crelerimiz birbirleriyle dengeleme algoritmalarēnēn aynē 

olmasē sebebiyle ayrē kartta olmalarēna raĵmen 1 2 3 4 5 6é20 

ĸeklinde eĸ gerilimlerde ­alēĸma mantēĵēnda ­alēĸmasēnē 

ger­ekleĸtirmektedir. LTC6804 6820 ĶZOSPI aĵē haberleĸme 

devre ĸemalarē ķekil 6 ve ķekil 7ôde verilmiĸtir. 

 

ķekil 6: LTC6804 6820 ĶZOSPI Aĵē Haberleĸme Devre ķemasē 

 

 

 

ķekil 7: 2 Adet Seri Baĵlē LTC6804 Entegeresiônin 6820 Entegresi 

ile ĶZOSPI Aĵē ile Haberleĸme Devre ķemasē 

 

Entegrede 12 adede kadar h¿cre gerilimi ºl­¿lebilmektedir. 

12 adet h¿cre iki adet 6ôlē gruba ayrēlēr ve her grup i­in bir adet 

MUX ve bir adet ADC birimi bulunur. H¿creler sērasēyla 

y¿ksek doĵrulukla ºl­¿lerek sonu­lar cihaz hafēzasēnda 

saklanēr mikrodenetleyiciye aktarēlarak dengeleme ve karar 

algoritmalarē burada ger­ekleĸtirilir. LTC6804ô¿n 35 farklē 

ADC ºl­¿m modu vardēr. Bu modlarda ºl­¿m doĵruluĵu ve 

­evrim hēzē arasēndaki denge deĵiĸmektedir. 

 

LTC6804, h¿cre ºl­¿m¿n¿n yanēnda 5 adet genel ama­lē 

giriĸ/­ēkēĸa sahiptir. Bu kanallardan sēcaklēk ºl­¿m¿ yapmak 

i­in analog sinyal okunabilmektedir. Ayrēca LTC6804 ­ip 

sēcaklēĵēnē ºl­ebilmekte, i­ yapēsēndaki MUX, dijital filtre gibi 

bloklarēn saĵlamlēk testini LTC6804, h¿cre ºl­¿m¿n¿n yanēnda 

5 adet genel ama­lē giriĸ/­ēkēĸa sahiptir. Bu kanallardan sēcaklēk 

ºl­¿m¿ yapmak i­in analog sinyal 

okunabilmektedir. Bu fazladan g¿venlik ºnlemleri sayesinde 

sistemin g¿venilirliĵi artmaktadēr. Sēcaklēk ºl­¿m bloĵu, h¿cre 

sēcaklēklarēnē ºl­mek i­in kullanēlan 4 adet sēcaklēk 

sensºr¿nden ºl­¿m yapabilen bir devredir. Bu devre sayesinde 

NTC tipindeki sēcaklēk sensºr¿ ile sēcaklēktan gerilime 

dºn¿ĸ¿m yapēlabilmekte ve sēcaklēk ºl­¿lebilmektedir. 

 
 

IV.  CONCLUSION 

Bu ­alēĸmada Elektrikli Ara­larda kullanēlmak ¿zere tasarēmē 

yapēlmēĸ bataryalar i­in d¿ĸ¿k maliyetli BMS kartē tasarlanmēĸ 

ve ger­ekleĸtirilmiĸtir. BMS kartē 20 adet seri batarya h¿cresini 

kontrol edebilmektedir. Prototip olarak yapēlan BMS kartēnda 

batarya h¿creleri i­in akēm, gerilim ve sēcaklēk kontrolleri 

saĵlanmaktadēr. Saĵlanan kontroller neticesinde BMS 

tarafēndan akēm, gerilim ve sēcaklēk uygun deĵerlere 

getirilmektedir. Her bir pil h¿cresi, bataryayē max. verimde 

kullanēlmasē i­in, pasif dengeleme ile dengelenmektedir. Pasif 

dengeleme se­ilmesinin ana sebebi aktif dengeleme ve pasif 

dengeleme arasēndaki maliyet, kullanēm kolaylēĵē, boyut 

kēyasēndan kaynaklanmaktadēr. [5] 
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¥zet ð Elektrikli ara­ sektºr¿ g¿n ge­tik­e ilerlemektedir. Fosil 

yakēt t¿ketiminin azalmasēnda ve yenilenebilir enerji 

kaynaklarēnēn kullanēmē konusunda olduk­a avantajlē olan bu 

sektºr¿n geleceĵi hakkēnda ­alēĸmalar ve araĸtērmalar devam 

etmektedir. Yenilenebilir  enerji kaynaklarēna baĵlanmak, 

elektrikli ara­ satēn almak isteyen t¿keticiler i­in maliyet ve kēsa 

s¿r¿ĸ aralēklarēndan daha aĵēr basmaktadēr. Geliĸmekte olan 

elektrikli  ara­ sektºr¿n¿n geleceĵi i­in ortada bir­ok gºr¿ĸ 

bulunmuĸtur. BloombergNEF (BNEF) tarafēndan yayēnlanan 

Yeni Uzun Vadeli Elektrikli Ara­ Satēĸ Hedefi Raporu, bu 

konudaki en kapsamlē raporlardan biri olarak dikkat ­ekiyor. 

Rapora gºre 2040 yēlēndaki ara­ filosunun %31ôi elektrikli  

ara­lardan oluĸacak. ķu anda elektrikli  ara­lar %14ôl¿k bir  orana 

sahiptir. 

Bu ­alēĸmada Enerji ¿retiminin geliĸmekte olan bir alanē olan 

yenilenebilir enerjinin, elektrikli  ara­ teknolojisinde kullanēmē 

araĸtērēlmēĸ ve yapēlan ­alēĸmalar sunulmuĸtur. Ve bunlar 

yorumlanarak  ilerleyen s¿reci hakkēnda d¿ĸ¿n¿len ve 

yapēlabilecek planlardan da bahsedilmiĸtir. 

Keywords: Elektrikli  ara­, fosil kaynaklarē, yenilenebilir enerji. 

 

Giriĸ 

Elektrikli ara­lar, genellikle ­evreye duyarlē teknoloji 

(green tech) olarak lanse edilmektedir. Bunun nedeni ise 

elektrikli ara­larēn karbon emisyonuna neden olmadēĵē 

gºr¿ĸ¿d¿r. Ancak, bu gºr¿ĸ tam anlamēyla doĵru deĵildir. 

Elektrikli ara­lar, dolaylē olarak karbon emisyonuna neden 

olmaktadēr. Dolaylē veya endirekt karbon emisyonu, aracēn ve 

ara­ yakētēnēn ¿retimi sērasēnda meydana gelen karbon 

emisyonudur. Elektrikli ara­lar direkt karbon emisyonuna 

neden olmamaktadēr. Ancak, elektrikli ara­larēn neden olduĵu 

dolaylē karbon emisyonu, geleneksel ara­lara oranla ­ok daha 

fazladēr. Dolaylē karbon emisyonunun bir­ok nedeni 

bulunmaktadēr. ¥rnek olarak ara­ ¿retimi veya enerjiyi 

saĵlayan batarya ¿retimi, Elektrik enerjisinin ¿retimi 

sºylenebilir. 

ķekil 1ôde gºr¿ld¿ĵ¿ ¿zere dolaylē karbon emisyonu gºz 

ºn¿ne alēndēĵē takdirde bile, elektrikli ara­lar geleneksel 

ara­lara oranla daha az karbon emisyonuna neden olmaktadēr. 

Lakin enerji ¿retiminde oluĸabilecek karbon emisyonlarē 

yenilenebilir kaynaklar kullanēlarak ortadan kaldērēlabilir. 

N¿fus artēĸē ve sanayileĸmenin katlanarak b¿y¿mesi, ¿retim 

ihtiyacēnē dolayēsēyla enerji gereksinimini artērmaktadēr. 

G¿n¿m¿zde elektrik ihtiyacēnēn b¿y¿k bir kēsmē fosil yakētlar 

ile karĸēlanmaktadēr. Elektrik ¿retiminden sonra fosil yakētlarēn 

en ­ok kullanēldēĵē sektºr, enerji kullanēm artēĸ hēzē en y¿ksek 

olan ulaĸēm ve ulaĸtērma sektºr¿d¿r (EPA, 2005). Fosil 

yakētlarēn yakēlmasē sonucunda insan saĵlēĵēna zarar veren 

kirletici gazlar a­ēĵa ­ēkar. Nitrojen Oksit (NOx ), 

karbondioksit (CO2 ) gibi atēk gazlar atmosferde sera etkisi 

yaratēr. 
 

ķekil 1. Arabalarda CO2 emisyonu 

Ķnsan saĵlēĵēnē ve ­evreyi tehdit eden k¿resel ēsēnma tehdidi 

ve hava kirliliĵi, yenilenebilir enerji kaynaklarēna ve doĵaya 

zarar vermeyecek temiz ulaĸēm yºntemlerine yoĵunlaĸma 

zorunluluĵunu ortaya ­ēkarmēĸtēr. Bu ger­ekler nedeniyle, 

ulaĸēmēn b¿y¿k bir bºl¿m¿ karayolu ulaĸēmē ile 

ger­ekleĸtirildiĵinden, ¿lke yºnetimleri, kara yolu ara­larēnēn 

egzoz emisyonlarēna giderek daralan sēnērlar getirmekte, taĸēt 

¿reticileri mevcut teknolojilerini geliĸtirmek i­in araĸtērma 

kurumlarē ile ­eĸitli ­ºz¿m projeleri ¿zerinde ­alēĸmalarēnē 

artērmaktadēr[1]. 

Ara­larda elektrik enerjisinin kullanēlmasē sēfēr emisyonlu 

ulaĸēm ara­larē i­in ºnerilen en ºnemli ­ºz¿md¿r. Batarya enerji 

yoĵunluĵu, petrol t¿revli yakētlara gºre ­ok d¿ĸ¿k olmasē 

nedeniyle elektrikli ara­lar konvansiyonel ara­lara gºre uzun 

s¿re ¿st¿nl¿k kuramamēĸtēr. Sēfēr emisyonlu ara­ hedefinde 

baĸka bir ­ºz¿m olarak hem konvansiyonel motorlarēn hem de 

elektrik enerjisinin ¿st¿nl¿klerini bir araya getiren ñhibrit 

elektrikli ara­larò (HEV) ortaya ­ēkmēĸtēr. Ayrēca menzil 

kaygēsē sunmadan elektrikli ve hibrit elektrikli ara­lara baĸka 

bir alternatif olarak da kablolu ĸarj imkanēna sahip ñplug-in 

hibrit ara­larò (PHEV) g¿n¿m¿zde yaygēnlaĸmēĸtēr[2]. 

I. YENILENEBILIR ENERJININ ELEKTRIKLI ARA¢ 

TEKNOLOJISINDE KULLANIMINA  GENEL BAKIķ 

Yenilenebilir enerji kaynaklarē g¿neĸ, r¿zgar, su, 

biyok¿tle, biyogaz ve jeotermal doĵal faktºrlerinin etkisiyle 

elde edilen enerjidir. Yenilenebilir enerji (YE) kaynaklarēnēn 
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kullanēlmasē CO2 emisyonlarēna yol a­maz, dolayēsēyla bu 

kaynaklar k¿resel ēsēnmaya neden olmaz. Bu nedenle fosil 

kaynaklarēnēn kullanēmēndan ve t¿kenmesinden kaynaklē olarak 

yeni bir enerji kaynaĵē arayēĸē devam etmiĸtir. Elektrik enerjisi 

ve yenilenebilir enerji buna alternatif olarak kullanēlabilirliĵi 

kanaatine varēlmēĸtēr. Lakin elektrik enerjisinin kullanēm 

alanēnēn fazlalēĵē ve geleneksel ¿retim metotlarē uzun vadeli ve 

pahalē olduĵundan yenilenebilir enerji kaynaklarēnēn buluĸu ve 

kullanēmēnē tetiklemiĸtir. Elektrikli ara­larēn ¿retim ve 

kullanēmēndaki artēmla birlikte yenilenebilir kaynaklarē 

kullanēlacak elektrik ¿retimi preosesine dahil edilmesi 

d¿ĸ¿n¿lm¿ĸt¿r. Bununla ilgili bir­ok araĸtērma ve ­alēĸmalar 

vardēr. 

Ķktisat literat¿r¿nde bir­ok ­alēĸmanēn sonucu, enerji 

t¿ketimi ve geliĸmiĸlik d¿zeyi arasēndaki ­ift yºnl¿ pozitif 

baĵēntēyē doĵrulamaktadēr. Kalkēnma ve b¿y¿meye paralel 

olarak artan enerji t¿ketimi, enerji arz g¿venliĵi sorununu da 

beraberinde getirmektedir. T¿rkiye gibi ithal enerji baĵēmlēlēĵē 

y¿ksek ¿lkelerde yerli ve yenilenebilir enerji kaynaklarē 

alternatifini kullanmanēn enerji arz g¿venliĵini 

artērmanēn/saĵlamanēn yanēnda, ºzellikle gen­ n¿fus arasēnda 

yaygēn iĸsizlik problemini ­ºzmeye katkē saĵlayacaĵē ifade 

edilmektedir[3] 

Avrupa Birliĵi Komisyonunun belirlemiĸ olduĵu 20- 

20-20 hedefi, 2020 yēlēnda toplam enerji ¿retiminin % 20ô sini 

yenilenebilir kaynaklardan elde etmek, sera gazē emisyonunu 

%20 azaltmak ve enerji verimliliĵini %20 artērmaktēr (enerji 

t¿ketimini %20 azaltmak). Bu hedefler doĵrultusunda, Avrupa 

Birliĵi ¿lkeleri ve aday ¿lkeler geleceĵin ĸebekesi olan akēllē 

ĸebekeler i­in alt yapē ­alēĸmalarēna baĸlamēĸlardēr. Akēllē 

ĸebekelerin en ºnemli hedeflerinden biri; son kullanēcē 

tarafēnda daha fazla daĵētēlmēĸ ¿retim ve enerji depolamaya 

olanak tanēyan mikro ĸebekelerin kurulmasēdēr. Mikro ĸebeke 

uygulamalarē ve yenilenebilir enerji kaynaklarēndan g¿­ 

¿retiminin yaygēnlaĸmasēyla birlikte artan g¿­ talebini 

karĸēlamak i­in enerji verimliliĵinin yanēnda gerekli enerji 

tamponu olarak gºrev yapacak sistemler ve enerji depolama 

teknolojileri olduk­a ºnem kazanmēĸtēr. Enerji depolama 

teknolojisi; elektrik g¿­ sistemlerini iyileĸtirmede, yenilenebilir 

elektrik ¿retimini artērmak ve ulaĸtērma sektºr¿nde petrol t¿revi 

yakētlara alternatifler sunmak i­in b¿y¿k bir potansiyele 

sahiptir. Bu ­alēĸmada, elektriksel, kimyasal, mekaniksel ve 

ēsēl enerji depolama teknolojileri ele alēnmēĸ ve kullanēmlarē ile 

ilgili  temel ºzellikler a­ēklanmēĸtēr[4]. 

Otomotiv end¿strisi, t¿m d¿nyada ekonomik b¿y¿meyi 

saĵlayan en ºnemli end¿strilerden bir tanesi olarak kabul 

edilmektedir. Bu end¿strinin geliĸmesi, baĵlantēlē olduĵu diĵer 

sektºrlerin de geliĸimine neden olmaktadēr. Tarihi 1800ôl¿ 

yēllara da yanan elektrikli otomobiller, otomotiv end¿strisinin 

dºn¿m noktalarēndan biri olan Ķ­ten Yanmalē Motorlarēn 

1920ôli yēllar sonrasēnda yaygēnlaĸmasē ile eski ºnemini 

yitirmiĸtir. ¥te yandan, 2000ôli yēllarda, fosil yakēt 

rezervlerinin azalmasē, fiyatlarēnēn istikrarsēzlaĸmasē ve ­evre 

¿zerindeki olumsuz etkileri ile ilgili bilin­lenmenin artmasē 

sonucunda alternatif  yakētlē ara­lar ve bunlardan biri olan 

elektrikli otomobiller tekrar g¿ndeme gelmiĸtir. Bu ­alēĸmada, 

­evrenin korunmasē ve fosil yakētlara baĵēmlēlēĵēn azaltēlmasē 

baĵlamēnda g¿ndeme gelen elektrikli otomobillerin geliĸimi 

incelenmiĸ ve bu otomobillerin T¿rkiye ekonomisine ve 

ºzellikle dēĸ ticaretine saĵlayacaĵē katkēlar araĸtērēlmēĸtēr. 

Sonu­ olarak, ­evre dostu olmalarēnēn yanē sēra yedek 

par­alarēnēn ve ºzellikle bataryalarēnēn yurt i­inde ¿retilmesi 

durumunda elektrikli ara­larēn dēĸ ticaret ¿zerindeki olumlu 

etkileri artmaktadēr. Ara­larda kullanēlacak elektrik kaynaĵēnēn 

yurt i­indeki yenilenebilir enerji kaynaklarēndan ¿retilmesi 

durumunda ise elektrikli otomobillerin olumlu etkileri en ¿st 

seviyeye ­ēkmaktadēr[5]. 

Yaĸanan teknolojik geliĸmeler karbondioksit salēnēmēnē 

artērarak ­evreye verilen zararēn geri dºn¿lemez boyutlara 

ulaĸmasēna sebep olduĵundan devletler alternatif enerji 

kaynaklarē arayēĸēna girmiĸlerdir. Bu enerji kaynaklarēnēn 

baĸēnda yenilenebilir kaynaklar olarak adlandērdēĵēmēz g¿neĸ, 

r¿zgar ve su gelmektedir. Farklē enerji kaynaklarē kullanēlmasē 

fikrinin  otomobil sektºr¿ne yansēmasē elektrik motoru ile 

­alēĸan otomobillerin ¿retilmeye baĸlamasē olmuĸtur. Hibritler 

CO2 salēnēmēnē azaltērken tamamen elektriklilerin %0 emisyon 

yaptēĵē sºylenebilir. Ancak eĵer ama­ %0 emisyon ise gerekli 

olan elektrik enerjisinin ¿retimi sērasēnda da zararlē gazlar 

yaymasē ºnlenebilmelidir. Bu da elektriĵin yenilenebilir enerji 

kaynaklarēndan ¿retilmesiyle m¿mk¿n olabilmektedir. 

Bilindiĵi gibi iĸletmelerin kar maksimizasyonu, maliyet 

minimizasyonu, mal ve hizmet ¿reterek toplum refahēnē 

arttērmaya katkēda bulunmak, istihdam yaratmak gibi ama­larē 

vardēr[6]. D¿nyada ºrneklerine rastlanan yeĸil ĸarj 

istasyonlarēnēn, ¿lkemizde de kurulmasē dileĵiyle, uygun 

istasyon yerleri belirlenmeye ­alēĸtēĵēmēz bu ­alēĸmada 

kullandēĵēmēz yºntem ise Analitik Hiyerarĸi Prosesidir[7]. 

ķarjē s¿rd¿ren bir hibrit-elektrikli ara­taki bir elektrikli 

makine arasēndaki anlēk g¿­ bºlme stratejisinin genel bir 

form¿lasyonu verilmiĸtir. Eĸdeĵer bir yakēt t¿ketiminin anlēk 

optimizasyonuna dayanēr. Bu yaklaĸēm, elektrik g¿c¿ akēĸēnē, 

­eĸitli g¿­ yollarē (ĸimdiki ve gelecekteki) aracēlēĵēyla 

elektriĵin ortalama ñmaliyetineò dayalē olarak eĸdeĵer yakēt 

maliyetine dºn¿ĸt¿rmek i­in buluĸsal bir form¿lasyon i­erir. 

Bu kontrol stratejisi, bir HEV prototipi ¿zerinde uygulandē ve 

ger­ek d¿nya sonu­larē burada sunuldu ve bu yaklaĸēmēn, 

saĵlamlēk ve ĸarj s¿rd¿rme operasyonu ile birlikte m¿kemmel 

yakēt verimliliĵi saĵladēĵēnē gºsteriyor. Ardēndan, bu kontrol 

stratejisinin genel ve ºl­eklenebilir bir form¿lasyonu 

ºnerilmiĸtir[6]. 

Yenilenebilir enerji kaynaĵē olan g¿neĸ enerjisi kullanēlarak 

Elektrikli Ara­lar i­in akēllē hibrit ĸarj istasyonu tasarlanmasē 

hedeflenmiĸtir. Tasarlanan sistem, ĸarj istasyonu, fotovoltaik 

mod¿l, akēllē inverter, depolama birimi, doĵru akēm-doĵru akēm 

d¿ĸ¿ren tip dºn¿ĸt¿r¿c¿ ve mikrodenetleyiciden oluĸmaktadēr. 

ķarj iĸleminde enerji ºncelikle fotovoltaik mod¿llerden, 

yetersiz olmasē durumunda depolama biriminden, her iki 

kaynaĵēn yetersiz olmasē ya da depolama birimindeki ak¿lere 

aĸērē y¿k bindiĵinde, ĸebeke tarafēndan beslenecek ĸekilde akēllē 

inverter ayarlarē yapēlmēĸtēr. Akēm ve gerilim kontrol¿ i­in 

mikrodenetleyicinin sinyal geniĸlik mod¿lasyonu ­ēkēĸē ve 

doĵru akēm-doĵru akēm d¿ĸ¿ren tip dºn¿ĸt¿r¿c¿ 

kullanēlmēĸtēr. Dºn¿ĸt¿r¿c¿n¿n 



parametreleri hesaplanarak Matlab/Simulink ile sim¿lasyonu 

ger­ekleĸtirilmiĸtir. Hesaplanan deĵerlerin, yapēlan sim¿lasyon 

ile uyumu dikkate alēnarak dºn¿ĸt¿r¿c¿ devresi tasarlanmēĸtēr. 

Ak¿ doluluk durumuna gºre sabit akēm ya da sabit gerilim ĸarj 

modu se­ilerek elektrikli ara­ ak¿leri kontroll¿ olarak ĸarj 

edilmiĸtir Akēm ve gerilim, geri beslemeleri kullanēlarak 

referans deĵerlerle karĸēlaĸtērēlēp sinyal geniĸlik mod¿lasyonu 

gºrev oranēnēn ayarlanmasē ile ĸarj iĸlemi yapēlmēĸtēr. Elektrikli 

ara­ ak¿leri, eĸik akēm deĵerinin altēna d¿ĸ¿nceye kadar ĸarj 

iĸlemine devam edilmiĸtir. Ak¿ sēcaklēĵē 55ÁCôyi ge­tiĵinde 

ĸarj iĸlemini sonlandēracak ĸekilde sistem programlanmēĸtēr. 

Ayrēca sistem parametrelerindeki deĵiĸiklikler 2x16 likit  kristal 

ekran kullanēlarak gºr¿nt¿lenmiĸtir[8]. 

Ulaĸēm alanēndaki enerji ihtiyacē g¿n ge­tik­e artmaktadēr. 

Ulaĸēm sektºr¿n¿n enerji kullanēmēndaki payē gºrece fazla 

olduĵu i­in son yēllarda elektrikli ara­ ve ĸarj istasyonlarēna 

olan yatērēmlar ivme kazanmēĸtēr. Bu baĵlamda, ĸarj 

istasyonlarēnēn g¿neĸ enerjisi gibi yenilenebilir kaynaklardan 

enerjilerini ¿reterek ĸebekeye olan y¿k¿ ve ara­ dolum 

maliyetlerini azaltmasē beklenmektedir. Bu ­alēĸmada, Ķzmir 

ili  i­in alēĸveriĸ merkezlerinde ge­irilen s¿reler, mevcut 

elektrikli ara­ sayēsē ve ĸarj istasyonu sayēsē dikkate alēnarak 

fotovoltaik panel ile desteklenmiĸ ĸebekeye baĵlē bir elektrikli 

ara­ ĸarj istasyonunun yenilenebilir enerji, talep ve g¿­ dengesi 

altsistemleri kullanēlarak sim¿lasyon modeli 

MATLAB \Simulink ortamēnda oluĸturulmuĸtur. Elektrikli 

aracēn geliĸ zamanē, istasyonda ne kadar kalacaĵē ve 

bataryasēnēn doluluk oranē literat¿r ve ger­ek verilere uygun 

olarak rassal deĵiĸken olarak modellenmiĸtir. Farklē 

boyutlandērēlmēĸ g¿neĸ enerjisi destekli elektrik ara­ ĸarj 

istasyonlarēnēn ºn¿m¿zdeki 25 seneyi kapsayacak ĸekilde 

maliyet analizi yapēlmēĸtēr. Ayrēca, ĸebeke ¿zerine binen y¿k¿n 

azaltēlmasēna olan katkēsē da incelenmiĸtir[9]. 

Diĵer bir ­alēĸmada CCS / Combo DC ĸarj standardē 

kullanēlarak dinamik ĸarj ve V2G'nin uygulanmasē ¿zerine 

­alēĸmēĸlar ve dinamik ĸarj ve ara­ uygulamasēndaki ĸarj 

standartlarēnē ĸebeke (V2X) ile karĸēlaĸtērēp ĸarj sistemi 

tasarēmē, yanēt s¿resi, yenilenebilir kaynaklardan ĸarj etme 

esnekliĵi ve gerekli tampon kapasitesi ¿zerindeki etkisini 

ortaya ­ēkmēĸlardēr. ¢alēĸmada, Chademo ve CCS / COMBO 

kullanēlarak dinamik ĸarjēn deneysel sonu­larē, iki  standart 

arasēndaki temel farkē gºsteren farklē uyumlu EV'ler i­in 

sunulmuĸtur[10]. 

Hibrid elektrikli ara­lar, atmosferi kirletmeyen taĸētlarēn 

geliĸtirilmesinde ara ­ºz¿m olarak karĸēmēza ­ēkmaktadēr. 

Global ēsēnmaya neden olduĵu ve insan saĵlēĵēna zarar veren 

kirletici gazlar a­ēĵa ­ēkartmalarē nedeniyle i­ten yanmalē 

motorlar ile ­alēĸan yol taĸētlarēnda emisyonlara sēkē 

sēnērlamalar getirilmekte, yenilenebilir ve temiz enerji ¿zerine 

yapēlan ­alēĸmalar giderek yoĵunlaĸmaktadēr[11]. Yakēt 

h¿cresi ve hidrojen enerjisi ile ­alēĸan ara­ teknolojilerinde, 

hidrojen yakētēnēn doĵada saf halde elde edilememesi ve bu 

nedenle hidrojen elde ediniminde fosil yakētlar ile ­alēĸan 

santrallerin kullanēlmasē, daha az ya da hi­ karbon i­ermeyen 

yakētlarēn yol taĸētlarēnda kullanēlmasēnda engel teĸkil 

etmektedir. Bataryalarēn fosil yakētlara gºre enerji 

kapasitelerinin ve saĵladēklarē menzil miktarēnēn ­ok d¿ĸ¿k 

olmasē nedeniyle, hibrid elektrikli ara­larda, i­ten yanmalē 

motorlarēn d¿ĸ¿k verim ile ­alēĸtēĵē bºlgelerde bataryalar 

yardēmcē g¿­ kaynaĵē olarak kullanēlmakta, dolayēsē ile ara­ 

seyahati s¿resince i­ten yanmalē motorlarēn ortalama verimleri 

daha y¿ksek tutularak yakēt tasarrufu saĵlanmaktadēr. Hibrid 

elektrikli ara­lar ¿zerine yapēlan ­alēĸmalar, sēfēr emisyonlu 

ara­ teknolojilerinin alt yapēsēnē da g¿­lendirmektedir[12]. 

Hibrid elektrikli ara­larda ana problem, bir araya getirilen 

bileĸenler arasēndaki g¿­ daĵēlēmēnēn, ara­ seyahati esnasēnda 

ger­ek zamanlē olarak hesaplanabilmesi problemidir. Ticari 

hibrid elektrikli ara­larda, kural tabanlē kontrol yºntemleri ve 

mekanizmalarē kullanēlmaktadēr. Hibrid elektrikli ara­larda bu 

kēsētlamalarēn giderilebilmesi i­in, ger­ek zamanlē 

kullanēlabilecek optimizasyon yºntemleri ¿zerinde ­alēĸmalar 

yoĵunlaĸmēĸtēr[13]. 

Ķstanbulôda ulaĸtērma kaynaklē ­evreye zararlē gazlarēn 

azalmasēna b¿y¿k katkēsē olacaĵē d¿ĸ¿n¿len, i­ten yanmalē 

motor yerine elektrik motoru kullanēlan elektrikli ara­larēn 

iĸletilmesi g¿ndemdedir. ¢alēĸmada, gelecekte toplu taĸēma 

ara­larēnda elektrikli ara­ sistemlerine ge­ileceĵi varsayēlan 

senaryolar oluĸturulmuĸtur. Bu senaryolarda ºncelikle ticari 

taksilerin %30 oranēnda elektrikli ara­lara ge­eceĵi, ikinci 

senaryoda ticari taksilerin %70 ve otob¿slerin %30 oranēnda 

elektrikli ara­lara ge­eceĵi, ¿­¿nc¿ senaryoda ticari taksilerin 

%100 otob¿slerin %70 ve minib¿slerin %30 oranēnda elektrikli 

ara­lara dºn¿ĸeceĵi kabulu yapēlmēĸtēr. Toplamda altē farklē 

senaryo ile b¿t¿n toplu taĸēma ara­larēnēn elektrikli ara­ olacaĵē 

d¿ĸ¿n¿lm¿ĸt¿r. Kaynak emisyonlarē belirlendikten sonra, toplu 

taĸēma ara­larēndan dolayē artan enerji ihtiyacē miktarēnēn da 

oluĸturacaĵē kirlilikler  hesaplanmēĸtēr. Elektrikli sisteme ge­iĸ 

ile azalan emisyonlar ile kaynakta oluĸan emisyonlar arasēndaki 

farktan net emisyon azalēĸē belirlenmiĸtir. ¥zel ara­lar i­in de 

elektrikli sisteme ge­iĸle azalan emisyonlar ile kaynakta oluĸan 

emisyonlar saptanarak net emisyon azalēĸē belirlenmiĸtir. Sonu­ 

olarak elektrikli ara­ sistemine ge­iĸ, emisyonlarda azalmalar 

saĵlayacaktēr[14]. 

Enerji kaynaklarēnēn g¿n ge­tik­e azalmasē ve kullanēlan 

enerji kaynaklarēnēn ­evreye verdikleri zararlarēn tehlikeli 

boyutlara ulaĸmasē, t¿m d¿nyada yenilenebilir ve 

s¿rd¿r¿lebilir enerji kaynaklarē konusunda yapēlan 

araĸtērmalarēn hēz kazanmasēnē saĵlamēĸtēr. G¿neĸ enerjisinden 

elde edilen elektrik enerjisinin kullanēmē, petrol bazlē enerji 

kaynaklarēna b¿y¿k bir alternatif olarak gºze ­arpmaktadēr. Bir 

yandan g¿neĸ enerjisi ile ­alēĸan ara­larēn uluslararasē 

yarēĸmalarē yaygēnlaĸērken, diĵer taraftan da ĸarj istasyonlarēna 

sabitlenen fotovoltaikler ile elde edilen elektrikten ĸarj edilen 

g¿nl¿k kullanēma uygun taĸētlarēn kullanēmē artmēĸtēr. Bu 

­alēĸmada, Solaris projelerinde on yēlē aĸkēn bir s¿re­te ¿retilen 

g¿neĸ enerjisi ile ­alēĸan dºrt aracēn ve dºrt adet de elektrikli 

taĸētēn monokok gºvde tasarēmē ve imalatēnda kullanēlan teknik 

bilgiler yer almaktadēr[15]. 

D¿nyada enerji ¿retimi ile ihtiya­ duyulan enerji miktarē 

arasēndaki fark giderek artmaktadēr. ¥te yandan, geleneksel 

enerji ¿retim yºntemleri ­evre kirliliĵini tetiklemekte ve fosil 

yakēt tabanlē bu yºntemlerin kaynaklarē g¿n ge­tik­e 



azalmaktadēr. Fosil kaynaklarēn sēnērlē olmasē, enerji ¿retim 

maliyetlerini ve dēĸa baĵēmlēlēĵē artērmaktadēr. Bu sebeple 

yenilenebilir enerji kaynaklarēnēn ve enerji depolama 

sistemlerinin (EDS) ºnemi giderek artmaktadēr. Bu ­alēĸmada, 

artan ¿retim maliyetlerinin ekonomiler ¿zerindeki etkilerinin 

azalmasē i­in son yēllarda ¿lkemizde sēklēkla kullanēlan 

yenilenebilir enerji kaynaklarēndan g¿neĸ enerjisi, r¿zgar 

enerjisi ve yenilenebilir enerji kaynaklarē depolama sistemleri 

incelenmektedir. G¿neĸôten elektrik enerjisi ¿retim aracē olan 

fotovoltaik (FV) panellerin uygulamalē test benzetim sonu­larē 

analiz edilerek, FV panellerde aydēnlanmaya baĵlē olarak 

ēsēnmanēn, y¿ke aktarēlan g¿c¿n ¿zerinde ne kadar etkin 

olduĵu gºsterilmektedir. R¿zgar hēzēndan yararlanēlarak enerji 

¿retimi yapēlan r¿zgar t¿rbin santralleri (RTS) ¿zerine test ve 

analizler yapēlmaktadēr. Yenilenebilir enerji kaynaklarēndan 

elde edilen elektrik enerjisinin depolanmasēnda kullanēlan 

enerji depolama sistemleri incelenerek, lityum demir fosfat 

tabanlē depolama sistemi ¿zerinde test ve analizler 

yapēlmaktadēr. Ayrēca, y¿k besleme maliyet analizi a­ēsēndan 

EDSônin dizel elektrik jeneratºrlerine olan ¿st¿nl¿kleri 

incelenmektedir[16]. 

 

 

II.  SONU¢ 

Fosil yakētlarēn ­evreye olan zararēnēn anlaĸēlmasē fosil 

yakētlara alternatif teknolojilere ilgiyi  artērmēĸtēr. Bunlarēn 

baĸēnda fosil yakētlarēn en fazla kullanēldēĵē sektºrlerden birisi 

enerji sektºr¿ olduĵu i­in yenilenebilir enerji teknolojileri ve 

batarya teknolojileri; aynē zamanda i­ten yanmalē motorlar 

yerine gelebilecek ĸekilde elektrikli ara­ teknolojileri 

gelmektedir. ¥zellikle enerji depolama teknolojilerinin de 

geliĸmesi ile depolama sistem maliyetleri ºnemli ºl­¿de 

azalmēĸ ve bu da y¿ksek menzilli elektrikli ara­larēn da satin 

alēnabilecek fiyatlara gelmesini saĵlamēĸtēr. Bu durumlar gºz 

ºn¿nde bulundurulrak alternatifler bulunmuĸtur. Alternatif 

olarak elektirik enerjisi d¿ĸ¿n¿lm¿ĸt¿r. Bºylece, akaryakēt 

istasyonlarē da yenilenebilir enerji kaynaklē eĸarj istasyonlarē 

kurulmaya baĸlamēĸtēr. Ve bu makaleden gºr¿ld¿ĵ¿ ¿zere ĸarj 

istasyonlarēnda depolanacak elektrik enerjisini yenilenebilir 

kaynaklardan elde etmek ve hibrit ara­larēn yapēmē 

yenilenebilir kaynaklarēn elektrikli ara­ teknolojisinde olduk­a 

ºnemli bir yere sahip olduĵu ve geliĸmeye devam ettiĵi 

anlamēna gelir. 

Lakin son olarak dikkate almak gereken bir nokta vardēr ki, 

bu alanda literat¿rde ­ok fazla ­alēĸma yapēlmamēĸtēr. Lakin 

literay¿r taramasē ve geniĸ araĸtērmalardan ortaya ­ēkēyor ki, 

yenilenebilir kaynaklar ºn¿m¿zdeki 80 yēl i­inde fosil 

kaynaklarēn kullanēm alanēnē kapsayacaktēr. Buna ek olarak 

elektrikli ara­ kullanēmēnda olan artēĸ nedeniyle bu iki faktºr¿ 

birleĸtirerek alternatif ­ºz¿m ve yeni teknolojinin geliĸmesi i­in 

yazēlmēĸ akademik ­alēĸmanēn tetik olacaĵē da d¿ĸ¿n¿lmektedir. 
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¥ZET ï Yery¿z¿n¿n b¿y¿k bir  kēsmēnē okyanuslar 

oluĸturmaktadēr. Bu kadar ­ok alanēn sularla kaplē olmasēna 

raĵmen sualtē gºr¿nt¿leme ilgili yapēlan araĸtērmalar yeterli 

deĵildir. Sualtē gºr¿nt¿lemek kullanēlan cihazlarēn maliyetinin 

fazla olmasē sualtē gºr¿nt¿lemesi ile ilgilenen araĸtērmacēlar i­in 

bir engel oluĸturmaktadēr. Yapēlan projede bu sebep gºz ºn¿ne 

alēnarak d¿ĸ¿k maliyete sahip donanēm ve ekipmanlar 

kullanēlarak elde edilen sualtē gºr¿nt¿leri ¿zerinden nesne tespit 

edilmesi ama­lanmēĸtēr. Bu ama­ doĵrultusunda gºr¿nt¿ iĸleme 

yazēlēmē, Raspberry Pi geliĸtirme kartē ¿zerinde Python 

Programlama dilinde OpenCV k¿t¿phaneleri kullanēlarak 

hazērlanmēĸtēr. Hazērlanan bu makale, sualtē aracē 

teknolojisindeki geliĸmelerine katkē saĵlayacak bir bakēĸ a­ēsē 

geliĸtirmektir. Sualtē ara­larē belirli  bir  a­ēya yºnelme, belirli  bir  

derinliĵe inme, yanaĸma ve seyir gibi temel dinamik hareketleri 

yapabilmelidir.  Bu hareketlerin, sualtē akēntēlarē gibi bozucu 

etkiler  karĸēsēnda da baĸarēlē olmasē beklenmektedir. 

 

Abstract ï Oceans make up most of the earth. Despite the fact 

that so many areas are covered with water, research on 

underwater imaging is not sufficient. The high cost of underwater 

imaging devices is an obstacle for researchers interested in 

underwater imaging. Considering this reason in the project, it  

was aimed to detect objects through underwater images obtained 

by using low-cost equipment and equipment. For this purpose, 

the image processing software was prepared on the Raspberry Pi 

development board using OpenCV libraries in Python 

programming language. This article is to develop a perspective 

that will contribute to the development of underwater vehicle 

technology. Underwater vehicles tend to a certain angle, descend 

to a certain depth, should be able to perform basic dynamic 

movements such as docking and cruise. These movements are 

expected to be successful in the face of disruptive effects such as 

underwater currents. 
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I. GĶRĶķ 

Ķnsansēz Su Altē Ara­larē, i­erisinde fiziksel olarak bir insan 

bulunmayan ve su altēda otonom olarak hareket eden ve 

uzaktan kontrol edilebilen ara­lardēr. G¿n¿m¿zde doĵal ve 

­evresel kaynaklarēn korunmasē ve incelenmesi, sivil ve askeri 

alanlar gibi ­eĸitli ama­larla kullanēlmaktadēr. [1] 

Sualtē ortamēnda yapēlan ­alēĸmalar gºreceli olarak daha zorlu 

olmaktadēr. Hem ortamēn farklēlēĵē ve deĵiĸkenliĵi hem de 

bozucu etkilere daha a­ēk oluĸu, haberleĸme zorluklarē, basēn­ 

gibi problemler Ķnsansēz su altē ara­larēn temel ºzelliklerini 

belirlemektedir. [2] 

¦lkemizde insansēz sualtē aracē tasarēmē ºnemini gitgide 

artērarak ­alēĸmalarē s¿rekli hale gelmiĸtir. Kritik sualtē aracē 

geliĸtirme teknolojisinin ¿lkemize kazandērēlmasē ve dēĸarēya 

aktarēlan kaynaĵēn ¿lkemizde kalmasē i­in ­ok ama­lē insansēz 

sualtē aracē tasarēmēna yºnelik projelere aĵērlēk verilmeye 

baĸlanmēĸtēr.[3] 

Ķnsansēz denizaltē ara­larē askeri ve sivil olarak 

kullanēlmaktadēr. ABD, Ķngiltere, Fransa, Rusya ve ¢in dahil 

olmak ¿zere bir­ok ¿lke deniz altē ara­larē ¿zerinde ­alēĸmalar 

y¿r¿tmektedir. Bu ara­lar askeri anlamda manip¿latºr 

sistemleri, sualtē keĸif ve gºzetleme, liman ve kritik alan 

g¿venliĵi, mayēn tanē, teĸhis ve imha, anti denizaltē harbi, filo  

eskortu, denizaltē kurtarma, batēk ­alēĸmalarē gibi alanlarda 

kullanēlmaktadērlar.[1] 
Sualtē ­alēĸmalarē diĵer ortamlara gºre daha zahmetli 

olmaktadēr. Yoĵunluk farkē ve suyun veriyi bozma etkisine 

daha a­ēk olmasē da derin ºĵrenmeyi ve gºr¿nt¿ iĸlemeyi 

zorlaĸtērmaktadēr. Bu nedenle insansēz sualtē ara­larē 

boyutlarēnēn uygunluĵu ve y¿ksek manevra kabiliyeti 

sayesinde kullanēm kolaylēĵē saĵlamaktadēr. Ķnsansēz su altē 

ara­larē, Joystick kontroll¿ ve otonom olmak ¿zere baĸlēca iki  

ana gruptan oluĸmaktadēr. Joystick kontroll¿ olanlara "ROV 

(Uzaktan Kumandalē Ara­)", otonom olanlara ise "AUV 

(Atonomus Sualtē Aracē)" adē verilmektedir.[4] 

 

Temel Kēsaltmalar: 

Á AUV - Autonomous Underwater Vehicle ï Otonom 

Sualtē aracē 

Á ROV - Remotely Operated Underwater Vehicle - 

Kablo kumandalē su altē aracē 

Á ĶSAA- Ķnsansēz su altē aracē 

ķekil 1ôde Ķnsansēz Su Altē Sēnēflandērēlmasē verilmiĸtir. 
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ķekil 2: Ķnsansēz Su Altē Sēnēflandērēlmasē 

 
 

II.  ĶNSANSIZ SU ALTI  T¦RLERĶ 

Temel olarak Kablo Kontroll¿ ve Kablosuz-Otonom olarak 

iki ana gurupta deĵerlendirilmektedir. Kablo kontroll¿ olan 

ñROV (Remote Operating Vehicle)ò, otonom olan ise ñAUV 

(Autonomus Underwater Vehicle)ò olarak adlandērēlmaktadēr. 

[2] 

2.1 ROV - Remotely Operated Underwater Vehicle - Kablo 

Kumandalē Denizaltē Aracē 

En genel tanēmē ile bir operatºr tarafēndan uzaktan kontrol 

edilerek su altēnda deĵiĸik ama­lara yºnelik ve tehlikeli 

olabilecek bir dizi iĸlevi yerine getiren bir su altē robotudur. 

ROV ara­larēn kontrol edilebilmesi i­in operatºr ve kablo 

baĵlantēsē gerekmektedir. 

2.2 Mikro-Mini  ROV 

Mikro ve Mini ROV olarak adlandērēlan ve aĵērlēklarē 3-15 

kg mertebesinde olan ROV'lar ise su altēndaki dar dehlizlerde 

­alēĸmalar ger­ekleĸtirmek i­in kullanēlmaktadēr. 

2.3 AUV - Autonomous Underwater Vehicle ï Otonom 

Denizaltē Aracē 

Otonom su altē ara­larē ¿zerinde bulunan sensºrlerden elde 

ettiĵi verileri daha ºnceden belirtilen bir rota ile iliĸkilendirerek 

hareket eder. Bu ara­ tipinin avantajē bir­ok iĸletme ve baĵlantē 

zorluĵu oluĸturan kablo baĵlantēlarē olmadan otomatik olarak 

gºrevini tamamlayabilmesidir. 

 

III.  ĶSAAôLARIN GENEL ¥ZELLĶKLERĶ 

Sualtē ortamēnda yapēlan ­alēĸmalar gºreceli olarak daha zorlu 

olmaktadēr. Hem ortamēn farklēlēĵē ve deĵiĸkenliĵi hem de 

bozucu etkilere daha a­ēk oluĸu, haberleĸme zorluklarē, basēn­ 

gibi problemler ĶSAA'larēn temel ºzelliklerini belirlemektedir. 

ĶSAA'larēn genel ºzellikleri ROV'lar i­in farklē AUV'ler i­in 

ise farklēdēr. [5] 

IV.  ĶNSANSIZ SUALTI SĶSTEMĶ G¥R¦NT¦ ĶķLEME 

Aracēn su altēnda otonom olarak ilerlemesi ve dēĸarēdan 

herhangi bir m¿dahaleye ihtiya­ duymadan verilen gºrevleri 

yerine getirilmesi ama­lanmēĸtēr. Bu nedenle gºr¿nt¿ iĸleme 

ve yapay zekanēn birleĸimi ĸeklinde gºrev yazēlēmē 

tasarlanmēĸtēr. ¢ember tanēmlama, kērmēzē renk tanēmlama, 

Raspberry Pi kullanēmē olarak gºr¿nt¿ iĸleme kēsēmlarē ve 

hough transform, yolo, contours yapay zek© yºntemleri ile 

beraber kullanarak algoritma oluĸturulacaktēr[4]. 

Kērmēzē renk open cv ve numpy a­ēk kaynaklē k¿t¿phaneler ile 

tanēmlanacak ve hough transform ile ­ember algēlanarak ilk 

gºrevi tamamlayan algoritma bitmiĸ olacaktēr.[6] 

Contours ve yolo yapay zeka metodlarē kullanēlarak ­emberi 

tamamlayacaktēr. Yolo metodunda ­ember dataseti 

oluĸturularak sadece ­ember ĸeklinde cisimleri tanēmlayacak 

algoritmanēn oluĸturulmasē d¿ĸ¿n¿lmektedir.[7] 

Her gºrevde iki  ayrē metot kullanarak hata payēnēn minimize 

edilmesi planlanmēĸtēr. 

 
ķekil 3: Aracēn Mekanik Tasarēm Gºrselleri 

 
 

V. SONU¢ 

Ķnsansēz su altē ara­larēnēn hem sivil hem de askeri alanda 

sēnērsēz kullanēm alanlarēnēn olmasē ºnemli bir potansiyel 

oluĸturmaktadēr Tasarēm ve ¿retimde bulunan zorluklar 

teknolojinin hēzlē geliĸimiyle ºn¿ne ge­ilmektedir. ¦lkemizin 

d¿nyada bu teknolojiye sahip birka­ ¿lkeden biri olmasē i­in 

­alēĸmalarē s¿rekli hale getirilerek bunun ¿zerine yapēlan 

uygulamalar arttērēlmalēdēr. [1] 

 

KAYNAK¢A 

[1] G¿ray Ali CANLI, Ķ.K., M. Ozan CANLI, ¥zg¿r Selman TUNA, 

D¦NYADA VE ¦LKEMĶZDE ĶNSANSIZ SUALTI ARA¢LARI 
(ĶSAA-AUV & ROV) TASARIM VE UYGULAMALARI.  2015. 

[2] Wikipedia, 

https://tr.wikipedia.org/wiki/%C4%B0nsans%C4%B1z_denizalt%C4% 

B1_ara%C3%A7lar%C4%B1. 

[3] Yakut, M., et al., derinlik ve yºn kontrol uygulamalarē icin sualtē aracē 
tasarēmē. Gazi University Journal of Science Part C: Design and 

Technology, 2015. 3("1): p. 343-355. 

[4] Ercan Ataner, B.¥., Gamze ¥zt¿rk, Taha Yasin Can ¢elik, Akif  Durdu, 
Hakan Terzioĵlu, Deep Learning Methods in Unmanned Underwater 

Vehicles. 2020. 

[5] G¿ray Ali CANLI, Ķ.K., M. Ozan CANLI, ¥zg¿r Selman TUNA, 
D¦NYADA VE ¦LKEMĶZDE ĶNSANSIZ SUALTI ARA¢LARI 

(ĶSAA-AUV & ROV) TASARIM VE UYGULAMALARI.  2015. 

https://tr.wikipedia.org/wiki/%C4%B0nsans%C4%B1z_denizalt%C4%B1_ara%C3%A7lar%C4%B1
https://tr.wikipedia.org/wiki/%C4%B0nsans%C4%B1z_denizalt%C4%B1_ara%C3%A7lar%C4%B1


[6] YILMAZ, S. and S.B. KILCI, 6 Serbestlik Dereceli Sualtē Aracē ve 

Manip¿latºr Sistemi ile Gºr¿nt¿ Ķĸleme Uygulamalarē. Ķleri M¿hendislik 

¢alēĸmalarē ve Teknolojileri Dergisi. 1(2): p. 63-79. 
[7] Deac, M.-A., et al. Miniature autonomous vehicle development on 

raspberry pi. in 2018 IEEE 14th International Conference on Intelligent 

Computer Communication and Processing (ICCP). 2018. IEEE. 



I 

The Use of Deep Learning in Healthcare 
 

Mustafa Kemal TOP¢U1 

Dr. ¥ĵr. ¦yesi Onur ĶNAN2 

1 Selcuk University, Konya/Turkey, mktopcu@msn.com 
2Selcuk University, Konya/Turkey, oinan@selcuk.edu.tr 

results with the provided data. Deep learning works like 
Abstract - The popularity of deep learning technology, which is 

one of the basic elements of artificial  intelligence, is increasing day 

by day, and its popularity is increasing in the field it covers in the 

literature. Deep learning is used primarily in industry, medicine, 

economy, technology, education, robotics, etc. produces smart 

solutions in many fields. 

In this study, information about deep learning is given and the 

results of deep learning methods in the diagnosis of some diseases 

in the field of health are included. 

Keywords - Keywords - Health, Technology, Medicine, machine 

learning, deep learning, 

 

 
I. INTRODUCTION 

n today's engineering applications, applications that think 

like humans and behave like humans are emphasized. The 

naming used for the human phenomenon to take place in 

engineering applications is known as machine learning. [one] 

Machine learning, especially in industry, speeding up the work 

at the production level, improving product quality, 

classification of products, etc. It is preferred to use it to quickly 

perform such operations. [2] [3] 

Information technologies have become an indispensable 

element in health as well as in all areas of life. The use of 

technology in health is used intensively at every stage. It is seen 

that technology dominates this field with an ever-increasing 

performance in the dimension of diagnosis, treatment and 

decision-making regarding the work and procedures to be done, 

in short, in almost every aspect of living health. The diagnosis 

of diseases, as well as the timing of the diagnoses, are critical 

for living health. At this point, the introduction of technology is 

important both in making the right physician decisions and in 

time, etc. important for savings. 

 
II.  DEEP LEARNING 

Before talking about deep learning, it is necessary to mention 

the phenomenon of artificial intelligence. The concept of 

artificial intelligence was first defined by John McCarthy as 

"the science and engineering of making intelligent machines 

and intelligent computer programs". [4] Machine learning and 

deep learning are the elements that make up the concept of 

artificial intelligence. 

Deep Learning is from the family of artificial intelligence 

methods. Deep learning is a machine learning technique. 

Briefly, if we define these two concepts, machine learning is 

algorithms that enable the machine to derive logical and rational 

neurons in our brain and creates its own rules. For example, 

while we introduce the properties of grapes in machine 

learning, the algorithm can distinguish which is banana and 

which is grape in deep learning, with its own operations. [5] 

 

Figure 1: Artificial  intelligence venn diagram [6] 

Deep learning is a machine learning model that uses artificial 

neural networks consisting of multiple hidden layers, so these 

neural networks are known as deep neural networks and this 

framework is called "deep learning". [32]. Deep learning is a 

type of machine learning that trains a computer to perform 

similar tasks such as voice diagnosis, image identification, and 

prediction, just like humans do.[33] Deep learning is an 

approach in the machine learning family based on artificial 

neural networks. Learning; It can be supervised, semi- 

supervised or unsupervised. [34] 

Machine learning is insufficient where there is excess data. 

For this reason, if there is enough data, deep learning method 

should be used. These special studies; Deep learning is also 

frequently used in areas such as voice recognition, image 

processing, recommendation systems, and natural language 

processing. [7]. Unlike other machine learning techniques, it 

performs calculations with multi-layer structures at once, not in 

a single layer, and can discover the parameters that need to be 

defined in other methods through deep learning data.[8] 

The most important advantage of deep learning, which is a 

system based on learning from data representation, is that it uses 

efficient algorithms for hierarchical feature extraction instead 

of manually extracted features. [9] Deep learning is used in 

cases where there is too much data that cannot be processed 

with traditional methods [10]. 

In short, deep learning is a complex computational model that 

uses multiple layers of processing algorithms to generate high- 

level data interpretations as opposed to performing specific 

single tasks [11] 

 
I. USE OF DEEP LEARNING IN HEALTH 

Deep Learning systems can enable doctors and other 

healthcare providers to diagnose faster and help save time by 
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reducing uncertainty in their decisions and avoiding costs and 

dangers. [12] 

The use of artificial intelligence, machine learning and deep 

learning technologies is increasing in the field of medicine as 

well as in all sectors. [13] 

 

3.1. Usage Areas of Deep Learning Methods Used in Health 

Field 

Artificial intelligence can be used in clinical terms such as 

staying healthy, diagnosis, diagnosis, treatment, research, early 

diagnosis, home care, etc. used in fields such as Below are 

examples of some of these uses. [14] 

Staying Healthy: In this area, people are helped by using 

artificial intelligence and the internet of medical devices 

(IoMT). With the sensors in these devices, the heart rate, blood 

pressure, calories burned, steps taken on individuals are 

followed and individuals are used to lead a healthier life. [15] 

Wysa, which was developed as a therapy bot, is an example 

of natural language processing-based artificial intelligence 

applications for the protection of mental health as well as 

physical health and providing psychological counseling on this 

subject. This service,  which can  also be used as a mobile 

application, provides support and advice to patients about 

different psychological disorders such as stress, depression and 

anxiety. The app has around 1.3 million users worldwide.[16] 

Diagnosis: There are different artificial intelligence 

applications used in the diagnosis of diseases. One of the most 

well-known examples is the ñWatson for Healthò application. It 

has a multi-model structure and provides support to doctors in 

diseases that are difficult  to diagnose. Another example is the 

ñDeep Mindò application. This application is a deep learning 

system that can support, strengthen and develop learning 

algorithms online by healthcare professionals from various parts 

of the world. [15] 

 

3.2. Efficiency of Diagnostic Phase with Deep Learning in 

Health 

The use of expert systems, which is a sub-branch of artificial 

intelligence in the field of diagnosis, is encountered in various 

examples. Especially in diseases that are difficult to diagnose, 

applications that can make predictions on electronic patient 

records and patient data kept in cloud systems are used in the 

USA. [35] 

Disease diagnosis is one of the most important problems 

encountered in the field of medicine. The presence of different 

types of a particular disease and similar symptoms with other 

diseases makes the diagnosis of the disease difficult. [18] 
 

 

Figure 2. Positioning of Artificial  Intelligence in Digital 

Healthcare [17] 

In this direction, artificial intelligence and its sub-unit elements 

are used both to diagnose diseases correctly and to prevent time 

and other losses. Deep learning methods have become a very 

popular application in the diagnosis of problems, as in every 

stage in the treatment of diseases. It is seen that deep learning 

methods, which are successful in the analysis of big data with 

different network architectures and learning algorithms, will  

help healthcare professionals both in the early diagnosis of 

diseases and in the early treatment of the disease. [19] 

Opinions on the efficiency of detections made with deep 

learning technology in the diagnosis of some health problems; 

 

3.2.1 Detection of Pneumonia with Deep Learning Model 

Pneumonia is defined as lung inflammation that occurs as a 

result of the effects of organisms such as viruses and bacteria 

on the microscopic air sacs.[20,21] 

About 7% of the world's population is affected by pneumonia 

each year, and up to 4 million of affected patients die [22]. Early 

diagnosis is important in such diseases [23]. Typical symptoms 

include chest pain, shortness of breath, cough etc. takes place. 

Diagnostic tools include sputum culture and chest X-ray images 

[24]. Recently, many studies have been carried out on the deep 

learning model in the biomedical field. It has been understood 

in the analysis results of the studies that deep learning gives 

effective results. [25] 

 

3.2.2 Detection of Diabetic Retinopathy Diagnosis with Deep 

Learning Model 

Diagnosis and treatment of Diabetic Retinopathy, which is 

defined as the damage caused by diabetes in the blood vessels 

in the retinal mesh layer of the eye, is of vital importance in 

order to prevent the patients from losing their sight. [26] It 

reveals that the proposed deep learning method for the 

diagnosis of DR disease has a very high classification 

performance compared to other models mentioned. In addition, 

with the proposed model, especially the ñMild NPDRò stage of 

DR disease was classified with high accuracy compared to other 

models. [26] 

 
3.2.3 Detection of Lung Cancer Diagnosis with Deep Learning 

Model 

By classifying it using the CNN deep learning model, an 

exemplary system has been developed for the deep learning 

model, which is the first stage of a decision support system that 

helps doctors in the early diagnosis of lung cancer. CNN and 

DNN deep learning models have been proposed for the 

classification of CT images used as data sets. [27] 

 
3.2.4 Detection of Breast Cancer Diagnosis with Deep 

Learning Model 

The most common cancer in women is breast cancer. Among 

cancer deaths in the Western world, breast cancer is the second 

most common in women, after lung cancer. [28] Early detection 

of the disease is the best method to reduce death rates in breast 

cancer. It appears that both benign and malignant tumors are 



best predicted with a deep learning architecture. [29] 

 

 
3.2.5 Detection of Thyroid Cancer Diagnosis with Deep 

Learning Model 

When diagnosed early and well differentiated pathologically, 

TCs can be easily treated and the prognosis is close to perfect. 

The 5-year relative survival rate of most stage 1 TC types 

approaches 100%. [30] At this point, early diagnosis of the 

disease is of vital importance. 

 

Deep learning management has shown that pathologists can 

detect thyroid nodules in digital environment. In this way, it has 

been seen that the difficulty and time of manually diagnosing 

cancerous tissues can be reduced and a second opinion can be 

offered to pathologists. [31] 

 

CONCLUSION 

Health services are among the basic needs of the individual 

and society. For this reason, we can claim that the cornerstones 

of a global economy are also examined in terms of supply and 

demand. The use of technology is of course critical for the best 

performance of health services. Artificial intelligence-based 

studies seem to come to the fore in the field of health, as in every 

field. The application of deep learning, one of the building 

blocks of artificial intelligence, has also gained a very positive 

reputation in the field of health today. Of course, deep learning 

has pragmatic contributions such as time, cost and accurate 

diagnosis and treatment of the disease behind this reputation. 

 

When the studies on the diagnosis of the disease related to the 

deep learning method are examined, it is seen that very 

important data emerge. These independent studies on different 

diseases show us that deep learning applications are of great 

importance in the diagnosis of the disease. Positive 

developments, especially in the field of data and technology, 

will  make deep learning architectures indispensable in the field 

of health as well as in every field in the future. 
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Abstract ï 

Radiologists and specialist physicians can diagnose diseases with  

medical imaging techniques such as magnetic resonance imaging 

(MRI), computed tomography (CT), positron emission 

tomography (PET), mammography, ultrasonographic imaging, 

and x-ray. Early diagnosis and initiation of treatment are very 

important  for  the recovery process. Automated systems are 

needed for effective and efficient detection of the disease. Studies 

in recent years show that medical image analysis is done with 

automatic systems. Various analysis methods are applied to 

understand the images obtained with medical imaging devices. 

Image processing, segmentation, feature extraction, machine 

learning methods and deep learning algorithms are used for the 

analysis of medical data. This article presents the different  

methods applied by previous researchers regarding the use of 

image processing and convolutional neural networks in the 

healthcare field. The use of Convolutional Neural Networks in the 

medical image analysis of breast, brain, lung and other organ 

disorders and the results obtained are mentioned. The results 

obtained from studies in this field were compared. Finally, this 

article also provides recommendations for  developing methods for 

future research. 

 
Keywords ï image processing, convolutional neural network, 

medical image 

 

 
I. INTRODUCTION 

In recent years, the use of image processing and artificial 

intelligence in the field of health has increased considerably. 

Early and accurate detection of the disease is very important for 

patient health. With the use of image processing and deep 

learning, many diseases can be detected automatically. The 

automatic detection system helps doctors by reducing their 

workload. The aim is to improve results by reducing inspection 

time and cost. At the same time, it is aimed to eliminate the 

confusion caused by different expert opinions. 

Clinical problems can be solved by analyzing clinically 

produced medical images. Medical images can be obtained with 

imaging techniques such as ultrasonic imaging (USG), x- ray, 

magnetic resonance imaging (MRI), computed tomography 

(CT), positron emission tomography (PET) and mammography. 

The quality of these images may vary depending on the device 

used and the developing technology. 

 
Images need to be improved to achieve better results. This 

improvement is made with image processing techniques. 

Image processing is used for purposes such as improving, 

storing and recognizing digital images. The quality of the image 

is increased by using various image processing techniques such 

as filtering, contrast adjustment, color changing, morphological 

operations. This improvement step is called preprocessing. 

After preprocessing, important areas in the image can be 

separated from unimportant areas by segmentation according to 

the need. Thanks to segmentation, objects are identified and 

separated from the background. 

Enhanced medical images, free from noise and interference, 

using image processing techniques, are classified by deep 

learning networks. Deep learning is an artificial intelligence 

algorithm consisting of many layers. Deep learning is used in 

many areas such as health, chemistry, industry, agriculture. In 

the field of health, it is very important for the diagnosis and 

treatment of a disease. With the developing technology, 

diseases can be detected with an automatic system. The most 

preferred deep learning algorithms are convolutional neural 

networks (CNN). Disease classification can be done by training 

the network with CNN. In recent years, it is possible to achieve 

very high success rates in disease classification with 

convolutional neural networks (CNN), which is a popular 

method. 

In this review article, the use of image processing and 

convolutional neural networks in the field of health are 

mentioned. Studies in this field were examined and presented 

in the form of a table. The methods used in the studies and their 

success rates are given. 

 

II.  MATERIAL AND METHODS 

In this section, the acquisition of medical images and the 

stages of image processing, segmentation and classification 

for medical image analysis are discussed. 

A. Medical Image 

First, medical images must be obtained. Medical images are 

images obtained with various devices in order to produce 

solutions to clinical problems. Medical imaging has become 

very important for the detection and diagnosis of diseases, 

especially for the diagnosis of cancer [1][2]. 
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Medical imaging techniques such as magnetic resonance 

imaging (MRI), computed tomography (CT), positron 

emission tomography (PET), mammography, ultrasound and 

x-ray are used for the diagnosis and treatment of diseases [3]. 

Analysis of medical images is done by radiologists or 

specialist physicians. Early diagnosis is very important in 

order to be able to intervene in the patient faster. Automatic 

detection systems are needed for early diagnosis of diseases, 

reducing the workload of experts, and reducing conflicting 

expert opinions. In this study, image processing, segmentation 

and classification stages in medical image analysis are 

mentioned. Machine learning and deep learning methods are 

used at this stage for classification and diagnosis of the 

disease. 

B. Image Processing 

Image processing is the processing of images in the digital 

environment for various purposes such as improvement, storage 

and recognition. Image processing is used in many fields such 

as medicine, chemistry, agriculture and industry. Image 

processing techniques are used to improve the quality of 

images in medical image analysis. To diagnose the disease, the 

images taken must be understood and analyzed. Analysis of 

medical images is very time consuming and laborious for 

radiologists or specialist physicians. Automated systems are 

needed to provide a faster and more efficient diagnostic 

process. Image quality is very important for the analysis of 

medical images. The images are first passed through the 

preprocessing stage. At this stage, many operations such as 

filtering, balancing of color inequalities, histogram 

equalization, contrast adjustment, morphological operations 

are performed [4]. In order to improve the image, noise and 

noise in the image are eliminated by using filtering in the 

preprocessing stage [5][6].  By using techniques such as contrast 

adjustment, histogram thresholding, and morphological 

operations, desired areas are highlighted without changing the 

image. Morphological operations are mostly applied to black 

and white images. There are four morphological operations: 

opening, closing, widening and etching [7]. 

Expansion, which is one of the morphological operations, 

enlarges objects, and erosion makes objects smaller. When the 

image is etched after enlargement, this process is called 

decompression. The unimportant areas in the image are deleted 

with the opening operation. When the post-etching expansion 

process is applied to the image, this process is called the closing 

process [5] 

One of the most used methods in the preprocessing stage is 

the Discrete Wavelet Transform. ADD helps to remove noise 

and noise in the image [8]. 

C. Segmentation 

It is one of the most difficult parts of image processing. After 

the image preprocessing stage, segmentation is done with 

segmentation. Segmentation is used to divide the image into 

parts. It allows the objects to be separated from the background 

and the boundaries to be determined in the image. 

The most used method in the segmentation phase is edge 

detection operators. Canny, Sobel, Prewitt operators are used in 

edge detection [9]. 

The segmentation step is very important to ensure a good 

classification. It is easier to extract features from segmented 

images and this improves classification accuracy [10] [11]. 

D. Classification 

Machine learning methods and deep learning methods are 

used in the classification of medical images. The most preferred 

deep learning method in this field is convolutional neural 

networks. Convolutional Neural Networks are used in image 

processing, segmentation, classification, detection and 

diagnosis. Deep learning methods are used in the diagnosis of 

many diseases such as breast cancer, brain tumor, lung nodule, 

intestinal polyps, skin cancer, covid-19 disease. One of the most 

used deep learning methods in the field of health is 

convolutional neural networks (CNN). CNN classifies images 

by performing medical image analysis. Some results obtained 

with CNN give better results than experts. 

CNNs are deep learning algorithms that use many layers with 

various filters applied to the input image [12]. CNNs need more 

than one layer to find all the features in the image. The layers 

between the input and output do feature extraction and do not 

need feature extraction again. CNN searches other images for 

features extracted from the image, and similar images are re-

introduced to the network. In this way, the network is provided 

to learn. CNN is a classification algorithm consisting of many 

layers. 

 
 

 
Figure 1: The general structure of convolutional neural network 

(CNN) [13] 

 

Input  Layer:  Input data can be segmented image or raw image. 

The size and resolution of the input image is very important. If 

the image size is large and the resolution is high, the training 

time will  be longer, but the success rate may increase. 

Convolution Layer: It is the most basic layer of the neural 

network. The filter size to be used in this layer is important. A 

new matrix is obtained by circulating a filter determined by 

the image size on the input image. The output is obtained by 

applying the convolution operation to the previous image in 

each convolution layer. [14] 

ReLu Layer:  It is the activation layer. ReLu function is 

preferred because it is faster than other activation layers. The 

purpose of the activation function is to convert the input speed 

to the output speed. [15] 

Pooling Layer: In this layer, the aim is to reduce the number 

of parameters and dimensions of the neural network. Reducing 



the size also reduces the computational load [16]. The most 

used is the maximum pooling. Returns the maximum of values 

in a given field as input data. 

Fully Connected Layer: It is the last layer of the network. Data 

from previous layers is weighted. The most appropriate weight 

value to be given to the neurons is found and the training begins 

[17]. 

Softmax Layer: In this layer, the previous value is taken and 

creates an output value according to the class it is close to. The 

Softmax layer is required to classify data [18]. 

Classification Layer:  In this layer, the output values are 

classified. 

 
 

Performance metrics for the classification results 

There are some values that are used to evaluate the 

performance of the classification. These are presicion, recall, 

F1 and F2 score. 

 
TP: A true positive is defined as the correct perception of 

an object. 

TN: If an object is absent and not detected, it is correctly 

referred to as negative. 

FP: Detection of an object that is not present is referred to as 

a false positive. 

FN: The state of not detecting an object that is present is 

expressed as a false negative. 

Accuary (A): It is a frequently used evaluation criterion in 

classification problems. It is the ratio obtained by dividing the 

correct predictions by the number of samples. 

Presicion (P): Indicates how many positives are predicted. 

Recall (R): It is the number of correctly detected samples 

from patient samples. 

Specificity (S): It refers to the number of correct ones among 

the healthy samples. 

It offers the opportunity to work with a large number of labeled 

data sets. Due to these advantages, it is frequently used in the 

diagnosis and diagnosis of diseases in the field of health. 

 
III.  LITERATURE REVIEW 

Studies using image processing techniques and 

convolutional neural networks in the field of health are 

examined. As a result of the literature review, the studies in this 

field are given in the table. 
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Convolutional Neural Networks have many advantages. 

They perform feature extraction between the input and output 

layers. They also do not need a feature extraction. The learned 

features are quick to learn and easy to adapt. Another advantage 

of CNNs is that they can work with very large data. 
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[1
9
] 

 

Super resolution 

convolutional  neural 
network based 

preprocessing for automatic 

polyp detection in 

colonoscopy images 

 

It is aimed to make 

colonoscopy-based 

diagnosis and polyp 

detection easily and to 

improve its localization. 

 

A preprocessing using the 

convolutional neural network-based 

super resolution method (SRCNN) is 

proposed to improve colonoscopy- 

based images. They used Faster RCNN 

for accurate localization of polyps with 

ResNet-101 feature extractor. 

 

 

Recall: %97.06 

F1 : %0.910 

F2: 0.945 

[2
0

] 

 

Deep Convolutional Neural 

Networks for Breast Cancer 

Histology Image Analysis 

 

It is aimed to reduce the death 

rate in breast cancer with early 

diagnosis and correct 

treatment. 

 

Staining normalization and augmented 

crops were applied in the preprocessing 

stage of microscopy images taken from a 

dataset. Images were analyzed with CNN. 

 

Accuary: % 87.2 Ñ 

2.6% 

[2
1

] 

 

Diagnosis of Melanoma from 

Dermoscopic Images with 

Deep Convolutional Neural 

Networks 

 

Reliable automated melano 

screening systems enab 

physicians to detect maligna 

skin lesions as early as possible 

 

Image processing techniques and 

segmentation were applied to the lesion 

images with hair. Segmented images were 

classified by CNN as melanoma and 

healthy. . 

 

Recall: %90.82 

Accuary: %93.39 

[2
2

] 

 

Diagnosing Diabetic 

Retinopathy Using Image 

Processing and Convolutional 

Neural Networks 

 

The aim of this study is 

diagnose diabetic retinopat 

from retinal fundus images. 

 

HSV transform, histogram thresholding, 

and Gaussian low-pass filter were used in 

image processing to improve retinal 

fundus images. After image processing, 

classification was done using 

Convolutional Neural Network. 

 

Recall: %93.33 

Accuary: %96.67 

[2
3

] 

 

COVID-19 Detection with 

Image Processing and Deep 

Learning from Lung 

Computed Tomographs 

 

It is aimed to detect COVID- 

disease quickly and accurate 

using radiological images wi 

less contact. 

 

A classification has been made for the 

detection of COVID-19 disease with 

image processing and CNN via lung 

computed tomography. Success rates 

were compared using different CNN 

architectures. 

 

CNN 

Recall: %88 

Accuary: %91.04 

DenseNet21 

Recall: %98.94 

Accuary: %98.58 

[2
4

] 

 

Brain tumor classification in 

MRI image using 

convolutional neural network 

 

It is aimed to detect brain 

tumor with high accuracy. 

 

Brain MRI images With Canny Edge 

Detection and image cropping, only the 

brain portion was taken from the MRI 

images. The data were reproduced (data 

augmentation) and cancer classification 

was made with CNN. 

 

Accuary: %96 

(Trainin data) 

[2
5

] 

 

An enhanced diabetic 

retinopathy detection and 

classification approach using 

deep convolutional neural 

network 

 

The aim of this study is to 

propose a different solution 

method for the diagnosis of 

diabetic retinopathy from 

retinal fundus images. 

 

Various image processing techniques 

have been applied to retinal fundus 

images. Resized, the histogram is 

thresholded, and the contrast limited 

adaptive histogram equalization images 

are grouped together. Images were 

classified by CNN for the diagnosis of 
diabetic retinopathy. The best results were 

obtained with CLAHE images. 

 

 

Accuary: %97 

Recall: %94 



[2
6

] 

 

Feature extraction using 

traditional image processing 

and convolutional neural 

network methods to classify 

white blood cells: a study 

 

White blood cells play a very 

important role in people's 

health. The aim of this study 

is to propose an alternative 

solution for the classification 

of white blood cells. 

 

Two approaches to the classification of 

white blood cells are presented in this 

study. The first of these is feature 

extraction with image processing 

methods. The second is feature extraction 

with AlexNet, a trained convolutional 

neural network. Classification of white 

blood cells has been made. 

 

 

 

 
Accuary: %99 

[2
7

] 

 

The Use of Image Processing 

and Convolutional Neural 

Networks in Follicle Count- 

Based Detection of Polycystic 

Ovary Syndrome 

 

An alternative solution has 

been proposed for the 

classification of polycystic 

ovarian syndrome by 

automatic detection of 

ovarian follicles. 

 

Follicles were separated from the 

background and clarified by applying 

various image processing techniques to the 

ovarian ultrasound images. After follicle 

detection, segmented images and original 

images were classified by CNN. A higher 

success rate was achieved with 
segmented images. 

 

 

Accuary: %77.81 

Recall: %94.45 

 

Table 1: Literature Review 

 

 

 
IV.  CONCLUSION 

This study provides various information to shed light on 

future studies in the field of health. Methods that can be used in 

medical image analysis are discussed. Image processing and 

CNN are frequently used in the analysis of medical images. 

Automatic detection of diseases shortens the examination time 

of the specialists and reduces the cost. At the same time, it 

provides better results by eliminating conflicts of opinion. 

Accuracy rates can be increased by using different image 

processing techniques and developing deep learning 

algorithms. The field of use can be expanded in the diagnosis 

of many diseases in the field of health. The aim of this study is 

to set an example and guide to new and different studies to be 

done with medical images with image processing and deep 

learning methods. 
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Abstract - In our age, where the use of information and 

communication technologies is gradually increasing, the socialization 

and continuous development of the individual increases in parallel with 

the level of benefiting from these technologies. Therefore, the 

necessity of using technological tools in the education and training 

process has emerged in order for the student to adapt to the changing 

technology. What is important here is the right choice of the 

technological tool to be used, the effective use of these tools by the 

teachers, and ensuring that the students benefit from these tools at the 

highest level in line with their main objectives. 

 
Various studies have been conducted with the idea that the approach 

of teachers who are active in the teaching-learning environment 

against the use of technology in education may affect the educational 

environment. 

 
The educational activities of teachers and the use of technology in the 

educational process will affect the quality of education and teaching- 

learning skills. Based on the idea that teachers' use of technology as a 

tool to reach information will increase efficiency in education, this 

study, which was prepared with the aim of measuring the level of use 

of technology by teachers working in vocational high schools, included 

the concepts of information and technology, the dimension of 

technology use in educational institutions was mentioned and an 

application for the use of information technologies in vocational high 

schools. The results were analyzed in detail. 

 
Keywords - Vocational High School, Vocational High School 

Teacher, Information  Technologies, Teachers' Adoption and 

Usage of Information Technologies.. 

INTRODUCTION 

It is in the process of being designed for today's simple designs. ¢etin 

and ¥zgiden (2013), as the information age/call; that it was made with 

the names such as information/age, internet society/age, information 

age, electronic age, cyber society/age, digital age, post-industrial age 

and post-modern. Information can be mentioned about product 

selection, which consists of product selection from product. 

 
In the information age, in line with individual or organizational 

purposes; It reflects the economic and social period in which 

knowledge is the main element, knowledge production and 

communication are widely used, and continuous learning and 

knowledge workers have become a necessity (Cited by Beduk, 2002: 

695). In the information age, societies are in an effort to increase 

productivity, meet the developing and changing demand, and keep up 

with external change by realizing their own internal changes. 

Organizations that can use information and technology effectively 

have made their work possible anywhere in the world and at any time. 

This shows that the basic key to gaining competitive advantage is 

knowledge. (¢olak and Gen­ler, 2002: 2). 

 
As Y¿cel stated; 'Institutions and organizations to compete at the 

global level will only be possible with the superiority of information 

technologies, competition will know no bounds with the effect of 

developments in technology. The importance of information 

technologies will be possible by realizing the information society. 

While doing this, it will  be necessary to deal not only with technology, 

but also with social, cultural, economic, ethical, religious and human 

dimensions' (Y¿cel, 2006: 90-91). 

 
Information  Technologies Used in Educational Institutions 

The education system has carried out functions such as transferring the 

cultural heritage of the society to the younger generations, socializing 

the students, giving the society a spirit of cooperation and unity, and 
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educating innovative employees who follow change. In order to make 

this successful all the time, the education system had to adapt itself to 

innovation and the school had to be an organizing and gathering 

institution in this process (Tezcan, 1984: 53-54). 

 
With the proclamation of the Republic, in all types and levels of the 

education system; There has been a great increase in the number of 

students, teachers and schools. While there were 5,134 schools in 

1923, the number of schools reached 70,383 in 2022. While 361,000 

students were in formal education in 1923, the number of students 

increased to 19,155,571 and the number of teachers working 12,273 in 

1923 reached 1,139,673 in 2022 (MEB Statistics, 2022). 

 
Educational technology generally covers all methods and techniques 

related to the course in the application of teaching theories (Kaya, 

2006: 33-34). When we look at the technology products used from an 

educational point of view, it is seen that they have many functions. 

These functions (Kaya, 2006: 30): 

 
¶ Having teaching and learning tools and materials, 

¶ To transmit information, 

¶ Providing the presentation of reality, 

¶ Being a means of communication, 

¶ Objectification of education systems, 

¶ Symbolization tools. 

 
Importance of Research 

Rapid changes in technology, economy, health, agriculture, industry, 

education, etc. With the use of these technologies, individuals and 

societies have had a more comfortable life thanks to these 

technologies. Nations that quickly adapted to the changing and 

developing living conditions have also used technology as a tool and 

have succeeded in rising above the level of welfare compared to other 

societies. Developments in information technologies also affect 

society, therefore education, the structure of the education system and 

the learning-teaching activities implemented in educational 

environments. Teachers have great responsibilities in the process of 

integrating ICT into educational environments. In this context, it is 

important for teachers working in schools to have enough information 

about ICTs and to know how to use these technologies in the 

educational environment. Considering the rapid changes in 

technology, teachers need to review their technology use skills so that 

they can adapt themselves to new technologies and integrate these 

developments with their students. 

This study is important in terms of determining how much the teachers 

working in vocational high schools benefit from information 

technologies, how much they can use information technologies, and 

which information technologies they have. 
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increases the water holding capacity of the soil [4].Accordingly, 
Abstract - : With the increase in the world population, the need 

for energy is increasing day by day. Considering the high carbon 

footprint  of fossil fuels, which are currently  in danger of extinction, 

and the damages they cause to the environment, the use of green 

energy is becoming popular. Microbial fuel cells are one of the 

green energy mechanisms that convert the biochemical energy 

obtained from the metabolic activities of microorganisms and the 

destruction of organic matter into electrical energy. In this study, 

which focuses on the use of plant-microbial fuel cells, the effect of 

plant presence in the soil and then the organic waste added to the 

plant soil on electricity production was investigated. As a result of 

the effect of organic waste, which has a soil- regulating effect, on 

the reactions occurring in the soil, a potential difference has 

occurred depending on time, and an increase in bioelectricity 

production has been observed. 

 
Keywords ï green energy, plant-microbial  fuel cell, bioelectricity 

generation, organic waste biomass, renewable energy sources 

 
I. INTRODUCTION 

he danger of extinction of fossil fuels used as an energy 

source and the damage they cause to the environment in 

case of use trigger the use of renewable energy sources. 

Although the energy sources that come to mind when green 

energy is mentioned are renewable energy sources such as solar 

energy, wind energy, hydroelectric energy, wave energy and 

biofuels, microbial fuel cell (MFC) systems have recently 

started to take place in the class of green energy sources. One 

of the reasons why MFC systems are considered a renewable 

energy source is that they are carbon-neutral, that is, they 

release only stable carbon into the atmosphere as a result of the 

oxidation of organic materials [1]. 

MFC can be considered an electrochemical hybrid system 

because they combine microbial and electrochemical processes. 

MFC serves the purpose of converting waste into energy while 

converting the biochemical energy formed by breaking down 

simple carbohydrates and numerous organic substances such as 

complex organic compounds into electrical energy with the 

catalytic reactions of microorganisms [2]. The remarkable point of 

the use of MFC is that it creates chemical energy by breaking 

down organic wastes with microorganisms. These wastes can 

be qualified as non-toxic substances. Because, compared to 

other industrial wastes, they have high BOD (Biochemical 

Oxygen Demand) and most of the organic substances in them 

consist of simple sugars and starch [3]. organic matter; 

the contribution of organic waste, which is described as garbage 

in the environment, to electricity production is directly 

proportional to the chemical reaction it will show with the soil. 

Since it is known that organic matter was used as a substrate in 

MFC systems, it is possible to say that energy production was 

affected by the degradation efficiency of biomass [5]. 

Studies in the literature are generally based on the design of 

the microbial fuel cell and the examination of the change in 

performance parameters as in reference [6].Investigation of the 

effect of the addition of organic waste to the plant soil on the 

bioelectricity production potential is a relatively new subject. 

Moqsud, Yoshitake [7] have carried out an experiment to generate 

bioelectricity using rice plant-microbial fuel cells in soil mixed 

with compost. It has been observed that rice plants and cells 

containing compost show higher voltage and power density 

values over time. Moqsud, Omine [8] have developed a 

compost-based microbial fuel cell that generates bioelectricity 

by biodegradation of organic waste such as grass cuttings, along 

with leaf mold, rice bran, oil cake and waste from chicken. With 

this study, it was concluded that the microbial fuel cell can 

produce some electricity directly from the aforementioned 

organic wastes. Wang, Liao [9] have aimed to evaluate the microbial 

fuel cell integrated with compost. In this study, bean residue, ground 

coffee waste and rice husk mixture with high C:N (carbon:nitrogen) 

ratio led to optimum electrical performance. Moqsud, Gazali [10] have 

designed plant-microbial fuel cell for bioelectricity generation using 

aquatic plants. The lowest voltage was always obtained in MFCs 

prepared without the plant. 

In this study, the working principle of microbial fuel cell was 

explained and the bioelectricity production potential was 

evaluated for three different control volumes created without 

using membranes. The aim was to compare the potential 

difference, current and power density at the anode and cathode 

as a result of the chemical reactions taking place in the pots for 

each control volume. 

 
II.  MICROBIAL FUEL CELL 

Microbial fuel cells are systems that consist of two 

compartments called cathode and anode and are separated by a 

proton exchange membrane (selective permeable membrane) or 

provide proton transport with water without a membrane, and 

convert from chemical energy to electrical energy by catalytic 

reactions. In the anode compartment, organic materials are 
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oxidized by microorganisms, producing electrons and 

hydrogen, and transferred to the surface of the anode electrode 

made of a conductive material (carbon). Electrons are 

transmitted over an external resistor to the other electrode, 

which is used as the cathode. Hydrogen, on the other hand, 

passes through the proton exchange membrane and reaches the 

cathode compartment, where it combines with the final electron 

acceptor (for example, O2) and turns into water. That is, on the 

surface of the cathode electrode, oxygen, which is used as an 

electron acceptor, electrons coming through the external 

resistance, and protons passing through the proton selective 

membrane combine with the protons coming from the anode to 

form water molecules. Thanks to the presence of O2, which is a 

strong e- acceptor, and the H+s that create a positive electric 

charge, the electrons at the anode are drawn towards the 

cathode, thus creating an electric current on the line. In order to 

produce electrical energy, there should be no oxygen and other 

electron acceptors in the anode compartment [2]. 

 

Microbial fuel cell with membrane 

When oxygen is used in microbial fuel cells, the oxygen must 

remain in the cathode compartment and not reach the anode 

compartment where anaerobic bacteria operate. In this case, the 

two compartments are separated by proton exchange 

membranes, allowing only the passage of protons. In this way, 

a more effective reduction occurs. Separation of the anode and 

cathode compartments is therefore necessary [11]. 

Proton exchange membranes are the most widely used 

material for separation of anode and cathode compartments. 

Due to its high ionic conductivity, ñnafionò is the most used 

membrane among the membranes used. With the right 

membrane selection, the passage of oxygen from the cathode 

chamber to the anode chamber can be completely prevented 

[12]. 

Membrane MFC study is based on the observation of H2O 

formation in the cathode part (aerobic) as a result of the 

selective passing of CO2 and H+ protons, which are released 

while the organic matter is decomposed by microorganisms in 

the anode part (anaerobic), by the membrane. Electrons moving 

to ensure ion balance play a role in electricity production. 

Membrane MFC working principle is as shown in Figure 1. 

 

 
Figure 1: Microbial fuel cell with membrane 

 
Microbial fuel cell without membrane 

The anode and cathode compartments can be separated from 

each other without using any membrane. In these systems, the 

oxygen supplied to the cathode compartment combines with the 

protons and electrons from the anode compartment to form the 

water molecule. Since the amount of electrons and protons that 

may arise due to the oxidation of the substrate can be calculated, 

only the required amount of oxygen enters the cell by the 

cathode, so that only the cathode side of the microbial fuel cell 

is oxygenated. In this way, before the oxygen entering the 

system can reach the anode compartment, it meets with 

electrons and protons to form the water molecule[5]. 

The most important difference that distinguishes the system 

without membrane from the membrane system is the transport 

method of the proton. During the transport of protons with the 

H+ cation, they are realized with water instead of the membrane. 

The basis of electricity production, which consists of the 

movement of cations and anions, is a chemical trigger, and the 

operating principle of microbial fuel cell without membrane is 

as shown in Figure 2. 

 
 

Figure 2: Microbial fuel cell without membrane 

 

 
III.  MATERIAL AND METHOD 

Experimental Materials 

Proton transport microbial fuel cells without membrane is 

known to occur with water. The water-holding feature of plants 

can be a useful tool in proton exchange, as well as triggering 

chemical reactions. Accordingly, plant roots provide an active 

cell formation by storing water and nutrients in the soil. The 

most important feature of plants is their photosynthesis. The 

metabolic activities of the nutrients sent to the root through 

photosynthesis play an active role in the reduction and 

oxidation reactions [13]. 

The main factors to consider in plant selection are as follows: 

permeable and moist soil request, good water, retention, food 

production, the amount of reserve substance stored in the roots, 

impact on soil. As a result of the soil research before the 

experiment, it was seen that the benefits of humus to the soil 

were remarkable. Humus soils, which are rich in organic matter 

and have high water holding capacity, contain animal and plant 

residues, which are very beneficial for plants. 

In the light of the above information, first of all, soil with 

humus and then waste biomass to be added to the soil was 

needed in order to carry out the experiments. The plant we 

preferred to use in the study was Ficus Microcarpa, and the 

reason for preference was that soil activity is high due to its 

sensitivity to water and light. 

The most important material among the materials used 

during the experiment was the electrodes, and the types of 



anode and cathode electrodes were determined as zinc and 

copper, respectively. Oxidation and reduction reactions take 

place on the electrodes and the measurement of the 

experimental parameters was made with an avometer and a 

potentiometer. One of the experimental parameters, power 

density, which shows how much power the stored energy can 

be charged or discharged, was calculated using the formula 

below. 

 
Ὅ2  zὙὩὼὸὩὶὲὥὰ 

has contained only humus soil. In the second pot, there has been 

a plant known as "street benjamini" in colloquial language, 

whose Latin name is "Ficus Microcarpa", planted in humus soil. 

Organic matter was added to the soil in addition to Ficus 

Microcarpa planted in humus soil in the third pot. 

The procedure followed during the experiments is listed 

below. 

 
1. First, humus soil was added to 3 different pots. 
2. The first pot has separated from the others and the 

ὖέύὩὶ ὨὩὲίὭὸώ =  
 

 
Experimental Setup Design 

 
 

ὺέὰόάὩ Ficus Microcarpa plant has planted in the second pot. 

3. Ficus Microcarpa plant was planted by adding organic 

matter (egg shell and tea pulp) to the last pot. 

4. One anode (zinc) and one cathode (copper) has placed 

in each pot with the same distances (4 cm) between 

them. 

5. Potentiometer value is preset for external resistance. 

6. Experimental parameters were read from each pot with 

the help of a multimeter, the values noted for certain 

time intervals were recorded. 

7. For power density, calculations were made with the 

help of the determined volume and reading values and 

the results have been visualized 
 

 

 

 

 

 
Figure 3: Schematic view of the experimental setup design 

 

Figure 4: Real view of the experimental setup design 

 

Experimental Procedure 

The main purpose of the experiment is, "Does the plant 

imbedded in the soil and the organic matter added to the soil 

have an effect on the power density and voltage drop?" is to find 

the answer to the question. In this context, in the experiments, 

which have been carried out using 3 different pots, the first pot 

IV.  RESEARCH FINDINGS AND DISCUSSION 

Within the scope of this study, the effect of imbeding plant to 

the soil first and then adding organic substances to it, to the 

bioelectric generation was observed on the microbial fuel cell 

designed without a membrane. External resistance value was 

determined as 9.55 kɋ with the help of potentiometer. Pot 

volumes were measured as 0.35L. There are three separate 

control volumes where measurements were taken during the 

study, and these control volumes were named as soil, plant, 

plant + organic matter. The time-dependent variation of voltage 

measurement results of the aforementioned control volumes has 

been presented in the table below. 

 
Table 1: Voltage measurement results 

 
 

Time 
Soil 
(mV) 

Plant 
(mV) 

Plant +Organic Matter  
(mV) 

0 507 529 543 

2 491 505 518 

4 480 500 508 

6 510 536 582 

8 460 530 550 

10 440 500 525 

12 400 430 500 

14 352 410 490 

16 342 400 491 

18 300 380 500 

20 290 350 502 

22 290 350 512 

24 271 340 500 

 

As can be seen from the table, the voltage drop was less in the 

pots with plants and plant + organic matter compared to the pots 

with only soil. From this, it can be concluded that in the case 



that soil contains plants or the organic substances being added 

to the soil in the presence of plant, play an active role in 

preventing the voltage drop. 
 

 
 

Figure 5: Time-dependent variation of voltage 

 

The time-dependent variation of current measurement results of 

control volumes has been presented in the Table 2. 

 
Table 2: Current measurement results 

 
 

Time Soil 
(ÕA) 

Plant 
(ÕA) 

Plant +Organic Matter  
(ÕA) 

0 86 73 86 

2 82 73 85 

4 70 70 79 

6 50 63 71 

8 53 65 71 

10 33 52 71 

12 36 41 65 

14 33 34 56 

16 24 37 63 

18 43 35 66 

20 37 39 71 

22 33 42 69 

24 30 41 60 

 

 

 
Figure 6: Time-dependent variation of current 

 
The current values gave stable values in the pot containing 

organic waste biomass, and the current fluctuation during the 

directly proportional to the square of the current, was obtained 

higher in the planted pot containing the plant and waste biomass 

in the soil than in the non-planted pot. 

 
Table 3: Power density measurement results 

 
 

Time Soil 

(mW/m3) 

Plant 

(mW/m3) 

Plant + Organic Matter 

( mW/m3) 

0 201 145 201 

2 183 145 197 

4 133 133 170 

6 68 108 137 

8 76 115 137 

10 29 70 137 

12 35 45 115 

14 29 31 85 

16 15 37 108 

18 50 33 118 

20 37 41 137 

22 29 48 129 

24 24 45 98 

 
 

Figure 7: Time-dependent variation of power density 

 

V. CONCLUSION 

In this study, bioelectricity production potential was 

evaluated in three pot, which are plant-free pots (soil only), 

plant-containing and plant-containing additionally fertilized 

with organic waste biomass, based on a microbial fuel cell 

without membrane. Time dependent voltage, current and power 

density data from different pots were compared. The maximum 

voltage drop occurred in the plant pot with organic waste 

biomass, and this value was read as 582 mV. The current values 

decreased over time in all three cases, and the maximum current 

value that could be reached after the first 10 hours was 71 ÕA 

in organic biomass added plant soil. The minimum current 

value was measured as 24 ÕA from the pot without plants at the 

end of 24 hours. At the end of the experiment, abrasions 

occurred on the cathode electrode due to oxidation and it was 

corroded. The effect of the existence of plants on the soil has 

been proven by experiment and it has been understood that 

plants play an active role in the reactions. It was concluded that 

the presence of organic wastes in the soil is also positive in 

measurement was negligible. The power density, which is terms of bioelectricity production potential. The presence of 
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