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Investigation of Adaptive Control Methods
Usedin AutonomousYehiclesandExamining
the Results

A.SEVEK
1O S T KrathnicalUniversity, Ankara/Turkey abdulhamit.sevgi@ostimteknik.edu.tr

controlmethodsit is aimedto calculateheparameterthatwill
Abstract- As a result of the development of the industry in line  minimize the error that will occur in the next step. The feature
with human needs and the increase in mechanization, many  that distinguishes the adaptive controller frahe classical
studies have been made and continue to be done on automationcontrollers is that the controller parameters are variable and

and the control of these systems. As a result of these SCiemiﬁCthereisa mechaism that adjustthese parametefs]
researches, many autonomous systems and control methods have '

been developed. The main yrpose of autonomous systems is to . L
provide safe?novement or trlgrﬁ)sportation between de)s/ired points. In t_he adaptive control Systgm, the system dynamics is first
Within the scope of this purpose, the usage areas of autonomousdefined. Then system selection and change occurs. After the
systems are unmanned air, land, underwater vehicles and robots. System is defined, the decision function runs. Then, by

One of the important issues in autonomous systems is control changing the systemparameters, the modification function is
methods. This study will focus on adaptive control methods in activated and optimum performance is achieved. In order to
autonomoussystemsFor example,adaptive control methodsused  evaluate the system performance, a model that is similar to the
in autonomous driving systems can provide safejourneys by  desired system is selected. In order to observe a successful
eliminating human error, while optimizing engine and brake  yaq|t the characteristics tfis model must be similar to the
activation, it can adjust vehicle following distance, follow lane, system properties [2]. In this study, adaptive control methods

perform automatic parking, reduce driving time and fuel di t t ined and thei it
consumption. By examining the results of different studies, the used in autonomous systems are examined an eir results are

convenience and advantages of adaptive ol methods will be  discussed.

emphasized.
Il. ADAPTIVE CONTROLMETHODSUSEDIN AUTONOMOUS
Keywords- autonomous vehicle technology, adaptive control, SYSTEMS
autonomous systems, adaptive control methods, unmanned
vehicles.

Yang and Xian haveleveloped a control system for a low
| INTRODUCTION propulsion unm_anned aerial vehicle (UAV) to hover with its
payload. A noHinear controller has been developed to control
Adaptive control aims at stable and successful control of tigepositionof theUAV andtheoscillationangleof thepayload
systemby determiningheappropriatevariablevaluesfor stable it carriesdependingonthecalle. An adaptivecontrolsystemis
and minimum error control of the system, thanks to the contr@ésigned to compensate for the unknown length of the cable
algorithm, in cases where the variables of the model cannotipsed to fix the system. Lyapunov based stability analysis was
determinedcorrectly. The basis of adaptive control lies in ysed to prove the stability of the closed loop control system.
estimating unkawn controller or system parameters using thghe developed contraligorithm has been tested on a Pixhawk
measured signals and using these parameters in the calculaflight control board. An inertial capture system was used to
of thecontrolinput. Theadaptivecontrolleris adynamisystem  obtainpositionandangledatafrom thesystem This datais sent
with online parameter estimation. Thanks to the ease @fthe ground station with the help of ethernet. It was then sent
application ofadaptive controllers and their compatibility withto the flight control uit of the UAV with the help of a Zigbee
digital hardwaretheyhavebeenthefocusof attentionof many  module. This inertia data is given as feedback to the system.
researcherg/orking in thefield of controlin recentyears. Based on these data, the desired position angles and the total
thrustof theUAV couldbecalculatedoy calculatingthecontrol
The adaptive control law, which started to develop in the latgputs. In order to mininzie the oscillation of the payload and
1950s, has becomeery useful for multinput, multroutput, to position the UAV, strategies based on the energy function
nonlinear systems with the development of the learner contigére used in the control system developed. For the analysis of
approach, which produces quite good results in the event thigé stability of the closethop control system, a Lyapunov
thesystemis exposedo robustandperiodicdisturbancenputs, pased stability analysis and Ladi®anvariance theorem were
which makes the systemsensitive to external disturbances.ysed and the linearity of the system was proved. The proposed
Lyapunov stability analysis, which is widely used for testingontrolsystemnis comparedvith aPID controllerandaterminal
and stabilizing the stability of nonlinear systems, stands out fisating mode controller, and it is observed that the proposed

a very practical approachfor stabilizing adaptive control  control systemis more successfuthan the other two control
systemsand determiningthe adaptationrule. In all adaptive
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types in both stabilization control and regulation control [3 T T—asr—io%
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Figure 2: (a) adaptive control, (b) Fixgdin consensulsased control
10 15 20 25 30 .
Time (sec) Kang et al. They developed an adaptive control system by
| ; dynamically modeling an unmanned helicopter. The error and
other disturbance factors the generated dynamic model were
o L detected using a deep convolutional neural network. Here, the
o neural network is trained using real flight data of an aerobatic
helicopter. This trained model has good performance to detect
: : : : disturbances in the flight procesghe accuracy of the system
10 15 20 25 30 . . .
Time (sec) has been proven by the experiments carried out in the Stanford

] ] (b) o _ Autonomous Helicopter Project. As a result, an adaptive flight
Figurel: Experimentalesults othesystem(a) position information,  control system trained with neural network is presented. The
(b) angleinformation[3]. stability of the system has been prousing the Lyapunov

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

Petrillo et al. In their study, they developed an adaptive contr, e unmannedelicopterasymptoticorigin seento convergen

system for networks .Of autc_)nomously conn_ectgd vehicles tI}:?émallset[S]. Figure3 showsthevisualof thecomparativaest
act as a team formation. Wireless communication networks Dsults

cooperative driving systems pose a gmsit as they contain
various security vulnerabilities. The control system develope -
to eliminate or minimize this risk is planned to provide botl
security and flexible ease of use to these networks. For tl
purpose, the security problem of a maraba conwmying
along a single lane against different cyber threats has be , |
addressed and resolved. In the proposed collaborative con _
approach, an adaptive control method has been developecE
reduce malicious cyber accesses by utilizing an adaptive cont= > |
algorithm. In order to prove the accuracy of the develope
system, a realistic simulator, PLEXE, was used and a
comprehensive analysis was carried out. LyapthKi@asovskii 0
theory is used to prove the stability of the closmap control
system.Thanksto the resultsobtainedjt hasbeenseenthatthe
developed system reduces cyber accesses by distributing
proven system. Finally, the proposed adaptive control systen
was compared with different control methods, as shown in
Figure2, and proved the perforamceof the system. [4].
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Figure3: visualof thecomparativeaest result$5].



The collision avoidancecontrollerdevelopecby Chengetal.is  9iang et & In this study, with the modehdependent adaptive

an autonomous vehicle subsystem that aims to prevent trol (MFAC) method and particle swarm optimization
reduce vehicle collision accidents through automatic braking;>C) @lgorithm they developed, they controlled aveeel

In addition, any brakig due to heavy traffic conditions or badindependent drive (6WID), foawheel independent steering
and dangerousroads may causethe lateral stability of the (4WIS)unmannedroundvehicle(UGV) andplannedheroute.
vehicleto deteriorateTherefore asystemwasdevelopedising | €Y _examined accuracy and maneuverabilityin variable

a lateral stability coordinated collision avoidance control ~conditions. In the developed system, MFAC ensures that the
system (LSCACS)ogether with a model predictive Comro|Wheelbaseffectandthed|stort|_0ncaused3y'thetlmec.ielayare
(MPC). An autonomous vehicle has various dynamic Statég?rrectedamdtoleratedAccordln.gto"chedeswec.b'teenngangle
including normal driving mode, fully automatic braking mode2nd lateral moment, PSO, which is the auxiliary controller; It
and brakebalance mode. The developed LSCACS determin&é0Vides coordinated control of engine torque, braking and
which controlmodeto applybasecbn thes dynamicsituations. steering .'I'estshavebeemarnedoutonthe6WID vehicle'dow
TheMPC s usedasanauxiliary controllerto calculatetheyaw ~ SPe€d and noise control. The tessults have shown that MFAC
momentand to perform the appropriatebraking. LSCACS has @ high performance and tries to keep the system at an
selects the most suitable drive control mode according to tARlimumlevelagainstime delayandotheruncertaintiesf the
vehicle dynamic conditions and then adjusts the M@ht VENicle. It has also been observedthat the PSO algorithm
matrices according to the selected mode. Another auxiliaf}Proves driving based on torque distribution.variable speed
controllercalculateghetire forcesof thewheels Theaccuracy  Stuations, it shows that the PSO can provide lateral stability and
of this developed system has been proven by hardimethe 6WID can prov!de F:oordmatedcontrol [7]. The simulation

loop (HIL) tests. The results show that the system is mofgsultsare givenin Figure 5.

sucessful thanclassical methods imvoiding collisionand

maintaining the lateral stability of the vehicle [6]. Figure 4
showsthe performance comparison. 20 r ' i
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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 robotitanipulators and the
distance affect the linearity and performance of the system
Time (s) negatively.This adaptivecontrolalgorithmhasbeendeveloped
® to correct the disturbancesin the system and to provide
Figure 4: Performance comparison. (a) Classical method, (b) estimation of reference signals. Experimental simutagiork
Developed control systeff]. was carried out with the SimMechanicslibrary and
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hydraulic pressure (MPa)
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mathematical models of a URIBanipulator and Phantom [ Doredvame : : T ‘ ' ' '
Omni Haptic were extracted. In the designed models, delays ir§ , fI?I“S"'MFAC/\\/l
communication and their effects on the manipulator are S Z

observed. The forces applied by the master and slave systen s oo e

\\J
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are distributed nothhomogeneously. In order to minimize the Tinzz)@ﬂs)
internaluncertaintiesforcemodelsandfriction in thegenerated 05 P . . . .
simulation are augmented with the dynamic equations of the o||DusPMACL P N N—
robotsto find themaximumlevelsof otheruncertaintiesBased = 7 ~/ \ 7 \\
on the positiorvelocity combined errors and the Lyapunov -os == s 5= = o5 = -
stability analysis,the test results are observedand a high Time (0.15)

(®)

performance is achieved. Simulation studies have been carrie s :
Desired value

out to perform reattime tests of the proposed control method g ||—pusemrac| - ~_F = / |
and to examine its performance. For this purpose, it has beefs |2 \/ \/ /
shown that adaptive control methodology does not force the-os=——— s i ' ' ' X

T
1
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system and the effects of time delay are minimized [8]. The ’ Time (0.15)
errorparametersb®rvedin thetestresultsaregivenin Figure ©
6. Figure7: Resultof comparing thesystemwith conventionaPID at
15F , [ T f v 5 differentspeed49].
| Em1
. 7‘ z Carlucho et al. developed a linear adaptive control method to
k! | controlautonomousinderwaterehicles(AUV) undervariable
B B B R e operating conditions and harsh conditions. Reinforcement
05, .- - = = = = learning (RL) a_nd deep reinforcem_ent learning _methods_were
(10 S a0t used for adaptive control formulation. In RL, it uses video
\ footage for training, but using cameras for inspection purposes
IR e e s i = =, 0 SR [ RN P only can increaseenergyconsumptiorandincreasennecessary
Y2 i — | cost.For this, testsweremadeon a real systemandhe results
p sl e f:: were examinedin terms of cost. Therefore, theproposed
T B e T B R T T algorithm uses lowevel data suitable for RL. laddition, the
Time (seconds) Time (seconds) algorithm proposed compared to other systearsiesout an
i o] | 04 expertiseprocesswith minimum prior knowledge.The system
o A -t can effectively learn a successfulcontrol strategy using the
o’ i) S input parameters. For the applicatimin deep learning RL
s e e s TR N T R it e e methodsin autonanous systems,the design of the reward
3 _ function is very important and should kensidered. In this
0 10 20 30 40 50 60 0 10 20 30 40 50 60

T Gatont] Tiisitesionis) study, an updated reward function analyarsl designwas
carried out in this study to successfullymeettheconstraints
requiredby energyconsumptionoptimization,suddenchange
limitation of actuatorandAUV. Thedevelopedystemhasan

%‘ctopcritic goalorientedarchitecturdor solvingmanydynamic

Figure6: Theerrorparametersbserved irthetest result$8].

Liu et al. In their study, they developed a new MFAC b bl 101 Th ltsof th X fih ith
combining the modelless adaptive control (MFAC) algorith ro e”_‘?[ 1 eresu_tso t. ecpmparlsomt esystem wit
thetraditionalPID are given in Figur®.

with the dual sequential projection (DuSP) method.
Symmetrically similar parametersand structures of the
developedsystemwere analyzed. The determinguleview
yaw-angles, trajectory tracking problem could be easily solved
as a stabilization problem and an autonomalisicle test was

conductedThebiggestadvantagesf thisbinarysystemarethe 1o WETFE &
definition of different distancesbetween compact convex :
clustersthesimpleconstructiorof the systemstructureandthe

N\

flexible learning of its parameters. In additionsm stability ' v T @ T
has been proven as a result of the study. The use of this dual | —1 =
system developed in the lateral path tracking control problem / Wy
of autonomousvehicles has eliminated the difficulties in o g £ ——
complex lateral control and demonstratedan improved ¥ 5 =¢/<le“ - s
performance. Based on this performance, it has been tested in

the SmartCarFutureChallengeCompetitionheldin China,and £ [—w]| i1

reattime satisfactory control performance has been observed. i oy

[9]. The results of the comparisonof the systemwith the S U LI S ]

Tune (5]

®) Time 151

traditional PID are giverin Figure 7. ) _
Figure8: (a)PID, (b) Result®f comparing theystem[10].



An autonomous underwater vehicletiouse hybrid trajectory Peen established that takes the behavior of the driver while
trackingcontrolmethochasbeendevelopedy Kumarandrani. dnymg andthemteractlo.nof theste_erlngsystgrrandtha/eh|cIe

A modetdependenandmodellesgontrolmethodis combined S iNPUL. An exponential reduction function referencedel

to minimize the disruptive effects of system uncertainties. DY¥2S createdio increasethe reductionrate of the vehicle'soad

to uncertainties, the dynamic model of the vehicle cannot lg€ral deviation. The parameter adaptation law is used to
accurately extractedwhen operatingin real time. For this reduce the effects from uncertainties and ineehe accuracy

reasonall thefactorsaffectingthesystemdynamicsareusedin ~ ©f the closedoop system. In this way, boundary estimation of

the controller design. Because of these uncertainties, a radigknowndisturbancesetweerdriverinputandsteeringoadis

basis functional neural network is preferred. An adaptive Provided.Thissystemis designeasecn anadaptivecontrol

controlsystemhasbeendevelopedo compensatéor unknown ~ &!90rithm. The convergence rate of the parameteatphw
effects such as neuml network reconstructionfailure and USed to increase the accuracy of the closed loop control system

environmentaldisturbancesFor stability analysis,analyzes IS increasedby using the first given value and setting the

were made with the Lyapunov method. Thanks to these convergence parameter in the robust term. The actual moment
analyzes and the Barbalat lemma, tracking errors convergePfo€Sistance was obtained by developing a Lumbesgrver
zero. Theaccuracyandstability of thepresentedontrolmethod [0 OPserve the steering resistance moment as a state variable
has been verified by comparing computer simulations through the engine current and the front wheel rotation angle.
performed on an autonomousAUV with four degreesof Consideringheinfluenceof thedriveronthecontrollerandthe

freedom [11]. The comparison of the system according to tH@pr(.adictable faults, the deteriorations in_th(_a patistasce came
classical methods by looking at the position errors is given fiedictedandtheunknowneffectscanbelimited. As aresulof
Figure 9. the analysis with Lyapunov theorem, the sta_blllty _ofstmt_em
hasbeenproved. The systemhasbeentestedin asimulation
environmenwith areattime steeringsystem Accordingto the
results, it has been observedthat the performanceof the

0.2

Exror (m)
(=]

proposedsystemis sufficientfor the currenstage, but can be
027 2 P 5 5 90 iz 4 ‘ 7 20 improved for testing on a retime vehicle.[12]. Figure 10
2 @ ' ' ' ‘ ' ' ' Vo showsthereattime testresultsof the system.
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5 0

o Liv et al. developed an adaptive trajectory tracking control

2 ¥ 6 8 0 12 14 1 =2 method for autonomous underwater vehicles (AUAN/ simple
‘ ' ' ‘ ' ' error matching function is used to ensure that the trajectory
tracking error is within the desired range. A control system

o p . . T PRENIETET based on the Nussbaum function is also used as an auxiliary

Error (rad)
o
“?u o

2C
Time (5) controller to minimize the functional errors of the AUVs.
(b) Unpredictable dynamic parametersand disturbancesare

Figure 9: (a) location errors of the classical methods (b) location gatheredunder a single roof called virtual parameterand
errorsof thedevelopedsystem{11]. convertednto alinearparametridorm. In addition,anadaptive
&Fﬂjectory tracking control system has been developed, which
providesonline estimationof virtual parametersisingdynamic
surface control technique. It has been proved with the help of
exact stability analysis that the trajectory tracking closed loop
control systemof this systemis minimized. Simulationresults

To solve the problems such as parameter uncertainties
system disturbances brought about by humanmachine
collaboration (HMC) driving,Wu et al. developed an HMC
steering torque control system based on model reference
adaptivecontrol (MRAC) method.A vehicleroad model has



and stability analysis demonstratethe effectiveness of the IIl. CONCLUSION

developed trajectory tracking control system. [13]. The-real
time testresultsof thesystemaregivenin Figurell. In this study, adaptive control systems used in autonomous
systemsandtheir resultswereexaminedIn adaptivecontrolled

10 — T T systems, it is basically aimed to calculate the parameters that
ol // \ ===l vacioy mde || will minimize the error that will occur in the next step. The
o - \ ] feature that distinguishesthe adaptive controller from the
i/ \ classical controllers is that the controller parametersare
¢ // \ ] variableandthereis amechanisnthatadjustsheseparameters.
_. ¢z \/ \\ 1 In simulation studies, it has been proven that the adaptive
% or \ Y control system gives more successful results than other control
2f \ /1 systemsn settingthedesiredreferencesaluesof thecontrollers.
s \ ,/ J In reattime studies, it has been proven that dlesired results
ok \ / ] are obtained by using an adaptive controlterring the
=l \\ // ] implementatiorphaseln the modelreferenceadaptive control
ol S | system, it has been seen thatdékection othe reference model

; : : : s used, the control law and the adaptatiatio are of great
° % 10 ofn] 190 200 250 importance. Similarly, it has been obsertieattheselectiorof
Figure11: Thereakime testresultsof thesystem{13]. the weight matricesand the calculatedgainmatrix, and the
proportional, integral and derivativeefficientsselectedin the
Oskroba and Mendrok realized the control of an autonomoB$D control significantly affect the systemperformance. As a
vehicle with machine learning algorithms. They have result, it is seen that the adaptive contotthod provides
developedan adaptivecontrol systemto provide vehicle control ~ advantages in autonomous systems compa@tiermethods.
in different road scenarios.These scenariosare: vehicle
overtaking, cornering at a safe and appropriate speed, distance REFERENCES
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bir-odlmobil i mankada&® lat-r i¢krleit i yor ve bunu )

yapmaki - k ap s hintédarik zinciri veservisa joél u k t u r u Yekanik enerjiyi tekerleklereaktararakbir a r aharéket
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el ektrikli otomobillerde kull a
kekddgeé st eDCif léa matdrla (DCM), asenkron
[ N motorlar( ACI M) , sabit méknat ésl & s
kKekil 2. Hibriitteheannktdmia smhtixor (25 | - ZCSBomrlar (BLDC) ve anaht arleapal @n s
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k e Ii.iElektrikli otomobillerdek u | | anro & lo aith-ayraépré | ar &

3.1.FI R ¢ ADGMOTORLAR (DCM)

DC serisi motorun y ¢ k sheakk | atorkg,éonu - e kK i K

uygul amal aré i-in uygun
avanh atpy ekolayca ayarlanabilmesive y ¢ k t anik i
d e] i k daganabimesidifOrtaya- & kiakn a k € ka®si

bir s e

il e dojru orfamealéelliekdléer mgun ibde

aktarabilir

yapar.Bu motorlargenellikley ¢ k gapdsiteld e mi r y ol | ar
kull anél ér [ 2] . El ekEnikDCay an ¢
motorunbird e z a v anekarékf ét - akanewasar €z a
or anygnkésnek ol masédér .

Fer-ale DC MoMotrorSi¢megzgsde] i KEe
ayarl aneéer . Fer-alée DC motorlar
ol arak iki, d°rt veya aldad kut |
sargélaréna sahip ol abi Idaha . Se
iyi kontrol edilebilir. Har i ci
ayr ék tagknee torknRortrol © z e | | nedehiyeralan
zayéflamasé i-in doj al ol ar ak
féer-ataséensdaki, mak&mum motor héz én é
késétl amaktadér .
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3.2. ASENKRONMOTORLAR (ACIM)

Asenkron i nd ¢ k smotpra,nd e J i kie ralandaki 3.4.Fi R¢ A DCKMOTORLAR(BLDC)
iletkenlerin iletken boyunca bir EMFYi i nd¢kl efgh]l Ece meéeknatéslé DC motor , ‘
el ektromanyetik ind¢gksiyon di°|nkde¢5ji¢”esechakyrebrhérb-i rRModfor WG r St
a k & sbé r detkisinedeniylemotord © n @enelliklesincap gapit me k n a d e prinasiylée geleneksel DC motordan

kafesli asenkron motorlar s kuk| angkér. KASS €ackal ORe Kk M9t @E M B
avantajlareée, yapém kolayl é]fy| dekaeke M, iyet ve dikek bake
Parl ak fér-alar yok. Bu nedenle patlayécé alanlarda, su
ki r | adlahioffaimlardak ul | anélD&zialviamé &6, -DEm@aveyak a | Raken & & shfmaa,

T a

kontrol¢negn zor olmaseder. pMotpdsdgfay| &< f8Ké&rehdea)im@ ki d
Bu nedenlebazeéef glktdirz¢elct mazl ar é yé}iﬁeél&ﬂfohikolgréké ¢ & iKle - b &y usayesind@ ¢ -

Beyek baker kayeéeplare veri mde fdgkugsRaiystatr .gfa ifadde €@ Kd Pr¢ Y(¢Ka
havab o K”| verjmded ¢ K yebazendemekaniks ¢ r t ¢ n ey epl are dahay ¢kzskkeli mé/eer dtmd =
nederolabilir. kullanarak, motorlar manyetik kutuplar ¢ r e t im-e érerji

) ) i hti yatadam & al d 8° A .€O€C e motorlardan,
Asenkron M_otor S¢r ¢ ¢ ¢ |IAsenkion i _n_d C',_k SL¥QPkmoyon! eerSRMd 4 re r den daha vy
motorununhek;on_t voltaj for ek ade@né&nir bl desig/debi | i rmommun DC Berigiaey AG' t aj &
el de edilir. Vekter kontrolelhd o8 hP dahaaivbticf] inhatolie detigt ded
motor akemé, screce i-2ff@mdamEK fan e R dk mblollebstelnl; mdiofdabte 3 ¢, k

kontroledilir. Animomenta r t @wkbnéralien i t @ saf €y bk D | uk MmAGEINEKt &1 &1 . PM BLDC

algelaneér. Motorun yeigilfamomeng i | Kfd yoiur &EaRiS-Pter tipli dmBtorlarda
sargélaréna anl ék ol ar anotord g5kBBumPéada s é'tmlaedré'] auyguhamakdalkt a
a k & manindarbea r t éverilirave @otorunyeni moment | onusundakiorunlar devanetmektedir [13]
dej ersiéner amg d @&latoz yeni momentd ej er i nde

kararl & -al ékmaya backliadléekWkigmia S® N8k nfikai"e Keoahvt. ke 7za specy
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s ¢ 1 d Buzgrkontroly a p @sersronmo t orkKorarol @ gt o | ar, yapel alarak kogtrelredilif ie e | e |
s ¢ r ¢ ¢ ¢DCemotontaidan dahak a r mave endlliyetli 4 jarkukrm m¢ t ais-yiammoli k | e rmitonpdzésyon
yapmaktader . bilgisi gerektiirler. F & r - Csnéozt o r K am témoiki ¢ nd e ,
ayk &@p-aéd ek uinl Binneisi,é kontrol- ev r iveni di r
buradamotor a k éwey@ momentikontrol edilir. Bua ma - | a,
3.3. KALICI MIKNATISLI SENKRONMOTORLAR (PMSM) motorfazs ar g é & k & @En@rnek | | takip edi
Kal Bé kB n aSeskoohMo t or &lemu § A r $abite a k €ingél e me s | s dJsleg n &ré.k Kckoinnt criosli
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EMF dalgaformunasahip AC senkronmo t o r IPBISM] & pozisyons e n s ° r lad regneachenatér h &€ we konum
yapésénda fér-aséz DC mot bilgisi hvedenetlry&isinde Kdl eevnrmee K me d b f unun
bir | e kiémiD&imBtarolarakstators ar g élsahiténa ve

meé k n actomsahipdirMakineay r € edesremot or | ar éna

benzer bir y apg € ujod mda bisaavkag3ZADANATRRLAMALI R T ANBIOTORLAR (SRM)

E K
yoj und g tumetkasar ban m&aorygaép € s €QR@aht ar B h @b @ o sasithir ¢ a p sapigtir.
sahiptir_ [11]; Rot or _bgkémemkgxggloaruém'_qn d’émﬁg‘?éPu -PaM
motorlareéna sojutma a-é&sendpd| dgeflar @Y 8 Bkl $ RothrRsolaralP@z avar
y ¢ ksseekc ak lve kg b &t manyetizasyon® Zd i | iglyiimndereéel ér .
kaymnédemm!| maseder .

o B B Anahtarl|l amal & r el ¢kt lakomotifimot or
PMS M S_(',r ;J(cagjleecrm méknat es | taakr 'hérekgtMtﬁ%kéﬁﬁé&(_)sm_%z- %Vmibmt araféenda
¢retebilir ancak bu tip ORgY ?%)ﬁ_@&'alrméﬁahumotoﬁuﬁkoﬁiiodplt hh s EPdd
invert?©or gerekir. _P MSM s ¢rA<'dCo<]|aeyré' WielKis£ke Wee I bE‘Hb.sV(;e@(z}h:%l?nS(;
per f ormotars § f € c yelmetorut ¢ méazr a | ] @ dRigjeil ni ik M lilglyi &1 t & r AmBatt téar. | a me
d¢zgémygkpekf ormoorkoing r ol ¢, %8 f; 8t a o éillatunda s a rbgléndurur. Asenkron
tam tork kontrolg¢,  bildztlammay ;¥ Eitopubddd 12K iY@ p @ Is @ ubasitti ve

fonksiyonlardaetkindir. Bu k o n t eldeletmeka mac € % 153 .o ¢ |karl @@ d®Ea geyas | r bgléndurmazlar.Bu
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Anahtatpb&tans motorun d¢zge¢Bubial egematideelakekabicl mas @ he
i -in s¢rekli bir mo me n't ¢ r mator Itiplesi s h a kgke & bidgk a veriimesiBig ryeknl€ie r smo m
¢ r et irbtoneesstator kutbununkonumal g é | dly étc@&d amr € mc € lvericilérin elekirik matoa tip s e - i mi
izl enip uygun faz seéraséyl ayapbrkesd °e?nmyenbdueh @ n O ajetel@hiparangetreBru n e
de g¢- el eletlreonainjliaré@ewar e ht veai | Songlardk maskékka i & mbneéxlotarnipi bu

AC, stators ar g €l ag @ In a n stadoj oindkeenden kr i t erl ere g°re karkélakteéereéela
sin¢gzoidal bir akém akar v ezafigetddgrii g€ rst eir i |Bmpriarjped r g kKr e le& i mé y

gel ir. Rotor bu manyet i k akpeanréanmekturteulpe rydeez ecgysi tnédnel kel k  hsaar] el kaeyt
saj | ®ialég é° n Amahtarlamh & e | ¢ kmbtaruns maliyet ve gerekse uzun d ° n e mdrunsuz - al € K ma
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tanesiy ¢ ¥ ¢ zderumudur. Rotor kutbu ile statorunbir mot or |l aré (ACI M) bir adém ©°ne
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1 Sadecestatorundas arogéd ij-s 0] ut maséreti |l ekudn anlearednea makt ader .
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processingime of 40.43msand that the harris algorithm
Abstract - A safe landing system is crucial for an unmanned detected all 8 points (Table 1). They used the harris algorithm,
aerial vehicle (UAV). With the increase in studies on autonomous taking into account their processing speed and accuracy. They
UAVSs, vision-based landing systems have become an important used the Lucas Kanade Optical Flow method by making

researchtopic. This paper, vision basedtechniquesusedto achieve . -
autonomous landing of UAVs are reviewed. UAVs usingision- improvementso ensurghecontinuityof thelandmarkdetected

based autonomous landing techniques aren't affected xternal ~ duringthe movemenof the UAV [3].

noises as dn't need to communicate with another devicer satellite

during landing. This prevents the UAV landing from being Tablel: AverageCornerExtractionTime
disrupted in caseof signal weakeningdue to jammer attacks, bad

weather conditions and surrounding structures. There are two Corner Imagesize | Extracting | Extracting
different basic scenarios in visionbased landingsystems.In the Extractor (p'x’fl) time(ms) | number
first, it is aimed for the UAV to land autonomouslyin a FAST 480320 | 1.887 7
predetermined area using a marker. In the secondiit is expected SIFT 480*320 | 301.9 8

to identify a suitable landing site in an unknown areaand land SURF 480*320 | 81.20 8

there. The methods used in different studies carried oufor these Harris 480*320 | 40.43 8
purposesin recentyearswere compared. ShiTomasi| 480*320 62.14 8

Keywords - unmanned aerial vehicle, autonomous landing,
vision based, saf¢anding
With a similar approach, Run Ye et al. made ashdped
designasseenin Figurel to indicatethetargetlandingzoneof
the UAV. In order tomake it easier to distinguish the shape

ITH the increase in the use of unmanned ageghicles, from the outside environment, they placed a white disc behind

studiesto reducethe dependencyf UAVs on humans theblackH shapén the design.
have gained importancein recentyears. One of the most
important points in autonomous UAVS is the landing systems.
In order fora UAV to land in the right site safely, it must first
detect the site it needsto land, then changeits position
according to the site it needs to land and complete its landing.
For this purpose, communicatidrased technologies such as
the Global Positiming System (GPS) are widely used.
However, such systemsare affected by external noise. by
environmental conditions such as tall buildings, trees [1, 2].
Various visionbased landing algorithms have been proposed
by differentresearcherto avoid these mblems.

Cheng Xu et al designed ashaped landmark for the UAV
to perform asafe and accuratelanding. They proposedan
algorithmthatuses8 angulampointsonthe T shapdo recognize
the landmark in the images taken by the UAV fritra camera
anddoes not need any depth information. Atemparing the
average of the processing times and accumatgs of the
different algorithms they applied on the 480*32Rel images
to detect the angle points on the figure, theytlgefastest result
with the FAST algorithm with a processirtgme of 1.887ms.
Howeverwhile theFAST algorithmcorrectly extracted 7 of the
8 angular points of the T shapegcduld not detect 1 of them.
They observed that after the FASAlgorithm, the harris
algorithm gave the fasest result with a

I. INTRODUCTION

Figurel: H shapedandingmark

They developed an algorithm that detects the target shape by
extracting the edgand corner features of the H shape lthsic
structure of which is shown in Figure 2. By matchingtireers

in the algorithm they developed, they provided tbeation
information of the target and the pose estimatiothefUAV.

In their trials, they observedthat the UAV completed the
landing with a maximum error of 0.52 metarsd6.22 degrees
[4]. Although effective resultsare obtainedinmethods using
simple shapes such as H and T shapesatrewing of the field

of view as the altitude of the UAdecreases, may cause the
loss of the target and unsuccesdfuhdings. To solve this
problem, Rong Liu et al designedanding marker made of
nestedequilateraltrianglesas shown
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in Figure 3. They developed an algorithm thsess the edgend ~ Another approachusing apriltag as the landing target was
corner properties of the triangle to detect the targetribiseed Su99ested by Tianpei Liao et al. Unlike other studies, they
triangles allow for easy extract of the target from dbenplex applied a technique as shown in Figure 5 to avoid collisions of
background. In addition, even if the altitude of the\V multiple UAVs with nocommunication between them while
decreases, continuity is ensured as the innengiea is trying to land at the same time. They assigned priority to two
recognized. Data from the barometer, laser distance sensor Siifgrent UAVs. They used the YoloV4 [7] deep learning
inertial measurement unit (IMU) are combined to obtain tH@€thodior thelow priority UAV torecognizehe high priority.
altitude information of the UAV. They developed a Filsed While simultaneouslyanding, the lower  priority UAV waits
heightadaptivemethodto enablethe UAV to landin thecorrect O theother tocompletetheir landing.

position. They achievedsuccessfutesultsin their experiments
in thegazebasimulationenvironment [5].

Image acquisition
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Image preprocessing

Figure2: Imageprocessingrocess

Figure5: Diagramof proposedramework

Bochan Lee et al. proposed a method to ensure safe landing of
the UAV on moving platforms,inspired by the strategy used
Figure3: Landingmarker by navy helicopter pilots when landing on a ship. Navy
helicopter pilotdollow ahorizonbaronthe shipasareference
Zhouli etal. performedanotherstudythatenableshelanding  \whenlandingon a ship.In their study,insteadof a horizonbar,
target to bedetected from different heights, using AprilTagshey designed a checkerboard shaped visual cue as seen in
visualpositioningalgorithmbasedon monocularcamera. They Figure 6. Theyused the corner points on the checkerboard for
designeda landing target by placing two different sized the UAV to detectthe visual cue,andtheyusedthe F° r st ner
apriltagsside by side, as shownin Figure 4. They aimedfor  [g] corner detection method for this purpose. By integrating a
the UAV to estimate thapproximate location of the target bygainscheduled proportional integral derivative (PID) control
detecting the large tag at high altitude, and to land accuratglysteminto theirproject, theyprovidedtheflight controlof the
according to the location of the small tag when at low altitudgJav. In their tests on moving and fixed platforms, they

They added a PID controller to the system to ensure safe afghieved successful results with an average error of less than 5
accurate landing. They aelvied successful results with lesscm[9].

thanl%errorin thex andy directionsin their landingattempts
by placing the landing target on a stationary grolater, they
made experiments by placing the landing targetaanobile
vehicleandagainobserved suassfulresults[6].

Visual cue

Landing pad

Figure4: Landingtarget Figure 6:Visual cueandlanding pad



The common point dhe above studies is to specify thace expeptedto recognize.In the second,thg landing site is a
where the UAV will land using a predetermined specififréviouslyunknownplace,andthe UAV is expectedto land
marker. Although such approacheshave shown successful ©ON the most suitable area after identifying potential lansiteg
results, they can only be used when the landing site is by an-alyzmgthe terrainon the- |mage§.ln this chapter,the
predetermined. For example, ititssufficient in cases where {€chniquesand methodsused in studies on two different
emergency landing is required. In order to avoid these Scenariosvill be examined.
shortcomings,there are also approacheghat determinethe A. Landingin A Marked Area
appropriatg landing zone by itself. Evangelos Chatzikalymnios ; is easier for the UAV to lanih the area determinebly the
et al used images from a stereo camera on the UAMdatB 5 er than to land in an unknown area. A landing maréer

from an inertial measurement unit (IMU). The four features qfg 4 lette, a symbol, a special tag, or a specially desighegpe.

the terrain, namely flatness, depth_ variance, inclination and o qerfor the Landingmarkerto be easilyrecognizabletwo
steepnessyere extractedand potential descent zones wer€qqnirasting colors such as black anehiteor rare colors in

determined with a Bayesased classifier. They achieved ovet, ¢, re are preferredwhen designing the marker. After the
96% acuracy at altitudes lower than 15 meters [2]. Priyank@arieris determinedan algorithmis developed for the UAV
Guptg et al proposed.a novel approach called -BORF by recognize it. Although the methodsed vary, the algorithm
reducing the complexity of the Speeded Up Robust Featuréa&p”ed for the landing of the UAV @n area marked is
(SURF) [10] algorithm. With this approachthey aimed to basicallyasshownin Figure?.

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 TiBYRF according > imgzznffgm
to theSURFalgorithmare ashownin Table2 [11]. tamera
Table2: DifferencesBetweenSRFandTiny-SURF v
Parameter SURF Tiny-SURF Image
Box Filter 9*9, 15*15, 9*9 only preprocessing
Dimension 21*21etc.
InterestPoints | Specific Variable
Normalisation | Yes No N v
Non-Maximum | Yes No Marker detection
Suppression algorithm
Thresholding Number of Rangeof
InterestPoints | Interest
Points
Descriptor 64 0r128 32 Landing
Dimension marker
Time High Low detected
Complexity

UpeshNepalandHosseirEslamiatconductedastudy to ensure

a safe landing in case of a malfunction during the fbgltite Calculate
UAV. Unlike other approaches, they used deep learning location
techniquesTheyuseddifferentversionsof the You Only Look J'
Once(YOLO) [12] objectdetectiormethodto identify suitable

and unsuitable landing sites for landing. And thegmpared Landing control
their results from each version of YOLO they ugkg]. system

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 Figure 7:Visual cueandlanding pad
mentioned. In the last chapter, general comments and
comparisonsveremadeaboutthereviewmadein thispaper. ~ The image capturedfrom the camerafirst goes through a
preprocessingrocessOperationsuchasnoise removal,color
II. BASIC APPROACHESN VISION-BASED UAV L ANDING space transformations, background removal,morphological
ALGORITHMS operations, filtering, thresholding are donetldis stage. The

Two basic scenarios stand out in the studies examined in fdﬂéage ;)b:]amed EII(S a;esuftt_hls step 'S%:lsablanf IS ;he mput
introduction. In the first, the place where the UAV will land is ata of the marker detection procesfie marker detection

predeterminecand indicatedwith a markerthat the UAV is aIgoriFhm is developed to be compatible wighmarkerused.
For this purposefeaturesof the markersuch



as corner and edge amsed. At this stage, traditional image

processingr machindearningmethodsanbe used Although
machine learning methodsoften causemore computational
complexity, they yield more effective resuléster the landing
marker is detected, the necessagrdinateransformations are
made and the location of the marker aheé UAV's own
location according to the marker are calculatedhe image.
Then, with the landing control system, the UAsvexpected to
land safely and with minimum error. Usualfyroportional
integral derivative (PID) based systems are uagsdcontrol
system. However, in recent years, it is notewottiatthe use
of machine learningbased methods such as reinforcement
learning and artificial neural networks has increased. The
control system used calculates the appropnalie pitch, yaw
values of the UAV and adjusts its speedetwsuresafe and
accurate landing. Generally, it is aimedigrrease the speed o
the UAV as it approaches the landiagea.

B. Landing inAn Anonymougrea

Although using a marker is an effective and easy solution for
the UAV to land in an area, it has some disadvantages. Since

are often more complex. In addition, although it varies
according to the technique used, hardwarguirements are
more becausedepth information is generally needed.For
example, it is common to use stereo camerasinstead of
monocular cameras. There are also approaches that pdatess
from different sensorstogetherwith data from the camera.
Although the techniques used differ, the basic algorithm issed
asshownin Figure8.

The terrain image captured from the camera goes through a

preprocessing process. Then, feature extraction is donetieom
processed image using different methods. Hiaty slope,
smooth sufficientlywide areasarecandidate$or landingFrom
the identified candidate areas, the most suitable ornarfding

is selected After the necessargoordinatetransformations are
made, the location of the landing place #mal UAV is

scalculated. In the final stage, a safe landingcisieved using

landingcontrolsystem.

I1l. COMMONLY USEDALGORITHMSFORFEATURE

EXTRACTION

the UAV can only land in predetermined areas, it can only be
used during scheduled processes. For example, when the UM\brder fora system to interpret an image, feature extraction

encountes asituationthatneedd¢o makeanemergencyanding
when it is not in the landing area, successful resatsot be
obtained. When it is desired to ensure succesafdingsin

unknown areas, approachesthat complete the landing by

performing terrain analysisof the UAV on the image and
determining the most suitable region for safe landing are
preferred. Théechniquesisedin suchapproaches

Capture
image from
camera

Y

Image
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———

Extract features
and identify
potential landing
points

Choose the most

suitable among

potential landing
points

Landing point
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Calculate
location
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Figure 8:Visual cueandlandingpad

operations must be performed on the image. Rotation and
translationoperationr lighting changesppliedto animage
do notaffectthe cornerpointsin theimage.Therefore corner
points are importarfeatures that can be extracted from the
image. This section discusses commonly used methods for
featureextractionin vision-based techniques.

Harris Cornerand EdgeDetector:

In an image, large density variations are seen around the
corner points. Ithe 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 betweertheslightly shiftedwindowin animageand
the image [14, 15]. If theris a big difference between the
originalimageandthe shiftedwindow, it indicateshatthereis
an important point feature in the window. It is expressed
mathematicallyasshownin (1).

E@) =& wx Yl (x+u y+v)- 1 y)f @
Xy

1 E.:differencebetweeroriginalimageandshifted
window

1 u,v:displacemenof windowin x andy directions
respectively

1 w(x,y): positionof thewindow

1 I. densityof theimage

If E(u,v)is maximized theequationin (2) is obtained.

EuVv) =& [I(x+u,y+v)- 1(xy)] (2

If theexpressioris expandedvith Taylor seriesandrewritten
in matrix form, (3)is obtained.
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Then the R value for eachwindow, indicating whether it
containsa corneror edge s calculatedasshownin (6).

Speeded)p RobustFeatureSURF):

The SURF algorithm was developedto speedup the SIFT

algorithm. In this method,the processs acceleratedy using
Box Filter insteadof DoG, which calculateshe approximate

LoG usedto reducethe transactioncostin SIFT. Using the
determinantof the Hessianmatrix, both location and scale

operations arperformed.Theuseof Integrallmageis another
factorthatincreasesheprocessingpeed10].

Featuresrom AcceleratedSegmenTest(FAST):
In reattime applications,the performanceof the FAST
algorithmis betterthanthe abovealgorithms.The basic

principle is asfollows: To checkwhetherthereis a point of
interest,a p pixel with density | , is selectecandat threshold

valueis determined A 16-pixel circle is takenaroundp. The
presenceof 12 adjacentpixels in the circle brighter than

I, +t or 12 adjacentpixels darkerthan | , - tindicates

that p is a corner point. The value 12 here lisn& 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
machinelearningapproact19].

R=detM) - k (trace(M))?
A dettm)=1 1 ,
A traceMm) = |, +1,

(6)

A | iandl 2 arethe eigenvalue®f M

Here if |R| is small, iindicates that the region in the image is
flat, if R<O, it indicates that the region is an edge, and if R is In this paper, a review different techniques and studies
large, itindicatesthatthe regions a corner[16]. developed for visioibased landing systems used in UAVS is

) ] presented. The techniques used are discussed under two sub
ShiTomasi: _ _ _headingsaLanding in AndMaakddndédren
The ShiTomasi algorithm provides better results by mak'n%nonymousﬁ\r e an@ comparisonaremade.
some changeis the Haris detector.TheR valuecalculatedoy Whenthestudiesareexaminedit is seerthattheapproaches
the equation in (6) in the Harris method is calculated as shoyygeq for landing on a marked area are simplerttiose used
in (7) in this method, and if R is above a certain value, it ig landing on an anonymous area. However,useof such
determined athe windowcorner point [17]. approachess limited. Not suitablefor emergency

IV. CONCLUSION

R=min( || ) (7) landings. Approachesdevelopedfor landing an anonymous

12 domainaremoreflexible, but the computationatomplexityis

higher.
Scalelnvariant FeatureTransform(SIFT): re?nain of the key points. An orientation is assigned for &agh
In the above methods, image rotation, translation or point so that the result isn't affected by rotations. Séffures are
illumination changes do not affect the result. However, if thereated that allow unique features to be defji&ql
imageis scaledthefeaturesn theimagemaynot beextracted.
For example, a corner point in an image appears flat when the
image is zoomed in enougfihe 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 consistsof the
following stages: A scale space deeated to ensure that the
result is not affected by scaling. Key points in the image are
detectedising Differenceof Gaussians (DoG)an estimatioof
the Laplacian of Gaussian (LoG). Edge regions and- low
contrast regions are discarded so that only dtneng ones



Harris, Shi Tomasi,SIFT, SURFand FAST algorithms, 2006: Springer, pp. 43043.
which are widely used for feature extraction in vistmased [21]
landing systems,are examinedand somecomparisonsare
made.
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Abstract - The transportation problem has greatly decreased
with the spread of internal combustion engines. But this
widespreadsituation alsocreatesdisadvantagesuch asincreasing
the use of fossil fuels, global warming, the release lodrmful gases
into the environment, air pollution and an increasén oil prices.
The developmentand useof alternative energy sources is of great
importance. In this direction, emissionfree electric vehicles
provide a significant reduction in air pollution and are
environmentally friendly. With its advantages such aslow
maintenancerequirements, low noise, high efficiency, theinterest
and demand for electric vehicles to replace the vehiclagrving in
the existing traffic system has increased. One of thebstaclesin
front of traditional vehicle users to turn to electricvehiclesis range
anxiety, and it is aimed to reducethis problemto a minimum level
with the development of chargingstation infrastructure systems.
Shortening the charging time is one of theostimportant goals in
making electric vehicles useifriendly. With fast charging stations,
the charging time can be greatly reduced. It is aimed to increase
the number of charging stationsby installing them in suitable
locations, to have more sockets ando widely adopt electric
vehicles.

Keywordsi Electric vehicle, charging station, charging modes,
charging connectors.

. INTRODUCTION

hefirst EV modelwasdesignedoy ProfessoiStratinghin
1835,andits applicationwasmade forthe firsttime by
ThomasDavenport.This vehicle had nonrechargeable
batteries foundby RobertAndersonin 1832[1]. In 1859,lead
acid batterieswerediscoveredby GatonPlante.Prof. William
Ayrton and John Perry designeda vehicle that can reacha
speedof 14 km perhour usingthreewheelsandten leadacid
batterieson eachwheel. Immediatelyafter the designof this
vehicle, Carl Benz'svehicle with an IC engine(Internal
CombustionEngine)was releasedn the marketand
surpassedhe fastestEV of thatperiodin termsof
performanceln 1882,EV's did notfind a placein mass
productionfrom 1920 to 1960, and by 1960 they had
completelygiven up their placeto vehicleswith ICE [2]. It is
believedthatthereasonwhy EV's could notfind a place
comparedto vehicleswith ICE is dueto the fact that fossil
fuel-basedenergysourcesfferedbetterperformancewith the
technologyavailable at that time, and systemssuch as
electricity storagesystemsand electrical energy transferin
EV'swere notvery developed3].
The transportationsector is a sector in which internal

sources play a fundamental role in reducing the large amnobunt
carbon emissions caused by both the transport and power
generationsectors.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
transportatiorsector Within thetransportsector roadtransport
alone accounts for 16% of &lO2 emissions [4]. Qiéserves,

on the other hand, are rapidly being depleted, ncksare
increasingevery day. At this stage,renewableenergy means
both a good alternative for countries and malganer energy
consumption for our world. For this mean, thénterest and
demand for electric vehicles has increased, butatie of
charging station infrastructure and the long chardinges
increasehe anxiety ofisergo stayon theroad[5].

With the advent of electric vehicles on highways, the
infrastructureinvestmentsestablishedto meet the charging
needs of these vehicles have increased significantly. In
addition, research and development in order to make these
systemsbetterhavebecomevery importantin recentyears.It
is predicted thathte charging infrastructure to be created will
becomewidespreadquickly, enablingautomobileconsumers
to turn to this technology by reducing their concerns about
chargingandstayingontheroad[5]. Oneof the biggestfactors
of the commercialsuccessof EV's is their highly efficient
charging stations [6]. Despite the rapid increase inuhwer
of EA, the slow development of the charging station
infrastructure, lack of numbers, and long charging times may
limit the use of these vehicles toilgaround trips and short
distance trips [7]. In this direction, the development, deaigh
installation of fast charging stations have an impontdete to
increase the use of EV. With these charging statiime, will
be saved by shortening the charggtimes. Chargingnethods
are examined under three main headings as wihedlging,
wireless charging and battery replacement. Waiteakging is a
system in which there is direct contact betwées charger,
power supply and the Decoiler. It consistsaofectifier with
power factor correctiorand a connector. It céve divided into
two subparts, internal and external [8]. It ismeethod that
contains a rectifier and a battery group insidevittacle, while
the charger is located outside the vehicle T9le charge level
is defined as the power level of the chargdgput[10] andthe
powerlevelis themostimportantconsideratiorthatdetermines

combustion engines using fossil fuels have harmful effects @felengthof the chargingprocess.The chargelevel includes

theenvironmentElectric vehicleand renewablenergy

the secureDec Dec
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communicationprotocol betweenthe EA and the charging 4
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 enbBiiles
energy transfer bgonnecting EV's to the main powsupply
network with an external charger [14]. In the wirelekarging
process, electromagnetic waves are needed to hie atalesfer
power to the EV battery. The battery replacemmathod is a
system in which EA usersn replace their empbatterieswith
afully chargedbattery[11]. The batteryreplacemensituation
consists of distribution transformers, AC-DC converters,

AC

batteriesroboticarmapplicationschargingracks,maintenance f
systems,control systemsand other chargingelated devices e
[15,16].

Il. ELECTRICVEHICLES Charge Unit

Electric vehicles are vehicles that gain the ability to move
thanksto one or more electric motorsthat take energyfrom
the batteries they have. In some vehicles, batteries are

accompanied by supercapacitors and can provide the desired Figure2. Direct Current(DC) Charging.
energy by eliminating the disadvantage of batteries due to the
factthattheycandrawinstanthigh current.In addition,together IIl. ELECTRIC VEHICLE CHARGING STATIONS

with the system called regenerative braking, theygemerate
electricity during braking and chargethe batteriestoa certain
amount.

Since electric vehicles have higbrque, their acceleratida
quitegood.It hasmanyadvantagesuchasvery quietoperation,
zero emission. The biggest disadvantage is the tEHcla
charging station and the charging speed can be longetiond
disadvantage is that its range is short. The researtiatbery

Chargingstationsarealsocalledelectricvehiclesupply
equipmentEVSE).Theelectricvehiclecharging stationsafely
transmitsthe energyit receivesfrom the electricalnetwork to
the battery by converting it in accordance with tiectric
vehicle.By connectingo thecarchager, thenecessargontrol
is performedand the charging processbegins. During the
charging process,electrochemicaonversion is achieved by
technology on the subject of range can be solved wi&Pplymg .current to the bat.tery artdqs thg battery filling
. . . ; rocess is performed. While chargirgations may have
improvements or improved by using more batteries. Anothgr . -

. . . . . .~ advanced features such as smart metedaljilar capability,
important aspdds the charging charging stations. Taking intg o
! o . an&l network connectivity, there are alsodelsthat onlyhave
account the energy sources that feed the stations, it is believe : .
that EV's directly or indirectly receive energy from a Owerrnorebasmfunctlons.
yor y ay P Charging stations typically have two stages, frend AG
plantor electrochemical reactiofi23-24]. ; .
: ! : DC and backend DC-DC. There are different topologies
Electric vehicles are chargedth direct current (DC) due to o
: . : : roposed for both converters. The framd rectifier often has
their battery structure. The ability of electric vehicles to bg : .
. ! . boost power factor correction (PFC) converter to achiigte
charged with direct current (DC) and alternating current (A S : o
éawer factor and low harmonic distortion. The rectifiéage

Zﬁgres}ndegesrlg::%o?cbgh; ds::art]t:roif t;‘ eEeklaecci:ir::cv\;ehriucclztleevii;rr:ter can be realized by halfridge, fultbridge or multi-level diode
ging sy giro). bridge.A half-bridgerectifier is cheapebecauseét contains a

bu'lF'm chgrglng syst_em Flgur_e 1. is shown in the. An eIeCtrIé:maller number of diodes/switches, a fofidge rectifier is
vehicle with a built-in charging system performs battery

. o o morecomplicatedbutthecomponentsaresubjected to a lower
chargingby directing AC energythrougha converterinside load. When there is a need to rebighepower values, a mutt
the vehicle. In this structure, the task of tharging stationss ) P '

to transfer the AC energy in the network to the vehiclegy level structure should be prefe_rred ‘?‘“’9 AC'D.(? converter
: ; L > [17,18]. Figure 3 shows a fdliridge diode rectifier with a
do not perform any straightening or mincing processhin

. . . : conventional PFC amplifier converterBy providing the
energy flow. Connection of an electric vehicle with DC . . : o
; . . . . . exchange of diodes with the active switchjdirectionalpower
charging Figure 2.is shown the.DC chargingstations, orthe

otherhand, convert AGnergyinto DC energyin their own flow canbeobtained19]
charging units and transfer it to the vehicle. The featofése

charging stations not only consist of switching on affcthe

mains energy, but also include functions such as charging
socketdetection,signalingby electricvehicle,chargingspeed

control, security5].
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Figure3. Full-bridgerectifierwith PFC convertef19]. The

off vehicle chargingsystemconsistsof two parts,an
AC/DC converterthat faces the mains and then a DC/DC
converter that provides an interface to the EA battery.
Depending on theconverter topology, both of thessages
allow unidirectionalor bidirectional poweflow [19].

The commonly used bidirectional AC-DC converteris a
threephase LCL rectifier. It has advantagessuch as low

AC  Seciei Phe

1Phase - 290V
3Phase 450V
A

16

Figure5. Level 1 charging.

B. Level2 Charging

Level 2 charging or medium fast charging receives energy
directly from an AC outlet, as in level 1 charging. But thisre
acommunicatioradapteon the cable. The adaptetransmits
the current in the event thidiiere is a grounding ¢ime side of
the outlet. There is no control pin on the enesige. The
voltage is limited to 250 V in one phase, and ¢herent to
480 V in three phases is limited to 32 A [25]. ligsnerally
suitable for charging EA battery rfoprivate andpublic
organizations. Level 2 charging provides sufficigoiver and

harmonic input currents, bidirectional power flow and power can be app“ed in many environments Sucl‘paﬁ(ing lots,

factor regulation. Figure 4.the threephaseLCL rectifier is
shown in. [20,21,22].
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Figure4. Threephase.CL activerectifier [21].

A. Levell Charging

shopping malls, recreational facilities. Level charging
stations,like level 1 charging stations, only perform the
charging process by providing communicatioetween the
vehicle and thaetwork[4].

Level 2 chargingcanbe appliedwith the cableincluded
asstandardn electricvehiclesHowever sincelowercurrents
(10-12A) can be obtained from the odutie generakharging
times are prolonged [25]. Figure 6 is show in lineel 2 car
chargerconnection.

Figure6. Level 2 Charging.

The charging process of most of the EAS can be carried oufc. Level3 Charging

in a 220 V outlet. This condition, called level 1 charginglow

charging, is when the EA is charged directly by talengrgy
from an AC outlet. The voltage is limited to 250 Vane phase
and 480V in three phases and the current is limited 6 A and
grounding is required [25]. For personal use, itusually

suitable for use in homes. However, it is bannedmiany

countries for security reasons. In this type of chargthg,
charging elementsr@ mounted on the vehicle and do hate

any power converterin the chargingprocess.They perform

charging only by providing a connection betweendkeoiler

and the mains [4]. Level 1 caharger connection.ishown in

thefigure 5.

AC energyis usedin the charging case,which is called
level 3 or fastchargingHowever,connectiorto thecharging
station is provided by using a connector (Menndyas)
insteadof an outlet. The car is connectedto the charging
station and a communication starts. The vehiersmitsthe
currentlevelit canaccepto thechargingstation and transfers
it to the vehicle by adjusting the currenside the station.
Unlike Level 2, in addition to mutuatommunicationthere
are now systemprotections(over current, leakage current,
etc.) on the energy source sidealifdition,the crosssection

of the cablesupplyingthecharging station should be selected
so that it can provide thequired power, and its installation
should be carried out. Feuch reasons, level 3 provides a
much safer, more efficieraind faster chargingapabilitythan
level 2[25].



The power of the charging station and the power obthi-
in charging unit on the vehicle are compared betvtbem, ‘
and the smallestvalue Decodesthe power of the charging
processAs the powerof the chargingprocessncreasesthe DC
chargingtime of thecarto replenishthebattery decreases. In
Level 3, there are 4 charging criteasiecordingo thecharging [l
power(currentandnumberofphases). These;
1 3.7 kvVa(l6 A, Single Phasé 230 V AC)
1 3.7 kVa(32A, Single Phasé 230 V AC)
1 3.7 kVa(16 A, ThreePhase$ 400 VAC)
1 3.7 kVa(32 A, ThreePhase$ 400 VAC)

Figure8. Level4 charging.

An EV can perform charging at the highest level it supports
from the specified charging stages.For example,when an IV. CHARGING CONNECTORS
electric vehicle thasupports up to 11 kVA is connected 0 & o A chargingmethodscountrieson3 differentcontinents
stationthatsupport22 kVA, thesta_tlonwnl transmitacurrent (Asia, Europe and America) have set various connector
at the level of 11 kVA to the vehicle by restricting therent
thanks to the Level 3 charging features. Thereforesliaeging
time at a stationdependsot only on the power ofthe station,
but also on the power that the vehicle can ac¢epboard o . . .
charger). Another aspect is that the charging finceeasesn stationin fast chargingtations systems the world and inour
direct proportionto the battery capacity. The batteriescharge  cOUNtry[28].
linearly upto about80%-90%occupancyevel, but they charge A, |EC-621922 Connector
more slowly above the specified ley2b]. Figure 7showsthe
Level 3 carchargerconnection.

MOD-3 connectors are available together within the chagrgin

Level 1-2-3is aconnectostandardisedfor charging(Figure

9.). The technicalnominal voltagelevel of this standard is
limited to 230V for onghase and 400V for thrpbases. The
current level is 16A/32A/64A. Between 3.7 kaid 43 kW,

their use is quite common decently. The SAE772,

Mennekes, Scame standards are also derivativethisf
standard28].

Socket

17KV (16 A1 Phase .230¥)
TAKVa (3241 Phase - 230
11KVa{16.A,3 Boe 40V)

22 KV3 32 A, 2 Bwe 400V)

Figure7. Level 3 Charging.

D. Level4 Charging

This charging level, also known as external charging, EV's {8
connecto themainpower gridwith anexternal chargef29].
Electric vehicles generally perform the battery charging
process by converting the AC source they recé&iom the
network to DC via the rectifier (onboard charg@&eto the
thermallimitationsandcostfactorsfor thisrectifier, up to 75
A (Level 3 type) is allowed. But DC fasharging, there is a
capacity to charge up to 400 A from [POwer stations. Figure9.EC-621922 Connector
Unlike other levels, the AC source is converted to DGhéa

inverter at a fast chargingtation and can be transferred B. SAEJ1772 Connector

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

standards in accordance with their electrical energy
infrastructures [26]. Generally, CCS/CCS2, CHAdeMO and

rectifier). This situatiomealizes the fast chargingjtuationby Itis a standard produced in accordance with the technical

providing high current.For fastcharging therearegenerally . X . e
two different types ofockets as CHAdeMO ar@CS. Such Thetechnicalhominalvoltagelevel of this standards limited
fast chargingstationsrequirevery high powemndelectronic ~ {© 120V for one phase and 240V for three phasescurrent
devices[25,30]. Fig 8. Showsthe level 4vehiclecharging ~ 1€Vel IS16A/32A[25].

connection.

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



Figure10.SAE J1772 Connector[25].

C. Menneke€£onnector

Figure 12. Nissan Leaf Mode@HAdeMO (left) and Mod 3
socket(right)25].

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

havedifferentfunctions.These;
9 ThreephaseglL1, L2, L3).
1 Neutralconnection.
1 Groundingconnection.
1 ControlandCommunication Pinf25].

) Proximity

(}) Control Pilot
Earth

() Neutral

Qu

(F IV

() K

Figure1ll. MennekesConnector[25].

D. CHAdeMOConnector

Figure13. CHAdeMO Connector[28].

E. CCSCOMBOConnector

European and American vehicle manufacturers have
developeda unified socket. It is a standard producedin
accordancewith the technical energy infrastructure of the
Europeancontinent.It is the most suitable standardusedin
fastchargingsystemsecausé hasthehighestcurrent,voltage
and power capacityamongthe other standardsn production.
Since a lot of research, pilapplications and testzave been
carried out on these connectors in practice, thegeveloping

It originated in the Far East and is a standard produced ifhidly. The nominal operating value Decembend fixed

accordanceavith thetechnicalenergyinfrastructureof the Asian
continent. Since a lot of research, pilot applications tasts
have been carried out on these connectorsin practicethey
are developing rapidly. Nominal operating value raragesnot
fixed [8]. There is also a DC socket next to the soeketre

Mode 3type charging can be done. Figure 12 shows the
charging sockets of a vehicle. In addition to the Mode 3 type ™
pin socket (right), there is also a DC (CHAdeMO) sockethen

left [25]. Figure13 showghe CHAdeMOconnector.

[28]. For Mode 4 type charging,connectionis provided to the
sockets shown in Figure 14. Accorditgythetype and power
of the connected energy source, th@iY part at the top
performs Mode 3 type charging and the lower pamtforms
Mode 4type charging25].

-

Figure14.Mode3 + Mode 4CCSsocket.



V. CONCLUSION

Electric vehicles, It is an alternative that can be used instelad
of internalcombustiorengineswith its noiselessJow emission
valuesand more efficient. With the increasinginterest and
demand for electric vehicles, increasing the vandsnumber
of charging stations is of critical importance.this study, an
overview of the structure, level differences awdket types of
electric vehicle charging stations is presenkddctric vehicles
can be charged with two different chargiogtions, AC and
DC. During the AC charging process, theradsconversion in
the welding part, the energy is converted by the system
on the vehicle and the battery is transferradd thus the
charging process is performed. The DC chargingess, on the
other hand,is transferred to the vehicle bgonverting AC
energy on the side of the station and thus &wstrging is
performed. There are four basic levels of chargstations.
Level 1 and level 2 are defined as AC slow chargiagel 3
AC fast charging,level 4 DC fast charging.Slowcharging is
more suitable for personal use, but level 1 charigingot
recommended for use due to low safety. Fast chamgangbe [19]
done through the stations by providing the necessary
conditions. Charging connectors are manufactured in
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pikseller o | a b i Igieic @éali - i zgi / ddeé r e/ e Noka

g¢r ¢ lkengringo k t alr ars @zardsal sapmalar

olabilir. Kenard e d e iBurfedeglerden o | agkar él an

Kenar ©°zelliklerini uygun bir dizi dojru, daire veya el
olarak gruplamak genellikle ° n e ms i Haughr .

d°n¢kegmegneégn amacé, bir dizi parametreldi ger¢nt¢ nesnesi

izerin dieoyal-aénka puygusyardkkeng
noktahaseeémdayl aréna gruplandérél maséné m¢mke¢n
kéel arsadou- e mektir.
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VI. Teori

Elimizde (K,L) merkezli- e mb g atr erolmakéz er e
ve 600 2¢
®W=0 + i
w=0+1

A9 O

QE1T

t a - &60&dereceyit a ma ml a the&rez K dea.;
kenarl arénén nokaml br é
Busay&s®jleeliiniedekid at avhdd ek ar €éd an
gelendijital birg © r ¢ n Eldedddenxveyd e ] ebirl er i
{x,y} bi - i nkaydedila. ¥ r n ¢§xit,y1} , {x2,y2} ,

{x3,y3} ( E s a s@nngEalge fonksiyonu ile kenar
piksellertespitedilir.)

Ar d é (xedy®@)merkezli- e mb ¢ a i éreolmgk é
i Zeve'@0o 2¢

co"Q

sin("Q

Olacak k e k ifl ad-ee36(® dereceyit amaml adéj énda
merkezi x? ve y?k enar | ar énén noktal ar é
ol an yeni -emberl er -izibir.
kenar ¢, z e r i -nidzeigéne ne mb etespiteetmek

i stedi@Lmimerkezi - embepbrhaséndan

7= 6P+ i
wW?= WP+ i

A

t emb&r vearydéer .

A

kekil a

i\

k e lbi |

ge- mektedir. Bu durumda oranl anm
yeni- ember -izilmik ise ve 100 de
ise;doj rot @@ 06der .
A A
(agyiz) o .(.x.'ZLVZI)
X2, ("“'V“)."'” (22,y22)-
bl /\(‘un ‘{/"\ 2 3
i) 38
(3,y3) N
(x31,y31)
Lx :

VIl. Geometrikk e k i tesdpir i n

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

kekil ¢

i n

100
e-iyor

VIIl. OpenCVFonksi yonl ar é

A.RGBresmiHS V& yeri r me k

R,G,B" (0,255)

B/255

R, G, B'N (0,1)

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

Elimizdeki dijital g°r ¢ n( g ¢ &) CannyEdge
(FindContoursyonksiyonw y g u | asdneak k ebkdidl e

= Cmaxi Cmin

ol duj u gi bi )edilkwebiadiziyeskaydedilir.e s pi t tanimsiz.

Fi ndCont elderestotd awerigni MinAreaRect : ¢
fonksiyonuylai k1 edi ] i mi zeley iekisienkilzidge , | 0amxamy 0
geni kIl iji, orijine g°re a-ésé |ve orta
kekil bodeki gibi keékmezel dekediliitr—
Keklin orta noktasédér. Ardéndan| da ana
noktaolacakk e k ek d d ékj eékniélzzivdgi®rr.,nt ¢ 60— 28 119
el de edilir. Burada -izilen yen“i'-k;‘q\’e(-“:k’ﬂwn’
orta n o kt a sgéen-diagaodro | r wlirwk &k s e k 60—y 1+ 240,
demektit D¢ K plandag e - i isecaranank e kile |

el imizdeki Kekil uyumsuz demektj.r T
kapalée kekil i-in kekil tespit “alldertt
-al éxér .

n ove-arsbe
k 868, i dger BIA N e R
Keklgion- fgkenar |l ar e

r [0, He meager H.4xmeh
milagslsé

eger MAX = MIN

eger MAX = R

ger MAX = G
KERaT }f ar
eger MAX = B

ayneé

V=MAX

bul

e

ana

(0]
y ©°

Y u k ar ®rksiybriile RGB resmimizHSV oy e
d° n¢ whrg K

u
n

unur .

0

K

em



X ve Y eksenindetaramay a p éThranmma sonucunda
piksellerar a s ®enkg @ ] u rf lau Kgé& rraenokta
Canny noktaseé ol ur. Ve t¢moo
kaydedilir.

0

HSVUz ay é

HSV (0-180,0255,0.255)

0 00 150 200 250 300 350 € 100 150 200 250 300

¥rnekr sel

IX. OtonomAr aKthl anél nBa¥eénakDair

A.D¢zgeéen kikkkpdl é
1) ¢cevre donaném birimler: 3
dijitabhl ghégnt ¢

RGBUz ay é

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

B. InRangeile belirli Renka r a | lulmékn &
0 QIR o)'D,0 & ' W@QI(QQ

O AtAOAIHME- OO AOAI gk
I o eo®@op»

M6y = Alt A O A4 $<E- OO0 AOAI gE
i OO O P

O aidi & vR-i &I va Q
1

&0 QQITR NG ¢ & ¢ QBRI (Qa) Q

e 2) Al égan QRGBA HSV 6-yeev wayeéni r
g°r ¢ nbuykmedkzollrd e

Original Frame

\ Mask Image b Final Result

¥rnek ikKlem

C. CannyEdgéle kenarn o k t bulmak &

' Gradient Gradient
Direction Direction

yedge edge



3) Ardéndan I|lisRa&mndgé i mie renk
s e - i Ybueviedegaussiafilterk ul | anér san
parazitleryoko | acakt er ) .

6) Her «kekl e yapeélan tar ama

4) Ardéndaapoanny i K| eilmikenar | ar é bir tanesinin eliptik bir k e kdalgpo | duj unu

5)

belirtiyoruz. Buradan FindContoursile her bir hesaplamalar sonucundaa r é y or u z .
kenar - i zgiasymi@r seri i -erijine
kaydediyoruz.

7) Vesonolarak- e g ¢ € ¢ nbukmka | de

Her bir seriyed e | e kaydettiktensonraHough
- e mbtespiti al gor i kultaassa& a d € m
adéetawramayapacapeBdmé x| emi mi zi

yapeéyoruz. Bu °rnekte topl vV e
1 adet ebeveyn Kkdualungnr ¢ bu
her kont ¢gren yeéeksekIliJi, ve Y

konumudaMinAreaRectfonksiyonuile bulunur.
Bu °rnejimizde




t t ¥anidhoratdeen az %85 ise bu

B. Ke s i Hlipsi « ar
yent éabB®@dar t ol eranseéemeéz

ki mdkadarkia n| at t & b byardibrtaddz¢ z g ¢ n

el ips tespiti i-in idi. Lakin k a
olmayan elips bu durumda tespit edilemBar n dan °t ¢r ¢
Konbigrl ekti rgmea -eyll emitriiri yor uz
4) C kontg¢greéegne yaptée]jéeméz toe
dejerimiz %6406t ¢r . Bu da
_ st Kekbiul duj umuz anl aména gel
1) K| %n cbe parentkonturununi - er ieai nde

b¢yeéek korsteerigymg auéiz
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birinci b © | ¢ m gatede&selteknikler suru | mu kKtku rn.c i
¥zetNesneal gél@omragnt ¢ vaya ddeddardaki b o | s m¢gnde i Ki akamal & ve tek
nesnelerin t¢r¢gneg veya konuml ahpgnen ey édaeamie@i t §Rhli &vagr bd iin

bil gi sga’yramelindlojisidir, y ¢ 2 anéneangt aném @Y ge&niklerin avantajve d e z a v a n tba jtablesu & n & n
S ¢r ¢ C ¢asreaz- lgagry, e ndistekleri vb. gibi - e ki

uygulamalara sahipti. Bu makalede, nesneleri k e k f et npea sit karkel akter ma) sunul mux
y 01 | aincelenmesi, geleneksel,iki a k a meeltek a k a ma® K Y ak e fée ty e pan P k e mygulamalardanda
nesneleri a | g & | tekmkéerine genel bir baké®mj | anrashesedi | mi Kt i r . Son ol ar ak, re
ama- | anAnércéesma.l gélpgal amadnpaggdn

olan uygulamalar h a k k ébitgd \eererek basit birk ar k €1 akt ér ma
yapmhgédeflenmiktir. Il. NESNEALGILAMA TEKNKKL ERK

Anahtar Kelimeler nesnea |l gélmesna s énéf | and&eSOmArRiey €| mesnek e kaflian éqallaikk nmie | er i T

Derin ¥jewven mermiil ar e, CNN. tarihsel d © n e nydaep € Ikahespnélao y b i r lkabuli y 1 e
edimk t i r Biri 2014 ©°ncesi gel e
ise2 014 deenrias @ § agmednk e« fai2lé

. GKRKKk

Nesne al gél ama, ge°rsel bir g°r¢nte¢ _veva vide oda belirli

nes ney.i kekfetmeye -al ékt éj é biIgisayaNEBl\tEALll‘_’AM gerevlerir

biridir [1]. Nesne al g €| aamaancéen,| gi sgPywar | & TEKN KLE
uygul amal ar énén temel probl eml er f—eenr—ib u:o.n bil gisay

2 . L N R

R S e o

gel i kKt iNeleneak?¥e neredebulunur?[2]. Nesneleri | ]

al g é lbigmayarla g° r md an & end a&ik bilinen —» SIFT KKK AKkAMALI |1ek kaDE

zorluklardanbiridir [3]. Sonony & I nésaek e K f i , DEDEKT¥RL DEDEKTY¥R

L

bil gi gryanlea nehaktifeeb ¢y ¢ geak akama HOG L » RCNN |

halineg e | m[4]kBu medenlenesnea | g & tegnmeatasyon, g _» SPPNet |, OverFeat

nesne i zI|l eme, g°Carlgréd gakmmn €& k k a ma lppeSHrh a y _pFastRCNN vOLO

vb. gi bi kar makék \gé’yemeg,s_]tordayzleayci”@iilgl %ng{CNN —

-%zmenin temelini aléstwdam, [ Hlesnbygull ama L SSD

kekfi iki bol¢me agegehabihikekBi'tjnkoiusi®RFCYenel RetinaNet

t¢er kekiflerde | Besanmegtineddydomunu ve al giEs»sFPN

bi r Ibie-ke rk- e v e it-¢irnddsdelefi krelkklf &t mey i L MaskRCNN

ama- | ki, nigsei fal gél ama

uygul arbat greétéakrfiklerideyayaal gélygama,

al géelama, metin algeéelama vb. gibiCAkliesPRloeTtWRIn anmek t ¢

kekfet meyi ama-1ar [ 6] . lgllesne l\I|<e|<fiA roboti k gb°rmeFé ot o

S¢r ¢ K-pilgisayasea rk i | eki mi, akeéel e vi dEQEACLAMDA,GELEYELSEL] BRNEK KL E

g°re¢nte algélama dahi |l ol ma Keelenekselhasnea lo & € telaifterininl- io J &y ¢ @ € @ a |

desteklemektedir [7]. Nesneleri al gé | aekmikleri ° zel | kkl éanglkar ak i r2012den R tnicre;
kapsaml édér ve heéezle bir kekirlédd cdelriikttieemsiinle k@ temek ain- bn
g°r¢ke i-in a’lrmgeorriiltema bviarr-deekh € d NRisyhlee .al Be |l aemdenl e, arakter
i - Bruygunt e k rsiej- inie-ktest teknikleri zamanve hesapl ama kaynakl aréonébayyaveed
-aba gerektirir. Her teknoluyjuimsiuigldigiielin-t-izofke gh &2 |vactekiiilerrmay a n
ol du]j uygudteknolojinins e - i etkileyenb i r f- @kt berbirlikte o | d ukkaramé g @ k | v k k eefhdillerini
vardér [8]. Bu makahedae hbamgaleH febhoektsée [ 9] .

y°nt e mhemrdé mesnea | g é| adenia A £ neni mGelegeksehesnek e k f iy © n taeknal near mebad ed €

d a yd @knikleris a] | sameay-d a iKihodarak, ér .akamal akeki | de HOGEKI|I anmaktader
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1) Al ané b Ndsiekerineaoyety, enoy oran¥’ Hla§Mii® sadece SURF i-ermedi]
ol dujdonr ¢ rftagadedlad | u k aBoetenle, . seviyelerini ve ger - 2z&marwled i mla|rlt|ejr|dej_ é
i1k akamada nesnenin Solnau®éfd ep DR K| F‘"é’%@“k“esaeée?‘?e% feakman| e
ol arak, te¢m gorent ¢- okle senfdllifelrdVedab geh Byledgiy | mier; tfa.k6l.p edebi
bir kayan pencere yakBumkémé kull anélarak taranér.
raj maury,a k| § g & sbie kesaplamamaliyetine
sahiptir ve ayréeca nedeolusayedh PEBSNe FSRENMELE DARALL NESNE ALG

2) ¥z el |-iékkl aeNesnelaulunduktarsonra,s a j Ibira m TEKNKKLERK
temsi |l saj lcazamalkl i k- i- ékaréemMaKkigesuzkl| ki rkielyilrer i kekfetr
Nesne tanéma ©°zell ikl eri netkiibire g ki b th@anc@kpigisayarlagi®Oet o ndépin d ay e

SIFT [13] gibi y°ntemler °kukenameée| @el i ameyenl bevyke ntyighknsd
saj | g maMenk,z @kaplanlar,ay d é nd rattanh@ y at e mé zseén. bSirniprart-aabané¢ lel iyR Ine
veperspektikk o n t r medeniyledneré qnresneyi edodbpdiu, dojrul uju ve SingAj Imai & i’
kKekil de tanéml ay anmakualgasak m(CHN'lep), Trekraglayan Siniri A |vagRNN'ler) gibi derin

tanéml @y @xé si@zmauk - oKk °Jrenme y°ntemlerini kul | anae
3) Sénefl 8Sed@&fmandeér ma akamagGelnidkat, i rhmpegmian [$& srneolke r i
tanémlamak ve modelleri g°Dereiln ajgreenme ndayalae dolzan| {( n
anl abink @ k ioll uex t rrimak & f | carnndedkagd ceggor i ye ayrélabilir: Kki ack
ol arak kull aneéel ér . sens®°r ci hazeder . Kki akamal é
il k akamada Kk¢-¢k bir di zi t en
A. SIFT akadaa °zelli k vektorl eri bu ©°n¢
Buyonti”‘emraklgggyélKadaaabﬁmﬁid’rderin evri Kimli sinir aj|are }
G. Lowe taraféndan tanétél ogqceldlelhTt aemBanmBRYYENEL WS RNG
g°rde ] i K mayanan okt adlabilir.d&ege-i Kfeamal e bir sense°r cihazée gene
(boyut, d © nd ¢ k ée pvenkonumdakid e ] i K i wel ixkolneumpbtansiyel hedef nesneler olarak kabul eder ve her
e k & k | an ddéer] maxd akklgéldmekd r-iigre - BE . bir i1 gi al anéné bir hedef nes
nedenleput e k ni k nes'neialgél[ls]maég(@@éﬂﬂéndérmaya -al éexkeér . Tek a
B. HOG hlézlédér vV e gd?r-ek Zzamanl & ne:
S - 0 u ERCuly uirge ar
Kll_( _ola_rak 2005. yelenda. Nsetmﬂaeeill(illeailosonu&%ﬁaln@ﬁggaagrgaelnmtl'n@ztrargtkend
tanéetel de. ¥nd:|c§3,lcwlellte-rderzut)lkeléKaa eb & U 'rakt[qaerformans
ézga,lzerihesablamalaryapmaki-itnasarlanr“X" ~ des '

HOG, - e K hesnles € n € fall agréél naéenkankl | an é |
ancak yaya a | g & IH®G &knolojisining e | i Kt i r i | em
arkaséndaki biri ncidledietkitcir ¢g| @
iyi ©zel F aJ koyullardaki nesnelerial g & | ia-miark | *?
kul | anélva bd, lare £ ilpenoeaesinin boyutunu
deji ktigimegfement bs ¢ kigz yeniden
°]l -ekl endirerek[9,8d de edil ebi
(a) Two-Stage Object detector (b) One-Stage Object detector
C. SURF Grafik 2: Genelnesnea | g érhodetfesinins é néf | andeér &l m

K| ddlarak HerbertBay ve di j et heaftéanrmdatnel d e .

20066da. SURF, benzerl ik vea gfafkcamdagldeKiatr k€|l @kt ér maseénéen st
yerel temsili i —|hrezvég¢-lb|r<,al gori SBURRdEéTr R-CNN

y a k | a kapailgean| éskatfiltreleri kullanano per at ° r Rlled{rarbk“ZOMy | aGirshiek ve di ] et heaf énda
héahles apl aryma smarki ayd edemeve nesne sunuldu. R-CNN, B° | G a b akid rev o | ¢ Sinyr dj &1

t angibhger z @ maurylgéu | anmgan ka¢sr né kellgzﬁlfra%%%r gelir. Nesne algél ama
SIFT'"ten -ok dah@4,1bezl e bir Itrﬁei<|{‘°|9é+g'| K i ayré g°revden

D. ORB aranakullanarale € n é kituay &'dgeEa | aveya"ROI")
2012 de Li Xiaohong ve dijélmMe iTonthOBl @dﬁéfgfé H|n|aan¥|Q<'

YOLOv4,
RCNN

(2020) YOLOvVS

(2018)
(2017
(2016)
(2016)
(2013)
(2013

FPN YOLOv3

Faster RCNN YOLO v2
SSD
R YOLOv1
SPP-Net

RCNN

OverFeat
Detector Net

sahnelea | t Besndespitii- iyenibiry © n t°enne Sakiz . S seneflandérma’§-1hn

parametrel. dond¢r me mode—lllﬂnharl?lflIeFH‘éarrerhé(reelgetrC'f]éKaflél

genel hareketparametrelerini © z mgezkehurai enk ¢ - ¢ k N €T iklud riji#nie

kareler y°ntemiyl e b|rIeKt|r2)$PpN‘? -er - aﬁ y°ntem
olarak 2014 ye enda He ve

kull knihai harekethedefi Il aR ler,b
ullanaraknihai harekethedefineu | a Redayler,bu SPPNet aj eamitboyutk &€ s & t |kaanh ads&@ér-nnéank

uzamsalh i vy ek ame i e kuBasanliribaypassinir



mimarisidir. Spesifilolarak, sone v mi kiat man ehre § €M h@&syon i -in kullanelan s
SPP katmaneé ekliyoruz. SeB k@MGaneneriDlder Pp@Rreht ¥gy gn 9&
sonratamamerb a jktréanlarabeslenensabituzunluktabir ~ €ldeedensegmentasyof2s, 26].
-ékteBadwbrdeyilkdkel,aln@réepma veya evrikim

i htiyaceéene °nl eme k daia-demm biajg. TBKkadEmelds E KB Rt O Ner

akamaseénda (evriKimlikatrhaﬂlarmarilévre”:ea\{e tam bajl e

ar asbalilgjoplamai k| egné re+ e k I[18,@0].i r ik dfakSermaneted i | etra rea fiseunndual N w Kkt ur .
3) FastR-CNN

, _ hézl é -@GNbNMadermRrR daha az dojru 0
Fast R-CNN, Facebook'tayapay zeka ar akt évema ¢ % %t naeb anesdneé a | g & | tekmikkerinden biridir.

Microsoft®ta eski birtarak~eggmafidnerfkd, Sofhafifah& a Cfichindbnke 7 1 ¢

2 (_) 15 yeleén d a _0 zel ol ara k _9¢& lob [ t birlikéaylanﬂh'nd%r« lanhrakd' & 18 "¢ Iadaleréq‘rFakkft °s
Hé zR-GN\N, R-CNN ile b i r sooukun¢ st e sgelir.d

_ - ; ) l eke i-in dejer |l evaldkelerime p
Adéndan da anl aCRNnnQRENS" @i GF L &R S | Rprp i kil endirir
avant ajbiaeegpdeén [21]. 2) YOLO
4) FasterR-CNN Kk olarak 2015y é | &Redinanve di J et heaf énda

Fast R-CNN teknolojisinit a n é t kt é8dkat sa;nrsanra s
S. Ren ve di]jerl er iCNN t2Kndofisiniy €
tanétte-CNNRast eki tRI i boyutlz§,r ER
éZ e r -i anld@=unahtemelermer® z e h & r kohumanéa u u |Aéﬂ\rdéd'rd§rmesneyd( ar Pgéldn@ & atileefi veya
bir diziteklifo | ukt ur an RPN @ 8tiragen ¥ IEétiA,Ténesne mer kezi resmiar af &
evr i kirikatmhank u | | Taghréa tlizlnmitked ii tkasd qaerﬂ & bael rgeskl ermiamlair It KEpiEma ke k b o
eldeedilen® z ni v e kt tdahbhsomrdbir s é née f | aﬁgte|r MPana sahi p deR829dir ve bu

ir

katmahreélermiaardén&!;raehokalizasyonté)g'SDln

séneérl ayeécé akunaunverbeggesbalsidaoesne | garak 2016y & | \feidliu vedi ] et Araf énda
algelamaya yol-CANNar.i|RahatRBRez|u®afiMedy RuEGkek algelama ora
ger-ek zamanl al gl@emataialafakl@aein e, 7 r | uk sorununun ¢stesinden
edilebilir. Al gé ham&é s éenda-GNNRia BasteRr Ryt urul du. SSD aj tasaréméne

CNN"den ¢st dmk el maeekencake | a OR 5 v sgEU@eoliukt we sompikaderi veya
aKamthaIabearizdeaplamehlarekevtasn[ﬂzﬂZv]lj)l,eniden °rnekl emeyi ortadan ka
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ReviewArticle: AdaptiveControl Systemsn
BLDC Motor Drivers
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SelcukUniversity,Konya/Turkey, 228170001001 @lisansustu.selcuk.edu.tr

Abstracti Brushless DC (BLDC) motors are used for many ”‘"‘“;""f"l“"'d a - :
applications because oftheir high torque, high efficiency, low _ Profile " | Adaptive | _} BLDC » Load
acoustic noiseand low maintenance cost. Recently, the interest in Controller Motor
emergingadaptive controller for BLDC motor has beenincreased A

significantly. This paper surveys different adaptive control
strategiesused forbrushlessDC motors.

Sensors -

Keywordsi Adaptive control, BLDC motor.
Figurel: Block diagramof the system.

I. INTRODUCTION Thestudiedbrushles©C motormodelis described as
Two main typesof DC motorsare usedin industry. The

first is the conventionaDC motor wherethe flux is produced w = 3p? mj - Ew _ P

by the current throughhefield coil of the fixed pole structure. r 23 7 3 7 J

The second type is the brushlessDC motor where the i =- Bi -wi - ! "W+ 1n (1)
permanenimagnetprovidestherequiredair gapflux insteadof q L @ rd L r oL

the wire wound field poles. As the name suggests, brushes are R. _ 1

not used for commutation. Insteashmmutation is provided iy = - rld TWilg + —vq

electronically. BLDC motor drives are widely used in various

speed drive systems, especially in electric vehicles and _ _ _
industrialapplications. wherew, is the electricalangularspeedof the rotor, p is the

The process of designing a BLDC motor driver consists gfumber of pole pairs,| is the flux linkage establishecby the
complex steps suchas modeling, control scheme selectionpermanent magnet, J is the moment of inertia of the rotor and
simulation and parameterstuning. System parametersmay  |oad,B is theviscousfriction coefficient,T, is the loadtorque,

sametimes show instability due to changes in environmentﬁl. . : : .
i . . is the statorresistancel is statorinductance,i_and
conditions.In this caseadaptivecontrol systemshat a

continuously and automatically measure the dynamic i, aretheq, d axisstatorcurrent,v, andv, aretheq, d axis

characteristics of the system such as transfer function and stsyetem isshownin Fig. 1.
equationsarepreferred instead aflassicalfeedbaclkcontrol.

s -t voltage respectivelyln most control designT, and B are
Fora systemo be adaptive, it must be saifganizing. Ifthe

m m nstants.However, in the pr
system parameters are based on measurements from ﬁsestl:] de?r:O ble S0 tte consta ts;. ot Z er alt °p (:(posetd
environment only, it is not adaptive control. In this review' €thodhereievantiermsareestimated in reaime. ane

article, studies on BLDC motor drivers using adaptive contr@- in 2011, [2] proposedan adaptive wide angle control
arementioned. schemeo reducethetorquepulsationof BLDC motors caused
by 120 commutatiorconduction control. Thproposedscheme
II. ADAPTIVE CONTROL SYSTEMSIN BLDC MOTOR is basednanadjustablenodulatiorwaveformwith wideangle
DRIVERS conduction period (more than120 but lessthan180 ) and
In 2006, Jin et al. [1] presenteda researchstudy for a control the phasecurrenttominimize the pulsationtorquedue
permanentmagnet brushlessDC motor and its adaptive to commutationBlock diagram of the systeiis shownin Fig.
controller. The nonlinear controller is designed with #t@ake 2.
estimation of uncertainties, such as viscous friction and load
torque, while driving the motdollow a known speed profile.
Virtual control is defined, and proof of asymptotic stability is
made with the Lyapunov argument.Block diagram of the
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Modulation Waveform Ha* L Figure4: Simulationmodelof adaptivefuzzy PIDcontroller.

L\l Hb* Commutation
T ; He* Table i Lo i
k2 The linguistic labels used to describe the fuzzy sets rese
A4 H kl* k2% k3* Voltage

[ (2), negativesmall (NS), negativemedium(NM), negative big
(NB), positive small (PS), positive medium (Pihd positive
big (PB). Fuzzy rules are shown as in Tablé&ach control
input has seven fuzzy sets, so there are up fazy rules.

Instruction

Figure2: Blockdiagramof the adaptivewide anglePWM control
schemdor threephaseBLDC motor.

ParametriPWM modulationwaveformis definedwith Tablel: Fuzzy rules.

three param_etel(skl, I_<2, k3). Eac_rsvyltchconduct_s for20 E/ICE] NB | NM NS 7 PS | PM PB
and there are six stepsin each periodic cycle. During each
commutationinterval, only two windings are conductedand NB NB | NB | NB NB | NM NS z
third winding is floating for 60 electricaldegreesAll terms NM | NB | NB | NB | NM | NS A PS
and equations related to this proposed schemgiaea in [2]. NS | NB | NB | NM | NS Z PS | PM

In 2014, Krishnanet al. [3] proposedanimprovedadaptive Z NB | NM NS z PS | PM PB
fuzzy PID controller to control speedof BLDC motor. The PS | NM NS Z PS | PM PB PB
aim of this schemes that it showsthe dynamicsresponseof PM | NS 7 PS | PM | PB | PB | PB
speedwith designthe adaptivefuzzy PID controllerto control PB Z PS | PM PB PB PB PB

a speedof motorf_or keepingthe motorspee_:dto be constant Utomo et al. in 2017, [4] presented a model reference neural
when the load varies. The completeblock diagramof speed .

irolof th haseBLDC motoris belowFia. 3 adaptive control (MRAC) based BLDC motor speed control
controlot threephas motoris belowrg. o. scheme Atrtificial neural network (ANN) was usedto build

SUPPLY TO MOTOR the inverse model of BLDC motor speed. Driver model for
BLDC motor wasshownin Fig. 5.
w,

ADAPTIVE FUZZY B— .
( ) PID CONTROLLER P DOVERTAR BLDC MOTOR 6 pulse [
4 E
'

PWM i l;
o, T T '|' I_:> + —
TRIGERING 1
SIGNAL L,,,,,,g,,,i,,,,_ ,,,,, I P I,
I PWM synchronizer .
: ngbr\l'lsgth Generator Angular position
HALL EFFECT T B-EMF
SENSOR
INNER LOOP + ' Phase A
- p 126
rrRLoof de Inverter | Phase B

L Bridge
Phase C

Figure3: Block diagramof speed controbf BLDC motor.

Inverter gate signals with electromotive forces are BLDC Motor
synchronizedin the innerloop. 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 owputhich are K K;, and
Kq. Simulation model of adaptive fuzzy PID controller is
shown in fig. 4.




Figure5: MRAC basedBLDC motordriver
Desired
With a specificv,_ will get a specific rotation speeda( ). Performance Adaptation

Usingopenloop modethenreferencesignalin form of expected
rotationspeed'w__) will compareto maximum

mref.

rotation speed at maximum v_. €.9 (Voc,.) 0 get

Reference

m u v
L
DCref ) -

ANN consists of elements that mimic the human biological Figure7: Structureof adaptivecontrol.
nervoussystemANN wasusedto build dynamicinversemodel
of BLDC motor.Thismodel therused agontroller.

In 2017, Zhao et al. [5] proposedtwo adaptive control
methods for speed control of-dbnnection BLDC. A BLDC

correspondingv,. e.g(V,

motor has three stator windings and permanent magnets on the —— 5
rotor. Voltage equation athreewindingsis givenas withload.
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where U, Uy, and Uare the terminal phase voltages witspect
to the power ground, respectively,Rs is the statoresistance of
phase windings, L is the equivalent inductan¢dase windings,
ia, o, and i are corresponding phase curresy, &, ande; are
trapezoidal bacEMFs.

Theequivalentircuitis shown inFig. 6.

R L ®
““g,{w. e

<]

Figure6: Equivalentcircuit of star connection BLDC motor.

An adaptive control method combined with a disturbance

observeis proposedor theBLDC motormodelwith parametric

uncertaintiesdisturbed by external disturbanceswith known

structuremodel. All termsandequatiors relatedo thisproposed
scheme argivenin [5].

Mahmudetal. in 2020,[6] presenteddaptivePID controller

dependent on the extra blunder of a turn arocmmtrol sign to

pcc
Micro-grid system

.

DC-DC

I
T e

DC-DC

Iy
l nal

comprehend notinearity, parameter varietiesd burden travel

issues thabhappen in BLDC motor drivelamework.

The adaptive control structure of the proposed schegieda
in Fig. 7. Fig. 8 shows the overall simulation modeltioé
adaptive PID controller with connectedhase BLDOnotor

Figure8: Proposed simulatiomodeof adaptivePID
controller.

Circuit elements such as BLDC motor, PID block, adaptive
block, MOSFET driver, IGBT driver, voltage sensor, current
sensor, inverter,-Bhase power converter, torque load, PWM
generatoare usedo preparehis 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 anotherone is the adaptive controller. After
completingall mechanismthan signal comesto 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 yieldload).l t 6 s coankected
with DC voltage sourcanotor 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.

Figure9: Controllerfor theBLDC motor.

In 2020, Rajanietal. [7] proposedDC microgrid with BLDC
motor water pumpingsystem.Fig. 10. showsthe corresponding
system.

Figure10: Proposed D@icrogrid withBLDC motorwater
pumpingsystem.

Photovoltaic array, supercapacitor battery,and BLDCmotor
characteristics argiven, voltage values of controlldRl, fuzzy,
adaptive networlbased fuzzy interference systeang compared.
The proposed ANFIS controller has provetémorestable Fig.
11. showsvoltagecomparisonsof differentcontrollers.
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Figurell: Voltagecomparisorwith differentcontrollers.

control techniquesin BLDC motor for EV. Conventional,
adaptive flux-based control method and artificial neural
networkbased DTC methods have been compared and it has
beenprovenby simulationghatANN gives betterperformance

in BLDC motor.Fig. 12. shavs the proposeANN basedTC
scheme.
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Electric vehicles are on the verge of making progress with Figure12: Proposed ANNasedDTC Scheme.
the support of private operators and government policies. The
electric thrusting system is the central component of the EV. It |y 2021, Mahmud et al. [9] proposedan adaptive PID

consists of motor dri, power service device and wheels. Iggntroller that can quickly control BLDC motors with minimal

fact,themotordriver,workingtogethemith the electricmotor,
power converter and electronic controller, formsdbeeof the

EV thrustingsystem.

Patilet al. in 2020, [8] comparedvarious direct torque

adjustment time and oscillation. Fig. 13. shows pheposed
adaptivePID controller model.

Figurel13: ProposeadaptiveP D controllermodel.

Fig. 14. Shows the different types of speed comparison with
benchmark controller. The supply voltage is 48 V, and the
torque load is 10 Nrh In thisfigure, 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
adaptivePID controller.Forall conditions proposedcontroller
rise time more than better fromther PID and FPAspeed
controllers.



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

Time (secon

nds)

voltage48V andtorqueload 10 Nmr? comparisorwith benchmark

controller.

Athira et al. in 2021, [10] proposedtwo methods of
regenerativebraking control for EV driven by BLDC motor.
In theproposednethodssliding modecontroller providebetter
results compared to Adaptive PID controller. Fig. $Bows
block diagram ofcontrollerfor BLDC motor.

Battery

Acceleration

o =
Brake

[ =)

mnverter

PWM signals

Controller

|Speed controller| |Cunent controller|

BLDC Motor

Hall signal

Figure 15:Block dagram of controller for BLDC motor

The Table2 showsthe comparisorbetweerthe resultswith

Adaptive PID and Sliding mode controller. In overall SMCb

produced better results such that the charging current
magnitudeand energyecovered haBeenincreased.

Table2: Comparisorof APID and SMC.

Controller| Torque Stateof Charging Energy
(Nm) charge Current | Recovered
(%) A (W-s)
Adaptive -3 59.99 2 650
PID
Sliding -3 59.99 8 820
Mode

SMC has reduced the stopping time compared to APID as ‘
shown in Fig. 16. The stopping time and distance is effectively  yfaximum Overshoot*

reduced wittrsliding mode control.

~—Stopping distance SMC

200 : S
~Stopping distance APID!

3150
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g distan

00

50

Stoppin,
Y

3
Time (s)

Figurel6: Stopping distanceith APID and SMCcontrol

In 2022, Guo et al. [11] presented a new adaptive saturation
Integral Sliding Mode Controller (ADSA-ISMC) basedon
small BLDC (SBLDC). First, a Kalmarbased SBLDC load
disturbance observer was established, and an adaptive
integrated sliding mode controller (ABMC) was conducted
based on the motor load obtained by timserver. Fig. 17.
showsthe structureliagramof controlsystem.

4

A ,Fj

Load Observer

g va

PI Controller (—21.

PI Controller |

Park Transformation |

t

Three Phase
: Inverter

le

Figurel7: Structurediagramof controlsystem.

As can be seenfrom Fig. 18, the proposedADSA-ISMC
hasthe largestareaamongthe three controllers,that is, the

controllers.

e SMC

Number of Shocks,
\

Adjusting Time ¢

AD-ISMC

Steady-State Error
3N

e ——

Peak Time

est comprehensivecontrol performanceamong the three

= ADSA-ISMC

~ Convergence Rate

—> Steady State Input

# Rise Time

Figure18: Controllerperformancendexdistribution.

Ristianaet al. in 2022, [12] proposedadvancedBLDC



motor drive control with the principle of digital PWM
implementedfor EV which treats the motor like a digital [
system. Fig. 19. shows the block diagram of advanced BLDC
motordriver.
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Figure19: AdvancedBLDC motordriver for EV. [7]
The digital PWM generatoris affected by the PWM

resolution (the numberof variationsin the value changesn (8]
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?9]
controlin Fig. 20.
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Figure21: Digital PWM Control
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mixing procedure. Further when fiber is utilized in RCC it is
vital to determinethe optimumfiber volumefractionto cement
pasteratio inorder toobtainbestworkability[17]. Shamsaeét
Abstract i Roller compacted concrete is like conventional 3|, [29] investigated effects of utilization of crosslinked
concrete in terms of ingredients and performance criteria. It is polyethylenevasasaggregatén roller compactectoncrete.

widely used in roads dams. Cement replacement materials, - . s
alternative aggregatesand fibers are widely incorporated in roller With theincreasedXLPE amounttheworkability of RCC

compacted concrete with the purpose of achieving better
performance and sustainability. Thesealternative materials along

with mixture design, type of cement, existence of plasticizer have Roller Com pacted
an effect on properties of RCC. Vebe time of RO was determined . . .
to be 31 second which is similar with the sample contains 0.25% Concrete % Distribution

pigment. Beyond 0.25% of pigment addition by weight of cement
vebetime noticeably increasesVebetime of samplesthat have1%
color pigment were determined to be 36 second. Addition of
pigmenthasnegativeimpact onvebetime and workability of roller
compactedconcrete.

Keywordsi roller compacted concrete, color pigment,fresh
stateof roller compactedconcrete,vebetest.

. INTRODUCTION

R:LLER compactectoncretgRCC)is widely knownas dry
ix and zero slump concrete [1]. Even RCC contains sa
materialswvith traditionalconcretebindercontents lessin RCC
[2,3]. Like conventionakoncretecementreplacement
materials[2,411], alternative aggregates [12i16], and
fibers[17 22] werecommonlyusedin RCCwith thepurposeof B Turkey m Vietnam  Others
achievingsustainabilityand better mechanicaland durability
properties.Roller compactedtoncreteis mainly usedin dams
and pavementsFigure 1 representsise of RCC in damsin
countries.
Similar to traditional concrete it requires to achieve certain lefel
compressive strength. Minimum compressive strength of
DaysRCCfor the environmentwithout freezeandthaw [23] is
28 MPawhile 31 MPa is required RCC that is exposed to free
and thaw effect.
Consistency and workability of traditional concrete is
determined by slump test while vebe test is requiredrfo€
[24]. ACI 325[23] defines suitable vebe time range is480
secondsvhile the other studies suggest different range4@0
[25], 2350 s[26], 4765 s[27]. Chhorn et al. stat28-75second
of vebe time is acceptable [28]. While various vibeshawe
beenput forward, vebetime of concretedependsnaggregate
gradation propertiesof cementadmixturesand

Japan M Brazil mChina ™ Ethiopie

Figurel: Roller compactedatoncretedistribution[30].

increasedandvebetime decreasedThis could be attributedto
lower waterabsorptiorof XLPE in comparisorto natural
gregatesHence,free waterin the mixture leadsbetter
orkability and shortervebetime. Al geat al. [31] studied
Zeffects of macro syntheticfibers on fresh and hardened
Eroperties of rollecompacted concrete. Vebe time of control
mixture was determinedto be 20 second.They incorporated
0.2%,0.4%and0.6%macrosyntheticfiber in their studiesand
relevant vebetimes weredeterminedo be 40,44 and 46
secondlt wasconcludedhatinclusionof macrosyntheticfiber
hasnegativeimpacton workability of RCC dueto high water
absorption capacity dheutilized fiber.
Benouadalet al.[32] investigatedohysicalandmechanical
behaviorof polypropylenefiber addedroller compacted
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concrete.The amountof polypropylenewas0.5,1, 1.5,2 and
2.5kg/m?. Vebe time of control mixture was determined to be
37 while the others were determined to be 45, 47, 51, 54, 59 s
respectively.Ilt was proved that increasein 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 asfi »
replacement of aggregate in roller compacted concrete. Rubb g
contentwasby weightof aggregateVebetime wasdetermined “2 E

to be 33 second on control mixture while the lowest vebe time ,,.‘._,'{g
was determined to 24 second on the mixture contains 30% ofe & & &
shreddedubbertire asaggregate. -3
In the recentstudy [34] effect of low fines contentsandor
limestonemodified sandinsteadof standardsandin RCCwas
evaluatedon vebetime. Utilization of low fines contentand
limestonemodified sandas replacemenbf naturalaggregate
results an increase in vebe time from 26 second to 34 second
AdamuandMohammad35] replacedine aggregatevith

crumb rubberin RCC. Four level of replacemen%, 10%,
20%, 30% by volume of fine aggregatevas performed.With

Y,

the increaseof crumbrubberamountvebetime of RCC Figure2: Utilized aggrega-lieh ‘
mixtures showeddecreasingrend. Vebe time of control _ ._ _
mixture is 33 seconds Crumb rubberaddedmixtures (10%, Yellow pigment was utilized in the samples.Photo of

20%,30%) showlessvebetime 30s,25s,21s.this decreasis ~ Pigmentis presentedn figure 2.
aresultof hydrophobicnatureof crumbrubber.Crumbrubber
incorporatednixtureshavenegativampactonworkability and

vebetime ofroller compactedoncrete samples.

Within thescopeof this studycolor pigmentincorporatedoller AN ‘
compactedamplesverepreparedindtheir freshpropertiesare SR
observed.

"

Il. MATERIALS AND METHODS

Gradation of utilizedggregate is shown in figure 2 and photo
of aggregatepresentedn figure 3.

SSB Gradasyon Egrisi
i " " 1"
018 #? aga 1%2 3{4 o
00 ! ! ! o :
8.0 i ! ! : :
700 ' Lo ) :
Z : : E i
g oo SO : : -
: L | |
§ Al | i ; ! Figure3: Utilized pigment
joo - é é _
3 : ! i i 5 differentsamplesverepreparedThenamesf samplesre
“ w0 5 ! ! RO, P0.25, P0.5, P0.75 and P1 and the amount of pigment are
a0 i | il o8 i 0%, 0.25%, 0.5%, 0.75 and 1% of cement by weight
' : ! s B respectively. Preparation of samples for vebe test is shown in
100 | | ; i ! figure 4.
! i A L i

00 30 60 90 120 150 180 210 24.0
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Figure2: Aggregategradation



Volume

Consistency (Le
Chateller) 1 mm - 1 mm
Residue in 0.045
mm Sieve 1% - 1%
Residue in 0.09¢
mm Sieve 0.1% - 0.1%

lll. TESTRESULTS

~ ~ Densityof all thesamplesveredeterminecandpresentedn
figure 5below. Addition of pigment has small enhancing
effectonthe density.

U

Flgure 4 Preparatlon of samples for Vebe test

Tablel:Pigmentproperties.

Property Va'ue Reference DenSItyOf FreShCOHCI'etdkg/nﬁ)
Sizeof Particle(325mesh) | 0.55 ASTM D 185 2342 E
FeOs 83 ASTM D-50-81 '
Moisture105C% 0.4 ASTM D-280-33 2342,C
Oil absorption 55 ASTM D-281 23415
Watersoluable salto 0.61 ASTM D-1208 2341 (
PH(%5 watesolution) 7 '
Ignition Lost1000C % 13 ASTM D-50 2340,5
ChemicalFormula FeO(OH):H20 2340,C
. . .. 2339,
In all theconcretemixtureswater/binderatio is thesame
furthermore the other ingredients are same as @aly 2339, I I
differencein thesampless theamountof color pigment. 2338,F
Characteristicsf utilized cementire presenteith table2. PO.2¢ 0.E PO.7¢

Table2: Cemenproperties

Figure5: Densityof FreshConcrete
Upper and Lower Limits as pe| Vebe test was carried out in accordance W#TM C 1170
Chemical and Physical EN 1971 91[36]. Vebe test results are presented in figure 6. Vebe time
Properties of RO was determined to be 31 second whidinslar with
Min. Max thesample contain®.25%pigment.

Insoluble
Residue 0.17% - 0.17%
SiC, 21.61% | - 21.61% VebeTestResult{second
Al203 4.07% - 4.07%
FeOs 0.27% - 0.27% 37
CaO 65.71% | - 65.71% 36
MgO 1.32% | - 1.32% 35
SO 3.34% - 3.34% 34
Losséen | g1 3.21% - 3.21% 33
NaO 0.31% - 0.31% 32
K20 0.34% - 0.34%
Chioride(Cl) | 0.01% | - 0.01% 31
FreeCaO 1.60% | - 1.60% 30

3.06 29
SpecificWeight | gr/cn? - 3.06gr/cn? 28
SpecificSurface | 4600 PO0.2t PO.t PO.7¢
Area(Blaine) cnélgr | - 4600 cri/gr :

100 Figure6: Vebetest results
Initial Setting mnt. 45 100mnt.

130 Beyond 0.25% of pigment addition by weight of cement vebe
Final Setting mnt. - 130mnt. time noticeably increases. Vebe time of samples that have 1%
Water 30% - 30% color pigment were determined to be 36 second. Addition of

pigmenthasnegativeimpacton vebetime andworkability of



roller compactedconcrete.The particle size of pigmentis [12]

greater than particles of cement. This might provide an
advantagein comparisonto pozzolanic materials of which
particle size issmaller than cement. It can be concluded that®!
with this particle color pigment do not harm vebe time very
badlyin comparisorto someotherpozzolanicmaterialsin 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
thefuture studiesthese pointshould be investigated. (15]

(14]

ACKNOWLEDGMENT

This research has been carried out with the support of  [1¢]
Konya TechnicaUniversity Scientific Research Projects
Coordinatorship under Project Number of 21104015 as part of
PhD study of Gokhan Calis. The authors would like to thank [17]
KonyaTechnical University fotheir support.

REFERENCES [18]

[1] P. Shafigh, M. Hashemi, B.H. Nam, Koting, Optimum moisture
contentin roller-compactedoncretepavementint. J.PavemenEng.  [19]
21 (2020) 1769 1779.
https://doi.org/10.1080/10298436.2019.1567919.

[2] S.HuseinBaygra,A. MardaniAghabaglouK. Ramyar Physicaland
mechanicalpropertiesof high volume fly ash roller compacted [20]
concrete pavement (A laboratory and case study), Constr. Build.

Mater. 314 (2022).
https://doi.org/10.1016/j.conbuildmat.2021.125664.
[3] k Yazici, A. MardaniAghabaglouM. Tuyan,A.A. | t Blechanical [21]

propeties and impact resistanceof 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 Resistanceand [22]
Mechanical Properties of WasteGlassFiberReinforced Roller-
compacted Concrete, Mech. Compos. Mater. 54 (2018).
https://doi.org/10.1007/s110291.8-97366. [23]

[5] S. Alireza, M. Rad, A. Modarres, Cold Regions Science and
Technology Durability properties of non-air entrained roller  [24]
compacted concrete pavement containing coal waste ash in presefid
of deicing salts, Cold Reg. Sci. Technol. 137 (2017) 48i 59.
https://doi.org/10.1016/j.coldregions.2017.02.006.

[6] H. Rooholamini, R. Sedghi, B. Ghobadipour, M. Adresi, Effect of26]
electric arc furnace steel slag on the mechanicaland fracture
properties of rollecompacted concrete, Constr. Build. Mater. 211
(2019)88i 98. https://doi.org/10.1016/j.conbuildmat.2019.03.223.

[7] S.K.Rao,P.SravanaT.C.Rao,Investigatingheeffectof M-sandon  [27]
abrasiorresistancef Roller CompactedConcretecontainingGGBS,
Constr. Build. Mater. 122 (2016) 191 201.
https://doi.org/10.1016/j.conbuildmat.2016.06.054. [28]

[8] A. YerramalaK. GanestBabu, Transportpropertiesof high volume
fly ash rollercompacted concrete, Cem. Concr. Compos. 33 (2011)
1057 1062.https://doi.org/10.1016/j.cemconcomp.2011.07.010.

[9] A. MardaniAghabaglouK. RamyarMechanicabropertiesof high- [29]
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 df30]
roller-compacted concrete pavement containing recycled brick
aggregates and silica fume, Road Matemvefnent Des. (2021). [31]
https://doi.org/10.1080/14680629.2021.1924236.

[11] C.D. At iWkK, Sevim, F. ¥ z ¢ &n Bilim, O. Karahan,A.H.

Tanri kulu, A. Ekki, Strength propéemni vesMdhk emdBiline iDerg Bm@04A) t982d004.oncr et

containing a nonstandardhigh calcium fly ash, Mater. Lett58
(2004)1446 1450.https://doi.org/10.1016/j.matlet.2003.10.007.

M. Selvam, S. Debbarma, S. Singh, X. Shi, Utilization of alternative
aggregatefor roller compactedoncretepavements A stateof-the-

art review, Constr. Build. Mater. 317 (2022) 125838.
https://doi.org/10.1016/j.conbuildmat.2021.125838.

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.jcleprdd22.133005.

S. Debbarma, G.D. Ransinchung, Achieving sustainability in roller
compacted concrete pavement mixes using reclaimed asphalt
pavement aggregatésstate of the art review, J. Clean. Prod. 287
(2021).https://doi.org/10.1016/j.jclepro.2020.125078

S. Debbarma, G.D. Ransinchung, S. Singh, S.K. Sahdeo, Utilization
of industrial and agricultural wastes for productions of sustainable
roller compactedconcretepavementmixes containing reclaimed
asphalt pavement aggregates, Resour. ConReycl. 152 (2020)
104504 https://doi.org/10.1016/j.resconrec.2019.104504.
S.Singh,G.D.R.N.RansinchungP.Kumar, Feasibilitystudyof RAP
aggregates in cement concrete pavements, Road Mater. Pavement
Des. 20 (2019) 1511 170.
https://doi.org/10.1080/14680629.2017.1380071.

K. Siamardi, S. Shabani, Evaluation the effect of mynthetic
fiber on mechanical and freeieaw behavior of nofir-entrained
roller compacted concrete pavement using response surface
methodology Constr Build. Mater.295 (2021)123628.
https://doi.org/10.1016/j.conbuildmat.2021.123628.

M. Ahmadi,G.A. ShafabakhshA. HassaniFractureandmechanical
performanceof Two-Lift Concrete Pavementsmade of Roller
CompactedConcrete and Polypropylene Fibers, Constr. Build.
Mater. 268 (2021).
https://doi.org/10.1016/j.conbuildmat.2020.121144.

K. Neocleous, H. Angelakopoulos, K. Pilakoutas, M. Guadagnin,
Fibre-reinforced roller compactedconcrete transport pavements,
Proc. Inst. Civ. Eng. Transp. 164 (2011) 97 109.
https://doi.org/10.1680/tran.9.00043.

D. ScorzaR. Luciano,S.Mousa,S. Vantadori,Fracturebehaviourof
hybrid fibre-reinforcedroller-compactedoncreteusedin pavements,
Constr. Build. Mater. 271 (2021).
https://doi.org/10.1016/j.conbuildmat.2020.121554.

S.K. Lee, M.J. Jeon, S.S. Cha, C.G. Park, Mechanical and
permeabilitycharacteristicsf latex-modifiedfiber-reinforcedroller-
compacted rapithardeningcement concrete for pavement repair,
Appl. Sci.7 (2017).https://doi.org/10.3390/app7070694.

R. Zabihia, J. Nejad, Investigating tlsrength indices of roller
compacted concrete containing propylene fibers for the pavement of
roads,Rev.QUID. 1 (2017)475 483.

ACI 327, Guide to RolleCompactedConcrete Pavements, Am.
Concr.Inst.327R(2015).

ACI 327,Guideto Rolle-CompactedConcretePavement2015.

K. Khayat, N. Libre, Rol Il er Compa

and Mixture Optimization, A Natl. Univ. Transp. Cent. Missouri
Univ. Sci.Technol. Augus(2014)118.

C. Hazaree, H. Ceylan, K. Wang, Influences of mixture composition
on properties and freezkaw resistance of RCC, Constr. Build.
Mater. 25 (2011) 313 319.
https://doi.org/10.1016/j.conbuildmat.2010.06.023.

C. Chhorn, S.J. Hon@.W. Lee, A study on performance of roller
compacted concrete for pavement, Constr. Build. Mater. 153 (2017)
535 543.https://doi.org/10.1016/j.conbuildmat.2017.07.135.
C.Chhorn,S.J.Hong,S.W.Lee, ScienceDirecRelationshipbetween
compressive and tensile strengths of relempacted concrete, J.
Traffic Transp. Eng. (English Ed. 5 (2017) 215 223.
https://doi.org/10.1016/j.jtte.2017.09.002.

M. Shamsaei, |. Aghayan, K.A. Kazemi, Experimental investigation
of using crosslinked polyethylene waste as aggregatein roller
compacted concrete pavement, J. Clean. Prod. 165 (201i29R0
https://doi.org/10.1016/j.jclepro.2017.07.109.

G.M. Sabnis, Green Building with Concrete Sustainable Design and
Construction2nded., Taylor & FrancisGroup, NewYork, 2016.

Z. ALGIN, K. MERMERDMIS,ZEYNEPLKLKNDKRL E

Si ki ktiril mik Keya KdaimiMeEOptmenSe nt et

K @g@&e Ve Betonun Dayani¥ zell&ler@Etkas- ¥ mer Hdisdemir

https://doi.org/10.28948/ngumuh.534055.



(32]

(33]

(34]

(35]

(36]

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.

A. Meddah, M. Beddar, A. Bali, Use of shreddedrubber tire
aggregates for roller compacted concrete pavement, J. Clean. Prod.
72(2014)187 192.https://doi.org/10.1016/j.jclepro.2014.02.052.

M. HashemipP.Shafigh,M. Abbasi,l. Asadi, Theeffectof usinglow

fines content sand on the fresh and hardened properties of roller
compacted concrete pavement, Case Stud. Constr. Mater. 11 (2019)
1i 11. https://doi.org/10.1016/j.cscm.2019.e00230.

B.S. Mohammed,M. Adamu, Mechanical performanceof roller
compacted concrete pavement containing crumb rubber and nano
silica, Constr. Build. Mater. 159 (2018) 234 251.
https://doi.org/10.1016/j.conbuildma017.10.098.

A.C. C, Determining Consistency and Density of Relempacted
Concrete Using a Vibrating Table 1, Annu. B. ASTM Stand. 91
(1998)1i 5.



Yer | leaBifkm Tasarimi

HalideG ¢ | hAYW¥IBDIZ *andk i nBRG|2N

1 SelcukUniversity, Konya/Turkey halideayyildiz@hotmail.com
2SelcukUniversity, Konya/Turkey sinasiergun@hotmail.com

Abstract- The on-board charging unit is a switchedmode 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 méiods are constant current charging, constant
voltagecharging and constantcurrent i constantvoltagecharging.
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
topologiesin this unit. Thesetopologiesare; switching chargersare
linear regulator, shunt regulator, buck regulator, pulse charger
and inductive charging. Another consideration to be considered
when designing the onboard 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.
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Using MachineLearningln Gamelndustry

K B R A HIKA\WK K!I N
1 SelcukUniversity, Konya/Turkey, 218273001001 @lisansustu.selcuk.edu.tr

Abstract- Today, the gamingindustry hasbecomea very broad
industry that develops rapidly and uses and even triggermany
technological innovations. So much so that the end user cha a
company from the defense industry or an individual who has
nothing to do with technology.This breadth of activity alsoreveals
very broad needs.One of them is machine learning- supported
software thatis usedin many placestoday. In the gaming industry,
machine learning is widely used in differentplaces. Gaming
companies or gaming startups generally do noshare the ML
algorithms they use in their software due to theirintellectual
property rights. The most welkknown application of machine
learning in games is the use of deep learning agents thadmpete
with professional humanplayers in complex strategy games. In
this article, the algorithms used and the games they usee
examined.

Keywordsi gamei agent - artificial intelligence i machine
learning - deep learning

I. INTRODUCTION

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
powerfulmachinedo trainandrunon.

Convolutional neural networks: Convolutional neural
networks (CNN) are specialized ANNs that are often used to
analyzemagedata.Thesetypesof networksare able to learn
translation invariant patterns, which are patterns thanate
dependenbnlocation.CNNsareableto learnthesepatternsn
ahierarchymeaninghatearlierconvolutionallayers will learn
smaller local patterns while later layers Wetrnlargerpatterns
basedon the previouspatterns.[3] ACNN's ability to learn
visualdata has made it aammonlyused toofor deeplearning
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 thahatlonce. An RNN runs

Various artificial intelligence techniques have been used f¥er each part of a sequence, using the current part of the

videogamesrangingfrom non-playercharacte{NPC)ontrol,
enemy characteand combat mechanics to procedwahtent
generation(PCG). Machine learning is a subsetofartificial

intelligence that focuseson using algorithms and statistical
modelsto make machinesact without specific programming.
This contrastssharply with traditional Al methodssuch as
searchreesandexpertsystems.

Knowledge of machine learning techniques in gaming

sequence along with memory of previous parts of the current
sequence to produce an output. These types of ANN are highly
effectiveattaskssuchas speechecognition anetherproblems

that depend heavily on temporal order. Theresaxeral types

of RNNs with different internal configurationghe basic
implementatiorsuffersfrom alack of longtermmemory dudo

the vanishinggradientproblem,thusit is rarely usedover

newer implementations.[3]
IS

mostly made public through research projects, as most gaminq_Ong shortterm memory: Along shorttermmemory

companieghoose noto publishcertaininformationabouttheir
intellectual property. The most well-known applicatiorof
machinelearningin gamesis the useof deep learningagents
that competewith professionalhuman playersin complex
strategy games. It has had an important applicatiorachiine
learning in games such as Atari/ALE, Doom, Minecraft,
StarCraft, and car racing. Other games that didoniginally
exist as video games, such as Chess and Go, diswbeen
influencedby machinelearning.In this way, machinelearning
techniqueshavetakenon a human interactive structure and
their usage area and competence hmveased.

[I. OVERVIEW OF RELEVANT MACHINE LEARNING TECHNIQUES

Deeplearning:Deeplearning isasubsebf machindearning
which focuses heavily on the use of artificial neuratworks
(ANN) that learnto solve complex task®eep

(LSTM) network is a specific implementation oR&N thatis
designedo dealwith the vanishinggradientproblem seerin
simpleRNNs,whichwould leadto themgradually“forgetting"
aboutpreviouspartsof aninputtedsequencavhencalculating
the outputof a current part. LSTMs solve this problem with
the addition of an elaborateystem that uses an additional
input/output to keep track dbng termdata.[3] LSTMs have
achieved very strong resulteross various fields, and were
used by several monumentaleep learning agents in
games.[6][4]

Reinforcement learning: Reinforcementlearning is the
proces®f traininganagentusingrewardsand/orpunishments.
The way anagentis rewardedor punisheddepends heavily on
the problem; such as giving an agenpasitive reward for
winning agameor a negative one fotosing. Reinforcement
learning is used heavily in the fieldmiachindearningandcan
be seenin methodssuchasQ-
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learning, policy search, Deepi@tworks and others. It hasen to astronglevel[2] Thispotentiallylimits thecreationof highly

strong performance in both the field of ganaesl effective deep learning agents to large corporations or
robotics.[7] extremely wealthy individuals. The extensiveirilag time of

neural network based approaches can also take weeks on these

Neuroevolution:Neuroevolution involveghe use of both ~PoWerfulmachinegd] o

neural networks and evolutionary algorithms. Instead of using € Problem of effectively training ANN basedmodels

gradient descentlike most neural networks, neuroevolution €xends beyond powerful hardware environments; finding a

models make use of evolutionary algorithms to update neurd#0dway to representataand learnmeaningfulthingsfrom

in thenetwork.Researchers claithatthis processs lesslikely It IS @lsooften a difficult problemANN models often overfio

to getstuck in a local minimum and is potentially fastean Very Specific data and perform poorly in more generalized

state of thartdeeplearning techniques.[8] casesAIphaStar shows th'IS. weakness, despite belng able to
beat professional players, it is only able to do so on a image

when playing a mirror protoss matchi4d OpenAl Fivealso

. . . . shows this weakness, it was only able to beat profesgiayal
There is many realeted wqus on using machine learning fQ,~, facing a very limited hero pool out of the ergjaene]13]
gamedevelopmentDeepleaming agenteneof them. This example show how difficult it can be to traimeep

A. Machinelearningagents learningagentto performin moregeneralizedituations.
Machine learning agents have been used to take the place of ¥lachine learning agentshave shown great successin a
human player rather than function as NPCs, which are Variety of different gamefi2][2][4] However, agents that are
deliberatelyadded into video games as part of designed too competent also risk making games too difficult for new or
gameplay. Deep learning agents have achievedmpressive casual players. Resea_rch has shov_vn tha; challenge thafas too
results when useih competition with both humaasd other @Pove a players skill level will ruin lower player
artificial intelligence agents.[2][9] enqumeni[.16_] These hlghly trained agentsare likely only
desirableagainstvery skilled humanplayerswho have many
of hours of experience in a given game. Given tHastors,
highly effective deep learning agents are likely only a desired

Ill. RELATED WORKS

Tablel: Using Deepearning Agentexamples

GameType GameName Al LT -
Turmbased Chess Deep Blue choice in games that have a large c_ompetl_tlve scene, Wiegre
Turnrbased Go AlphaGo can function as an alternative practice option to a sKilledan
Turn-based Go AlphaGo Zero | Player.
Reattime strategy StarCraft AlphaStar D. Machine learning for procedural content geation in
Multiplayer online Dota?2 OpenAlFive
games
Machine learning has seen researchfor use in content
B. ComputeisionBasedAgents recommendation and generation. Procedural content

Computer vision focuses on training computers to gain generation isheproces®f creatingdata algorithmicallyrather
high-level understanding of digital images or videos. Manyhanmanually.This type of contentis usedto addeplayability
computer vision techniques alsworporate forms of machine to games without relying on constant additionsy human
learning, and have been applied on various video games. Té@yvelopersPCG haseen usedn various gametor different
application of computer vision focuses on interpreting ganigpes of content generation, examples of whidclude
events using visual data. In some cases, artificial intelligené@apons in Borderlands  225] all  world  layoutsn
agents have used modete techniques ttearn to play games Minecrat[26] and entire universes in No Man'sSky.[27]
without any direct connection to internal game logic, solel¢ommon approaches to PCG include techniquesitiatve

using videadata asnput. grammars, searebased algorithms, and logic
programming28] These approachesrequire humans to
Table2: Using DeepLearningAgentsexamples manually define the range of content possible, meaning that a
GameType GameName Al human developer decides vyhat featgres makg up a valid piece
Emulator Pong AndrejKarpathy | Of generated content. Machine leiag is theoretically capable
Emulator Atari Games MuZero of learning these features when given examples to train off of,
FPS Doom AlphaGo Zero | thus greatly reducing the complicated step of developers
SinglePlayer SuperMario DeepQ-Learning | specifying the details of content desi@®] Machine learning
3D Sandbox MineCraft OpenAl techniques usedor content generatioinclude LongShort
Term Memory (LSTM)Recurrent Neural

C. Strengthsnd Weaknesse$ DeepLearning Agents Networks (RNN), G_enerativé\dversarial neMorks (GAN),
and Kmeans clustering. Not all of thesehe@ues make use

Mach|nelearn|ngaggntsareoften notcovgredn mamgame ¢ ANNSs, buttherapiddevelopmenof deepearninghagreatly
design courses. Previous use of machine learning agents

X h ialof techni h [2
games may not have been very practical, as even the zdri%reased epotentialof techniqueshatdo [29]

versionof AlphaGotook hundredef CPUsandGPUsto train
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Artificial

IV. CONCLUSION
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 angrojectbasedearning.
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%26asaklkemdlaanéel maktardér ][ 3] .

¥z&Ul akém ara-|larénda kullanélan fosi.l yakétl arén her ge-en
gé¢ma h al é vegidemhlts ek e nurl easki daha@amaliyetli KAR

ol makertisundaekonomik bir - © z gmayW®K & r mu K t uJI'. EI‘B%KTR’ LAKE L A RIER K MK

konuda -exitl:9i deneméeEelt asygyanya€dlekganimglzde ar a-| ar én kull anén
el ektrikli ara-1Iarén B-uélkmas d may &nehggen £ i fRérkdwal mu Gt og mknd é anél a

doj aye kirlenmekten kuguz bimg s & & dif d ; : ;
maliyetis unmaé anl an m&akat elettékli ar a - Ida r %ﬁ@l%o €6 ;\/Irei;rzl?nlgbf.;&(;jlgr?kg re]z sa F;/'a?k;r;?é;tsaéd

n
t ¢keti miamik é 1 aimaikrbazen fosil yakeét Itaa}l’az . o . 7 - _
bakvurul abil mektedir. Burhemded& €h&h ! &Jdjda yra K& §,tp pAcel, bik k & s me
ekonomiyek at k éoskd may alcxjca ¢ | meElkkiididi k Ul | an el a mlekmklikat raad-€lise. budoaan %88
ara-ledre&kngdinekterélvaimbakbunudaher ol arak hesaplanméktéer][ 3]. Bu f
yerde yapmak i-in g¢nekkpaokmpeg@&i-d arigaiek eklafaziémhdkides r .

fikri dahacazipo | d Wjs« ¢ n ¢ | mBukntakalédeelektrikli S¢r ewer i ml kohforg ive ul ak enaliyeti

ar a-végagneaerka bkangsénda- al é k é | meKter.d(_’K(_’n(_JI dejende el ektrikli ar a-
beraberindgetirmektedir.

Anahtar kelimeleri Elektrikli a r a - G ¢anr enerjisi, Pvpanel,

Gienpanel iar ghae. D¢nyada el ektri kIl ara-1|ar eén
yél endan itibaren Ni sksiank,etrleerra

. GKRK k °ncelilgbak!| amelety et ENissaaf i r mas én é
o e ) o piyasaya s¢rdegjeée Nissan LEAF m
'N'M'ZDAEaKé.m?aI_ée_'mrzeemdaotomobiIIer arasénda yerini al

d° ne nmi added etUuautebK&dnudm.zara_lara yojun ilgi g° st ae mesi

Ul a kdalmé é zé Zahmetsinlaraks aj | ard&ik a kar amll eluajt @ r
olarak insanlark a | kulnarakb a k | a méBk kamanthée r ~ |, ; , : . :
G¢enegmegze kadar el ekt rpiykshda ar a
yeriniata r a b andtasuzki,tekerleklia r a veldaha _ Gralrcﬁay;;’b aklgUejgkemekt ed ipry
sonramotorlua r a -bl éarraak g kg engkaud d anél an '

a r a isézaarmaw e rndeknplajiile - erbstIyakém ELEKTRKRBKLARIN SINIELANDI RI
t ¢ k eatr @an Hibata r a velelektrikli a r a olarakr o ’ o _ .
Elektriki ar a- $ @anefnl ak dEr adkrlbjia 8

tasarl anmaktadeér. ; : |
konf orlginega bebesamakta pcel aneb4 i ny (§3 LSS

Kull anéecel ar , S ¢ K
k el eBuriklI ‘ ; mektedi
a

é
son yéllarda gidere
n firmalar sretin

r
r

durumu g°z °n¢gne al

y av a kK hattdadordurmak a r ar @ma k Hatta &/nupa

¢ | k e tele tek gelecekte dizel ve benzinli ar a- 1 ar é o
dur dur uklamaaareéma k tBud gt kes er as eyl )
Hollanda2025,N o r v2825, Almanya 2030, Kngi ket er e =

Fransa 2040 y e | eédizdlave benzinli ar a¢r et i mi ni
yasak!| aydwywkr mu€lna&rdér . [ 1, 2]

Bi | i ngi pléktrikli ar a- laarrtéma elékirik a
i htiyda éaekanassrekilsorano | makBader . —wo
nedenleénsanlarelektriki h t i hemd @ h exteébcedly g lk e rce ¢ & eldktriklia r a - | anerjikaarydnaa k | ar &

olmadan daha az maliyetle hem #ee si nt i si z bir Kekil de
s ¢ r d ¢istemekiedir. Bat arBlektikie Ar a- BEAr buar a- ltalirikd a
Bilindif57i gi bi d¢nya genelsiimde meéel dlatmaime ni tetlieyjkaadrkd i treont

yenilenebilir enerji kaynak| krmaéekdédmnamame Kk ibaiidkdiea m nmotoriaryoktur. Elektrikli motor
Elektrk i ht i y k@& k& | amafosil vy ak étd piptemibataryalaileo | ukt ur B& ma Elgkaillie
kul | aneél|Fosiyka kaaltébiderdien enerjininise AT a-zlaarmisjoagaz et memeBUE edi r . [ 5]


mailto:ggspeed@outlook.com
mailto:hasanhcevik@selcuk.edu.tr

model ar a- |tekr Bim k a rile  500km mesafeye Piyasada¢r et iylanyigetarak k ul | a elektirkd n

ul akabilmektedir.[6] ar a- | ar én t a o |_1k6 i ressema@mdedor i n d e
Plug-in elektrikli Hibrit Ar a - IPEHA}: Tak el akylligneél maktadeér. [16, 17] )

el ektrikli hibrit ara-1 ar deérSabtNnekRfmaps:.| sepkpn motoriardak gl 1300 €l 4

elektriki motor t a k & | Buvdrd Komulan bir elekwrik d O] rakémyarsamgésémnemdknayes| a

dajetecesée yardemé ile kar jdeldiXteipmanyeir ekag m&Rln % @5 3¢ 3

modellerde bir elektik motoru 50km mesafeek k at k &dd | a nsahitme k h aanka@mhotoreldee d i lolani k
bulunur.[8] G° m¢ $ ¢r ankelkin amooishodellerinin asonkron _
Hibrit Elektri kBiir Aardaetl air (M9ef®) y ahordla®l! e €1 ne g Ratoeda bukiman mi ¢
motor ve bir adet elektrikli motor bulunur. Elektrikli motorunM€ k n‘at € sén defj i kvekiizkseb’naienl lainkdlea
g¢- sistemi bataryal are, «kebelkiedlel Toialj€raékarik RamkiRaPl 41}
i -ten yanmal @ motor -aageasindlu§ PRASENIE 34,7810 & @@ n eanafazla verim
etmiyorken K a redilebili. Ay r éacraasgmexnas &fidd @UeiemglBlt edi r.
frenlemey a p tzanjardarda b o kkalan g ¢ bataryalarda
elektrik depolamaki - ko | | aBu &lek&ik mot or | ar énén
s¢rkaxteBoalGknol maktadeér . [ 9]
Y a kHe¢g ¢ rEtektrikli Ar a - | ar (bl abEtéiektrik
motoru bulunan bu ar a- hidojend a , hava
ve oksijen kar éseme Kkt galedamk alul | anéel er .

r al an

Yakéttan arta kalan sad@&@ake su ol Yakét
kul | an éidrajenin ¢ r et i mgemellkke doj al gaz
kull anél maktadeér . [ 11] BuS50kngzr ar a- | yaket ile

mesafekatedilebilmektedir.l - tyeann mmad teor | ar én yer|i
al masé beklentisinden dol ayeée yakeée bazé model |
bataryaves u p e r k defbidilte ktwlrl anél makt adeéer . [ d2(s2 IS¢ r eké k n a sedksoh anotor
Geni k| eMenzili nEielktrikli Ar a- 1 ar ( 6UMEnddeli19].
ara-larda ana tahrik ol ar ak Abdnhtarlargal erketdrgikkt! anotem ogseakion bmotoru nu r .
yanéda ise bir i-ten yanmal-&kmat|crrijinlde ng éri aktsiji] ion daen baaR an
kKarj edil measriy as anjalkasni emru.m Bsaet\sia y gipye elemarladbkut | €4 nénfledlyidéve saclardanimal
ise arteék motor bataryayé gdij] mekmedir dugddanralhd@dn &iéneds
motorun menziline ek olarak 150km bir mesafek at k & db&kary@&p b bhunmaktadér . [ 20]

bulunabilir. Ar motorlar r ot or luyradrs@maoué sneé k nat é s ¢
ol ma mangdeniyle - o ky ¢ k sle&kze sécakl ékl a
-al ékmaya elveriklidir. Bu set
IV. ELEKTRKKIAIRA ¢ L ARD AKULLANILAN yvekgekeni L irl i kIl ol mal aré az
TEKNOLOJKLER tork karakteritiklerindend o | algkérkli a r a - ltacihd a
El ektriklI:i ara-mamzi Imoetroir SHIRNRKENHERA d awne
tercihedilmeveyatercihedilmemegibis énéf | andér | abi I ir _
Elektrikli ara-larda tahrik s 5 aaw 00 Sl Yt oru), e
depolamaistemlerij e n e g aa K tr @ r & wealektronik ——————— i
kontrol sistemipayeil ayokadakvd ad &t £ 230 5" : = b
farkle teknol oj il er | teknklaidide aneél mgros . : < ar a-
f ar kgl°ésltéekr mekt edi r . [ 14] Yook 4 i
Dayanim Smrit 5 4 45
Tekanoe siguaik ; 35
A. EL EKT RKRATKA HRKKS T E MK Mt * : :
Elektrikli ar a - |tahrikdsisitemi bu ar a - Ikalbi & n et ) '
nitelijindedir. iAifdacdahanrglhata a e 5 ; p
enerjiyi mekanik enerjisine d °© n ¢ Kk tsigtamelin Tahrik Dotmivel sboms 2 Lo 2
sistemindeistenilen© z e | Igi¢k Ivegmli, hafif, ucuz , Tadkgo }deOtolr- e l;i_ tkgraltkterrisiiklgri[o 2915]puan
ger ¢lvegm%me ol @gsédér . ar asdkenjdear | endi ri |l mesi
El ektrik motor mimarisinde -o0ok -exitlilik ol masénén yane
en tekcih edilen modeler as@nKkNPMMERORAMASK S SEWLIERKNEéKknat és |
motorve anahtarlama e d ¢ k rhotordwsr.[2]€ Batarya teknolojisi el ektrikl i

Asenkron motor: statora uygulanan elektrik enerjisini
rotoru d ° n d ¢ rmekargkkenejiye d °© n d ¢ r yamayare
makinelere verilen isimdir. Yap € b & d @ & dgm ve
verimleri- oyk¢ k s ¢lk]t i r .

Batarya sistemi temelde anot(+), katodf) ve elektrolit
i -eripamndaea éharéketinder® Inu Ancakk ul | ané mé
s é r adk&atedilnesigerekerd ej er | ebu var dér



limitlerin a k € | duaum@ndabatarya® mr gddi oranda
azal makt adp Elek{rikic a rsa- lild rtig apil
kull anél maktadeéer . Ni ssan ve D
k ay nadrak k u |l | apiler difyuen temellidir. Toyota,
hondavefordgibif i r m&lud i @& misérik&l Imatahi@rit

mal ar én e

pillerdir.[22] ( =
100% B (@ ” |
} 20% SOC - — = 74
]’ 95% SOC
0% - o G° r gtetédk motorlu gelenekseltip, K a n z u ma‘nrs € it or
_ ~ G° r 8 balaryckapasitesi. . taker ), kan zmotor msaker),kiamotodu sabi t di k| i
Lityum piller: Ha f étkisilmayanyenidendoldurulabilen tekerleki - i s a bkiatn zddipiesl fi1]s i z
bir pil -exkididir. Haf i f ol mal ar & Ve yéksek enerji

kapasitelerinded o | laylean@&kaéy géndér .

Lityum piller, yéksek eneP I1:'|‘EdKe %G}(%OLSQ(;TAE%\AILEARQQ, y ¢k
verim, uzun - a | &°%mrad ¢ K defarj limiti gibi ¢ s t cﬁ|ektl’lk|l ara-kanénabpo hduéah sinyali K1 emc i
°©zel | b&k @&méetekdriclina r a - Ikaurl d aa e | treerka fye°nrdeatigAl ile ° ] r e bilgilereile ger - ek
gel i kti-#@omeamualrmukt ur . [ 23] °1 - ¢dejne ek ef motodua h € z betirler. Motor

Fakat kapasite kaybeée ¢retid?ararenehgkkddd i G5BE erkilg s @ h IMetarunl a n e |
dahi baxklar. Ayreéca bul undukelkatrig ioranlnf ks exka&m e ddditpl sinyal a s R B |

€
i

® ©»®

t

kaybéna yol a-ar. Pil kapasiKi @c|i syadjtalrgiprasalt &ir kdlgeenyd iusiu n
pilde0A de%?2 6 %A de%4 6 e AsePl 5d gk er .lle kar kel yaparakrmotaerun saj | Beher ol ¢n
Nikel metal hidrit piller: k arj edi |l ebilirsabiarpiB6lblan nikel
metal hidrit pillerde anottaki kimyasal reaksiyon, nikel
kadmi nyum ve nikel oksit karavamAadanr wateadda, i~ hidroj
emicia | ak @Iml an & Emedik e raid radelityliniyjori || DA glickaynagr ||
pileyakéndeéer . . » " GBT BT
Bu bataryalar 1990 y & | & betfiaetektrkli ar a- | a gl TMS3§?IF28‘2§ sirme  Wo»| anahtar
kull anél maktadeéer . [ 24] CAPTURE  ADC L devresi devresi
Bunl de & egelecektek u | | a g &lehal@ekatuvar ) T faheviiciblog
or t anhalagdeal i Kt iolanilityumeslk;tl & ¢, nhava Lape
velityum havak ar é btaﬁaryd- ekideMeerrd ér . [ 25 pozisyon sinyalleri
T e B 2T 7 Ty T TR e G° r &:eElekirikli a r a + F kontrol sistemleribasit bir
e e = blokdi yagr amé.
‘\‘\k‘llu 1 ' \1 VELEKTRKHKIIRKCLARI N k ARJ SKST|
'f'ﬁ‘iﬂ:\“{\‘;"‘ . Yoo auseeso Elektriklia r a - butunadbaa t a r ererdiiatrtéiny ac é n é
e ’ bt . karkeélamak i-in iki te¢r karj s
s i ’ - e il ki aracén i-inde bulunan «xar
Tablo 2:Bataryat ¢ r | er i . dojrudan bajlanépear gge-etrek ka
C. G! GAKTARIMORGANLARI dol dur an bu_ S i st_eAm en fazla 3
i i -al ékmaktadér Dijer tip kKar]j
El ektri kl: ara-l|larda gg¢- g,t,aa_r er%]dkeckld'im?% b'H%th%rmémHJsua)YeGéaOkwk' m o

a k t adlagmhkiki anab a Kk | tédkp ladek éotarlu ar a -

¢czerbrgdiek airgl gami - ekl ¥t i rebil ir
aktarma tipleri ise 3 s & n & a éBurdar; .geleneksel, ~ Elektirkli a r a -a sigtemleri sabit( statik) ve hareketll(
Kanzumakansolr(aker)vek anz umamst®z (3 i nami k) ol arakta ikiye r el z
°n taker). I ki motor |l u ak\ye%raernp(agb@mnarﬁbrav | H 8 k &Y4ld Naer epgrk sé €
ayr &l mBuklarigeckeéarn.z u nekerleke zsabitd i K|Hd|li ndeyken AC den DC ye d°ng¢ck

vetekerleki -sabitd i kI i si zdB)y . [ 21] ( G°gsg-ly mtr &my r dedijmesisisteminesabitk asisjemi

denirKul | B oE ewemmdije ° n ¢ n ¥y ay glaak

k ul | aknaésigtarmdir. Evlerde,ticarial anl ar da, al
mer kezl erinde ve Kablasymaasisjgnar d a
olarakta a d | a n charekeélikaarsigtemi, a r a bagehet
halindeykenk a o] mas ai é algkaina k @ mana ;

i - i nbokenk ia s étyalaéy Eaa



d° Kenelktrik akt ak @bm ol ad aBudkeerk i | d e an
ar a-nmeavkciut bataryal ar é bg,y(;tg,p;sc
uzunmenzile- e k ampamk ¢ nd¢r . [ 28] Lo

érmadan daha

V. ARA¢ Z ERKBNEEGREG! NERANEKKE —2°C
k ARSIK ST E MK

Enerjisini d o ] r ufatavoitaik h ¢ ¢ r e | atam, garkn
halinde veya hareket ederken bataryaya enerji depolayan

sistemlerdir. Bu sistemlerin 1j & tek bir K
K aistgsyonuna ] r a maatkahauzun mesafekatetmesine i

olanaks ajJ | amaseéldlgazlaly ¢ arg&mdlag z s ¢r Geriim Vmo  Voc

uzun ol dujundan, ar dahafazleseirriene gé¢nek ékénl ar éné

al acwe t @kaeed @ mmegafedaha o&kr t a Aa kat- 6¢°.r 8 BJpanellerins & c alkajalk@eger i | i m deJ i ki
K i r k edtomebillerin batarya i - iany r ek @ssménd a

geni wlagpmena y a lsatafjyazemdnazilsorunugiderek

kritik halegelmektedirBunedenl® i r - ok ar a- Fl k 'lﬂ't gr %n In@zrle?r yoel ekt panelerine ¢ e k
daha daar tt ér mak i arian- | eteépanel rgk‘*IC|_ ne¢n n ebmynet u awgeneaj erl ej e

é
yerIeKbuJisaruau—é’kzme&temektedlr.ya(.%%nseer(ne @neékMenmeS|nde -0k ©

. Ny & WPk cakpa ngeometrisia ] € vy &jr @ keexk Im
entegr e edilen kB hii-féu Ielkenmear aaelg%ﬁ% [ nb@tonmn]laj mmeBkereldlarak elektrikli

menzilinin%10a r t°1é-j &l m¢ kKt ¢r . [ 29] ar a- pvpandyne r | aax & mrdir[32]

VIII. SONUETARTI k MA

[JE“ER“TORi_’“”"‘“k—*';"lll Ulakém ara-|larénén yakeéet mali

elekrikli ar a -y %amr el iamitgi€rf & lvenglektirkli

FOTOVOLTAIK HUCRE

ara-I|l ar én el ektirk tasar émé Ve

G° r 6:Bdsithirg ¢ nematjisiile bataryak ahlokd i y a g r a m@cak elektrikiar a- 1 ar én ver i mi y ¢ ksek

daha uzun mesafe kat edebilmesii - i hat aryal ar

Elektrikli ara-lga“r\ddaeyyeerleKtpvrp')aheﬁedre iKtlvelKIamIEJstasyoybgg néaKter
I aracen

aerodinami k yapéyé akKkér é bozm élpzé%kﬁ]@kte@ere ir El
e g

esnasénda yakanan s¢rteéegnmeden mi-ni_mi
edilmesi gerekmektedir. Aerodinamik s ¢ r t ¢ Ruwmetinin e%trlkﬁ la"a . mg&&’ﬁlll Fa d &nma mas

h e s a p | bir denkéesilé m ¢, mk glabilir. Aerodinamiks ¢ r t ¢ r{( nfle” én®ll maaboerer hti ylea:reméelaadn:]mle

kuvvetinedragforcedenmektedive FDileg © st er | Buifede t ¥ &N .| enebi I i r ene rJ i _ S i ste ml_ er
ile aerodinemik s ¢ r t ckuvwetinin hesapl a(nipalsebpi r konudur . Enerji ihtiyaceéne
goesteril mektedir. bakvurul masé gelecek i-in tehl
. maliyeti ve COz2 s a | & na&tmeé n & c Bukuh &arine
FD=1 j VZACD 1) yenilenebilir enerjiden, © z e | Ide lgl¢ e eem(erjisinden
- . o al danemmallyette de(,K' egrtd €néme
A aracén kesit alanéné, V argab‘fezarajazlaqréaanc?¢q( 2 Cu n da?ca&dnee?ne

h g | if ir.
a v aymg nu n | ifadeatmeltedir.[30] enerjisindert nfgany,da laa pyrpametesing

VI. G! NEKNERJKISEAL | KARACLARI N sreti mi kousunda dev!| etoil mitaikm s
ELEKTKAEBKRIMI y ap malskéefi maydabeakt er .

El ektirkI:i ara-|larén g¢- akta
Pv panellerin elektrik ¢regleirmm BapPb&KEh €c V¥en eS gtedkil|eneas j |
olarak d ej i K meG(¢t@|‘déjré t neaksimamverime . al ekxkmal ar amé rk o 3p)e’|| ma svée s ¢rdy
ulakkada sécakl ékta beraberii-gé¢| ané&ee phrd-nE@dd aVkftdeirmi ol um
etkileyecektir. (G°rsel 7) %%mmma@lﬁhﬁma@ﬂm&gzs@tﬁy%&éaé
ifadee di | mi ktir. yg,ksdaldg; ¢l mKkit ¢ din@gyng@n| ax mas é
Pv panellerden maksimum v@ghi @iae i abikd J78&makigeliend ;MPeR-Te ] G nd
maksimumpowerpointtracker)devrelerit a s a r | Bevrmégé €& y ada@ p © merskimektedir.
temeldea k &egerilim® r n e kd ¢err & &nki Blarakg i r i r élektaklia r a - daamnmasanayisinde ul | an é& mén
a k € meng 6éseviyedet ut raamaé | a ma kA kaé&dneéegny ¥3 &dagetekmeldedirSavunmasanayisindé u | | an & meé
ar t madasisgtdmden- e k i Iggc@lt nsaasf & a ngMé Kmais-étyehrn nmad téo rehegir Bhi yak é njda
ol acakewyageri |l imin artmasé dhiienerjifledaMémorfadh®kNad Yd%e!lraa c a bsken e ¢ |
-ékarak ggtechebitkrdeje alandadahab aj eynagacakt er .

P=1.V )
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¥zeG°r¢gnt g ikl eme, bk U lgli smé&laarnd abigrrr mede

°©zel-léikkart m& ni jTied ini & nianch& ,oylama

prosed¢re ile belirli kekil seéenéféendalRli Numpgknietl ¢ p haneersiinde i x|l
y a p ma kBu émrakalemizde Paul Hough d° n¢ k¢ meyl e o ) L

daireler, elipsler ve di | &rap ad ek i | tespitini n Python programlamadili i - i- o Koyutlu dizileri
a-éklayacajéz. destekleyenve bu dizilerdei kK | yyanp mamajgg BEay an

g ¢ - birgk ¢ t ¢ ph &umdgnina t aNsingeric, ilk
olarak Jim Hugunin tarafénda
kat kélodu&y 2806 ¥ d L ETrdsaOliphant,

Anahtar Kelimeleri Paul Hough Transform, Image Procces,
Shapedetection, Circle detection

Numarray'in © zel | i Kklagrsiamhie i ki kl i kIl
_ _ Numeric'e dahil ederek NumPyyi y a r aNumy.
l. HoughD° n ¢ kTeamei h - e s OpenCV ile paralel - al & Kk ma\Xet ©peaGV.

Hough d°ng¢kKy¢mg, gerént ¢ anali"itz"ilo,hIeblm|kﬁlsgmim'sﬂaarykadﬂrhluaNUg"’n)ﬁ)rmn‘"?ebe\yéaz
dijital g° r ¢inkl¢e e d & abir & Izan- 1€iklar ma

teknijidamatéknbjirnoyl ama prosed¢re il e belirli .

bir keks é&neéf @esnernikusurlu °r nek |l er i ni IV.OpenCVK ¢t ¢ phanesi

bul makter. OpenCVilk olarakINTELt a r a fHazirah2000y €| é nd a

Baklangé-ta Hough taraféendahaud®dmsloanad afjdgndapBafdaclibds:
f ot o] r anfakine en@lizié n iicat edildi. Bug ¢ n Zamamillégi ga& yteknolojesinibar éna-€&lkan

evrenselolarak k u | | amek idoygh é° n¢ok ¢ mgkaynak kodlu bir programlama

1972'de Richard Duda ve Pet%ZelHairlti niar@fendzaariinthe kar§

ve bunu Paul Hough o6un il gVelCi#0 aekllae pRQ felhftijaaeryGPH-CUDY n r a

"genel | eaugh doinm@m@k--ad|andérdéeriinr<d|eeryaﬂ)abilme°zelelsahjptiir.rDerin

DO n¢kkpim gi y@yatred Bl u | Dana h.d a °7reinlme kull anél abilir.

Ballard t ar af ®8ldaaii "Hough d ° n ¢ K ¢ m¢ n¢én

Kekill eri algelamak i-in genellexktirilmesi " bakl ekl & bi

makalesiylpop ¢l er hale getirildi. V. Hought e mbk&@dac a
Kusurlu g°re¢ntegl erdeki daire

g°r ¢inklge ke d ¢ atemellba tekniktir. Daire

o . ; 5 O .
Il. HoughD © n ¢ kkeomilgs o r uvebuunag- © z ¢m o 4 o y paeamedreu z a y ®ylachay a p & Isenuca k

Dijital g ° r ¢ n toginatik analizinde, genellikle d ¢, z v ar Oylama sonucundaistenilen d e J e ruygem e

- i z g iddireder yeya elipsler gibi basit k e ki | | eriefnber [ adilir. t espit

algel anmaseéeyla il gild@i bir al t problem ortaya -ékar. Bi
durumda, g°r¢nte¢ alanénda i ¢® KenarPiksel 11 unan

g°r¢nt ¢ noktalaréné veya g° s ParametreUzay
i - bim° ni K| eme& maasak bir kenardet ekt °r

(CannyEdge Fonksiyonu) k u | | a n &hcakb hemi r . (~ Gorinti Kenan

ge°r¢nt¢ verisindeki hem de

nedeniyle,istenene | r i Iz @ r ekaildnektalar veya m SekilOrta

pikseller o | a b i Igieic @éali - i zgi / ddeé r e/ e Noka

g¢r ¢ lkengringo k t alr ars @zardsal sapmalar

olabilir. Kenard e d e iBurfedeglerden o | agkar él an

Kenar ©°zelliklerini uygun bir dizi dojru, daire veya el
olarak gruplamak genellikle ° n e ms i Haughr .

d°n¢kegmegneégn amacé, bir dizi parametreldi ger¢nt¢ nesnesi

czer i-redkeoyal ama puygusyardkkeng
noktal arénén nesne adayl aréna gruplandérél maséné m¢mkegn
kéel arsadou- e mektir.
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VI. Teori

Elimizde (K,L) merkezli- e mb g atr erolmakéz er e
ve 600 2¢
®W=0 + i
w=0+1

A9 O

QE1T

t a - &60&dereceyit a ma ml a the&rez K dea.;
kenarl arénén noktalaré ise X
Busay&s®jleeliiniedekid at avhdd ek ar €éd an
gelendijital birg © r ¢ n Eldedddenxveyd e ] ebirl er i
{x,y} bi - i nkaydedil&. ¥ r n €xk,yl} , {x2,y2} ,

{x3,y3} ( E s a s@nngEalge fonksiyonu ile kenar

pikseller tespiedilir.)

vV e

Ar d é (xedy®@)merkezli- e mb ¢ a i éreolmgk é
i Zeve'@0o 2¢

co"Q
sin("Q
Olacak k e k ifl ad-ee36(® dereceyit amaml adéj énda
mer kezi X? ve y?; kenar |l arénén

ol an yeni -emberl er -izibir. A
kenar ¢, z e r i -nidzeigéne ne mb etespiteetmek

7= 6P+ i
wW?= WP+ i

A

Y ol akebijlyr a- ember vard:«
1/////{//\\\\
k e lbi |
x?? Ve y?

ger¢nt gde

N

i stedi@Lmimerkezi - embepbrhaséndan

A.RGBresmiHS V 6 e i

100
e-iyo

N7 0,

kekil ¢
VIIl. OpenCVFonksi yonl ar é
r mek

R,G,BN~ (0,255)
= R/255 G' = G/255 B' = B/255

R, G, B'N (0,1)

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

ge- mektedir. Bu durumda oranl anm
yeni -ember -izilmik ise ve 100
ise;doj rot @@ 06der .
A A
gyl (.x.'Zl.VZI)
(x1, vl) (ﬂ ) (‘“'yu?‘..‘ ‘{/'\(_"22"22)'
K 38 H
(xs v3) \;__/Tusz,vszg,’
“();:1,;31)
> x »
VIl. Geometrikk e k i tesdpir i n
Elimizdeki dijital g°r ¢ n( g ¢ &) CannyEdge

(FindContoursyonksiyonwygulade k tsanma( k ebkdidl e

= Cmaxi Cmin

o!duju gibi)Ak_eAn_a_l_r_I_aré tespit ergalimlnsilzjr vV e bti-zgcf,ld.fdfli‘(aiﬁ%/fﬁ kayd
Fi ndCont elderestotd awerigni MinAreaRect : ¢
fonksiyonuylai k1 edi ] i mi zeley ickisienkilzige , | Ommxoamy 0 eger MAX =R
geni kIl ifJi, orijine g°re a-ésé (ve orta nowfase bulunur.
kekil bodeki gibi -ekte el dey.ede0bisr— khidgerh/dfe Rker meze
kKeklin orta noktaseéedeér Ardéndan| da ana kekJlion jgkenarlaré o
noktaolacakk e k e d d ékjeekniélzidgi®rr..,Cnt ¢ . B R ) o
el de edilir. Li,uradag-izilen yen bﬂ”k"e*kﬂ 12[)ke§er‘uzr4}f5ré ana K
orta nokta® ndg @ - i igeodro ] r wirwmk &k s e k 60— + 240, eger MAX = B
demektir. D ¢, K pandag e - i isecaranank e kile |
el imizdeki «ekil uyumsuz demektgr {U He me ager WéXneh —oju
kapalée «kekil i -in keki.l tespit al %%t,ml&gﬂse ayné y°ntem
-al éxkér .
V=MAX
Y u k ar ®rksiybriile RGB resmimizHSV oy e

d° n¢ whrg K



X ve Y eksenindetaramay a p éThranmma sonucunda
piksellerar a s ®enkg @ ] u rf lau Kgé& rraenokta
Canny noktaseé ol ur. Ve t¢moo
kaydedilir.

0

HSVUz ay é

HSV (0-180,0255,0.255)

0 00 150 200 250 300 350 0 100 150 200 250 300 350

¥rnekr sel

IX. OtonomAr aKthl anél nBa¥eénakDair

A.D¢zgeéen kikkkpdl é
1) ¢evre dcdomrmamdnmri aracél éj
dijitabhl ghégnt ¢

RGBUz ay é

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

B. InRangeile belirli Renka r a | lulmékn &
0 QIR o)'D,0 & ' W@QI(QQ

O AtAOAIHME- OO AOAI gk
I o eo®@op»

M6y = Alt A O A4 $<E- OO0 AOAI gE
i OO O P

O aidi & vR-i &I va Q
1

&0 QQITR NG ¢ & ¢ QBRI (Qa) Q

e 2) Al égan QRGBA HSV 6-yeev wayeéni r
g°r ¢ nbuykmedkzollrd e

Original Frame

\ Mask Image b Final Result

¥rnek ikKlem

C. CannyEdgéle kenarn o k t bulmak &

' Gradient Gradient
Direction Direction

yedge edge



3) Ardéndan I nRange ile istedijimiz renk aral éjeéene
s e - i Ybueviedegaussiafilterk ul | anér san
parazitleryoko | acakt er ) .

6) Her «kekl e yapeélan tar ama

4) Ardéndaapoanny i K| eilmikenar | ar é bir tanesinin eliptik bir k e kdalgpo | duj unu

5)

belirtiyoruz. Buradan FindContoursile her bir hesaplamalar sonucundaa r é y or u z .
kenar - i zgiasymi@r seri i -erijine
kaydediyoruz.

7) Vesonolarak- e g ¢ € ¢ nbukmka | de

Her bir seriyed e | e kaydettiktensonraHough
- e mbtespiti al gor i kultaassa& a d € m
adéetawramayapacapeBdmé x| emi mi zi

yapeéyoruz. Bu °rnekte topl vV e
ladete beveyn kontg¢grg¢g bulunur
her kontg¢ren yeksekIliji, g ve Y

konumudaMinAreaRectfonksiyonuile bulunur.
Bu °rnejimizde




t t ¥anidhoratdeen az %85 ise bu

B. Ke s i Hlipsi k ar
yent éabB®@dar t ol eranseéemeéz

ki mdkadarkia n| at t & b byardibrtaddz¢ z g ¢ n

el ips tespiti i-in idi. Lakin mék ka
ol mayan elips bu durumda tesp ot o ¢
Konbigrl ekti rgmea -eyll emitriiri yor uz
4) C kontg¢greéegne yaptée]jéeméz toe
dejerimiz %6406t ¢r . Bu da
] st Kekbiul duj umuz anl aména gel
1) K| %n cbe parentkonturununi - er ieai nde
b¢yeéek korsteerigymg auéiz
Referanslar
2) Se-ikent jarana y ap &y @mnamaz [1] Richard O. Duda and Peter E. Hart Stanford Research Institute,
sonucunda daéghHdlt i k . o rAa @k Pai, OaBfania 1970
dejerin alténdadeéer . http://research.vuse.vanderbilt.edu/srdesign/2009/group2ifpd4. pdf

[2] RosenfeldA. PictureProcessindgpy Computer AcademicPress,
New York, 1969.

[3] Hough, P.V.CMethod and means for recognizing complex patterns.
U.S. Paten8,069,65418/11/1962.

[4] Griffith, A.K. Computer recognition of prismatic solids. Ph.D. Th.,
Dep.of Math.,MIT, Junel970

[5] https:/ivww.cis.rit.edu/class/simg782.old/talkHough/HoughLecCircl
es.html

[6] Sergei Azernikov. Sweeping solids on manifolds. In Symposium on
SolidandPhysicalModeling,page249 255,2008.

[71John Canny. A computational approach to edigtection. Pattern
AnalysisandMachine

3) Bu durumdayeni bir algoritmaeklenerekd o J r u (g]IntelligenceJEEE Transactionsn, PAMI-8(6):679 698, Nov. 1986.

sonu- arayékéna girilir. ) ) )

. . : - _ [9]F. Mai, Y. Hung, H. Zhong, and W. Sze. A hierarchical approach for
En beyek i - konter = A fast androbustellipse
Abya en yakeén i- kontg¢gr = B
A+B=C [10] extraction. Pattern Recognitiofi] (8):2512 2524, August 2008.
C yeni tarama yapacaj &megzrhokaR s Modsllind. Rabe dnbi viddb Broceksif Nadguét boos.
i Kl eminde hat aerpbrazédam@& z (d¢z -1 zgil
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i kKl emi dieg .fGeeddrks mod¢l asyonu ol arak i
. . , _ . sinyal iletim oedialmaink tvael(éyécé,Mlolde,l'em
¥Z_etD<,nyna¢fusuadméI_KaAlGerunun_udaberaberlnde v reK-n tas'na uld&mepg q(tle%isébrbiklg
getirmekte ve trafije -ékan ara- Y es I%I FCE Ine Ni & der.d_,l-
y a n nmmaotodara sahipar @ ay & s & n t @ k irzargr eermektedir. |r emo ¢ asyo LK I'se model a
Bundan d o | @y & ¢ meetekiriki ar a - daacrretvemullante éyeéceée ikaretten ayermak P-in kulla
art makBatzar a-il-aknl | amab amnlsistemtednin  [5)4]
temelinde Seri haberl ekme bulunmaktadeér. Seri haberl ekme senkron ve
asenkron olarak iki ke ki Iincbkenmektedir.Seri‘ haber | ek megdeJATERYAL VEY ¥ NTEM
haberl ekmeye etki eden bir -o0k fakt°r_bu| unmaktader . faktorl erden
birisi de iletim on uduri.-Airrbdlenan haber | tegmleer § 2 IeKmadahzkludallIaeneﬂnanprotokol leri bir
mesafel evd hdlee lade ikmd | a bygel tazmu n | uile| aSiesi ¢ z e r i anldéeemmid xlt & | peotokulleri a r a s maeldnaeler
dej i Kkge"rsltlekr ebBU li ywe il Ipeotokuleri CanBus,Rs Y a p € veméaxr k €| akd -é& lell anmd laa géed 0 ¢ ml del er
232,Rs485,12C,SPI gibi °r nek| endi makhle Hei 41 ai--Buf zetl enerek ilerlenmiktitokbkiampenoijee
haber | e kygey eabilecek sistemlerden sékul | arbg | aiygunl ujuna karar verilmiktir.Protokol
protokollerin k u | | aan é&am | g ¢ Edeegflendiriimesi ve ar ai-- i Madej er |l egdpemenkEet er .
uygun protokole karar veriimesia ma - | anmékt ér
2.1- lj{ETK\/I ORTAMINDAN KAYNAKLANAN BOZULMALAR VE
Anahtar  Kelimeler 1 CanBus,Rs485,12C,SPI1,232,Seri G'R!' LT!
Ha b e r | Hektrikié Araba, Ha b e r | kelkentei, m Yol o b _
G°o°nderilecek olan verul kmwexkcéayarkhdda
bazé bozul malara wujrar b u veiletmwdlumal ar ,
yézeéeontdeaermakt aakéar] .gliitakleat enebi I ir. [5][ 6

1-GI RI k

Haberl exme i htiyacé i ns an daliylewan n )ﬁ%? (raerM(Fel\/aa{T}aso %Jajlg'

ortaména ol aerraikl edceejfiik

olan bir gereksinimdir.Y e r y ¢ z ¢nnsdaensl aayréésné h @va b & K k "~ N
mekanlara dajélmalaré ile birlikte §|etste|”kllaerg_lygrlngredre'.nl ehnab%?l?f"gterlﬂe gl iy lq
- ék méktteab &mlrigiyimdir noktadan b a k kia noktaya k € 'ABU 5|nya|_| 0 ukturan har
il et mektir . Hemibier |bédgime elektriksel yollarla miktarlardaz ay € f | afnabar &r e kzdseafve bonamalar
g°ndermeye, al may a, |KIemezyraad«earKméréqfatrd&qlkltbaldn-?d'bé5I]e,16n]16n|n

bi - i mdaméini ve uzay i - i nkdyeak olarak ad| andlarr €l an

noktadan (v edenilenh g kbiaol kit sanyend(dad re&lema s & doe-f G Tﬁe Z“'mase
telefon,radio,televizyon g|yba|Kaenlteekmé/r‘;zrf'%I nden ehbozulé irdla!@K'r’\Bl_u_k
vazge-il mez birer par-asé ol mukl af %”'Pe%ki? 'IJF'bﬁrs?%t'?kal?lqla@rty"fmk'm etrr' cﬁq‘aé're k?zfij
°rnekl(luela(reikide‘ﬂrealanabll|r;radaratt;lgiléaq’-ﬁyqn gbg%}l kler. d oftuam
aktarémée,askeri ama-lar i-in kul I %f pdgmt‘pr‘gqugopuymg céurumagrnvgrﬂpbllllr[ﬁ][g]te isteni
geni kletilebilir. EIl ektryoenniik idleevrriee Mg IedrealbajelkmoIOJ|S|ndek|

ol arak °n¢gm¢gzdeki yéllarda iIetiKim]e3‘ el nhitid gellK ol ka-éné
[11.2] Ha b e r Isistemieendey a K a|ata1meyenbozulmalarayan| ver|y|

b| r kekilde iletilememesine te
Haber I¢emméanal ¢ z e r i gnedre-ne k | e k i ve.ilatim r i9céiZ 9a¢
ortamégVaed e c bilgiye oreda iletilecek hale getiren,gerekli ©ftamd %@ynaﬁlanarel ektriksel yresigale b U digakasnm

kodl amal aré ve kuvvetlendirmeyi yglz?jraé(taneqrglléw"n}mgant’kﬂedeadurxglqlr%qcﬁﬁ{reaglbééér|§e

t ar afk@nd aofamakg R n d esinyalinkodunu- ° z ebilgieskyalini  Parazitt Kst enmeyen sinyaller ortamda
orjinal haline d © n ¢ k telektromikd e v r e | e rar tr dse{delct | m bizim frekarbezecnezelgyglleyenlarak |
t ar afiélnedtainmhale betiriledsimyalin g © n d e roirltdainjdie r . K1 dtyirfgmdan kurtulmak i-in ek elektro

ortaml aveykhakhbl osuz osllmak Kazyeribgk ti skni y-BEQda ¢ zebef ul mal eder

gereklid © n ¢ k g mlp & dveaiciya Ketilir.Verici bilgiyi iletim o r t a mé nTaTermal Ge¢r ¢ Itsc@k r ¢ tevrede bulunan kompanentlerin
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elektromanyetik bir dalgayamgd e eder ek el de edi lir ki bu bil gi sinyalinin

takéyeécé rol¢gng oynar. Modg¢gl asyon ZZSGQQWHAé’EFELEbk'MEg' iKaretinin iletim o

uygun hale getirilmesidir. Yani iletim ortaméméza ygu an elektroman

dalgaya Serihaber delmrlbmeerlylg ° n deir -nietHenc z e r birbitipeenk
pegeéndeyap &ige®rn.d & kK1 mmmie 8 doga&krbrackd hith g é -

uygun hale getirmek i - ibilgiyi t a & € §inyale module etme Sonunda ise bitik biti bulunur.[7] Bu
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hema | fEemiletmekzorundad e ] i | di h a e n kgoredalay & v a K
brhaber| ekmedir.[7]][8] 2.4.4 CanBus
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eder.Bir sembd yada s a wabit s a y &idgaubudur.Haliyle bir saniyede
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ol dujewkdttacakteéer. [ 7] 9]
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a
¢
s
k

e K
CAN denetleyicisved ¢ ] ¢ ear af é ndan
én
m
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Abstract - Batarya Y° net Bistemi (BYS), h¢gcreBataryanén uzun °m¢grl ¢ ol masé
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ger-eklexktirilmiktir. . . . " _
bypassd i r e n kullamarak bui fazla enerjih ar ¢ 8n ér .
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Keywords- batarya, bys,a k égarjlim, s & ¢ a %oC,8dH, pil ener |1 sl ol arak dékadecxkathal am s
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I. INTRODUCTION
Batarya teknolojisindeki ilerleme, batarya y ° net i m

ATARYA, pil h¢cr el esearii mei rparalel ) 2 o . . .
baj | anmh s flghketleridir. Piller, pillerin sistemininsalt bir izleme¢ ni t e s io k & & entegreye
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Batarya y © n e tsistami, h ¢ c r ealrears & watilank itemel teknolojiler ge |l i K mAiykrtéi BMS ile ar a -
L o -

dengesizlikleridikkatealarakk awveyad e kKkaarjt r !6? ntrol rkloart ,r o6 1 b kY vb. aras
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o Batarya y°netidmzelilsitlelmé miimdere
Genel ol ar ak, bataryal ar |e-K|in[|eer}ne°r}q)rﬂlklsiq/%1n|u|ﬁlﬁ%qlearkc{qrf
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t ar afvennkkeave bataryada saklanabilecek azami  kapasiteleri vb.), BYS dengesizlikler bulunfng ¢ r el er i
enerj|m|ktmmséetméktedlrSoCdejeheaapla\pén)ﬁlééaktif (gelikmik sistemler
Denkleml 6de veri |l mixktir.[2] sistem i-in farklé noktalarda
ile h¢gcr afr as é dedgadiziikleri gidermeye - al é Kk ér .

SoC(t)zm Kullandéjéméz dengel eme nd® ntenmn
c(n) (denklem1) bul undurarak pasif dengel eme vy

Hecetei t 1 emekdleiklm ekd ceemi k't ir .
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s ¢ r mesafesinihesaplamaki - b h d ukn eml SOHi r
batarya@ n d&uwarry munu olgrakgd et & ki r .
Dengesiz Batarya Hiicreleri Dengelenmis Batarya Hiicreleri

Ill.  HELPFULHINTS
Bir batarya paketi, kaynak, ama-lareée i-in et er | i enerjiy
etmek i-in seri veya paralelfelﬁ'jjcernzg'eg]r'upVIeangenndgaens'yzapBéaltéarr.y
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ger-eklektirmektedir .hablrexr6l8e0kdme6 8 20 I)(VZ(§@NI5'-IUS'O%IJ é
devrek e mal eakr MeElk e&7iGlder i | mi Ktir. Bu- al é ElekiridliahAr a - kail dape Bmeskar é mé
yapél mék bataryal ar it-d<ardlganme
veger - e k|l e BMIkrai 2tadetsertbataryah ¢ cr e si ni
kontrol edebilmektedirPrototipolaraky ap €1 an BMS Kk a
| v batarya hg¢gcreleri séec akailtréigki € m,
- i s aj | an maSatjal dagwatroller neticesinde BMS
i [ ‘ taraféndan akém, geridlei mr |veer €
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Entegrede l2Adede kadar hg¢gcre geril i mi °]l - ¢l ebil mektedir.
12 adet h¢gcre i ki agdreut p Giddétien gbriurba ayr el ér ve her
MUX ve bir adet ADC bir i mi bul unur. Héecreler séraséyl a

yékskeKk] rulPuklsdsearekkcihaamaf ézasénda

s a k | raikroglenetleyiciyeakta & | aengelemeve karar

al goribumdager eekllek@6 8038b&aqar kI &

ADC °1l -¢m modu vardér. Bu modlarda °I-¢m dojruluju ve
-evhémé adesgedadlkii kmektedir.

LTC6804, h¢gcre °1 -¢megnégn yanénda 5 adet genel ama-1| &
girik/-ekeka sahiptir. Bu kanall ardan seécakléek °Il-¢m¢g ya
i - iamalog sinyal okunabilmektedir. Ay r & TC&8804 - i p

sécakl éjénée °| -ebil mekt e, i - yapéséndaki MUX, dijital fil

bl oks$ ajr Ié &stihileT€6804,h ¢ c°rle ¢ mpagéan d a
5adetgenela ma g il ©i ksahipérBiekanallardars € c a k | & k
° | - yapmaki - analogsinyal



Yenilendilir KaynaklarinElektrikli AraclarVeSarjlstasyonlari Icin
Kullanilmasi

S.MIRJAFARLIYH.TERZKQ®J L U
Sel lmkversit esikhdicenafadi@maill.ruk i y e,
Sel ltokver sit esihtekoglu@aelcdkedukri y e,

¥z@&tEl ektri kli ara- sekt?r¢ g¢ rkarlgoadioksitfCO2) gibl e tr gaklaratmosterteseraetkisio s i |
yakeéttg ket i mizmil ma swe n geailenebilir  enerji yarater .

kaynakl|l ar @m&n klowmlulsamda ol duk-a avantajl é olan bu

sekt gredrelc @R k é-nadlaé k veaalraark t & dewsanl a r

. . . - o Total Lifetime CO2 emissi
etmektedir. Yenilenebilir eneri kaynak| majinanmak e s emissions

Ouer the life of the vehicle*

el ektri kIl ara- satén almak i ste mal i yet ve
s¢rakal ekl dahacan diarans ma k tGaed @ k.mlark t e B - battery manufacture
elektnk“ ar as-e k t ° I‘g(,enl (',enb e iortada b | r 'gd)kr é K B = manufacture, maintenance, and end-of-life recovery
b ul un muBtobmbergNEF (BNEF) t ar af rad/&m | anée ™ =fuelproducton
Yeni Uzun Vadel i E|l e kS artilékdefi Raphm,abu W = vehicle use
konudaki en k adpasma mbbieér ir apload ak d
Rapora g ° r2040 y & | & nadraafildsunun %3 1 Gelektrikli e Stendard i grecticly ile
ara-| ar dr#ceadaelektrikli a r a -%41ard birgkana oo N et
Sahlpﬂr 4 Electric car 100% renewable electricity:
Bu -alékmada Enerji ¢retiminin B et ons 1l ané ol an
yenilenebilir enerjinin, elektrikli a r aeknolojisinde k ul | aném
arakt éwveeylanpéet ah é k mallnaid muVe tbuntar ‘. I -
yorumlanarak ilerleyen s ¢r eftak k é & ¢ n ¢Meen ) e SEie tine
yapeél apanréandab ahsedi | mi Ktir . e g
Keywords:Elektrikli a r dosilk a y n a kehilanebdir,enerji. k e KLiArabalardaCO2 emisyonu
Girick Kn ssani | v € v iehdjtddenk ¢ r € s € tehdidi

Elektrikli ar a - dereliikle - e vr ¢y atekho®ji ve havayknilehebpilir edefjayak:
(green tech) olarak lanse edilmektedir. Bunun nedeniise  zarar vermeyecektemiz ul ak®mt emy e} unkak me
elektriki ar a - lkarlo@ emisyonuna neden o | ma d &jod un | udtayd udékiar rBé Yte & r- .addénigle,
g°r ¢ kKAndak,tbug© rtgnka nl| a ndéoyjldaei| i | diil mk ém@&yetir b° | ¢ rkgrayolu ul ak @ mé i
Elektrikli a r a -dl oal r phkarbk&arbon emisyonunaneden ger - ekl ekt i ri Il dijJindenm,a-dlake ny
ol makt adeér . Dol aylé veya enedgzektekhmbsponl emésgogudenekhcde
ar ay-ak é tgérne@ s 8nri a smeydahna gelen karbon ¢ r et inwevcut &eknolojilerinige | | Ki F amalkt ér m:
emisyonudur. Elektrikli a r a -diretrkarbon emisyonuna kur unilé ae &4t ? & jprojeleri¢ zer t adékmal ar
nedenol mamakt adér . Ancak, el elartiekmakamae€rdrnén neden ol dufju
dol ayl @ karbon emisyonu, gel éAneakdalr dar a- I&kdutl a iadorésgrmeas - cske fi ¢
f az | aDdod ra.kadrben emisyonunun bi r -rmedeni ul aa@mdi - & meé ren®l ,eenm? & ¢ nBataryanerji
bul unma¥t aelérak.ar a;,-r et veyaienerjiyi yoj unipairplti o r gvalkie gP amal ¢ K gk mas é

saj | abatarya ¢ r et iElekitrik enerjisinin ¢ r et imadeni yl e el ektriklIi arazun ar l
syl enebilir. s¢raest ¢ hlug & ma@e kedigyonl a r &edefinde
keki.l 16de go°r¢l de] ¢ ¢zer & adbyh a y glamkherakortvansiyonehwo tsoyrol naur égn® zh

°n¢ mé é ntdkéifde bile, elektrikli a r a -geleneksel el ekt r i k enerjisinigetrep8hight ip k

ara-lara oranla daha az kar dektriki @ ma s (HEW) niaya - nEek dreeAkyt reérana k tmae oh &

Lakin enerji ¢ r et i mi nd abkalbanemiks y onlkary@ésé sunmadan el aktar ildkedrda \be

yenilenebilirkaynaklask ul | apét adak kal débriéerl aalitterrnati f ol ar askipfidd-iulgab |
N¢ fairstvesskaén a y i |katlanarakb ¢ p ¢ npe it ihimita r a -(PHEV)Q ¢ n ¢ meaylgénl akmékt ér |

i htiyaceéene dol ayéséyl a enerji gereksinimini artéermakta

Genemegzde elektrik ihtiyp&keanam YENUENERILIRENERININESEKTRIEL ARG & | |

lek ar k & | a rElekdrik g raedtéir monmafdsdyna k € t | ar & HEKNOLOJISINDEKULLANIMINA GENELBAK 1 k

en -ok kullanél déejée seht Yr, ks etke Kgnileneliliu dnérjpknaéym aakrd traée ke z stz €

ol an ul akém ve ul akt ér masil délwtokrg g der, bEPAgaz20We)j.eot er mi

y a k é tylaskréd sonacair@ainsan s aj | &jraé veren elde edilen enerjidir. Yenilenebilirenerji(YE) k ay na k| ar &

kirletici gazlara - & jéakNitmojen Oksit (NOx ),
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kul |l ancORl evmbs 8y onydl aF eedm,l aybus ey§ af enin kor unmase ve fosil y e
kaynaklark ¢ r eessedln memlgnalmaz. Bu nedenlefosii P @]l aménda g¢ndeme gelen el ek
kaynakHualrleamredmne k & a m & sy mdiaai gl nc el geqbnlqmmoblllfrln Teér kekAy_nfamlsmev_e ) |
yeni bir enerji kaynaj @nedigi ay &R b !d§BBralinge sl o j 2ot K@ 8eq Koty & 1 & 1 m
ve yenilenebilir enerji bunaalternatifolarakk u | | an e | afin|wagpk i g v dostu o | maol gyraénsee iyerlek ’
kanaatine v a r & | rhakix telektrik enerjisinin k u | | a P& - 2l ar'énén ve zellikle Dbat:¢

a | a nféanzél ne gelerjeksel, r emd tno tzlinaaddive durumunda el ekttriickarietar¢az-€lrairnéd
pahall Gu] yenitbrebilirenerjik ay n a kb wirvengEkieriar t makr ad kai d a elekriskcaaykn aj e n é
kul | antéenteinkel Emektifkli ara-YWhrlnl 'f,'rnf_teikn’\ _ygni lenegrbetliilrmes
kullanéméndaki yenileneilimlka y nbai krppépm@t\d@seeektn li otomqbnlenn olumlu etkilerien¢ s t

kull an & | eektrikk ¢ r e tpreosesine dahil edilmesi SeViyeye é kmakt adéer [ 5] .
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dekenel mekt ¢r. Burmknviea mial lgeiknmbd ki eknglgik g e | i kkawdndioksits al € né mén
vardear . art éf av avenlea z ar ageriedn® n ¢ | boyutlara
Kktilsater abir ¢ ®kd & K Stmucé@ anerji ul ak masesbépnogl .d_u ) _ude\deﬂen all!fcernatif enerji )
k eveigreil | kahi x @y lka s e-nidfatk ipgzftifn | K@y na&i ay @« &nmd kBueenalfjiikray nakl ar &
jenogy @ | ankaakltkacuesima y ¢ measalel akenda yenilenedédol amd@s(ra(yenjaé(ma
arak artan enerji te¢keti mrjf},z%%rer,‘lﬁq Salr 79 €9l ;MeeKpt & dhiir . o Frag (K
raberinde getirmektedir. KINnqopebi % I § °yragnpseg plekigicapoforuile 1 5 5 g
y ¢ k s¢elkk e Iyerli deeyenilenebilir enerji k ay nak[ &F §Kkan omobil'lherin ¢retilme
alternatifini  k ul | ann menere arz gcevenl iGO92niSal enémeéneé azal tn@0kmisyont a ma
artermanén/sajlamanen yanen¥aPtel,&$]xhengliglirp, tANC agk e,
yayd&rms ipoblémii- © z m& p eskag] | a yiae a PI%] elektrik enerjisinin¢ r e tS|_enn|a siaez_nadr_agazlare
edilmektedir[3] yaymaseé ©°nl e'neb| I.mel i Q| r. Bu d
Avrupa Birliji KomisyendKRymakéayreeidiaingesimkyl ppbijmekiggir.
2020 hedefi, 2o0&meryjeil enrdeat it offHigind8i io%lse tsnkgiljmaksimizasyonu, maliyet
yenilenebilirkaynaklardanelde etmek, serag a e@mésyonunu  Minimizasyonu, mal ve hizmet ¢ r e t eplenkr e f ahéené
%20 azaltmakve enerjiv e r i ml%204d fjti enri(ererfi t &f t t €rmaya katkeda bulunmak, i
t ¢ k e t%20mizatthak)Bu hedeflerd 0] r u |l tAwspa n f 37 d€DE 6 atiman ek | mgtlananey e k ikla r |
Birll kieveadayi | k gleé & x@joiedaesk ¢ | | $t @asy 00l ke mieskduer u | dnialse]uygur e,
kebekelanyap@al| ek mhhrF amaik aalrigf@syon verleri belirlenmeye - a | € K thej-eanhéézk ma d a
Keb ek eh &mnie miedeflerinden biri; son k ul | arfddd any®f ©ehenzd Isiet i kProsesigirfr ar ki
t ar atabanfazmdaj 6t el mek cretim v & aESheEd bir leopkelelrkiy, gy, g -ptir aelektrikli
ol anak tareélpaklk ime ki mdilgoskdeshr e kAKINe ar as'éardlaadd © | statejisinin genel bir
Uy gul awayernlenabilir enerji kaynak!| ggerd Pdqn¢! asyonu verilmiktir. Ekde

icretiyawnganl! akitikes artad g ¢ - t alO%Pptilpmi zasyonuna dayanér. Bu ya
karkel agmeiiver i ml ik npgekeneri - eK|gt¢',I-y!oAI_I(aKr|emd/e geiecektekl)Nar ac_el ej e
tamponuolarakg ° r yapacaksistemlerve enerji depolama € ! ekt rijin ortalama fmaliyetir
°n¢egkKt grmek i -in bul uksa
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teknolojilei o1 d Uk p @kna z a n mEnerjt éepolama Maliyetire  d R _
teknolojisie | ekt ri k ge¢- sistemleribili KOmtreddy jStfedite® ] iySeini | Rinfe b F Y

e
elektrike, r e t & mi @veunlakk ¢ € k mapetph e e €7 d€HFanu ouraasanulduve'buy ak I ak é me
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the image processing software was prepared on the Raspberry Pi (Uzaktan K_u nja ndal (_a_ Ara-) ! oto
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that will contribute to the development of underwater vehicle TemelKésal t mal ar :
technology. Underwater vehicles tend to a certain angle, descend A AUV - Autonomous Underwater VehicieOtonom
to a certain depth, $iould be able to perform basic dynamic Su ad rtaéc é

movements such as docking and cruise. These movements are
expected to be successful in the face of disruptive effects such as
underwater currents.

A ROV - Remotely Operated Underwater Vehiele
Kabl o kumdarkatc e su

AKSAKnN s asnasl@tzéa c é

Keywordsi G° r ¢ KK |, eKmes, aBufé A € a R@V,

Otonom, Derin ¥ r e n me kekiolfas aSualekenef | amder Emmaser .

. GKRKKk
Kns aSuA lera - il ae réifizkseloldrakbir insan
bulunmayarves u  adtohotnalarathareketeden ve

uzaktarkontroledilebilena r a - IGg rnd;émrg.o fva |
- e v rkeasyenl a k b B v Bvairlcslenmesisivil ve askeri

alanlargibi- e kamd -il arl a kylll anél maktadeéer .

Suadrttéamarpdkdad © M a leaaraldahazorlu

ol maktadér. Hem ortamén farkleéeléjé ve dejJikkenlifJi hem de
bozucuetkileredahaa - @ k ulkkauh e r 2oduklad@dy a s € n -

gi bi problemler Knsanséz su alté ara-larén temel ©°zell ikl
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Temel ol arak Kabl o-Otgnhom olarak |
i ki ana gurupta dejerlendi
AROV (Remote Operating Vehi
(Autonomus Underwater Vehic
(2]

2.1 ROV - RemotelyOperated Underwater VehicleKablo
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2.2 Mikro-Mini ROV
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resultswith the provided data. Deep learning works like
Abstract- The popularity of deep learning technology, which is neurons in our brain and creates its own rules. For example,
oneof the basicelementsof artificial intelligence,isincreasingday  while we introduce the properties of grapesin machine
by day, and its popularity is increasing in the field it covers in the learning, the algorithm can distinguish which is banana and

literature. Deep learning is us_ed prlma_rlly in industry, medicine, which isgrapein deep learningwith its own operationg5]
economy, technology, education, robotics, etc. produces smart

solutionsin 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 learring,

Takine 6grenm¢

Yapay Zeka

I. INTRODUCTION Figurel: Artificial intelligencevenndiagram[6]

n today'sengineeringapplications,applicationsthat think  Deep learning is a machine learning model that uses artificial
like humansand behavelike humansare emphasizedThe neural networks consisting of multiple hidden layers, so these
namingusedfor the humanphenomenorto takeplacein  neural networks are known as deep neustlvorks and this

engineering applications is known as mach@aning. [one]  framework is called "deep learning”. [32]. Deep learning is a
Machine learning, especially in industry, speeding up the wotkpe of machine learning that trains a computer to perform
at the production level, improving product quality, Similar tasks such as voice diagnosis, image identification, and
classificationof productsetc. It is preferredto useit to quickly ~ prediction, just like humansdo.[33] Deep learning is an
perform suctoperations[2] [3] approach in the machine learning family ba;ed on ar'gificial
Information technologies have become an indispensable Neural networks. Learning; It can be supervised, semk
element in health as well as in all areas of life. The use BfPervised ounsupervised. [34]

technologyin healthis usedintensivelyateverystagelt is seen FMaﬁhine Iearnir_1fg ri]S inSUffiCientr:NQ;re th:ere is excesi ddata.
that technology dominates this field with an eir@reasing or this reason, If there Is enoug aep learning metho

performancein the dimension of diagnosis, treatmentand should be used. These special studies; Deep learning is also

decisionmakingregardinghework andprocedures$o bedone, frequent_ly used in areass_,uch as voice recognition, image
. . L . rocessing,recommendatiorsystems,and natural language
in short, in almost every aspect of living health. The dmgnosE

£ di I he timi f the di ..?Tcessing. [7]- Unlike other machine learning techniqites,
of diseases, as well as the timing of the diagnoses, are Critifait,mscalculationswith multi-layerstructuresatonce,notin

for living health At this point, theintroductionof technologyis 3 gingle layer, and can discover the parameters that need to be
important both in making the right physician decisions and i§efined inothermethodsghroughdeep learning data.[8]

time, etcimportantfor savings. The most important advantage of deep learning, which is a
system based on learning from data representation, is that it uses
ll. DEEPLEARNING efficient algorithms for hierarchical feature extraction instead

Beforetalking aboutdeeplearning,it is necessaryo mention  of manually extracted features. [9] Deep learning is used in
the phenomenonof artificial intelligence. The conceptof —Ccases where there is too much data that cannot be processed
artificial intelligence was first defined by John McCarthy advith traditional methodgLO]. .

"the science and engineering of making intelligent machinedn short,deeplearningis acomplexcomputationamodelthat
and intelligent computer programs”. [4] Machine learning angSes multiple layers of processing algorithms to generate high
deep learning are the elements that makehepconcept of level data interpretations as opposed to performing specific

artificial intelligence. singletasks [11]
Deep Learning is from the family of artificial intelligence
methods. Deep learning is a machine learning technique. I. USEOFDEEPLEARNING IN HEALTH

Briefly, if we define these two concepts, machine learning is Deep Learning systems can enable doctors and other
algorithmsthatenablehemachineto derivelogicalandrational  healthcareprovidersto diagnosefasterandhelp savetime by
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reducing uncertainty in their decisions and avoiding costs affythisdirection,artificial intelligenceandits sub-unit elements

dangers[12] areusedbothto diagnosealiseasesorrectlyandto preventime
The use of artificial itelligence, machine learning and deegindOtherlosses Deeplearningmethodshavebecomea very

learning technologies is increasing in the field of medicine ég)puliarapplicationin the'diagnosis'of problems,asin every
well asin all sectors. [13] stagein thetreatmenbf diseaseslt is seenthatdeeplearning

methodswhich are successfuin the analysisof big datawith
3.1. UsageAreasof DeepLearningMethodsUsedin Health different network architecturesand learning algorithms, will
Field help healthcareprofessionalsboth in the early diagnosisof

diseases and in the early treatment of the disease. [19]

Artificial intelligence can be used in clinical terms such 3@ pinions on thefficiency of detections made with deep
stayinghealthy diagnosisdiagnosis, treatmentgsearchearly  joamingtechnology in theliagnosisof somehealthproblems:
diagnosis, home care, etc. used in fields such as Below are

examplef someof these uses. [14] 3.2.1 Detectionof Pneumoniavith DeepLearningModel

Staying Healthy: In this area, people are helped by using Pneumonia is defined as lung inflammation that occurs as a

artificial intelligence and the internet of medical devices ) . i
. . : result of the effects of organisms suchvasses and bacteria
(loMT). With thesensorsn thesedevicestheheartrate,blood . T
on the microscopic asacs.[20,21]

pressure,calories burned, steps taken on individuals are
followed andindividualsareused tdeada healthierife. [15] About7%of theworld'spopulationis affectedoy pneumonia

Wysa, which was developed asherapy bot, is an example €ach year, and up to 4 million of affected patients die [22]. Early
of natural language processingbased artificial intelligence diagnosiss importantin suchdisease§23]. Typical symptoms
applicationsfor the protection of mental health as well as include chest pain, shortness of breath, cough etc. takes place.
physical health and providing psychological counseling on thigiagnostictoolsincludesputumcultureandchestX-rayimages
subject. This service, whichcan alsobe usedas a mobile [24]. Recently, many studies have been carried out on the deep
application, provides support and advice to patients about Iearning model in the biomedical field. It has been understood
differentpsychologicablisorderssuchasstressdepressiorand  in the analysis results of the studies that deep learning gives
anxiety. Theapphasaroundl.3million usersworldwide.[16]  effectiveresults. [25]

Diagnosis: There are different artificial intelligence
applications used in the diagnosis of diseases. One of the mdg:2 Detection of Diabetic Retinopathy Diagnosis with Deep
welkk nown examples is the dAlwakeamngMedelr Heal tho application.
has a multimodel structure and provides support to doctors  Dpjagnosis and treatment of Diabetic Retinopathy, which is
diseaseshat aredifficult to diagnoseAnotherexanpleis the  defined as the damage causeddibetes in the blood vessels
fDeep Mindo application. THhyitge refifaledhfapet dof thé eyd, & of Jital & tBncel ik a 1
system that can support, strengthenand develop learning order to prevent the patients from losing their sight. [26] It
algorithmsonlineby healthcargrofessionaléromvariouparts  reveals that the proposed deep learning method for the
of the world. [15] diagnosis of DR diseasehas a very high clasification

performanceomparedo othermodelsmentionedln addition,

3.2. Efficiency of Diagnostic Phase witbeep Learning in ith the proposednodel,especiallythei Mi N RID Rstageof

Health DR diseasavasclassifiedwith highaccuracycomparedo other

Theuseof expertsystemswhich is asubbranchof artificial ~models[26]
intelligence in the field of diagnosis, is encountered in various
examples. Especially in diseases that are difficult to diagnose2.3 Detectionof LungCancerDiagnosiswith Deep Learning
applications that can make predictions electronic patient Model

records and patient data kept in cloud systems are used in thgy classifying it using the CNN deep learning model, an

USA.[35] o _ exemplary system has been developed for the deep learning
Disease diagnosis is one of the most important problemsodel whichis thefirst stageof adecisionsupportsystemthat

encountered in the field of medicine. The presence of differepgps doctors in the early diagnosis of lurancer. CNN and

types of a particular disease asichilar symptoms with other DNN deep learning models have been proposed for the
diseasesnakesthediagnosisof thedisease difficult[18] classification of CTimagesusedasdatasets [27]

Saghk Hizmeti

Tip

3.2.4 Detection of Breast Cancer Diagnosis with Deep
Learning Model

Dijital Saghk N\
el
w Themostcommoncanceiin womenis breastcancer Among
7= cancerdeathsn the Westernworld, breastcancetis the second
mostcommonin women afterlung cancer[28] Early detection
Figure2. Positioningof Artificial Intelligencein Digital of the disease is the best method to reduce death rates in breast
Healthcard17] cancer.lt appearghat both benignand malignanttumorsare




bestpredicted with aleep learning architecture. [29] [0l

(11]

(12]
3.2.5 Detection of Thyroid Cancer Diagnosis with Deep

Learning Model (13]

Whendiagnosedtarlyandwell differentiatedoathologically, [14]
TCs can be easily treatathd the prognosis is close to perfect.
The 5year relative survival rate of most stage 1 TC typegs;
approaches 100%. [30] At this point, early diagnosis of the
diseasads of vital importance.

[16]

Deep learning management has shown that pathologists can
detectthyroid noduledn digital environmentin thisway, it has
been seen that the difficulty and time of manually diagnosir{g]

AktanE.,B ¢ y Yeki: UygulamaA | a nAraa |&ie6G § § € Bayutuk
Ankaraj ni ve Bs i ge s Dergsie2018,hfl), 1-22.

Yi, P.H.,Hui, F.K., Ting, D.S.W. Artificial intelligenceand radiology:
collaborationis key. J AmColl Radiol.15 (5): 781-783,2018.
https:/fivww.allerin.com/blog/3vaysdeeplearningis-reinventingthe-
healthcarendustr
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Inkster, B., Sarda, S., & Subramanian, V. (2018). An empdtiven,
conversationadrtificial intelligenceagent(Wysa)for digital mentalwell-
being: realworld data evaluatiomixedmethods study. JMIR mHealth
anduHealth,6(11),e12106.

Shin,S.Y., (2019),Currentstatusandfuturedirectionof digital healthin
Korea. The Korean Journal of Physiology & Pharmacology, 23(5), 311
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cancerous tissues can be reduced and a second opinion can bes1s,

offeredto pathologists. [31] [18]
CONCLUSION

Health services are amotige basic needs of the individual
andsociety.Forthisreasonwe canclaim thatthe cornerstones
of a global economy are also examined in terms of supply aﬁa]
demand. The use of technology is of course critical for the bgst;
performance of healtlservices. Atrtificial intelligencdased
studies seem to come to the fore in the field of health,aseity
field. The applicationof deeplearning, one of the building
blocks of artificial intelligence, has also gained a pesitive

(19]

(22]

(23]

reputation in theiéld of health today. Of course, déegrning [24]
has pragmatic contributions such as time, cost aculrate
diagnosis and treatment of the disease behinddpigtation. [25]

When the studies on the diagnosis of the disease related to the
deep learning method are examined, it is seenthat very [26]
important data emerge. These independent studies on different
diseases show us that deep learning applications are of giegat
importance in the diagnosis of the disease. Positive
developments, especially in the field @dta and technology,
will makedeeplearningarchitecturesndispensablén thefield
of health asvell asin every fieldin thefuture.
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The Use of Image Processing and
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A Review
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Images need to be improved to achieve better results. This
Abstracti improvemenis made with image processing techniques.
Radiologistsand specialistphysicianscan diagnosediseasewith Image processing is used for purposes such as improving,
medical imaging techniquessuch as magnetic respnanceimggir)g storingandrecognizingdigitalimages The quality of themage
(MRI),  computed  tomography (CT), positron - emission is increasedy usingvariousimageprocessintechniquesuch

tomography (PET), mammography, ultrasonographic imaging, S . . ;
and x-ray. Early diagnosis and initiation of treatment are very asfiltering, contrastdjustmentcolor changing, morphological

important for the recovery process. Automated systemsare Operations.This improvement step tlled preprocessing.
needed for effective anckfficient detection of the disease. Studies After preprocessing, important areas time image can be
in recent years show that medical image analysis is done with separatefom unimportantireasy segmentation according to
automatic systems. Various analysis methods are applied 0 ha need. Thanks to segmentatiobjectsare identified and
understand the images obtained with medical imaging devices. separated from thieackground.

Image processing, segmentation feature extraction, machine . . .
learning methods and deep learning algorithms are used for the ~ ENhanced medical images, free from noise and interference,

analysis of medical data. This article presents the different ~ USing image processingtechniques,are classified by deep
methods applied by previous researchers regarding the use of learning networks. Deep learning is an artificial intelligence
image processing and convolutional neural networks in the  algorithm consisting of many layers. Deep learning is used in
healt_hcar_e field. The use ofConvqutionaI_ Neural Networks in the many areas such as health, chemistry, industry, agriculture. In
?edlcal image analysis of breast, brain, lung and other organ the field of health, it is very important for the diagnosis and
isorders and the results obtained are mentioned. The results . . .
obtained from studies in this field werecompared. Finally, this ~réatmentof a disease.With the developing technology,
article alsoprovides recommendationdor developing methodfor ~ diseases can be detected with an automatic system. The most
future research. preferred deepearning algorithms are convolutional neural
networks(CNN). Diseaselassificationcanbedoneby training

Keywordsi image processing, convolutional neural network, the networkwith CNN. In recentyearsiit is possibléo achieve
medicalimage very high successrates in disease classification with
convolutional neuralnetworks (CNN), which is a popular
method.

In this review article, the use of image processingand

In recent years, the use of image processingaatificial  convolutional neural networks in the field of health are
intelligence in the field of health has increased considerabiyentioned. Studies in this field were examined and presented
Early and accurate detection of the disease is very impéotant i the form of a table. The methods dse the studies arttheir
patient health. With the use of image processing and de§fccessatesare given.
learning, many diseases can be detected automaticaley. Th
automatic detectiorsystem helps doctors bseducing their ||. MATERIAL AND METHODS
workload.Theaimis to improveresultsby reducingnspection
time and cost. At the same time, it is aimeckliminatethe
confusioncaused bylifferentexpertopinions.

Clinical problemscan be solved by analyzing clinically
produced medical images. Medical images can be obteitied ~A. Medicalimage
imaging technigues such as ultrasonic imaging (USGayx First, medical images must be obtained. Medical images are
magnetic resonanceimaging (MRI), computedtomography images obtainedwith various devicesin order to produce
(CT), positron emission tomograpfPET) andnammography. solutions to clinical problems. Medical imaging has become
The quality of theseimagesmay varydependingon the device very important for the detectiomnd diagnosis of diseases,
usedandthe developingtechnology. especially for theliagnosiof cancef1][2].

. INTRODUCTION

In this section, the acquisition of medical images and the
stagesof image processing,segmentatiorand classification
for medical image analysarediscussed.


mailto:pgulsahy@hotmail.com

The segmentationstep is very important to ensurea good
classification. It is easier to extract features from segmented
imagesand thismprovesclassification accuracjd 0] [11].

Medical imaging techniquessuch as magneticresonance
imaging (MRI), computedtomography(CT), positron
emissiontomography(PET), mammographyultrasoundand
x-ray are used for the diagnosis arehtment of diseases [3]. D. Classification

Analysis of medicalimagesis done by radiologistsor Machine learning methods and deep learning methods are

spoelzm?llsgp hys;m;’;ms JtEarIy dlggr:r? SISSt.vert);lmtporfrl[nn i usedin theclassificatiorof medicalimagesThemostpreferred
orderto beableto Intervenein the patientiaster. Automatic deep learning method in this field is convolutiomadural

detectionsystemsare neededfor early diagnosisof diseases, networks. Convolutional Neural Networks are usedniage

reducing the workload of experts,and reducing conflicting ; : lassificati d ) d
expertopinions.In this study,imageprocessingsegmentation processing, segmen'tanon, classification, . etecgon an
’ diagnosis. Deep learning methods are used in the diagnosis of

and classificationstagesin medical image analysisare . .
mentioned Machine learningand deeplearning methodsare many diseass such as breast cancer, brain tumor, lung nodule,
intestinal polyps, skin cancer, covi® disease. One of tineost

usedat this stagefor classificationand diagnosisof the
g g used deep learning methods in the field of health is

disease. _ convolutional neural networks (CNN). CNN classifies images
B. ImageProcessing by performing medical imaganalysis. Some results obtained
Image processing is the processing of images in the digitaith CNN give better resultdhanexperts.
environmentor variouspurposesuchasimprovementstorage CNNs are deep learning algorithms that use many layigs
and recognition. Image processing is used in nfeigs such various filters applied to the input imag#2]. CNNsneed more
as medicine, chemistry, agriculture and industtnage than one layer to find all the features in the imakee layers
processingtechniquesare used to improve the qualityof  petween the input and output do feature extraciiosh do not
images in medical image analysis. To diagnose the disié@se, neeq feature extraction again. CNN searches dthagesfor
imagestaken must be understoodand analyzed.Analysif o4 resextractedfrom the image,and similar imagesare re-
medical images is very time consuming and [aborious Tk o cedto the network.In this way, the network isprovided

radiologists or specialist physicians. Automated systems 4% earn. CNN is a classification algoritieonsisting of many
neededto provide a faster and more efficient diagnostic layers '

process. Image quality is vemgnportant for the analysis of
medical images. The images are first passedthrough the
preprocessing stage. At this stage, many operations such a< _______ e — -mm = s,

filtering, balancing of color inequalities, histogram { I { I " _‘_ |
equalization,contrastadjustment,morphological operatons ; A ! 5 5| £ 2| 5l
. . : ! g ' £ 2| % 2 £]i
are performed [4]. In order to improve the image, noise ar _ | ! ! g g 2| 5|i| 5
> DS . = ne fihages, 1t z | E g ElE gLEl 2
noise in the imagare eliminated by using filtering in the & st 5[ F: el el 2N g ? 8
preprocessingtage5][6]. By usingtechniquesuchascontrast |} % : % S % § % :
adjustment, histogram thresholding, and morphological ] < : < E’ 2 2| <l
operationsdesiredareasare highlightedwithout changingthe ! L] 1 ] L _J'
image.Morphological operationsare mostly appliedto black e ——
and white images. There are fourmorphologicaloperations:
opening closing,wideningandetching([7]. Figure 1: The general structure of convolutional neural network
Expansion, which is one of thmorphological operations, (CNN) [13]

enlarges objects, and erosion makes objects smaller. When the

image is etched after enlargement,this processis called Input Layer: Inputdatacanbesegmente@nageor rawimage.

decompressiomheunimportaniareasn theimage aredeleted  Thesizeandresolutionof theinputimageis veryimportant. If

with the openingoperation.When the postetchingexpansion the image size is large and the resolution is hilgaraining

processs appliedto theimage thisprocessis called the closing time will belonger,butthe successatemayincrease.

procesg5] Convolution Layer: It is the most basic layer of the neural
One of the most used methods in the preprocessing stag@dswork. The filter size to be usedtis layer is important. A

the Discrete Wavelet Transform. ADD helps to remove noisgew matrix is obtainedby circulating a filter determinedby

and noise irthe imag€8]. the image size on the input image. The output is obtained by
C. Segmention applying the convolution operation to the previous image in

each convolutiotayer.[14]

Itis one of the most difficult parts of image processiiter . o S
P ge p ReLu Layer: It is the activation layer. ReLu function is

the image preprocessingstage, segmentationis donewith . N
segmentation. Segmentation is used to divide the inege preferred because it is faster than other activation layers. The

parts.It allowstheobjectsto beseparatedrom thebackground PUrpose of the activation function is to convert the input speed
andtheboundarieso be determinedn theimage. to theoutputspeed([15]

The most used method in the segmentation phase is edtoling Layer: In this layer, the aim is to reduce the number
detection operators. Canny, Sobel, Prewitt operators aréruse@f parameters andimensionof theneural network. Reducing
edgedetection9].



the size also reduces the computational load [16]. The mdkpfferstheopportunitytowork with alargenumberof labeled

used is the maximum pooling. Returns the maximum of valud&t@ sets. Due to these advantages, it is frequentlynusesl
in a givenfield asinputdata. diagnosisanddiagnosisof diseasei thefield of health.

Fully Connected Layer: It is the last layer of the networRata
from previous layers is weighted. The most approprisgight
valueto begivento theneurongs foundandthetraining begins Studies using image processing techniques and
[17]. convolutional neural networks in the field of health are
Softmax Layer: In this layer, the previous value is takand examined. As a result of the literature review, the studigssn
creates an output value according to the class it is close to. Tiedd are giverin the table.

Softmax layeiis requiredto classifydata[18].

Classification Layer: In this layer, the output values are

classified.

I1l. LITERATURE REVIEW

Performancemetricsfor the classificationresults

There are some values that are used to evaluate the
performance of the classification. These are presicion, recall,
FlandF2 score.

TP: A true positive is definedasthe correctperceptionof
an object.

TN: If an object is absent and not detected, it is ctgrec
referredto asnegative.

FP: Detection of an object that is not present is referredto
a falsepositive.

FN: The state of not detecting an object that is present is
expressed as false negative.

Accuary (A): It is a frequently usedvaluation criterion in
classification problems. It is the ratio obtained by dividing the
correctpredictionshy the numbepf samples.

Presicion(P): Indicateshow manypositivesarepredicted.

Recall (R): It is the number of correctly detected samples
from patientsamples.

Specificity (S): It refersto thenumberof correctonesamong
the healthysamples.
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Convolutional Neural Networks have many advantages.
They perform feature extraction between the input and output
layers. They also doot need a feature extraction. The learned
featuresarequickto learnandeasyto adapt Anotheradvantage
of CNNsis thatthey canwork with very largedata.
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Super resolution It is aimedto make A preprocessing using  the
convolutional neural colonoscopybased convolutional neural networkbased
network based diagnosis and  polyp super resolution method (SRCNN) ig Recall:%97.06
> preprocessing for automatic| detectioneasily andto proposed to improve colonoscopy F1:%0.910
— polyp detection in improveits localization. basedmagesTheyusedFastelRCNN F2:0.945
colonoscopy images for accuratdocalizationof polypswith
ResNetl101 featureextractor.
Deep Convolutional Neural | It is aimed to reduce the dea| Staining normalization and augmented Accuar vy :
= Networks for Breast Cancer| ratein breastancerwithearly | crops were applied in the preprocess 2.6%
& Histology ImageAnalysis diagnosis  and correct| stage of microscopy images taken fron
treatment. datasetimageswereanalyzed withCNN.
Diagnosis of Melanoma fron Reliableautomatednelano Image processing techniques and
= Dermoscopic Images with | screening systems enal segmentation were applied to the les Recall:%90.82
N, Deep Convolutional Neural | physiciango detectmaligna | images with hair. Segmented imagesre Accuary:%93.39
Networks skinlesionsas earlyaspossiblg classified by CNN as melanoma and
healthy..
HSV transform, histogram thresholdin
Diagnosing Diabetic | Theaim of this studyis and Gaussian lowass filter were used i Recall:%93.33
~ Retinopathy Using Image| diagnose diabetic retinopal image processing to improve retinal Accuary:%96.67
o Processing and Convolution| from retinalfundusimages. fundus imagesAfter image processing
NeuralNetworks classification ~was  done  using
ConvolutionalNeural Network.
A classification has been made for the CNN
COVID-19 Detection with | It is aimed to detect COVH detection of COVID-19 disease with Recall:%88
%} Image Processingand Deep | disease quickly and accuraff image processingand CNN via lung Accuary: %91.04
& Learning from Lung | using radiological images wi computed tomography. Success rates DenseNet21
Computedlomographs lesscontact. were compared using different CNN Recall:%698.94
architectures. Accuary:%98.58
Brain MRI images With Canny Edge
Brain tumor classification in| It is aimedto detectbrain Detection and image cropping, only t Accuary: %96
= MRI image using | tumorwith high accuracy. brain portion was taken from the MRI (Trainin data)
& convolutionalneuralnetwork images. The data wemeproduced (datj
augmentation)and cancer classification
wasmadewith CNN.
Various image processing technigques
An enhanced diabetic| The aim of this study is to | have been applied to retinal fundus
retinopathy detection and | proposea different solution | images. Resized, the histogram is Accuary:%97
o classification approachusing | method for the diagnosisof | thresholded, and the contrast limited Recall:%94
& deep convolutional neural| diabetic retinopathy from | adaptive histogram equalizationimages

network

retinalfundus images.

are grouped together. Images were
classified by CNN for the diagnosisof
diabeticretinopathy Thebest resultsvere

obtained with CLAHEmages.



White blood cells play a very Two approachedo the classificationof
Feature extraction using| important role in people's| white blood cells are presentedin this
traditional image processing| health. The aim of this study study. The first of these is feature
ey and convolutional neural| is to proposean alternative| extraction with image processing
& network methodsto classify | solution for the classificatiof methods. The second is feature extract Accuary:%99
white blood cells: a study of whitebloodcells. with AlexNet, a trained convolutional
neural network. Classification of white
blood cellshas beemade.
Follicles were separated from the
The Use of Image Processill An alternative solution has| background and clarified by applying
. and Convolutional Neural | been proposed for the | variousimageprocessingechniquesothe Accuary:%77.81
N Networks in Follicle Count | classification of polycystic | ovarianultrasoundimages.After follicle Recall:%94.45
= Based Detection of Polycyst| ovarian syndrome by | detection, segmented images aniinal
Ovary Syndrome automatic  detection  of | images were classified by CNK. higher
ovarian follicles. succesgate was achievedwith
segmentedmages.

Table 1:LiteratureReview

of diagnosisandmanagementf acuteflank pain: Review of all imaging
modalities,Eur. Urol.,41(2002),351 362.
V. C?NCLUSION . ] . ] ) [4] Pratt, W. K., 2007, Digital Image Processing: PIKS Scientific ingd8,
This study provides various information to shed light on  678.
future studies in the field of health. Methods that can beinsed5 Gonzalez, R. C. ve Woods, R. E., 2006, Digital Image Proce3siind

. . . . . Edition, p. 23- 879.
medical image analysis are discussed. Image processing ?GTd Petrou, M. M. ve Petrou, C., 2010, Image processing: the fundamentals,

CNN are frequently used ithe analysis of medical images. John Wiley& Sons,p.

Automatic detection of diseases shortens the examination tifiie Efford, N., 2000,Digital imageprocessinga practical introductionusing

of the specialists and reduces the cost. At the same time, jt 1ava (with CBROM), AddisorWesley Longman Publishing Cdnc., p.
]

. L . . . Chervyakov, N., Lyakhov, P. ve Nagornov, N., 2018, Quantization noise
providesbetterresultsby eliminating conflictsof opinion. of multilevel discrete wavelet transform filters in image processing,

Accuracy rates can biecreased by using different image OptoelectronicsinstrumentatiorandDataProcessings4 (6), 608-616.
processing techniques and developing deep learning [9] Brosnan, T.ve Sun, BV., 2004, Improving quality inspection of food
algorithms. The field of use can be expanded in the diagnosis products by computer visiona review, Journal of food engineeriré,

of many diseases in the field of health. The aim of this study['%] (Ll.)\’(i'lg'. Chen, Q. Dou, J. Qin, and-R. Heng, "Automated melanoma

to set an example and guide to new antedght studies to be recognition in dermoscopy images via very deep residual networks,"

done with medical images with image processing and deep IEEE transactions on medical imaging, vol. 36, no. 4, pp:1984,2016.

learning methods. [11] Y. Yuan, M. Chao, and YC. Lo, "Automatic skin lesion segmentation
using deep fully convolutional networks with jaccard distance," |IEEE
transaction®n medicalimaging,vol. 36,n0.9, pp.18761886,2017.
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INTRODUCTION
Abstract - In our age, where the use of information and |t
communication technologies is gradually increasing, the socializatigigy z g i (2043 astheinformationage/callthatit wasmadewith
and continuous development of the individual increases in pawétitel  he names such as information/age, internet society/age, information
the level of benefiting from these technologies. Therefore, tl’)ﬁge' electronic age, cyber society/age, digital age;ipdsstrial age
necessity of usingechnological tools in the education and traininggng postmodern. Information can be mentioned about product
process has emerged in order for the student to adapt to the changigctionwhich consistof productselectionfrom product.
technology. What is important here is the right choice of the
technological tool to be used, the effective use of these tools by thethe information age, in line with individual or organizational
teachers, and ensuring that the students benefit from these tools atpheposes; It reflects the economic and social period in which
highestlevel inline with their mainobjectives. knowledge is the main element, knowledge production and
communication are widely used, and continuous learning and
Various studies have been conducted with the idea that the apprOEﬁBwledge workers have become a necessity (Cited by Beduk, 2002:
of teacherswho are active in the teachinglearning environment 695). In the information age, societies are in an effort to increase
aganst the use of technology in education may affect the educaﬂorﬁbductivity, meet the developing and changiegwdnd, and keep up
environment. with external change by realizing their own internal changes.
Organizations that can use information and technology effectively

The educational activities of teachers and the use of technology in hha?/emadetheirwork possibleanywherein theworld andat anytime

educational process will affect the quality of education and teachin%his shows that the basic key gaining competitive advantage is
learning skills. Based on thedd that teachers' use of technology as Enowledge( ¢ 0 hndGe n - 206212)

tool to reach information will increase efficiency in education, this

study, which was prepared with the aim of measuring the level of uges v icel stated: "Institutions
of technologyby teachersvorkingin vocationahighschoolsjncluded  giopal level will only be possible with the superiority of information
the conceptsof information and technology, the dimension of  technologies, competition will know no bais with the effect of
technology use in educationalinstitutions was mentionedand an developmentsin technology. The importance of information
application for the use of information technologies in vocational higt'échnologies will be possible by realizing the information society.
schoolsTheresultswereanalyzedn detail. While doingthis, it will benecessaryo dealnotonly with technology,

but also with social, cultural, economic, ethical, religious and human
Keywords- Vocational High School, Vocational High School )
Teacher, Information Technologies, Teachers' Adoption and dimensions( Y ¢ @@6: 9691).
Usageof Information Technologies..

Information TechnologiesUsedin Educational Institutions
Theeducatiorsystemhascarriedoutfunctionssuchastransferringhe
culturalheritage of the society to the younger generations, socializing

the studentsgiving the societya spirit of cooperatiorand unity, and

is in the process of being desi
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educating innovative employees who follow change. In order to maﬂ'@lsstudyls importantin termsof determininghow muchtheteachers

this successful all the tim#ée education system had to adapt itself tavorking in - vocational high schools benefit from information

innovation andthe school had to be an organizing and gatherin6:chno|og|es, how much they can use information technologies, and

institution inthis proces¢Tezcan, 1984: 534). which informationtechnologieshey have.

With the proclamation of the Republic, in all types and levels of the

education system; There shheen a great increase in the number of
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Importance of Research

societies have had a more comfortable life thanks to these
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environments. Teachers have great responsibilities in the process of
integrating ICT into educational environments. In this context, it is
importantfor teachersvorking in schoolsto haveenoughinformation

about ICTs and to know how to use these technologiesin 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

developmentsvith their students.
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Abstract- : With the increase in the world population, the need
for energy is increasing day by day. Considering the high carbon
footprint of fossilfuels,which are currently in dangerof extinction,
and the damagesthey causeto the environment, the useof green
energy is becoming popular. Microbial fuel cells are onef the
green energy mechanisms that convert the biochemicaknergy
obtained from the metabolic activities of microorganismsand the
destruction of organic matter into electrical energy.In thisstudy,
which focuses on the use of plarnicrobial fuel cells, theeffect of
plant presence in the soil and then the organic wastlded to the
plant soil on electricity production was investigatedAs a result of
the effect of organic waste,which hasa soil- regulating effect, on
the reactions occurring in the soil, a potential difference has
occurred depending on time, and an increase ifioelectricity
production hasbeen observed.

Keywords greenenergy,plant-microbial fuel cell, bioelectricity
generation,organic wastebiomass,renewableenergy sources

I. INTRODUCTION

he dangerof extinction of fossil fuels usedas an energy

sourceand the damagethey causeto the environmentin
case of use triggehe use of renewable energy sources.
Although the energysourcesthat cometo mind when green
energyis mentionedarerenewableenergysourcesuchassolar
energy,wind energy,hydroelectricenergy,wave energyand
biofuels, microbial fuel cell (MFC) systemshaverecently
startedto takeplacein the classof greenenergysourcesOne
of the reasonsvhy MFC systemsare considereda renewable
energysources thattheyarecarbonneutral thatis, they
releaseonly stablecarboninto theatmospherasaresultof the
oxidationof organicmaterialg1].

increaseghe water holding capacityof the soil [4].Accordingly,
thecontributionof organicwastewhichis describedisgarbage

in the environment, to electricity production is directly
proportional to the chemical reaction it will show with the sail.
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 efficiencytmdmasg5].

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.
Mogsud, Yoshitake [7] have carried out éxperiment to generate
bioelectricity using rice plarmicrobial 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 ove time. Mogsud, Omine [8] have developeda
compostbased microbial fuel cell that generates bioelectricity
by biodegradation of organic waste such as grass cuttings, along
with leaf mold, rice bran,oil cakeandwastefrom chicken.With
this study, itwas concluded that the microbial fuel cell can
produce some electricity directly from the aforementioned
organicwastesWang,Liao [9] haveaimedto evaluatehe microbial
fuel cell integrated with compost. In this study, bean residue, ground
coffee wasteand rice husk mixture with high C:N (carbon:nitrogen)
ratioledto optimumelectricalperformanceMoqsud,Gazali[10] have
designed planmicrobial fuel cell for bioelectricity generation using
aquatic plants. The lowest voltage was alwaygained in MFCs
prepared without thplant.

In this study,theworking principle of microbialfuel cell was
explained and the bioelectricity production potential was

MFC can be considered an electrochemical hybrid Syste(;r~1\{alue1ted for three different control volumes created without

becaus¢heycombinemicrobialandelectrochemicabrocesses.

MFC serves the purpose of converting waste into energy wh
converting the biochemicanergy formed by breaking down

simplecarbohydrateandnumerousrganicsubstancesuchas

using membranes.The aim was to comparethe potential
ﬁgference, current and power density at the anode and cathode
as a result of the chemical reactions taking place in the pots for
each controvolume.

complex organic compounds into electrical energy with the

catalytic reactions of microorganisif§. The remarkable poiraf
the useof MFC is thatit createschemicalenergyby breaking

II. MiICRoOBIAL FUEL CELL
Microbial fuel cells are systemsthat consist of two

down organic wastes with microorganisms. These wastes gg@mpartments called cathode and anode and are separated by a
be qualified as notoxic substances. Because, compared forotonexchangenembranéselectivepermeablenembranepr

other industrial wastes,they have high BOD (Biochemical
Oxygen Demand) and most of the organic substancdein t
consistof simple sugarsand starch[3]. organic matter;

provide proton transport with water without a membrane, and
convert from chemical energy to electrical energy by catalytic
reactionsin the anode compartment,organic materialsare
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oxidized by microorganisms, producing electrons and ©XY9en supplied to the cathode compartment combines with the

hydrogen, and transferred to the surface of the anode electr8&ions and electrons from the anode compartment to form the
made of a conductive material (carbon). Electrons are water molecule. Since the amount of electrons and protons that

transmitted over an external resistor to the other electrodB2Y arise due to the oxidati of the substrate can be calculated,

which is used as the cathode. Hydrogen, on the other haRg!y the required amount of oxygen enters the cell by the

passes through the proton exchange membrane and reache§aH¥de, so that only the cathode side of the microbial fuel cell
cathodecompartmentwhereit combineswith thefinal electron 1S OXygenated. In this way, before the oxygen entering the
acceptor (fo example, @ and turns into water. That is, on theSyStem can reach the anode compariment, it meets with

surface of the cathode electrode, oxygen, which is used as&fctronsandprotonsto form the water molecule[5].
electron acceptor, electrons coming through the external The mostimportantdifferencethat distinguisheghe system

resistance, and protons passing through the proton selectifthout membrandrom the membranesystemis the transport

membran@ombinewith the protonscomingfrom the anodeto methodof the proton.During the transportof protonswith the
form watermoleculesThanksto the presencef O, whichis a H. cation theyarerealizedwith waterinsteadof themembrane.

strong e acceptor, and the H+s that create a positive electric | nePasis ofelectricity productionwhich consists othe
charge, the electronsat the anode are drawn towards the movement ofationsandanions,is a chemicaltrigger,andthe

cathodethuscreatinganelectriccurrentontheline. In orderto ~ ©Peratingprinciple of microbial fuel cell without membranes

produce electrical energy, there should be no oxygen and otﬁé?hown inFigure2.
electron acceptoiis theanode compartmeffi2].

e- €- e- e- e-e- e- eg-
Microbial fuel cell with membrane s - o
Whenoxygenis usedin microbialfuel cells,theoxygenmust
remain in the cathode compartment and not reach the anode _ H20 ol
compartmenivhereanaerobibacterizoperateln this casethe o 8 Hzo 802
two compartments are separated by proton exchange E H20 |5 H20
membranes, allowing only the passage of protons. In this way, coz 0z
a more effective redtion occurs. Separation of the anode and
cathodecompartmentss therefore necessafg1].
Proton exchangemembranesare the most widely used Figure2: Microbial fuelcell withoutmembrane
material for separation of anode and cathode compartments.
Due to its high ionicmostosedducti vity, Ainafiond is the
membrane among the membranesused. With the right [ll. MATERIAL AND METHOD

membrane selection, the passage of oxygen from the cath@dgerimentalMaterials

chamber to the anode chamber can be completely preventgeroton transport microbial fuel cells without membrane is
[12]. knownto occurwith water. Thewaterholdingfeatureof plants

Membrane MFC study is based on the observation Qf H canbe a useful tool in proton exchange, as well as triggering
formation in the cathodepart (aerobic) as a result of the chemical reactions. Accordingly, plant roots provide an active
selective passing of G@nd H protons, which are releasedcell formation by storing water and nutrients in the soil. The
while the organic matter is decomposed by microorganismsfimost important feature of plants is their photosynthesis. The
theanodepart(anaerobic)by themembraneElectronsmoving metabolicactivities of the nutrients sent to the root through
to ensureion balance play aole in electricity production. Photosynthesisplay an active role in the reduction and

MembraneMFC working principle is as shownin Figure1. Oxidationreactiond13]. _
Themainfactorsto considerin plantselectionareasfollows:

permeable and moist soil request, good watdgntion, food
- production the amountof reservesubstancestoredin theroots,
impact on soil. As a result of the soil researchbefore the
experiment, it was seen that the benefits of humus to the soll
5
i

Heo2 wereremarkableHumussoils,which arerich in organic matter
andhavehigh waterholding capacity containanimalandplant
H20 residueswhich are verybeneficial for plants.
In the light of the above information, first of all, soil with
Acrobic humus and then waste biomass to be added to the soil was
needed inorder to carry out the experiments. The plant we
Figurel: Microbial fuel cellwith membrane preferred to use in the study was Ficus Microcarpa, and the
reason for preference was that soil activity is high due to its
Microbial fuel cell without membrane sensitivityto water andight.
Theanodeandcathodecompartmentsanbe separatedrom The most important material among the materials useal
eachotherwithout usinganymembraneln thesesystemsthe  during the experimentwas the electrodes,and the types of

Organic Matter

ANODE
CATHODE

H+
coz2

Anaerobic




anode and cathode electrodes were determinezingsan

copper, respectively. Oxidation and reduction reactions taRePlant known as

place on the electrodes and the measurementof the
experimental parameters was made with an avometer an
potentiometer.One of the experimentalparameterspower
density, which shows how much power the stored energy ca

be charged or discharged, was calculated using the form glow.
below.
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Plant

d hascontainednly humussoil. In thesecondpot, therehasbeen
"street benjamini" in colloquial language,
whoselatin nameis "FicusMicrocarpa” plantedin humussoil.

%ganic matter was addedto the soil in addition to Ficus

First, humussoil wasadded t® differentpots.

Microcarpaplantedin humussoil in the thirdpot.

nlhe procedurefollowed during the experimentsis listed

The first pot has separatedrom the othersand the

FicusMicrocarpaplanthasplantedin thesecond pot.
FicusMicrocarpaplantwasplantedby addingorganic
matter (egg shell and tea putp)thelastpot.
Oneanode(zinc) andonecathodgcopper)hasplaced

in each pot with the same distances (4 cm) between

them.
Potentiometevalueis preseffor externalresistance.

Experimental parameters were read from each pot with

the help of a multimeter, the values noted dertain
time intervalswere recorded.

For power density, calculations were made with the

help of thedeterminedsolumeandreadingvaluesand
theresultshave beewisualized

IV. RESEARCHFINDINGSAND DISCUSSION

Within the scope of this study, the effectiofbeding plant to
Eggshell the soil first and then adding organic substances to it, to the
bioelectric generation was observed on the microbial fuel cell

) o ) ) designed without a membrane. External resistance value was
Figure3: Schematiwiiew of theexperimentaketup design determined

volumes were measured as 0.35L. There are three separate

Ficus Microcarpa control volumes where measurements were taken during the
study, and these control volumes were named as soil, plant,
plant+ organicmatter.Thetime-dependentariationof voltage
measurementsultsof theaforementionedontrolvolumeshas
beenpresentedn thetable below.
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Figure4: Realview of the experimentaketupdesign

ExperimentalProcedure

The main purpose of the experiment is, "Does the plant

imbedded in the soil and the organic matter added to the SR
haveaneffectonthepowerdensiy andvoltagedrop?"isto find

which have been carriemitusing 3 differenpots,thefirst pot W

as

9.55 kaq

Tablel: Voltagemeasuremeresults

w iPat h

Time Soll Plant Plant +Organic Matter

(mV) (mV) (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

t h

s can be seen from the table, the voltage drop was less in the

. . . . i + i
the answer to the question. In this context, in the expenmen‘t)é) tswith plantsandplant _orgamcmattercompare_do thepots
ith only soil. Fromthis, it canbe concludedthatin the case



that soil contains plants or the organic substances being add¥§

ctly proportional to the square of the current, was obtained

to the soil in the presence of plant, play an active role fhigherin theplantedpotcontainingtheplantandwastebiomass

preventing the voltage drop.

Voltage(mV)/time grapf
700 - - -
Time Soil Plant Plant + Organic Matter
600 (MW/m3) | (mW/m?3) (mW/m3)

500 0 201 145 201
400 2 183 145 197
300 4 133 133 170
200 6 68 108 137
0 2 4 6 8 10 12 14 16 18 20 22 24 8 76 115 137

Soil Plant Plant+ 10 29 70 137
OrganicMatter 12 35 45 115

14 29 31 85

16 15 37 108

Figure5: Time-dependenvariationof voltage 18 50 33 118

20 37 41 137

The timedependent variation of current measurement results of 22 29 48 129
controlvolumeshasbeenpresented ithe Table 2. 24 24 45 98

Table2: Currentmeasuremenesults

Time | Soil | Plant | Plant +Organic Matter
( OA| ( OA (OA)
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
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Figure6: Time-dependenvariationof current

The currentvaluesgavestablevaluesin the pot containing
organicwastebiomass,andthe currentfluctuation during the

measurementvas negligible. The power density, which is

in the soilthanin the nonplantedpot.

Table3: Powerdensity measuremengsults

Powerdensity(W/m3/time graph
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Figure7: Time-dependentariationof power density

V. CONCLUSION

In this study, bioelectricity production potential was
evaluated in three pot, which are phdirge pots (soil only),
plantcontaining and plantcontaining additionally fertilized
with organic waste bimass, based on a microbial fuel cell
withoutmembraneTime dependentoltage, currentandpower
densitydatafrom differentpotswerecomparedThe maximum
voltage drop occurredin the plant pot with organic waste
biomassandthisvaluewasreadas582mV. Thecurrentvalues
decreasedvertimein all threecasesandthe maximumcurrent
value that could be reached
in organic biomass added plant soil. The minimum current
valuewasmeasure@s24 O Afrom the potwithoutplantsatthe
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 understoat
plantsplay anactiverolein thereactions.It wasconcludedhat
the presenceof organicwastesin the soil is also positive in

terms of bioelectricity productionpotential. The presenceof

af



