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CHAPTER |

Experimental Obtaining of Temperature and
Performance Analysis of ThreePhase Induction
Motor Rotor Bar Failure

Asém G°khah YET
Ahmet ¢ K FTK

1. INTRODUCTION

Induction motors are ubiquitous in industrial settings, prized
for their simple construction, robustness, low operational costs, ease
of maintenance, high efficiency, and reliability (Singh et al., 2016).
Squirrel cage induction motors, representing 90%albfelectric
motors, dominate the industrial landscape as the primary means of
converting electrical energy into mechanical energy (Chisedzi &
Muteba, 2023). These motors are produced across a wide power
spectrum, from small wattage to megawatts, findipglication in
diverse fields (Wu et al., 2022), including hazardous environments
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such as oil refineries and blower installations (Chisedzi & Muteba,

2023). Common applications include pumps, conveyors, machine
tools, centrifugal machines, presses, elevators, packaging
equipment, petrochemical and natural gas plants, grain elevators,
shredders, and coal plants (Kathir, Balakrishnan & Manikandan,

2014).

Despite their inherent robustness, prolonged exposure to
harsh operatingonditions can lead to the degradation of induction
motors. Early fault detection and diagnosis are crucial for mitigating
the impact on productivity and minimizing financial losses (Vanga
et al., 2023). Incipient faults are often asymptomatic but cant¢ead
significant issues, including production line interruptions, damage to
adjacent machinery, and, in severe cases, complete system failure,
resulting in substantial economic consequences (Maloma, Muteba &
Nicolae, 2017). Even minor faults can reducecadficy, increase
operating temperature (leading to reduced insulation lifespan),
elevate vibration levels, and shorten bearing life (Chehaidia et al.,
2022).

Faults in electric motors can be broadly classified into five
categories: stator faults, stator winding connection faults, eccentric
faults, rotor bar faults, and bearing and gearbox faults (Bahgat, Elhay
& Elkholy, 2024). Additional fault types include extoad, single
phase drop, unbalanced supply, locked rotor, ground fault,
overvoltage, and undervoltage (Kolla & Varatharasa, 2000). These
faults manifest in various ways, including motor overheating,
vibration, noise, and changes in motor current sigeaturherefore,
early detection and accurate identification of these faults are critical
for implementing timely maintenance strategies, preventing
catastrophic failures, and ensuring optimal machine performance
(Bahgat, Elhay & Elkholy, 2024).

According to the Electric Power Research Institute (EPRI),
the distribution of failures in induction motors is as follows: 41%
bearing faults, 36% winding faults, 9% rotor faults, and 14% other
faults. Similarly, the Motor Reliability Working Group of IEHBS
reports these figures as 44%, 26%, 8%, and 22%, respectively
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(Umap & Bobade, 2020). Faults in induction motors are further
categorized as either internal or external (Bahgat, Elhay & Elkholy,
2024). The types of faults found in induction motors are detailed in
Figure 1 of the source, though not specified here (Balkgdjaay &
Elkholy, 2024).

Induction Motor Faults

Internal Faults External Faults

| Electrical ‘ | Mecham’call | Electrical | | Mechanical | ‘ Environmental |

* Eccentricity + Magnetic circuit * Earth Faults s Crawling e Temperature

* Broken rotor bar Faults * Overload + Transient voltage ¢ Cleanliness

* Bearing faults’ * Inter-turn short * Pulsing Load * Unbalance supply ~ ® Foundation defects
¢ Stator winding circuit * Poor mounting voltage or current

* Mass unbalance * Dielectric failure

Figure 1: Induction motor fault types

Early detection and diagnosis of motor faults will help
prevent larger problems. There are many methods to detect faults in
induction motors. Some of these are measurement of magnetic flux,
measurement of vibration, measurement of noise/acoustic noise,
sumge test and motor current signature analysis (Kathir, Balakrishnan
& Ganesan, 2012)

Other common approaches to fault detection are the use of
signal processing techniques. Among the various approaches
examined, one can resort to the use of d{irequency
representations, time scale analysis, polynomial phase
transformation, Hilbert transfm, Concordia transform, supply
voltage modulation analysis, center of mass analysis, statistical
moment analysis, and principal component analysis. In addition,
artificial neural networks, fuzzy logic and expert systems are used in
motor fault detectiorfPires et al., 2012).

2. INDUCTION MOTOR FAULTS

Operational electrical or mechanical faults in induction
motors often result in asymmetrical operating conditions. Rotor
faults, a common issue in these motors, are broadly categorized as
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either mechanical or electrical in nature. While mechanical faults
occur more frequently, electrical asymmetries within the rotor cage
pose a significant diagnostic challenge due to the inaccessibility of
rotor current measurements during operation (Neetexd., 2016).
Although initial symptoms of induction motor failures may be
subtle, they can precipitate substantial problems, including reduced
efficiency, increased energy consumption, degraded performance,
and accelerated loAgrm deterioration of moto components
(Kathir, Balakrishnan & Manikandan, 2014). The following section
details the commonly encountered faults in induction motors.

2.1. Eccentricity Faults

Eccentricity faults in induction motors arise from variations
in the air gap between the stator and rotor during operation. These
faults areresponsible for a significant portion, approximately 80%,
of mechanical failures in these motors. An eccentric rotor induces
excessive mechanical stress, ultimately leading to bearing fatigue.
While manufacturers strive to minimize asymmetry during
producton and assembly, inherent imperfections persist. As
illustrated in Figure 2, eccentricity faults can be categorized into
three types: static eccentricity, dynamic eccentricity, and a
combination of both, referred to as mixed eccentricity.

Static eccentricity is characterized by a constant air gap
length as the rotor rotates, but with an uneven distribution of the gap
at different radial positions, as depicted in Figure 2(b). Dynamic
eccentricity, on the other hand, is defined by a peridigica
fluctuating air gap at a fixed circumferential location, as shown in
Figure 2(c). Mixed eccentricity, representing a combination of both
static and dynamic eccentricity, is illustrated in Figure 2(d) (Li et al.,
2021).



(@) (b) (€) (d)

Figure 2: Axial eccentricity failures (a) healthy case (b) static
eccentricity (¢) dynamic eccentricity (d) mix eccentricity

Static eccentricity can be attributed to factors such as
improper machine assembly or significant bearing wear. In this
condition, the configuration of the air gap between the stator and
rotor remains consistent along the stator circumference, regardless
of whether the machine is at rest or in operation. This characteristic
is visually represented in Figure 3 (Petryna, Duda & Sulowicz,
2021).

rotation
point

Figure 3: Static eccentricity
The possible negative effects of static eccentricity are:
A Shaft torque decreases
A Unbal anced magnetic tension

In contrast to static eccentricity, during dynamic eccentricity,
the position of the minimum air gap width shifts along the stator
circumference as the machine operates. This dynamic behavior is
illustrated in Figure 4 (Petryna, Duda & Sulowicz, 2021).
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Figure 4: Dynamic eccentricity
2.2. Bearing and Gear Failure

The primary factors contributing to bearing failures are
contamination and corrosion. Given that induction motors are
frequently deployed in harsh environments, they are often exposed
to detrimental elements such as foreign materials, water, acids, and
moisture, which significantly contribute to bearing degradation. In
such industrial settings, contamination and corrosion accelerate
bearing failures. Contamination, often in the form of dirt and other
foreign materials, infiltrates the bearing lubricatiohe$e particles,
ranging in hardness from relatively soft to diamdikd, possess an
abrasive nature that leads to pitting and abrasion, causing measurable
wear on the bearing balls and raceways. Corrosion, on the other
hand, can be initiated by exposure water, acids, degraded
lubrication, and even condensation resulting from improper handling
during installation. As the chemical reaction progresses, it erodes
particles, generating an abrasive effect similar to that caused by
contaminat i onzd(2808)e | & Benbou

Bearing misalignment, shown in Figure 5 in four figures, is

al so a common result of faul ty

Benbouzid, 2008).
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Figure 5: (a) Misalignment (out of line) (b) shaft deflection (c) bent
or tilted outer ring (d) bent or tilted inner ring

2.3. Winding Failures

Stator winding faults can be categorized into five distinct
types: windingto-winding, coitto-coil, line-to-ground, lineto-line,
and open circuit faults. Among these, windiogwinding faults,
also known as stator turn faults, are considered the nuidepnatic,
as they often cascade into other fault types (Shashidhara & Raju,
2013). Figure 6 visually depicts the various winding faults that can
occur within stator windings.
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B Coil-to-Coil

Turn-to-turn
—Z Phase-to-phase

Coil-to-ground

Open Circuit

Figure 6: Winding failures

Stator winding faults are intrinsically linked to the
degradation of stator winding insulation. These faults can be
triggered by insulation failure between two turns within the same
phase, between coils within the same phase, between two different
phasesor between a phase and ground. Such failures lead to current
imbalances, causing excessive current in the affected phase and
impacting the remaining phases. This significant current imbalance
is coupled with thermal stresses that further degrade the stator
winding insulation and electrodynamic stresses that affect the end
winding bonding and stator wedging, ultimately compromising the
motor's reliability (Kocman & Nowak, 2019).

2.4. Broken Rotor Bar Failure

The presence of broken rotor bars (BRBs) raises safety
concerns, reduces torque output, and destabilizes motor operation
(Misra et al., 2022). BRB failures can be attributed to a multitude of
factors, including mechanical, thermal, residual, environmeaital,
dynamic stresses. In squirrel cage induction motors, an undetected
BRB failure leads to current redistribution from the broken bar to
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adjacent healthy bars, causing an increase in current flow within

them. This can generate electric arcs and elevate temperatures,
potentially melting these bars and causing further rotor damage.

Consequently, the production line is negatively impactedjtreg

in economic losses (Chisedzi & Muteba, 2023).

Furthermore, the centrifugal forces generated during motor
rotation can dislodge small fragments of broken rotor bars, which,
upon contact, can damage the stator winding and lamination.
Additionally, adjacent broken bars cause uneven heating of the rotor
bars, potentially leading to eccentricity and an unbalanced magnetic
pull, which, in turn, can induce further rotor bar breakage and
increase the nominal current due to the increased load on the adjacent
bars. This results in a decreased average torque {dlisra et al.,
2022).

BRB failures also contribute to increased core losses due to
localized saturation. When a rotor bar breaks, the current that would
normally flow through it is diverted to adjacent bars, causing current
fluctuations in the neighboring bars. This inducesasymmetrical
magnetic field. As expected, an increase in the number of broken
rotor bars corresponds to a rise in core losses and stator copper
losses, while rotor copper losses decrease. Consequently, the total
losses of the induction motor increase witle rising number of
broken rotor bars (Faiz & Takbash, 2013).

Although broken rotor bars may not immediately cause a
squirrel cage induction motor to fail, they can trigger severe
secondary effects, such as asymmetrical rotor operation leading to
unbalanced currents, torque pulsations, increased losses, and a
reducton in average torque (Muteba, 2023). Visual representations
of varying numbers of broken rotor bar failures are provided in
Figure 7.
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Figure 7: Rotor structures with different broken bar numi{ers
et al., 2022

Other types of faults that may occur in asynchronous motors
arenormal output, overload, overvoltage, low voltage, single phase
drop, voltage imbalance. These faults may cause the temperature of
the motor to increase, abnormal noise, vibrations and decrease in
motor performance (Vanga et al., 2023).

3. MATERIAL AND METHODS

In this section, a failure was created in the rotor bars of a
threephase squirrel cage induction motor with 1, 2 and 3 broken
bars. The results obtained for each faulty case were compared with
the healthy motor. The performance analyses of each motor were
obtained by performing nlmad operation, shodircuit operation
and loaded operation tests of the healthy and faulty motors. In
addition, motor temperatures were recorded and compared with a
thermal camera during each operation.

The experimental setup used is given in Figure 8 (a), and the
experimental connection diagram is given in Figure 8 (b).

-14-



R ST

— o — | | |
kB i

Dot ny e AN e e E Oto-Trafo
Enerji
Analizori

Mekanik

Fren

ial Camera Vibrationmeter. Tachometer Manvetik

- 1 \

| Fren

(a) (b)
Figure 8: a) Experimental connection setup b) experimental
connection diagram

In the experiments, a FLIR E5 modilermal camera, a
magnetic powder brake for the load, tachometer, a power analyzer,
an autotransformer and measuring instruments were used.

The noload tests were performed at the nominal voltage of
400 volts. The shottircuit tests were performed at the nominal
current of 2.5 Amperes. The loaded tests were performed at the
nominal voltage of 400 volts and the motor was loaded to full load.

The nameplate values of the motor used are given in Table 1.
Table 1: Nameplate of the motor used

Parameters Values
Voltage 400 V
Frequency 50 Hz
Connection Star
Current 25A
Power 1100 W
Speed 1415 rpm
Pole pair 2

The image of the motor used in the experiments is given in
Figure 9(a), the stator structure of the healthy motor is given in
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Figure 9(b) and the rotor structure of the healthy motor is given in
Figure 9(c).

(a)
Figure 9: a) Motor used in experiments b) stator structure c) rotor
structure

The 1, 2 and 3 broken rotor motors created in the study are
given in Figure 10. The diameter of the broken bar created is 6 mm
and their depth is as deep as the slot depth. In addition, the brokens
were created as complete brokens.

ST

¢

=
i
i

5

Figure 10: Created 1, 2 and 3 broken rotor structures
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The equations given below are used to obtain the parameters
(impedance, equivalent resistance, equivalent reactance, iron
resistance and magnetization reactance) in the spiglse
equivalent circuit model of the induction motor.

The singlephase equivalent circuit model of the induction
motor is given in Figure 11.

J , I ,
—_— R -“! — R‘? .k_"

RZ(I-S)/S

Figure 11: Induction motor single phase equivalent cirliee et
al., 2012)

The equivalent impedanceZ/alue is obtained by Equation
(1). Here \t is the short circuit voltage and is the short circuit
current.

Zk =— (1)

The equivalent resistance valua)® found inEquation (2)
using copper lossesyPand short circuit current.
R =31, R @)

The equivalent reactance Xvalue is calculated with the
help of Equation (3).

X =y z? -R’ )

17—



After calculating the impedance, equivalent resistance and
equivalent reactance values of the motor, the stator and rotor
resistances (R R2) and leakage reactance 1(XX2) values are
calculated as follows.

-n K

R=R = (4)
— _xk

M=t Ty ®

With the help of the data obtained from theload test, the
iron resistance (& and magnetization reactanceqére calculated
and are given in Equations (6) and (7), respectively. In the equations,
Pre represents the iron losses, répresents the voltage applied to the
stator, anddrepresents the Aload current.

_ 3
e Rf

P (6)

e
— Vl

- 7
1,*Sin/ ()

m

4. OBTAINED RESULTS

In this section, thevalues obtained as a result of the
experiments of healthy and broken rotor motors are given in two
parts: performance analysis and thermal analysis.

4.1. Performance Analysis
Each motor was tested underload operation, shedircuit
operation and loaded operation. The results obtained are given below

for comparison. Load operation tests were performed at nominal
voltage and magnetic powder brake was used as the load.
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Table 2:Results of ndoad test of healthy and 1, 2 and 3 broken
rotor motors

Experiments Current | Voltage | Power | Speed | Power
[A] [V] W] [rpm] Factor
Healthy Motor | 1.79 400 112 1499.3 0.09
1 BRB 1.82 400 114 1499.4 | 0.09
2 BRB 1.84 400 127 1499.1 0.1
3 BRB 1.87 400 130 1499 0.1

When Table 2 is examined, it is seen that amtimber of
broken bar increases, there is a slight increase in theadocurrent
and accordingly an increase in iron losses. It is seen that the power
factor values are close to each other.

Table 3:Short circuit operation test results of healthy and 1, 2 and
3 broken rotor motors

Experiments Current Voltage Power | Power

[A] [V] [W] Factor
Healthy Motor 2.5 70.7 189 0.62
1 BRB 2.5 73.9 198 0.62
2 BRB 2.5 74.6 200 0.62
3 BRB 2.5 74.9 204 0.63

When Table 3 is examined, there is a slight increasegper
losses. It is seen that the power factor value does not change, and the
short circuit voltage value increases slightly as the number of broken
rotors increases. It is seen that there is an increase in the total of iron
and copper losses, which widisult in more heating of the motor and
a significant decrease in efficiency.

Loaded operation tests for each motor were conducted at a
nominal voltage of 400 volts. Loading was performed using a
magnetic powder brake. Each motor was loaded at a nominal full
load value. The obtained speeds were around 1420 rpm.

The impedance, equivalent resistance and equivalent
reactance values calculated using the values obtained from-+the no
load and shottircuit test results are given in Figure 12. The changes
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in iron resistance and magnetization reactance are given in Figure
13.

19 -—-e—Zk
—-o—Rk
c 15
o) —— -o
11 o —
.——
9
Healthy Motor 1 BRB 2 BRB 3 BRB

Figure 12:Impedance, resistance and reactance changes of
healthy and broken rotor motors

1400 N:EL?
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Figure 13: Iron resistance and magnetization reactance changes of
healthy and broken rotor motors
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When Figure 12 is examined, it is seen that the impedance,
equivalent resistance and equivalent reactance values increase with
the increase in the number of broken bars in the rotor. In Figure 13,
it is seen that both the iron resistance and the magnetizat
reactance tend to decrease.

Another important parameter in the performance evaluation
of the induction motor is the efficiency analysis. The efficiency
changes obtained using the loss power values obtained from the
experiments are given in Figure 14. When the figure is examined, it
is seen that the efficiency value decreases with the increase in the
number of broken rotors bars. It is seen that the efficiency value of

the motor with 3 broken rotor bars decreases by 2.3% compared to
the healthy motor.

79 .
—eo—Efficiency
__ 185
S
> 78
(@]
&
S (71,5
£
L
77
76,5

Healthy Motor 1 BRB 2 BRB 3 BRB

Figure 14: Efficiency changes of healthy and broken rotor motors

4.2. Thermal Analysis

An increase in temperature in induction motors can lead to
failures in the machine and a decrease in useful life. Therefore, the
thermal behavior of the induction motor is considered a critical
criterion on the basis of which the motor is selected. Itinesovery
important to predict the temperature behavior at the critical points of
the induction motor (Cabral & Adouni, 2020).
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The lifespan of an induction motor is contingent upon a
multitude of factors, including operational load, duty cycle,
environmental stressors, installation practices, temperature
distribution, and manufacturing imperfections. Elevated motor
temperatures calead to significant issues and ultimately result in
motor failure. Given their widespread use in applications such as
electric vehicles, hybrid electric vehicles, chillers, land and marine
propulsion systems, fans, mills, extruders, brake release
mechansms, compressors, shredders, crushers, blowers, and cranes,
induction motors are subjected to various operating conditions. The
annual failure rate for induction motors is typically betwees?/@
while for large industrial motors, this rate climbs to 1286.
substantial portion of these failures is attributed to the continuous
heating of various motor components during operation. Thermal
analysis has demonstrated that a majority of motor failures are either
directly or indirectly linked to the sustained hegtof various motor
parts during operation. Overheating leads to the degradation of stator
insulation and alterations in the rotor resistance value (Sudha et al.,
2020).

Temperature changes were obtained during thdoau
operation, shottircuit operation and loaded operation experiments
of the healthy motor, 1, 2 and 3 broken rotor motors. A Flir E5
camera was used to take thermal images. The temperature values in
the ®ction where the maximum temperature value was located were
taken into account in the measurements. The measurements were
taken by leaving a fixed distance from the setup where the
experiments were carried out, and the same distance was maintained
for eachexperiment.

In thermal measurements, -fead and loaded tests were
performed for 30 minutes. However, due to the high current in short
circuit tests, the tests were performed to end in 60 seconds. The time
scale in the graphs was drawn by taking these periods intarscc

Thermal images obtained from the-load operation test are
given in Figure 15 (@) for the healthy motor and the motor with
broken rotor.

.,



Figure 15: Thermal images obtained from theload test a)
healthy motor b) motor with 1 broken c) motor with 2 brokens d)
motor with 3 brokens

Thermal images obtained from the short circuit test are given
in Figure 16 (ad) for the healthy motor and the motor with broken
rotor.

19.1 } ¢FLIR s SN

) d)
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Figure 16: Thermal images obtained from the short circuit
operation test a) healthy motor fyotor with 1 broken c¢) motor
with 2 brokens d) motor with 3 brokens

Thermal images obtained from the loaded operation test are
given in Figure 17 (@) for the healthy motor and the motor with
broken rotor.

Figure 17: Thermal images obtained from the loaded operation test
a) healthy motor b) motor with 1 broken c) motor with 2 brokens d)
motor with 3 brokenss

The timetemperature changes obtained from thelazal
operation test of the healthy motor and the motors with 1, 2 and 3
broken rotors are given in Figure 18. It is understood that the initial
temperatures in the experiments wareund room temperature and
the temperature values in the motors increased as time progressed.
The test period was limited to 30 minutes. It is seen that the motor
temperature values increased as the number of broken bars
increased. It was determined thithe temperature change of the
motor with 3 broken bars increased by 5.244% compared to the
healthy motor in the 30th minute.
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Figure 18: Timetemperature variations obtained from thelnad

test for healthy and broken rotor motors

Figure 19 showshe timetemperature changes during the
loaded operation tests of healthy and broken rotor motors. The
loaded operation tests were limited to 30 minutes. It is seen that the
temperature values increase rapidly in the loaded operation tests.
Again, it showsthat the 3 broken bar motor increased by 6.199%
compared to the healthy motor in the 30th minute.
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Figure 19: Timetemperature variations obtained from the loaded
operation test for healthy and broken rotor motors
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Figure 20:Timetemperature variations obtained from short circuit
operation test for healthy and broken rotor motors

In Figure 20, the temperature changes in the short circuit
operation test for each motor are given. Here, due to the high current
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values, the experiments were completed within 60 seconds. When
Figure 20 is examined, it is seen that the high current value during
the short circuit test caused the temperature values to be high. It is
seen that the rapid increase in the current valukarshort circuit

test caused the temperature values to increase rapidly after the 10th
second. Again, it is seen that the temperature values in the 3 broken
bar motor are higher than the healthy, 1 and 2 broken bar motors. It
is also seen that the tempterras in the short circuit test reach the
temperature values in the loaded operation before 1 minute is up.

5. CONCLUSION

Threephase squirrel cage induction motors are the most
commonly used motors in industrial applications. Despite their
robust structure, motor failures can occur over time due to both
external and internal effects. One of the most important of these
failures is the broken rotor bar failure. Early detection of these
failures will help prevent further growth of the failure and will
contribute to the prevention of financial losses for the business.

In the study, faults were created in the rotor section of a-three
phase squirrel cage induction motor in such a way that there would
be 1, 2 and 3 broken rotor bars. Both performance and thermal
analyses of the faulty motors and the healthy motor werenpeetl.

In this context, operation, short circuit operation and loaded
operation experiments were performed, and performance analyses
were performed for each motor. Thermal images of each motor were
also obtained and compared during the experiments.

The results obtained showed that with the increase in the
number of broken rotor bars, the iron and copper losses of the motor
increased, and as a result, the motor efficiency decreased. The
resistance and reactance values increased depending on the number
of broken bars. As a result of the thermal analysis, it was observed
that the temperature values obtained in thedoad and loaded
operation experiments increased as the number of broken rotor bars
increased.During short circuit operation, it was obskmmt the
temperature values increased rapidly due to the high current value,
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and again depending on the number of broken bars, the temperatures
were higher than in the healthy motor.

"This study was supported by Burdur Mehmet Akif Ersoy
University Scientific Research Projects Commission. Project
Number: 082AMP-22"
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CHAPTER 11

Effect of Inertia Weight Variations on Particle Swarm
Optimization for Controller Design

Has an §AI§AK
Kadr i D’OJ AN

1. Introduction

The goal of the entire optimization process is to find the best
possible outcomes. Metweuristic optimization methods are
recommended when addressing -h#td problems. These
algorithms are effectivistinctively. At least they can locate a
workable, quick solution in the search space, while there is no
assurance that they will always arrive at the optimal one (Aydilek et
al. 2017). Numerous scientific domains make extensive use of meta
heuristic optmization techniquesKennedy and Eberhart initially
presented particle swarm optimization (PSO), a stochastic
populationbased technique. The PSO algorithm emulates the

1 Asist. Prof. Dr., Artvintoruh University, Faculty of Engineering, Elektrical Electronics Engineering,
Artvin/Turkiye, Orcid0006000237246819, hasanbasak@artvin.edu.tr

2 Assoc. Prof. Dr., Artvimoruh University, Faculty of Engineering, Basic Science, Artvin/Turkiye, Orcid:
0000000266223122, dogankadri@artvin.edu.tr
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behavior of swarms in naturdt imitates fish and bird swarm
behaviors. When these creatures seek food or defend themselves
against enemies, they display social behaviours. These swarm
characteristics served as the inspiration for the particle swarm
optimization techniqueSwarms in PSO are made up prticles.
Every particle has values for position, velocity, and optimum
position. The swarm has a global best value and is made up of
particles. These numbers are utilised to determine the particles'
subsequent locations and velocities. As a result, dncfes travel

to the more ideal solution and the algorithm converges. The pace of
convergence influences the quality of the results. The algorithm's run
time may rise and fail to reach the global optimum if convergence is
too slow. Otherwise, if the abgithm is very fast, this can cause it to
get stuck at a local minimum.

PID controllers have consistently had a prominent position in
industrial applications because of their low cost and simplicity of
use. In a variety of domains, metaheuristic algorithms have emerged
as strong strategies for PID controller tuning. In ordeoftimize

the parameters of PHDased control mechanisms, researchers have
looked into a variety of artificial intelligence approachEgifci,
Hekimojlu & | zci ( 210 thig studyAwei n |
investigate different inertia weights, incladi constant, random,
linearly decreasing, nonlinearly decreasing, and a weight based on
the best global and local fitness values, for the controller design of a
system.

2. Methodology

2.1.Particle swarm algorithm

The term "swarm intelligence" is used to define algorithms by
drawing inspiration from the behaviours of animal colonies. The
PSO algorithm is a swarm intelligence method used to solve
optimization problemsArumugam andRao, 2008 The biggest
advantage of the PSO algorithm is its simplicity in application
because it only requires the adjustment of a few parameters. The
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PSO algorithm consists of particles moving within a search space,
and each particle represents a potential solu@th particle's
position vectorD & , velocity vector ‘Q athe position of the
particle that has achieved the best objective funcion, Q iad the

best particle position in the swarth,  are represented. In each
update, the velocity of each particle is updated using the best position
of the swarm and the particle as follows.

(i)QCNO p OEb‘Qd‘n i 0wQido 0 £ io (1)
wi v 0O UVEio

DEiIO p DEi0 wQd p 2
where inertia weight has a significant influence on both discovery
and extraction procedures of the PSO algorithm. The random values
i andi fall between 0 and 1. The acceleration coefficientsnd

@ establish the rate of acceleration that will be applied to each
particle's social and cognitive values, respectively. The flowchart of
the PSO algorithm is given in Figure 2.

2.2.Inertia weight approaches in PSO

The inertia weight) in Equation (1) plays a crucial role in the
convergence profile of the PSO algorithm. (Shi and Eberb@@8)
reported that the selection of a large inertia weight is necessary for
global search, while a small inertia weight benefits local search.
Furthermore, Van den Bergh (2001) analyzed the impacb dfy
setting® =@ 0. If 0 is greater than one, the particle will
accelerate to a maximum velocity .Ulfis less than 1.0, the particle
will slow down gradually until its velocity reaches zero.
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Figure 1: Flowchart of the PSO algorithm.

As a result, the choice of inertia weight influences the convergence
and efficiencies of thBSO. Different inertia weight approaches are
proposed in the literature and a list of inertia weights can be found
in (Nickabadi, Ebadzadeh & Safabakhsh, 2011). We present some of
the inertia weights in Table I. The constant inertia weight is set to
0.7, while the random inertia weight varies between 0.5 aad ik

a linearly decreasing inertia weight, starting from 0.9 and decreasing
to a minimum value of 0.4. Moreov®r follows a nonlinear, time
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decreasing strategy. uses values based on the global best fitness
and the average local best fitness.

Tablel: Various inertia weight approaches

Inertia Weight Reference
0 X (Shi & Eberhart, 1998)
o, P 1 0EQ (Eberhart & Shi, 2001)
< C
P o Y ° (Arasomwan &
Y Adewumi, 2013)
K (Fan & Chiu, 2007)
QO QI
o # 00w Qi o (Arumugam & Rao,
P "00 @i 2008)
3. System description and PID optimization

3.1. Model

This parttunesthe PID controllerusinganexampleof aDC
motor system.The major objective is to efficiently managethe
motor'sspeed.To developa mathematicamodel, the mechanical
stressis expressedas a constanttorque (1 ) and this systemis
consideredo belinear. Thespeedf the DC motoris controlledby
regulating the armature voltage 0 08 This produces an
electromechanicalforce while armature current “Q 0 adjusts
proportionallyto the rotationalspeed(Ayinla et al., 2024;lzci and
Ekinci, 2023. To modelthe DC motor, the following differential
expressiongharacterizinghe motor'sspeedand torquedynamics
areprovided:

0 0O QoY ’L‘)Q,Ti O (©)
Underconstanflux conditions themotor'sinducedvoltageO is
linearly relatedto theangularvelocity] asillustratedbelow:
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o 0 QQ—_'; 01 o @

A total torqueconsistf theimpactof theinertiaandfractional
torqueswhichis givenby

oy ey 2210

Y Ya3 ®
where'Y and0 aretheresistancendinductanceof the DC motor
respectivelyO is the backelectromotiveforce,U is the constant,
—istheangularvelocity,] isthemotorshaftvelocity,Y, “Y arethe
electric and load torques respectively, U indicates the motor's
momentof inertia. & and0 are frictional and torque constants
respectively Applying Laplacetransformto equations(1-3) (with
zeroinitial conditions)which leadsto

0] 0 U Qo

VI 0i Y Qi ©Oi (6)
O i ] i @
Yioo Y Oi w i 0 Qi )]
Simplifying equationg4) and(6) resultsin
Qi VI VI ©
' R
, Yioo Y o .,
1 1 — — Q| (10
i 0 i o0

TheDC mo t dranéferfunctioncanbeexpresseasfollows:

i 0 .
0O i 1‘ - — — ——h"Y i m (11
VN vl Y Ul O UL
Tablel givesthe parametewaluesof the DC motor,whichis
adoptedrom (lzci andEkinci, 2023).
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Table2. Parameter vaules

Symbol Definition Value
Y Armature resistance 0.4L1
0 Armature inductance 2.7H
J The moment of inertia 0.0004 kga
B The frictional constant 0.0022Nms/rad
0 Torque constant 0.015 N m/A
0 Back electromotive constan 0.05 Vs

3.2. PSO variant based PID controller design

The PID controllers maintain a desired setpoint of closed
loop systems. The PID controller h@®portional ¢ ), integral ( ),
and derivative{ ) parameters (Karl & Tore, 1995). The transfer
function of the PID controller is given as
6 1 0 02 b (12)
The ITAE objective function is common in the litature (Ekinci,
Heki moj | u & |IEAE functiod i8 gven as préséntd
in Equation. (13). The settings are given in Table 2.

) 4! % 00006 (13

The optimization process of PSiasedPID controller gains
was started by using the initialisatidrhis step involved combining
the PSO algorithm with a MATLAB/Simulink model. For each
candidate in the population, the PID gains were given as a vector,
O O ® Q corresponding to each candidate in the
neighbourhood. There were N randomly selected candidates in the
population. A timedomain simulation of the DC motor speed
control system with unity feedback and the suggested PID controller
was performed for each aite. For every candidate, the ITAE
values were computed. Since different candidates typically resulted
in varying speed outputs and ITAE values, thbest solutions with
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the lowest ITAE values were selected for the next iteration and
updated before returning to the PSO algorithm. This process was
continued until the maximum number of iterations was reached. The
candidate with the lowest ITAE value was recorded as the aptim
PID controller, and Table 4 presents the obtained PID parameters for

the controllers.

Table3. Settings of the PSO variants algorithm for tuning

controllers
Setting Value
o 2
v 0.9, 0.4
Population size 10
Maximum iteration 20
Lower pound [0.001 0.001 0.001]
Upper bound [20 20 20]
Dimension 3
Simulation 1s
Table4. Optimal PID settings found usirtige PSO variants
algorithm
Controller 0D | Q
PIDw1l 20.0000, 4.5991,
3.4689
PIDw2 20.0000, 4.6769,
3.4658
PIDw3 20.0000, 5.1601, 3.52(¢
PIDw4 20.0000, 5.3782,
3.5210
PIDw5 20.0000, 5.3441,
3.5349
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4. Results and discussion

This section presents the optimised PID controller's simulation
results. Convergence curves of the ITAE objective function using
the PSO algorithm with different inertia weights is ilustrate in Figure
3.

—#—PS0O-wl
PSO-w2
PSO-w3

\ —#—PSO-w4
3 +—PS0O-w5

Minmum Values of Objective Function

0 5 10 15 20
Iterations

Figure 2. Convergence curves of the objective function usinc
PSO algorithm with different inertia weights
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(}0 0.2 0.4 0.6 0.8 |
Time (s)

Figure 3. Responses of the PSO variabtsed PlBEcontrolled

system.

The closedoop responses in terms of time and freque
are shown in Figures 3 and 4 respectively. The correspor
results are reported in Tables 5 and 6. Rise time is the time it
for the system's output to rise from 10% to 90% of its finaleze
A rise time of 0.045998 seconds was achieved by the PS
algorithm, enabling the system to reach its final value the fa:
This indicates that the system performs well in terms of st
Settling time refers to the time when the output remains nvar
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certain percentage (2%) of its final value. The PSOw1 algor
achieved the lowest settling time, with a value of 0.081
seconds, allowing the system to reach a steady state qt
without oscillating around the final value. The lowest overst
(0.008B681%) and steadstate error (6.3138@5) were obtainec
by the PSOw5 algorithm. Overall, the PSQGbdsed PID
controller demonstrates excellent thdemain performance.

Table5. Timedomain performance analysis

01 ts 0S (%) Ess (%)

PSOwPID | 0.046534| 0.081339| 0.11907 | 0.064333

PSOw2PID | 0.046573| 0.081387| 0.12144 | 0.057354

PSOw3PID | 0.046114| 0.081824| 0.027973| 0.015591

PSOw4PID | 0.046132| 0.08197 | 0.022091| 0.003133

6.3138e

PSOwSPID | 0.045998| 0.081975| 0.0058681 05

Table6. Frequencydomain performance analysis

Gain Phase Bandwidth
margin(dB) | margin(deg) (Hz2)
PSOwIPID Inf -180 48.1982
PSOw2PID Inf -180 48.1601
PSOw3PID Inf -180 48.8157
PSOw4PID Inf -180 48.8215
PSOw5PID Inf -180 48.9906
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Figure 4. Bode plots of the PSkased PIBcontrolled DC

Frequency domain analysis was conducted as follows.
gain margin indicates how much the system's gain cai
i ncreased
dB) suggests that the system is highly stable and can tolel
significant ircrease in gain without becoming unstable. The pl

motor.

before it

A4

becomes



margin indicates the stability of the system by showing how n
phase lag it can tolerate before reaching instability. A pl
margin of 180A means that
According to Table 6, all controllers achieve infinite gain mat
anda-1 80 A phase ma rhbasedrcontrolleh povidk
the highest bandwidth among the algorithms.

0.8 r

0.6 /

0.4 q

Speed
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—PSOw5-PID

0 0.2 0.4 0.6 0.8 |
Time (s)

Figure5. Analysis of closedloop responsewith parameters,
Y ™ rando T8I p ¢
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Table7. Performance evaluation with parametels, 1@ rand

0l

ts

0S (%)

Ess (%)

PSOwXPID

0.056645

0.0987

0.12408

0.049567

PSOw2PID

0.056702

0.098743

0.12713

0.057943

PSOw3PID

0.056251

0.09995

0.03306

0.10811

PSOw4PID

0.056308

0.10022

0.029513

0.13059

PSOwS5PID

0.056147

0.10034

0.016301

0.12691

The DC motor's electrical resistan¢éy ) and torque
constant0 were varied by re§pacvely, @n d
perform the robustness analysisis leads to four different types of
parametric uncertaintiegigures 5, 6, 7 and 8 show the closaap
step responses for all conditiofables 7, 8, 9 and 10 present the
simulation findings for the timdomain performance assessment.
The best values attained in the table are highlighted in koisl.
evident from the table that the PSOwl and PS®a&ed PID
controllers make the system robudespite varying parameters in
the DC motor system, the praged PSOwWAID controller provides
the lowest rise and overshoot for all testing conditidts.Y
@ 1and 0 @t phcthe PSOwWAPID controller exhibits a
settling time of 0.0987 seconds and a stestdje error of
0.049567%respectively.
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Table8. Performance evaluation of condition ¥ 1@ Tand
) ™®rp Y

o1

ts

0S (%)

Ess (%)

PSOwXPID

0.038898

0.06807

0.13971

0.038862

PSOw2PID

0.03893

0.068113

0.14186

0.033129

PSOwSPID

0.03853

0.068394

0.051471

0.0012387

PSOw4PID

0.038543

0.068511

0.045389

0.016615

PSOwWS5PID

0.038429

0.068493

0.028822

0.014111
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Table9. Performance evaluation of condition Il¥

T8I P G

™ TAand

01

ts

0S (%)

Ess (%)

PSOw1PID

0.056642

0.099051

0.092271

0.10266

PSOw2PID

0.056701

0.099122

0.094798

0.093808

PSOw3PID

0.056254

0.10037

0.0018215

0.040969

PSOw4PID

0.056314

0.10066

0

0.017213

PSOwS5PID

0.056151

0.10077

0

0.021142

0

T8t P

Y

Table10. Performance evaluation of condition I%¥: 1@ Tand

01

ts

0S (%)

Ess (%)

PSOwXPID

0.038881

0.068238

0.11675

0.1398

PSOw2PID

0.038913

0.068285

0.11853

0.13374

PSOwS3PID

0.038515

0.068568

0.027564

0.097524

PSOw4PID

0.038529

0.068693

0.020934

0.081268

PSOwS5PID

0.038415

0.068668

0.0047536

0.083944

5. Conclusions

This study investigates efficiency of thparticle swarm
optimization (PSO) with different inertia weights. Inertia weight
determines the convergence success rate in the PSO algorithm. We
have employed five inertia weights including constant random
linearly decreasing, nonlinearly decreasingaloglobal best fithess
values basis. We use PSO variants to estimate the parameters of the
PID controller to regulate DC motor speed. The PSO with global
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average, local fitnedsased inertia weight method (PSOwb5)
outperformed various timdomain performance criteria and
delivered improved objective function values, demonstrating its
effectiveness in controlling DC motor speed. Additionally, the
closedloop step response of the PSO with glehaérage, local
fithnessbased inertia weight controller demostrated its capability to
regulate motor speed under different parametric conditions. When
compared to other inertia weight approaches, the PStas&d PID
appoach achieved the best transient response specifications, such as
speed rise time and overshoot. This study evaluates the potential of
different inertia weight approaches in PSO algorithms for enhancing
controller performance in controlling DC motor sped using this
recent metaheuristic algorithm, the speed control of DC motors can
be made more accurate and efficient.
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CHAPTER 111

Hardware Trojan Attack In The Automotive

Cumhur MELCKHKk

Introduction

The automotive industry is undergoing a major
transformation with the development of Electronics, electric
vehicles autonomousehicles hybrid vehiclesarefinding moreand
more spaceon the roads,the percentag®f peoplepreferringthese
vehiclesis increasingday by day. Carsarerapidly becomingsmart
vehiclesike phonesandtelevisionsandin thenearfuture,carswill
befully connectedo theinternetandit will be possibleto do many
of the things we do on our phones,such as making phonecalls,
accessingnews,online shoppingetc.(Wiener2018) Many vehicles
allow us to make phonecalls today, and this developmenin the
automotivesectoris acceleratingvith thedevelopmenof electronic

1 Department of R&D, Kol uman
cumhur.melcik@koluman.com, ORCID ID: https://orcid.org/6009261084917
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devicesday by day. (Kent 2024)) We expectthe developmenbf
electronicdevicesto takeup alot of spacen thevehicle,but thisis
not the case,with the developmenof chip technology the size of
electroniadeviceds decreasingccordingo thework theydo, every
two yearsthe electronicprocessoproduceds twice aspowerfulas
the previousprocessorthis is basedon Moore'slaw(BOSCH, &
Powers,C. (1991)). The electronicchips arelocatedin the ECUs
that electronically provide in-vehicle communication and vehicle
control. Thereare billions of transistorsand logic lines inside the
chips,althoughtheareaon the chipis gettingshorter thelogic lines
areincreasingthis increasemakesit impossibleto find or observe
the logic lines that are changedor addedto the chip. As chip
technologycontinuesto evolve, vulnerabilitiesare emerging,the
most important and dangerousof thesevulnerabilitiesis the so-
calledhardwareTrojan attack,with this attack,logic gatesaddedto
thechipor onthePCBcancreateunwantedsituationsThehardware
Trojan , which is not addedduring the procurementprocessor
productionphaseopr duringthedesignphasebutaddedoy malicious
people,is triggeredin unexpectedituations this triggeringis used
to crashthe systemor to age electroniccomponentsn a timely
manner.As statedin this (Rouf 2010) article, it will be easierto
intervene and collect data from outside in protocols that
communicatavith frequencyin thevehicle,thetriggerto be placed
in the chip or systemcantrigger the systemand makethe system
unusableThemostsensitivepointin thevehicleis the CAN busline
becausevith this line, vehicleECUscommunicatevith eachother
andtransmitcritical information.(Elkhail 2021) Bozdal2018)
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ABAOUT CAN BUS

CAN (Controller Area Network) bus is a network that
providescommunicatiorbetweenin-vehicle sensorsand ECUs. A
modernvehiclecanhavemorethan70 ECUs.ECUsprovidecontrol
of critical partsin the vehiclesuchasengine,steeringbrakes.etc.
Not all in-vehiclecommunicatiorworks with CAN protocol,there
areothercommunicatiorprotocolssuchasLIN, MOST, etc.(Payne
2019)

The deviceson the CAN bus are called nodes.Figure(1)
showsin-vehicle communicationgachnode consistsof a CPU, a
CAN controllerandatransceivethatadaptghe signallevelsof the
datasentandreceivedby the node.All nodescansendandreceive
data, but not simultaneously.The systemworks asynchronously,
meaninghatasystemdoesnothavea clock signal.Eachsystemhas
an ID, which determineswhich part of the systemhas priority.
Priority systemshavepriority within theline, for examplethe Brake
signal has priority over the Air Conditionersignal.(BOSCH, &
PowersC. (1991))

The CAN Line hastwo 120 ohmresistorsat bothends.The
CANH wire has3.5V CANL wire hasl1.5V, theinformationsentin
thesystemis sentas1 andO, 0 is thedominantsignalin thesystem.

Thereis anOBD pointin the vehiclewherewe canreadthe
CAN line for vehiclediagnosticsBy connectingrom this point, we
canfind the vehiclefault andaccesghe CAN informationflowing
in the vehicle. This connection point is available in all cars
manufacturesincel1989.0BD pointis oneof the mostvulnerable
placesonthevehicle,OBD pointis usedto hackthevehicle.
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WHAT IS OBD.

OBD is used to detect and communicate electronic
component®on the vehicle. OBD appearancand pin arrangement
are as in Figure (2). By connectingto the vehicle via the OBD
system,it is possibleto detectelectroniccommunicationerrorsof
the vehicle, vehiclescan be intervenedon the sameline, software
can be installed on the vehicle, LOG recordson the vehicle are
receivedandCAN messagereturningin thevehicleareread.
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HARDWARE TROJAN.

HardwareTrojans are logic gatesthat are not part of the
systemor chip design processbut are addedlater for malicious
activities.Logic gatesaddedrom outsideandafterwardgo thelogic
linesindicatedin redin thelogic gatein Figure(3) cantriggerand
affect the operationof the system.(Besse2002))(Jain2021)(Xiao
2016) It can even happen by connecting to the system
remotely.(Subramari017)

With this systemwhich canbe foundin electronicdevices,
information, documentsare usedto transferinformationto people
who want to interferewith the systemfrom outside.A hardware
Trojancanremainpassiveduringnormaloperationput canbecome
active in certain situationsor in unlikely situations.This makes
hardwareTrojansdifficult to detect.As chip technologyadvances,
Trojanhorsesontinueto becomemoredifficult to detectanddetect.

clk

Figegre@®))(Jain
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WHAT IS A CHIP.

Chipsarethe mostimportantpartof electronicdevelopment
andthetechnologieshatmakeourlives easier Almostall of today's
electronicdevicesuse chips, cell phones,computers tabletsand
automobilesarejustafew examplesTherearemanytypesof chips;
processorchips, graphics chips, memory chips, network chips,
sensorchips, microcontrollerchips and so on, which meansthat
chipsarefoundin everyfield of electronics.

Chips are madeup of billions of transistors,accordingto
Moore'slaw, every two yearsthe numberof transistorsin a chip
doubleswhile the costof the chip remainsthe same.(Hemar2000)
Thisincreasdnasmadeit almostimpossibleto controlthetransistors
in thechip.

Method
Impact On The Automotive System.

Electronic componentsin the automotive system are
potentialinfiltration pointsfor a HardwareTrojan, the collapseof
the electronic systemcan causeaccidentswith loss of life, and
researchat the University of California hasshownthat they can
cause the vehicle's brakes to lock up while driving (Payne
2019).Thessituationscauseivilian vehiclesandvehiclesproduced
for the defense industry to become unusable or planned
obsolescencdxtralogic gateshatcanbeaddedo the chipsinside
the vehicle ECUs or on the PCB can be triggeredin unwanted
situationsandcausevehiclesto crash the samesystemcanleakthe
informationinside the vehicle.(Xiao2016) Especiallythe wireless
connectiorof newvehiclesto theinternetis amajorthreatto vehicle
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security and privacy, In-car cameraor exterior camerascan leak
imagesoutsidethevehiclewith HardwareTrojan. Forthis, it would
be betterto usecommunicatiorsystemshatwill not interferewith
the vehiclefrom outside,especiallyin military vehicles.For this, it
would be correctto preferwired communicatiorprotocolssuchas
CanBus,whichis usedin mostvehicles.

Trojan horseattackswill be a greaterdangerespeciallyfor
vehiclesconnectedo the internet,andit is quite possiblethat the
vehicleswill becomeunusablewith the softwareupdatesthat the
vehiclesreceiveremotely. The newsthat the Teslabrand vehicle
becameunusablewith the updateit received(Kent2024) supports
this situation.

If we give a simpleexamplethe smdreceivercircuit added
to the chip or pcb in the in-vehicle ECU can be designedto be
triggeredirom theoutside thisdesignbecomes circuit triggeredby
certain frequencies With the frequencysentto this circuit from
outside,in-vehiclecommunicatiormay collapse or with thetrigger
addeduo the chip, the ECU may becomeunusableor leak signalsto
theoutside.

THINGS TO WATCH OUT FOR.

SUPPLY CHAIN

Har dwWwarogaahes d d @ hceh itphhei dtd eg i ¢
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Assembly :

Design Fabrication Test : Distribution Deployment

Figure 4(Jain2021)
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CHIP PRODUCTION.
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Results and Discussion

Rapid electronic developmentsin the automotive sector
createrisks such as hardwareTrojan horsesand software Trojan
horsesthat threatenvehicle safety. Competitionin the automotive
sector,the developmenbf electronicproductsandthe competition
dueto the inadequacyof the marketto accesgheseproductslead
companiego differentcompaniesmaliciouspeoplewho intervene
in this processcan place trigger mechanismsn the chip. These
trigger mechanismsemaindormantfor a long time without being
noticed,triggering the systemin difficult situations,damagingthe
ECUs of vehiclesor causingelectronicdevicesto fail earlierwith
long plannedobsolescencdr-or this reason chip productionstages
shouldbe well monitoredandthe securityof subcontractorshould
be well ensured.In future studies,two different brainsfrom two
differentsupplierscancontroleachotherin critical brains.
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CHAPTER IV

UWB Antenna Design Based on Jean Material for
Wireless Body Area Network
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| NTRODUCTKON

Wireless communication systems are a cornerstone of
modern communication technologies. These systems enable data
transmission through electromagnetic waves, allowing devices to
communicate without physical connections. Today, various wireless

! Lect,, Mersin University Vocational School of Technical Sciences, Department of Electricity and
Energy, Ordd: 0006000165781061

2Prof. Dr., Mersin UniversityFaculty of Engineering, Department of Electrical and Electro@esd:
000000033312992

3 Asst. Prof, Mersin UniversityFaculty of Engineering, Departmentiigctrical and Electronic©Ordd:
000-000264658480

4 Lect., Mersin UniversityVocational School of Technical Sciences, Department of Electronics and

Automation Ordd: 0006000204037316

—67--



communication protocols such as-¥Wij Bluetooth, and Zigbee are
utilized in a wide range of applications, from smart home systems to
industrial automation. With the miniaturization of mobile devices,
microstrip patch antennas (MPAs), which can be easthgrated

into these devices and are ceffective, have become widely
preferred. The majority of MPAs in the literature focus on regular
geometries (Balanis, 2013:813). These geometries are presented in
Figure 1.

(@) (b) (©) (d)

Figure 1. MPA Geometries (a) Triangle (b) Circle (c) Square (d)
Rectangle

Wireless Body Area Networks (WBAN) are networks that
enable wireless communication between sensors placed on or within
the human body. These networks play a critical role in health
monitoring, biomedical applications, and personal health devices
(Pellegrin et al., 2013). Antennas used in WBANs must be
compatible with the human body, flexible, and wearable, which is
crucial for both system performance and user comfort. In wearable
technologies, textidased materials stand out as a preferred solution
for antenna design (Mutlu and Kurnaz, 2020). The need for-high
speed and reliable data transmission in WBAN systems has brought
Ultra-Wideband (UWB) technology to the forefront in this field. The
Federal Communications Commission (FCC) has designated the
3.1-:10.6 GHz frequency range for UWB systems. However, this
UWB frequency range overlaps with several narrowband
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communication systems, such as WLAN (55185 GHz), WiMAX

(3.33.7 GHz), Xband (7.257.75 / 7.98.4 GHz), and ¢hand (3.8

4.2 GHz). Numerous UWB Microstrip Patch Antenna (MPA)
designs for WBAN applications are available in the literature. For
example, Jshi et al. proposed a UWB MPA with a hexagonal patch.
The antenna, measuring 46 | 46 1
and operates within the 21®.6 GHz range. Its ground plane
features a senslliptical shape with a rectangular slot (Joshi, 2020).
Similarly, Rahmatian et al. proposed a wearable UWB antenna with
afrequencyrangeof3P0. 75 GHz and di mensi o
mmj . The substrate material wused
material suitable for wearable applications (Rahmat€1,9). In

another study, Yang et al. designed a-jmwfile UWB antenna for

WBAN applications. This antenna, with FR4 as the substrate,
operates within the 2-84 GHz frequency range and has dimensions

of 80 I 80 T 1 mmj ( Yandevebped al . ,
a textilebased wearable UWB antenna for WBAN and breast cancer
detection. The antenna operates within th287GHz bandwidth,
with di mensions of 60 I 50 I 0.7
with a dielectric constant of 1.4 and a thickne6.7 mm. Shieldit

textile material is used as the conductor (Mahmood, 2021). Singh et

al. proposed a dudland MPA designed on denim fabric. The
experimentally measured MPA operates within the -3.80 GHz

and 8.1212.35 GHz frequency ranges, making stitable for
WIMAX (3.25-3.85 GHz), WLAN (5.15.35 GHz), and »and (8

12 GHz) applications (Singh et al., 2017). UWB antennas, with their
ability to operate over a wide frequency spectrum, provide high data
rates with low power consumption. These feasumake UWB
antennas an effective solution for WBAN applications, particularly
forshortr ange wireless communicati on
2020).
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MATERYAL VE METOD
Microstrip Patch Antenna Design

The UWB MMPA design for WBAN consists of three main layers.
The top and bottom layers are flexible FR4 material with a thickness
of 0.2 mm. A circular patch model was preferred in the design as a
radiating mobile. The patch and ground were corrected, and a copper
conductor with a thickness of 35
preferred in the middle layer due to its low cost, easy access and
flexible structure. Jean is 0.8 mm. The design staijeslWB
MMPA are shown in Figure 2. The design was carried out with CST
Studio Suite, a fullvave solver based on finite integration
technology (Access: 01.12.2024). The microstrip feeding method
connected with a 50 ohm SMA component was preferred. The
desgn stages are given in Figure 2. In the first stage, the radiating
element consists of a 10 mm shaped patch and the back surface is
completely coppecoated. The radius of the circular light element
before its configuration was calculated using the exmas given
below (Balanis, 2013).

a o
N — 1)
S
WX 0Pp T
O ——— 2
oY 2
0
Q40 . 7 3)
P uf—no' Il PXX G o

Here fi is the first frequencyfis the last frequency, a is the
radius of the circular radiation elementsfin Hz, h is in cm. In the
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proposed study, a circle with a radius of approximately 1 cm was
determined by selecting £ 2 GHz and £= 12 GHz. By making
modifications on this circular radiation element, the best radiation
was obtained with a radius of 8.2 mm. In the second stage, a slot with
a radius of 2 mm was opened at the exact center of the patch. 4 slots
with a radius of 1 mm werepened at 9@egree angles around this
lobe. In the next stage, modifications were made on the ground plane
to increase the performance. First, lnggth of the ground plane was
reduced to 10 mm and a symmetrical slot with dimensions of 3.5 x
6 mm was opened from the center point. A circular lobe with a radius
of 0.5 mm was added to the upper corner of the opened slot. The
distance between the cerg@f these lobes is 1.5 mm. The lobes are
added symmetrically with respect to thelane. At the end of the
configuration of the ground plane, 8 lobes are added.
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Figure 2. Proposed JeaiBased UWB MMPA Design Steps, (a) #1
Antenna, (b) #2 Antenna, (c) #3 Antenna, (d) #4 Antenna

The completed JeaBased UWB MMPA design given in Figure 3
has the dimensions of 30 x 2014 mnt. The Jeatbased UWB
MMPA design parameters are given in Table 1.

Table 1.Jean Based UWB MMPA Design Parameters (mm)

Ws=2 Wf=3. L1=1 Ls=3 Lf=11. Lg=1 R1=8 hs=0.

0 5 5 0 3 0 8 2
Wg= W1=3 L2=0 Lg=1 R2=4 R3= R4=0 hj=0.
20 5 5 0 2 5 8
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(b) (c)
Figure 3. Designed JeaiBased UWB MMPA Geometry (a) Side
View (b) Top View (c) Bottom View

S11 graphs of the design stages are given in Figure 4. In order to
summarize the performance of the designed antenna, voltage
standing wave ratio (VSWR) and antenna gain change graphs are
given in Figure 6. As seen in Figure 5, jdsased UWB MMPA
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radiates in the range of 3.08 GHz to 11.32 GHz. Wheims®elow
-10 dB, it is seen in Figure 6 that the antenna gain varies between

2.07 dB and 4.38 dB.

S-Parameters [Magnitude]

(3.085159, -10 )
G} (11.32187, -10)

-10

S

25

Frequency / GHz

Figure 4. S1 Graphs of Design Stages

Vokage Standng Wave Ratio (VSWR)

Frequency / GHz

(@)
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Max Gain over Frequency

2 3 4 5 6 7 8 9 10 1 12
Frequency / GHz

(b)
Figure 5. Design Graphs (a) VSWR (b) Gain

Table 2 compares the models in the literature with the
simulated antenna. It is seen that all the antennas given in the table
have good performance. However, the bandwidth of the study by
Yang et al. is 21.5 GHz and it is larger than the size of the UWB
MMPA propcsed in this study. The nikrostrip antenna proposed by
Irene and Rajesh takes up less space but its bandwidth is narrower.
In general, it is seen that the proposed UWB MMPA takes up less
space but its bandwidth is wider.

Table 2.Comparative Results of Some UWB MMPA Designs in

Literature
Frequency Band (GHz) Gain (dB) Dimension Material
(mm)
Rahmatian ve ark., 2019 3.910.75 0.254 61x74x3.5 PDSM
Yang ve ark., 2018 2.524 2.59 80x80x1 FR4
Mahmood, 202 7-28 - 60 1T 50 JEAN
Singh at al, 2017 3.0115.30 & 8.12 3.6935.46 40x 40x 0.03 JEAN
12.35

Joshi veSinghal 2020 2.310.6 - 46x46x1.5 FR4
Bu ¢al &k ma 3.0811.32 2.074.37 30x20x1.2 FR4+JEAN
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RESULTS AND DISCUSSION

A UWB MMPA design suitable for WBAN applications has
beenproposed. The design was carried out with CST Studio Suite
software. A circular structure was preferred for the UWB MMPA
design. Jean and FR4 materials were used due to their easy
availability and low cost for agriculture. The proposed UWB MMPA
radiates inthe range of 3.08 11.32 GHz. The bandwidth is 8.24
GHz. The antenna gain varies between 2.07 dB and 4.37 dB during
the operating frequency. UWB MMPA does not cover the operating
bands such as ISM and UWB, which are among the WBAN
frequency bands, and @so suitable for WiMax, WLAN, and
applications.

-77--



REFERENCES

BalanisC.A., AntenTeorisiAnalizVeT a s a3tBéans € md a n
¢ e v Ankara,T ¢ r k2033e ,

G¢r s 8.,& BayerKeskin, S. E. (2021).Bant¢ e nt i k
Kar akt eG°isd teliffainGe n iBant Mi kr o Argeni t
Tasar @ mlea Bilmken c e |IAwupa Bilim ve Teknoloji
Derqisi(24),314-320.

Pellegrini,A., Brizzi, A., Zhang,L., Ali, K., Hao, Y., Wu,
X., & Sauleau,R. (2013). AntennasAndPropagationfor Body-
CentricWirelessCommunicationst Millimeter-WaveFrequencies:
A Review [Wireless Corner].IEEE Antennas and Propagation
Magazine 55(4),262-287.

Mutlu, M., & Kurnaz,¢ .(2020).MikrodalgaG®°® r ¢ nt ¢ 1 em
Sistemlerii - iMm k r o Angen IT & s a rA&rapa Bilim Ve
Teknoloji Dergisi129-137.

Joshi,A., & Singhal,R. (2020).ProbeFedHexagonalltra
Wideband Antenna Using FlangelessSMA Connector.Wireless
PersonalCommunications]110(2),973-982.

RahmatianP.,Moradi, E., & Movahhedi,M. (2019, April).
Single Notch Band UWB Off-Body WearableAntennawith Full
Ground Plane. In 2019 27th Iranian Conferenceon Electrical
EngineeringICEE) (Pp.12281232).IEEE.

Yang, D., Hu, J., & Liu, S. (2018).A Low Profile UWB
Antennafor WBAN Applications.|IEEE Access 6, 2521425219.

Mahmood,S. N., Ishak, A. J., Saeidi,T., Soh,A. C., Jalal,

A., Imran, M. A., & Abbasi, Q. H. (2021). Full ground ultra-
--78-



widebandwearabletextile antennafor breastcancerand wireless
bodyareanetworkapplicationsMicromachines12(3),322.

Singh, V. K., Dhupkariya, S., & Bangari, N. (2017).
Wearable ultra wide dual band flexible textile antenna for
WiMax/WLAN application. Wireless PersonalCommunications,
95(2),10751086.

https://www.3ds.com/products/simulia/estidicsuite
(Access: 01.12.2024

-79-


https://www.3ds.com/products/simulia/cst-studio-suite

CHAPTER V

Artificial Intelligence-Based Methods for Arc Fault
Diagnosis in Photovoltaic Systems: Challenges,
Trends, and Future Directions

Ké¢bra Nur AKPI
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I ntroduction

Theeffectsof globalwarmingarebecomingncreasingvery
day, making photovoltaic (PV) technologiesa key resourcein
achievingthe goalsof "Climate Action" and"Affordable andClean
Energy,” two of the Sustainable Development Goals. PV
technologiesareconsideredh vital alternativeto carbonbaseduels
for electricity generationpffering countriesa cleanenergysource
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while ensuringenergysecurityandindependencéLazaroiuet. al.,
2023) To ensureheefficientandsafeoperationof PV systemsthe
likelihood of faults mustbe minimized.

Detectingfaults in PV systemsis essential,as undetected
issuescanleadto significantenergylosse® sometimesip to 10%
(Thakur et. al., 2023) Potential faults in a PV systeminclude
connectionfaults, arc faults, groundfaults, line-to-line faults, and
shading problems. (Al-Katheri et. al., 2022). Connectionfaults
typically arise from errors during the production or assembly
processe®f PV modules,negativelyaffecting energyproduction
efficiency.DC arcfaults, particularlycommonin PV systemspccur
due to sparksin the air or weak dielectric materials becoming
conductive. These faults often result from loose electrical
connectionsinadequaténsulation,or environmentafactorssuchas
humidity. Detecting and preventing such faults is critical for
ensuringthe safe and efficient operationof PV systems. Ground
faultsin aPV systengenerallyoccurdueto damageo theprotective
insulation of normally live conductorsJeadingto reducedoutput
voltage and power. If leakage currents affect a person, the
consequencesanbe fatal. Line-to-line faults occurwhenthereis a
low-resistanceonnectiorbetweertwo pointsof differentpotentials
in DC cables.Thesefaults may resultfrom insulationbreakdown,
corrosioninducedinsulation failure, or mechanicaldamage.Such
faults canleadto overcurrentpotentiallydamaginghe DC system
and conductors,increasingthe risk of fire, and reducingoverall
efficiency.Shadingeffects,uniqueto PV panelspccurwhencertain
modules are blocked from receivirg sunlight. This reducesthe
currentand, consequentlythe maximum current of other series
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connecteganels.This effectcanbe mitigatedusingbypassdiodes.
Seriesarcscanform in cableconnectionsjunction boxes,and PV
modules, while parallel arcs occur when two conductorswith
differentvoltagesareplacedclosetogetherParallelarcscandisable
the entire PV string wherethe fault occurs,often leadingto bypass
diodefailuresandevenfires. Unlike the otherfaults mentionedin
this section,arcfaults aretransientphenomenaand modelingtheir
transientoehaviorrequirescomplextechiques.

An exampleof faults that can occur in PV panels,as a
representativ®C system|js illustratedin Figurel

=z
5]
g
w
~
Short Circuit Fault

Connection Fault

Phase to Phase Fault

Open Circuit Fault
Phase to Ground Fault

Figure 1. Fault Typesn PV Systems
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Arc faults in PV systemsare especially critical among
potential fault scenariosas they can quickly developinto severe
hazards causingequipmentdamagefires, and significant risks to
humansafety.(Islamet. al., 2023; Thakfan& Bin Salamah2024).
An arcfault is definedasthe sustainedeleaseof electricalenergy
through an insulating medium, often accompaniedby partial
electrode vaporization. This phenomenontypically arises from
factors such as insulation degradation, weakened electrical
connectionshumidity, or reducednsulationstrengthin conductors.
(Thakuret. al., 2023).

Traditional electrical protection devices often struggle to
detectfaults,especiallyatlow currentlevels.In PV systemsfactors
suchastemperatureirradiation,andpressurdurthercomplicatethe
detectionof arc faults undervariableconditions(Lu et. al., 2020).
Advanced data processingand analysis techniques,particularly
thoseleveragingArtificial Intelligence(Al) andMachinelLearning
(ML), arebeingemployedo enhanceéhedetectiorandclassification
of arc faults as distinct failure modes(Mellit & Kalogirou, 2022;
Thakfan& Bin Salamah2024).

Fundamentals of Arc Faults in PV Systems

Types of Arc Faults

Two major categorie®f arcfaultsexistin PV systemseach
with distinctsignalsandimplications:

1 SeriesArc Faults: Seriesarcfaultshapperby poorly
connectedterminals and occur along the typical
currentpath,frequentlyat regionsof high resistance.
Significantthermalenergymay be producedby the
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intermittent sparking at the fault area,evenif the
currentis still somewhatlimited by the PV array
characteristicWanget. al, 2024).

1 Parallel Arc Faults: This canoccurin PV systems
betweera conductorandgroundor betweemnpositive
and negative lines. There is a larger risk of
surrounding materials being ignited by such arcs
sincethey usually entail higherfault currents(Yuan
et.al, 2022).

2.2 Arc Fault Characteristics

Sincearcfaultsarecharacterizedyy their suddernandshort
lived nature,they are challengingto identify. Several methods
commonlyusedin the literatureto define arc fault characteristics
include

1 High-Frequency Noise and Transientdrcing events
produce broadband electromagnetic emissions, sometimes
extending into the MHz range (Zhat al, 2023).

1 Intermittent, Rapid Fluctuation&«r ¢ cont acts An
Abreako continuously, l eadi
voltage waveforms.

Advancedsensinganddataanalyticsareessentiato identify

theirregularchange®f anarcsignal.
Al -Based Arc Fault Diagnosis Methods

Conventional Approaches

Arc fault detectionmethodstypically involve monitoring
threshold levels, where voltage or current exceedingset limits
triggersanalarm(Thakfan& Bin Salamah2024;Lu et. al., 2018).
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Other approachesnclude filtering specific frequencyrangesto

detectarcsignals(Gao& Yu, 2022)andusingtechniquesike Fast
FourierTransform(FFT) or wavelettransformdor spectralanalysis
(Lu et. al., 2018). However, PV systemsoften operatein noisy
conditionsdueto inverter switching harmonics changingweather,
andpartial shading(Osmaniet. al, 2023).Thesefactorscanhide or

mimic arc fault signals, leading to false alarms and reduced
accuracy.Although these thresholdbasedor frequencyfiltering

techniquegrovide a foundationfor detectingarc faults, they often
strugglewith varying environmentahoiseand partial shading.To

addressthese challenges, researchershave explored Al-based
methodsthat offer adaptivelearningandrobustpatternrecognition
capabilities.

Al -Based Approaches
Advantages of Al

Al-driven methodshas someadvantagesOne of the most
importantadvantagef thesedatadriven methodss their adaptive
learningcapability.More datacouldprovidehigh accuracyto detect
arcfaultsusingonly faulty andnormalconditiondatasetsAl models
can learn the data characteristicseven under noisy and diverse
operatingenvironmentgWu, 2020) (Wu, 2020).

Data Types

In the detectionof arc faults in PV systems,currentand
voltagedataof the PV systemanalysisof the currentvoltagegraph
in time andfrequencydomains droneimagesof the PV panel,and
temperaturenalysisdataon the PV panelcanall be usedasinput
datain Al algorithms.Dependingon the input datatype, the Al
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structuresselectedcan be broadly classifiedas Machine Learning
(ML) andDeepLearning(DL) algorithms.

Machine Learning Algorithms

In machinelearningalgorithms,measuredr simulatedarc
fault data is subjectedto preprocessingand feature extraction
processedn orderfor the raw datato work correctlyaccordingto
variablessuchasthe machindearningalgorithm,datasize,anddata
featuresan appropriatepreprocessingechniqueshouldbe applied.
Thereareseveralfeatureextractionmethodsfor arcfault diagnosis
in PV systemsFeaturesanbeanalyzedn time-domain,frequency
domain,andthroughstatisticaimetrics.In time-domainanalysisthe
RMS value, peakamplitude,crestfactor, and zero-crossingrate of
the data are investigated(Lu et al., 2018). In frequencydomain
analysis sometransformationganbe performedif necessarysuch
asFouriertransformwavelettransform,or Stockwelltransform.On
the statisticalmetricsside, mean,variance skewnesskurtosis,and
signalentropyof the dataarealsowidely used(Vergura,2018).As
a dimertional reductiontechnique,Principal ComponentAnalysis
(PCA)is averyusefulandmostlyappliedmethodto eliminatenoisy
featureghatimprovesdetectionaccuracy.

Support Vector Machines (SVMs), one of the machine
learning techniquesare widely used ML algorithmswith kernel
functions (e.g., Radial Basis Function, RBF) that enable the
classifierto model nonlinearrelationshipsbetweensignal features
andthearcfault state(Cai & Wai, 2022).DecisionTrees(DT) split
dataalongfeatureswith the highestinformationgain,while Random
Forest(RF) usesmultiple decisiontreesto improve generalization

and reduceoverfitting (Amro et al., 2021; Luo et al., 2019). As
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ensemblemethods, Gradient Boosting and AdaBoost combine
multiple weak learnersin a sequentialmanner,achieving robust
performancen scenariowith rareeventssuchasarcfaults (Mellit
& Kalogirou,2022;Chenetal., 2018)

Deep Learning Approaches

Deeplearningarchitecturessuchas ConvolutionalNeural
Networks(CNNs)Y oneof the mostpopularDL structured apply
convolutionoperationdo raw data,automaticallylearningrelevant
features( N a ma 2OWA). ENNs arealsoappliedin manyimage
classificationareasjncluding PV panelarc fault diagnosis Before
training, a preprocessingtepcanbe usedon imagesfor dimension
reductionandfiltering, enablingfasterresponsdimes(Zhaoetal.,
2023;Lu et al., 2020). Convolutionallayerseffectively learnlocal
patternswhile pooling layersreducethe computationaload.

Imagedrom satellitesdronesandl-V graphsareusedasarc
fault datain deeplearningsystems.

RecurrentNeural Networks(RNNs) andtheir variantssuch
as Long ShortTerm Memory (LSTM) or Gated RecurrentUnits
(GRUs) excelin modelingsequentialdependenciesnaking them
suitablefor detectingintermittentor evolving arc faults over time
(Wangetal., 2024;Saffari& Khodayar,2024).

Deep learning algorithms with different applicationsand
featurescan be combinedby leveragingtheir bestattributesand
implementingthem in a hybrid structure.Hybrid model$ e.g.,
CNN-LSTMd combine the strengths of both approachesby
extracting local features through convolutions and capturing
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temporaldynamicsthrough recurrence(Abumohsenet al., 2024;
Jalaletal., 2024)

Robustness and Realime Considerations

Especially enough trained Al algorithms are robug to
environmentabr powerelectronicnoise.(Yuanet.al, 2022;Jalalet.
al, 2024). FPGAs can handle high samplingratesin real time
applicationf R o d r-Andinaetzl., 2015).

Implementation Considerations

All Al modelsare fundamentallydatadependentas their
learningprocesss inherentlydrivenby the datatheyaretrainedon,
which meanghatthe quality andavailability of thetrainingdataare
critically important.However,generatingarcfault datain reattime
laboratoryexperimentss challenging.Producingarc faults under
realistic operating conditions requires strict safety protocols.
Moreover,carefully installedandregularly maintainedPV systems
rarely experiencearcing, which can result in unstable datasets
(Wiles, 2001). PV systemoperateunderhighly variableconditions
dependingon environmentalfactors, grid specifications,and grid
operations. Consequently, datasets obtained from laboratory
experimentsor simulationsmay not enableAl modelsto achieve
high accuracyin reatworld scenariogMellit & Kalogirou, 2022,
Yuanet.al, 2022.

Data augmentationand preprocessing,including noise
filtering to removehigh-frequencyinterferencgChenet. al., 2019),
normalizationto scaledatafor reducedtraining complexity (Singh
& Singh 2020), andsyntheticdatageneratiorto enhanceobustness
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(Modi et. al., 2024), can be applied during the Al training step,
dependingon sensoisamplingratesandhardwarecapabilities.

Detectiondelay is a critical factor in arc fault detection
becausearcs can quickly happeninto serious hazardsif not
addressed promptly. Embedded GPUs and specialized Al
accelerator¢ASICs etc.) and FPGAsenablefast, on-site inference
with minimal delay (Capraet. al., 2020; Siegel et. al., 2018).
Pruning,quantization,and knowledgedistillation are examplesof
modelcompressiompproachethatfurtherminimizemodelsizeand
inferencetime. (Li et. al., 2023). Additionally, many regionsare
adoptingstandardgor arcfault circuit interrupter AFCIs), suchas
UL 1699Bin the United States.Thesestandardgrovide trustable
detectiorwith ahighaccuracyor arcsignalswhile minimizing false
alarms(Lu et.al. 2018. Ensuringexplainabilityin decisionmaking
will be critical for meetingregulatoryrequirementsand supporting
accountability(Hassaret. al., 2024 2018;Lu et.al., 2018.

Challenges and Limitations

Onedrivebackof Al-basedecniquess needto moredatafor
well-train. Smallsamplingrategive a detailedinformationaboutthe
dataandthusabruptchangesould not missed.On the otherhand,
large data sets could risk the overfitting. By avoiding this
regularizatiortechniquescarefulhyperparameteuning,andcross
validation are essential(Lu et. al., 2020; Yuan et. al, 2022. Arc
faultsin PV systemsarenotvery commonbut hasadamageackffect.
Realizingthearcfault for thrainingthe Al-basedalgorithmin areal
PV systemss economicallynotavailable Syntheticdatageneration
may causean imbalance.(Chen et. al., 2018). There are many

combinationsn PV systemsncludethepaneltype,invertertypeand
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design,array configurationandenvironmentafactorssuchasdust,
temperatureand irradiance. Depending on the Al-architecture,
transferearningapproachesffer solutionsto differentpossibilities
(Wang et. al, 2024 Jalal et. al., 2024). PV systemsare usedto
connecto thegrid or directly feedthe consumersln remoteor off-
grid PV systemshardwarelimitations may restrictthe complexity
of Al models.Architectureandhardwareoptimizationscanaddress
theseconstraints(Capraet. al., 2017; Mao et. al., 2024. As PV
systemsntegratento smartgrids,cybersecuritys anotheimportant
issue Securityattackscouldmanipulatesensostreamsr Al models
themselvescompromisingdetectiorreliability (Ye et.al., 2021).

Current Trends and Future Directions

Today,thedevelopmenbf low-powerandhigh-performance
computingmodulessuchasGoogleCoralallowsAl engineerso run
more complex Al models such as quantizationand knowledge
distillation (Verhelstet. al., 2017;Alhussain,2024;Li et.al., 2023).
Becauseof datasetdifferences, models that have been trained
perform poorly when usedin other scenariosReusingknowledge
obtainedfrom a sourcedomainto boostlearningin atargetdomain
is the goal of transferlearning.Pretrainmodelscanleveragelarge
datasetdo initialize network weights and speedup convergence
(Wang et. al, 2024 Jalal 2024). Domain Adversarial Training
methodsaligning feature distributions betweensourceand target
domainscan mitigate the negativeeffects of domainshifts (Li &
Tan,2023).Researchergseto datafrom thermalimaging,acoustic
sensors,and advancedpower quality metersto detect the full
spectrum of arcfault signals ( Lu et. al.,, 2018. Mixing
heterogeneoudatausingAl cansupportdetectionconfidencelt is
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importantto understandthe causeof an alert as Al-driven fault
detectionsystemsecomea crucial partof safetycritical processes.
Technicianscan testor debugdetectionsby using techniquedike
SHAP (SHapley Additive exPlanations) or LIME (Local
InterpretableModelAgnostic Explanations),which can disclose
modelreasoningHakkoumet. al. 2024). In PV systemsntegration
toasmartgrid, arcfault detectiorandhighetrlevel grid controlcould
improve all systemperformancemonitoring arc fault signds and
degradatiorpatternsto scheduleproactivemaintenanc€Mahmoud
et.al., 2021; Chenet.al., 2018), coordinatingarcfault detectiorwith
other protection mechanismsto isolate problematic arrays or
reconfigurepowerflows in realtime.

Conclusion

Arc faults are a critical challengeand researchfocus for
ensuringthe safety and reliability of photovoltaic (PV) systems.
Traditionaldetectiormethodsootedin thresholdr frequencybased
analyss areoftenill suitedto thediverseenvironmentatonditions,
system variations, and noise common in PV arrays. Al-based
approacheshowever,have shownsignificant promiseby learning
complex arc fault signaturesand adapting to new operating
scenarios.

Crucial to this successis thorough data collection and
preprocessingyhich ensurghat Al-basedalgorithmsreceivehigh-
quality inputs. In PV systems, these algorithms must handle
fluctuating solar irradiance, varying temperaturesand hardware
differencesacrossmultiple installations.Beyond collecting robust
datasetsit is alsovital to assessherisk of modeloverfitting, where

algorithmscan accuratelyrecognizestableand variable signalsin
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training but fail in new situations. Implementing advanced
regularization techniques can bolster reliability in realworld
applications.

Meanwhile,practicaldeploymenin off-grid or remotesites
demands<arefulattentionto hardwareconstraintandcybersecurity
measuresLocaleswith limited connectivity or energyresources
benefit from compressedand optimized models that reduce
computationaload. As powerinfrastructuresoecomeincreasingly
interconnected safeguardingsensitive data is equally essential.
Securecommunicatiorprotocolsand strongencryptioncandefend
systemintegrity while maintainingoperationaperformance.

By integrating considerations like high-quality data
practices strategiesagainstoverfitting, hardwareoptimization,and
robustcybersecurity Al -driven arc fault detectioncansignificantly
enhanceheresilienceandefficiencyof nextgeneratiorPV systems.
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CHAPTER VI

A Review on Wearable Antennas and Electronic
Textiles

NaciyeS¢nd ¢z *O0JUZ
Bilge %kkENE

1- Introduction

Using advanced technology in technical textiles has been of
great importance for the textile industry as it produces -high
performance, easyp-use, fasteproduced, highvalueadded
products. Mechanical properties such as high strength,
reinforcement, ancdelasticity from technical textiles; switching
properties such as filtering, transmission, insulation; human health
related properties such as biodegradable, compatible with the body,
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norttoxic, non-reactive; to provide protection against heat, radiation,
electricity, chemical, biological and mechanical effects are expected
(Horrocks and Anand, 2000; Arslan, 2009

() Connection
" Sensor
g 3 ' Processing
f o) Interconnection
: ) Operating
g =7 Mobilization

Figure 1: Smart textile product (Schwarz vd., 2010)

As seen in Figure 1, connection, sensor, data processing,
interconnection, operation, and activation functions are expected
from smart textile products. However, there is no need for tikbsk
functions to be together (Schwarz et al., 2010). Smart textiles: They
are the textile products among technical textiles that have high added
value, bring together different disciplines and are the most open to
development. These products are prodti@sdetect environmental
changes and react to these charge (r cet ah, 2015). Since the
1980s, conductive textile products began to appear on the market,
and studies in the fields of health and military began to be carried
out (Smith, 1988. Fibers & made conductive or semiconductor
from metal sheets and tapes by drawing methods, metal oxides and
salts, conductive carbon and polymers (Kim et al., 2004; Anderson
& Seyam). Conductivity is achieved in threads conductive filaments,
staple conductive fiers, and nowonductive textile fibers by
spinning with conductive fibers and wires, and by coating- non

conducti ve t hreads wi t h conduct
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Conductive fabrics are obtained by using conductive threads and
wires and applying conductive materials to the fabric. In these
applications, the chemical coating method is the most used method.
These products are washabllk (G¢r
2010). Thanks to electronic textiles, it has been observed that these
products, in which vital functions such as blood pressure, pulse and
temperature are measured, recorded, stored, and transmitted via
radio waves, provide great convenience to militand healthcare
personnel, police officers, firefighters and patients. The aim of such
products is to produce smart clothing by integrating circuit elements
into the textile surface. The system works by evaluating the signal
from the sensor in the processand displaying the results on the
screen. In this way, vital functions of people can be monitored
remotely (G¢grcegm et al ., 2015) .

2. Wearable Antennas

In the research conducted by the Turkish Statistical Institute
in 2019, it was seen that the highest death rate was caused by
diseases originating from the circulatory system. Heart diseases have
the largest share among diseases caused by the circulgtteyns
The methods used today to detect heart diseases have different
difficulties and disadvantages. Microstrip antennas are used in
medical imaging and diagnostic systems due to their low cost and
weight, small size, and muliand nature. A frequency tha that
does not harm human health and does not emit ionizing radiation is
used. Microstrip antennas are used to detect vascular occlusions and
types of cancer by using different base materials such as cotton,
denim, and foam (Uyanék, 2021).

Voltage sensors, pressure sensor, electrochemical sensors,
planar fashionable circuit board, wearable antenna are conductive
materials used as sensoEr( o | & ¢ e)t With éhe rapid2 0 1 7
progress in conductive textiles, wearable antennas using compatible
and flexible smart structures have gained great import&ide€ns
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et al., 2012 Other electronic parameters can be monitored by
transmitting information from the sensors in the clothing via the
antenna $toppa & Chiolerio, 2014 To obtain good results from
wearable antennas, they are required to be robust, light, cheap, thin,
low maintenance, and easy to integrate into radio frequency circuits.
Wearable antennas integrate clothing into the communication
system, making electrandevices less disruptivéMang et al., 2012;
Gupta et al.2010). Miniaturization of circuitselastic applications,

and the use of namized materials have made wearable technology
popular. Wearable textile products, which were initially used for
applications that could be considered luxury, have been shown to
have great importance in healthcaed military fields over time.
Since the antenna size decreases at high frequencies, the antennas
used for this purpose are microstrip antennas. It is important to
choose comfortable and durable fabric in wearable antenna
applications Albairaqdar, 2018 Thanks to wearable textile
products, people's health status can be monitored remotely, and
necessary care can be provided.

To avoid undesirable effects while the device is operating,
the textile antenna must be placed correctly, it must be made with
the correct thickness by stacking different fabrics, the geometric
dimensions of the patch must remain constant, the connections
between layers must not affect the electrical properties, and the
connections of electronic clothing with other parts must be strong
and stable (Ouyang & Chappell, 2008; Matthews & Pettitt, 2009).
As seen in Figure 2, wearable antennas can be easilyatgdgnto
the fabric without causing any discomfort to the human body or
restricting the user's mobility. These products become functional by
placing them in different parts of the human body such as the head,
chest, arms and legs (Bilgin, 2016). Smartedk, infotainment
systems, military clothing on the head; smart glasses, smart contact
lenses on the eye; medical smart clothing, physical activity tracker,
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skin patch, sportswear on the arm; smart shoes, medical devices,
military, sports clothing on the leg and foot; hearing aid, smart
headset, smart earrings on the ear; smart clothes chest belt (band),
medical skin patch, smart bracelet on the wrist, smeatdbet,
fithess tracker on the body and multifunctional integrable products
are used by wusers (Kéleée-, 2017).

Figure 2: Examples of wearable antennaAsb@iragdar,
2018; Hertleer et al., 201p

2.1. Microstrip Antennas

Microstrip antennas consist of conductive radiation elements
placed on the dielectric material and the metal layer under the
insulating material serving as the ground plane. The patch where the
radiation process is performed is selected from-lmsg metdic
materials or textildased materials such as denim, velvet and felt.
The size and thickness of the patch, the thickness of the material used
as the insulating base, and the dielectric constant affect the antenna
performance (Uyanék, 2021).

patch’\
"

5 ’A/%

e ——
~

h dielectric (g,)
Y

ground A

Figure 3. Structure of the microstrip antenrzafad &
Dixit, 2014
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The upper part of the microstrip antenna is the patch. L is the
length, W is the width, the bottom part is the ground, and there is h
electrical insulator between the patch and the groidrostrip
antennas are in the form of square, rectangle, circle, triangle, ellipse,
and dipole. Generally, circular, or rectangular microstrip antenna
patches are preferred instudi¥Fsqusef al t ur k). & Cans

2.1.1. Feeding techniques of microstrip antennas

Microstrip feeding is the feeding method in which the
microstrip line is directly connected to the antenna patch. The
microstrip line is flush with the patch. The width of the patch is
generally larger than the width of the microstrip line. Structurally
advantageous microstrip feeding is shown in Figuré&s® (k d e mi r
2022;Balanis, 200h

Microstrip Feed

Patch

Substrate

Ground Plane

Figure 4: Microstrip antenna feedin@élanis, 200%

Microstrip antennas are fed by contact and -oontact
methods. With the contact method, the RF signal is transmitted
directly to the antenna patch using a connector. In thecaptact
method, electromagnetic coupling is used between the radiating
patch ad the supply line. Many methods have been developed using
these two main methods. Coaxial feeding, microstrip line feeding,
proximity coupled, and aperture coupled feeding are the most
preferred techniqguesBélanis, 2015 Microstrip line feed is the
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easiest and most widely used feed type to connect and produce
(Yousefalturk & Canséz, 2022).

2.1.2. Analysis Models of Microstrip Antennas

The cavity model, transmission line model and full wave
model are the most used models to analyze microstrip antennas. The
microstrip line crossection is shown in Figure 5 (Yousefalturk &
Cansez, 2022).

Feed line

Dielectric
Soil surface
Figure 5. Microstrip |line sec

2022)

For thin dielectric profiles, thzansmission line model is a
met hod with a high degree of acc
has higher accuracy than the transmission line model but is complex
(Derneryd 1978; Wang vd., 2008). It is the full wave model that has
the most accuracy compared to other modektd] et al., 2007
With the development of technology, microstrip antennas are used
in many areas such as doppler and other radars, mobile
communications, guided missiles, biomedical measurements,
satellite communications, and the @ntet of things. Microstrip
antennas have many advantages such as being small and light, ease
of design, low cost, ease of fabrication, compatibility of their planar
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structure with the environment, easy integration with microwave
integrated circuits, development on the same base material as circuit
assemblies, and easy connection to devices requiring precision due
to their surface compatibility while preserving theer@dynamic
structure. It has disadvantages such as low gain factor, narrow
bandwidth, unwanted stray radiation, low power carrying capacity,
vulnerability to external excitations in surface waves, andglaftfe
radiation due to the feed structure. Micrgstantennas are used in
areas such as Doppler and other radars, mobile communications,
guided missiles, satellite communications, internet of things and
biomedical measurement8dlanis, 201k

Wearable microstrip antennas are integrated into clothing for
sensing and processing purposes with improving users' safety and
comfort. Cotton, polyester, nylon, insulated wire, foam, conductive
paint, liquid crystal polymer, etc. A wearable antenna iatiegrinto
the textile surface has been produced. Microstrip patch antennas can
be easily integrated into clothing due to their advantages such as low
cost, low volume, light weight, can be designed in the desired
geometric shape, are easy to install almuaintenancdree, and do
not cause electromagnetic damagtbairagdar, 2018

3. Usage Areas of Wearable Textiles

Wearable textiles are used in many sectors such as health,
military, sports, entertainment, education, fashion facilitating the
user's lifestyle and providing comfort to the user. Studies in this field
are increasing day by day.

3.1. Industrial Applications

The first examples in the field of industrial applications were
introduced by Boeing in the 1990s. The aim of this headnted
device is to facilitate and speed up the assembly process of the
employee using augmented reality, without the need for referenc
notes (Thomas & David, 1992).
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3.2. Military Applications

Wearable computer systems provide great convenience in the
combat training of soldiers by u
3D Expeditiono, created wusing a
system used for training soldiers by creating a virtual war
environmet. This system, which detects sounds and commands
coming from outside, protects soldiers against possible dangers,
enables them to cooperate with each other, and reduces the cost of
preparing training environments (Quantum3D Training, Simulation,
Technolay, 2024).

3.3. Applications in the Field of Health

Applications in the field of health were developed by NASA
in the 1960s with the need to monitor the vital data of astronauts, and
then developed with the aim of monitoring the health status of
soldiers. The "Personnel Status Monitor" system was designed t
detect when soldiers are tired and injured. Health practices are of
great importance in monitoring and treating patients and facilitating
surgeries (Bilgin, 2016).

3.4. Applications in the Entertainment Industry

Although not as intense as in the military and healthcare
fields, threedimensional (3D) virtual reality is used in the
entertainment industry (Bilgin, 2016).

3.5. Applications in the Field of Education

Wearable textiles have been used and developed in the field
of education to improve teaching, increase interaction in the
classroom environment, and concretize abstract concepts of students
(Canbaz & Y.dnKeréanin 20150aa e xtile shirt called
BodyVis was aimed to teach primary school students about internal
organs Norooz et al., 2015
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3.6. Applications in Fashion

In fashion applications, wearable textiles are integrated into
clothing and accessories, providing users with great comfort and
style. Clothes that can measure the wearer's body temperature,
adrenaline and stress level, cetitranging night dresses, selar
powered jackets, backpacks that react to air pressure, body
temperature, touch, wind and sunlight, scarves, phone cases, clothes
that change shape by moving and also gimthe-dark clothing is
used Qlewitz, 2016; Borg, 2015;Tommy Hilfiger Solar Clothmg,
2014;Interactive Projects, 2018

4. Wearable Patient Monitoring Systems

With the development of technology, data analysis can be
performed with remote access, portable,-lmgt patient monitoring
systems. This system is of great importance in the diagnosis and
treatment of diseases. Due to the increasing elderly population and
the difficulty of the elderly in coping with diseaséise home care
services they receive cause more costs and time requirements than
wearable health products. Wearable health products that provide
great convenience to patients and their relatives are of great
importance at this point (Bilgin, 2016).

Wearable products designed to monitor health status can
detect vital signals such as heartbeat, body temperature, respiratory
rate, blood oxygen rate, blood pressure, electromyogram (EMG),
electrocardiogram (ECG). These data detected by sensors are
transmited to the relevant experts in the health center via wireless
sensor networks. Experts can identify and treat the disease through
this data without the need to meet the patient face to face. In addition,
patients are provided with great convenience bydeable to
monitor the patient's condition and call for emergency help in
emergency situations (Bilgin, 2016).
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In the 1960s, when NASA sent the first human into space,
wearable products were used to examine the health status of
astronauts. Later, these products were used to provide health services
in rural settlements where there were no doctdfamar &
Krupinski, 2008.

Wearable patient monitoring systems enable rapid and safe
examination of data from patients, as well as responding to possible
situations and intervening in emergencies. These systems include
patient application systems between the doctor and healthcare
institutions, such as telemedicine, teleradiology, teleoncology,
telepathology, and between the doctor and the patient, such as home
care, mobile health monitoring, telehealth, remote chronic disease
monitoring, and teleconsultation. Thanks to these systems,
diagnostic information such as ECG anthy are transmitted to the
relevant person through the existing infrastructure and checked at the
patient's home, providing savings in terms of time and cost (McCann
& Bryson, 2022). The general structure of patienonitoring
systems is shown in Figure 6.
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Sensors that are compatible with wireless body area networks
communicate with a personal treatment server or directly via an
internet network interrupt, transmitting and recording information to
the treatment server where records are kept. Information thhem
sensors is collected in the network controller in the BAN, sent to the
receiver unit and transmitted to the server. These data can also be
shared with other units (Bilgin, 2016).

Produced by BodMedia in the 1990s, the wearable device
placed on the bicep of the arm can detect information such as the
person's pulse rate while asleep or awake, the number of steps taken,
the number of calories burned, and transfer it to devices such as
tablets and smartphones. Every year, thousands of babies experience
sudden infant deaths while they are asleep, so clothes have been
produced that convey this situation to the parents when the baby
stops breathing, changes in heartbeat and body tempgerater
observed. A system produced by Kiowk, a Swebased company,
warns the patient and the staff when there is an unexpected situation
in the patient's body, in cases that require early intervention,
heartbeat, asthma, diabet®s{ual Worldlets Network, 2024

5. Textile Products Used In Wearable Antennas

Since wearable antennas are used in different parts of the
human body, they should be designed using flexible, soft materials
that are compatible with the human body [65, 66]. With the
development of wearable antennas, studies on patch antennas have
focusel on flexible materials. A suitable textile base material and
conductor should be selected not only for providing comfort to the
user but also for the performance of the antenna (Gupta et al., 2010;
Wang et al 2016).

Materials such as cotton, denim and felt are very suitable for
use as dielectric bases forming a textile antefaldzzi et al.,
2016;Lin et al., 2018) Textiles generally offer a very low dielectric
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constant, reducing surface wave losses and increasing the impedance
bandwidth of the antenna. Textile antennas are physically larger than
high dielectric based antennddr@shidi et al. 2011;Singh et al.,

2015; George et al., 2013The dielectric behavior of textile
products depends on frequency, temperature, humidity, the
properties of constituent fibers and the structure of the yarns and/or
fabrics, and the fiber packing density in the fibrous matesalado

et al., 2012 Dielectric constant and loss tangent values of some
textile products are given in Table RRupkariya et al., 2035

Table 1. Dielectric constant and loss tangent of some textile
products(Dhupkariya et al., 2015

Dielectric material Dielectric constant | Loss tangent (tani)
(Ar)
Felt 1,22 0,016
Cotton 1,60 0,040
Denim 1,7 0,025
Polyester 1,90 0,0045
Panama 2,12 0,05
Cordura/Lycra 1,50 0,0093
Cordura 1,90 0,0098
Silk 1,75 0,012
Moleskin 1,45 0,05
Tween 1,69 0,0084
Quartzel Fabric 1,95 0,0004

As seen in Table 1, in general, textile products offer a very
low dielectric constant because they are porous matetialss
2017). Although these values vary depending on the manufacturer,
they are a guide for antenna designv(g i )., 201 3

In general, for flexible antennas, the conductivity of the
radiating part is required to be high. Electrotextile antennas have
been shown to have less gain, efficiency and bandwidth compared to
their copper tape or foil counterpart. Different conductoremaits,

~112-



such as copper tape, lead to different antenna performBacacha

et al., 2019 Although it is very easy to stick copper tape or foil to a
textile substrate, it may be removed as a result of deformation of the
copper tape during bending or due to environmental conditions such
as temperature and humidif/splis et al., 2014

In recent years, electtextiles (etextiles) have attracted
much attention as promising materials for making wearable antennas
fully flexible, enabling smart materials to communicate freely via
wireless networks. These fabrics are durable, flexible artdbde
for wearability Ahmed et al., 2013

Electrical properties and surface resistances of conductive
textile products are usually given by expert manufacturers.
Therefore, certain commercially available conductive textiles have
been successfully used in antenraalyado et al., 20)2Some of
these are produced with Shieldit Super and FlecTron, both of which
have sheet resi st &(Hertdesretal,200e s s t
These antennas have been successfully used in various WBAN
applications for RF communications (Lin et al., 2018).

6. Technological Development of Wearable Antennas

Kurt & Kaya (2022, when the studies were examined, it was
seen that wearable antennas are of great importance in the field of
health. It has been shown tlhaeast cancer is diagnosed with the use
of microwave patch antennas, and microwave imaging is the best
method for detecting breast cancer.

Erdem (2017), since electrical nerve stimulation method is
an effective method to reduce the pain of diseases, such methods can
be integrated into clothing thanks to electronic textiles. A therapeutic
knee brace has been developed for knee osteoarthattenis by
integrating electrodes into the knee brace.

G¢ray (2018) , -basdd glaveswerendesigned e x t

by integrating TENS (Transcutaneous Electrical Neural Stimulation)
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feature and textikbased splint application into electronic textiles
created with the embroidery method for rheumatoid arthritis
patients. As a result of this study, a decrease in pain was observed in
the patients. However, difficulties in overlappingdi@n joints have
been observed in patients with deformities due to this disease.

G¢gler (2007), thanks to the e
the clothing using a MEMS (Micro Electromechanical Systems)
based accelerometer, the vital respiratory rate was measured by
determining the forward bending, upright standing, supine positions,
walking and running movements of the human body. Profffem
and highquality data transfer was achieved using the RF method for
8 hours without interruption.

Ercan (2018 it was aimed to create a wearable electronic
textile resistant to high temperatures by combining different fabrics
with silver, copper and steel conductive threads in sandwich form. It
has been observed that sikemrated conductive threads show lower
performance and breakage than copper and-stetéd threads. It is
thought that these-textile products, which are resistant to high
temperatures and have high data transmission capacity, can be used
in different areas such as protective claghand space suits.

Kuz ub ak o], lwearalfle2 tBnfpédrature sensors have
been studied using the inkjet printing method for health and
biomedical applications. It has been observed that the sensor
attached to the clothes can monitor body temperature in risky
situations.

Acar (2019), wearable electrocardiography (ECG) sensors
have been developed for use in personal health monitoring
applications. For this purpose, graphene was applied to fabrics by
dipping, coating and scregminting techniques, and heart rate rates
were successfully determined. It is foreseed that this study will be
effective in the refinement of wearable heart monitoring devices.
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Bilgin (2016), by saving time and cost, basic health
information such as body temperature, galvanic skin response, pulse
rate and breathing rate have been monitored for a long time by
designing a wearable mobile health system for people in risk groups
such as athletes, patients and the elderly. Vital values were
determined with sensors on the patient's body, and abasdxd
visual interface design was obtained by transferring the obtained
data to experts on the internet.

Albairaqdar (2018 to realize a textile dielectric material
based microstrip antenna design, rectangular, circular, and
equilateral triangular microstrip antenna designs were carried out in
the 2.4, 3 and 5.8 GHz frequency band using denim, velvet and felt
textile producs. Antenna performances were compared by
developing the Equal Patch Area (EAA) method. It has been
observed that the EYA method is a successful method in determining
performance and that denim, felt and velvet textile products can be
usedin wearable products.

Arée (2016), The electronic ci
impaired individuals to navigate more easily by detecting obstacles
they may encounter through wireless sensors developed using high
frequency sound waves, is applied to the adhesive fabric arigecan
removed and used with different clothes if necessary. The receiver
circuit, which can be carried in a shirt pocket, can be used easily in
all clothes, providing convenience to visually impaired individuals.

Uyanék (2021), Due to the dis:
in the detection of heart diseases, microstrip antennas, which have
advantages such as small size, weight, narrow, low cost and multi
band, have been used by integrating them with a texdised
surface. Denim and felt were used as textile surfaces in the study.
Antenna design and cardiovascular tissue were designed with the
simulation method through the HFSS (High Frequency Structural
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Simulator) program, and this application was found to be applicable
in detecting cardiovascular occlusion.

Mutlu & Kurnaz (2020, a wearable microstrip antenna was
designed to detect tumors in organs such as the brain, liver, and
kidney. The antenna designed using the CST program is in a
wearable form that does not pose a risk to health and allows
monitoring of patients with higbancer risk.

Hancélar (2022), to provide e
the circuit design integrated into the wearable system through a
sensor that detects chest/diaphragm movements was tested on 20
volunteers and their breathing rates were calculated. Althowgh th
designed velostat sensor is a successful sensor in respiratory
monitoring, it poses a problem in daily use when the body is in
motion. In this study, the test was performed when the body was
motionless.

¢tcelenk (2022), three differen
designed to design wearable textile antennas by adapting them with
metamaterials. In the first study, a planar and curved-matarial
TEDK (Base Integrated Waveguide) leakage wave antenna, which
operates in a wider frequency band than other antennas in the
literature, was designed. The antenna produced in the second study
can be used for military applications. It has been found that the
proposed antenna is suitable in terms of cost and massctoydu
When the literature was examined, it was seen that the cavity
supported TEDK textile antenna had the highest efficiency
compared to similar antennas. In the third study, a fully textile,
washable metaurface antenna was designed. It has been duserv
that metasurface structures are important in terms of antenna gain
and efficiency.

Vallozzi et al. (2008 GPS modules have been integrated to
be applied to fireand watetresistant textile materials and rescue
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personnel. The effects of the textile layer on the return loss were
investigated and it was seen that the antenna was able to fulfill its
function.

Roh et al. (2010 by conducting research on the use of
textile-based antennas in designs, it has been determined that linear
and planar antennas are more suitable for wearable textile products.
It has been observed that broadband textile antennas can be used over
long distances in military, space, protective and medical fields.

Morrison et al. (2014 An electrocardiographic circuit
(flexible electrodes, battery and antenna) is integrated into the textile
material. Heart values were monitored and encrypted with a flexible
antenna.

Blecha et al. (2014 information was transmitted on the
textile surface with printed antennas. This etmsyse, lowcost
system is designed for firefighter clothing and this product provides
significant advantages in terms of electronic textiles.

Top et al. (2017), in the modeling developed for the detection
of heart diseases using microstrip antenna, 2.45GHz was chosen for
the design. By using 42.5 dielectric and 1.40 conductivity values,
electromagnetic field simulation values were obtained ise€a
where there was no vascular occlusion and in cases where there was
vascular occlusion, and the differences were examined. When the
results were examined, it was seen that the data were different in case
of occlusion in the cardiovascular system and #ectromagnetic
signal data could be used in heatated disorders.

Patel et al. (2010), a system has been developed to monitor
the changes in the motor system of parkinson patients from home.
The data obtained from ECG, respiratory and motion sensors are sent
to the hospital's central network via a wedsed mobile phorend
reached the relevant doctor's computer.
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Guinovart et al. (204 the pH level of the wounds is
monitored and constantly controlled through wearable
electrochemical sensors placed in the bandage.

Varadan (201}l a person's heart health and neurological
diseases can be examined by attaching it to clothes called e
Nanoflex. After wearing this garment, the person's health status is
transferred to smartphones. This system can perform all the
operations that the EC@evice does

Frost (2018, developed by Leaf Healthcare for decubitus
ulcer patients, the user interface observes the patient's position in
order to observe the patient's activities, and allows the nurse and
doctor to be informed in which direction the patient should move and
when the patient does not move correctly.

Health Care Originals (2024), developed by Health Care
Originals, the system that can be worn under clothes provides
flexible, comfortable, patectype smart asthma management and
transmits information about the individual's breathing pattern, cough
monitoting, body temperature, heart rate and asthatated
conditions.

Muluparti et al. (2024), used denim, cotton, leather, jeans and
silk textile materials as a rectangular patch substrate in the antenna
design for use in biomedical and healthcare services. Designed to
operate at 2.47 GHz, this antenna was found to be phugnfor
healthcare applications, with denim operating smoothly in the
intended frequency range and being the most suitable textile material
to be used. In the simulation performed using the CST tool, the
simulated reflection coefficient was &8dB, exceding the-10dB
reference point, showing strong performance and robust impedance
matching. It provided a solid foundation for the development of
textile-based antennas in healthcare applications and demonstrated
the applicability of such designs.
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Musa et al. (2024), included a SEN11547 pulse sensor and
an LM35 temperature sensor to detect heart rate and body
temperature data in a health monitoring system for Internet of Things
(IoT) applications. Two duaband microstrip patch antennas, each
measuing 41 x 44 mrA were built on the Rogers Duroid RO3ED3
substrate. One of these antennas is equipped with a PIN diode. An
inverted Ushaped slot was added to the existing patch to provide
dualband operation at 2.4 GHz and to create a 5.8 GHz frequency
band. The active antenna can switch between a single 5.8 GHz band
and a duaband configuration of 2.4 GHz and 5.8 GHz. Ten samples
were collected at -ininute intervals for 10 minutes from ten
participants, ages 18 to 40. To validate the results, measusement
were compared with a commercially available Laird Connectivity
2.4 GHz/5.8 GHz dipole antenna. Heart rates ranged from 85 BPM
to 92 BPM for the active antennas and from 84 to 90 BPM for the
reference antenna, indicating good agreement. Similarly, thg bod
temperature varies between 29

al

bet ween 30 and 36AC for the refe

study highlights the effective integration of the proposed-taat
active antenna into an leffased health monitoring sgsh.

Soni etal. (2024), carried out an antenna design for tumor
detection at 2.45 GHz and the antenna was designed on a flexible
substrate polyimide with a dielectric constant of 3.5. A tumorous
human tissue model is designed for tumor detection and different
simulation analyses are performed on the human tissue model. The
size of the present e d. Thereflecton a i
coefficient (|]S11|), 3D radiation patterns, directionality gain and
SAR parameters were analyzed. It was found that this anterery is v
suitable for orFbody biomedical applications at 2.45 GHz frequency,
especially in tumor detection.

Casula et al. (2024), a novel-body/epidermal antenna is
designed on a miniaturized AMC structure. For this purpose, a
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conventional unit cell is suitably wrapped and a hanasle high
permittivity and lowloss thin and flexible silicon doped dielectric
substrate is used. The antenna operates at RFID UHF frequencies of
approximately 900 MHz and its overall footprint is liedtto only
0.03 202 (41.4 1 82.8 mm). The p
platform tolerant, and implemented on a very thin, flexible, and
biocompatible substrate. There are sufficient holes in both the AMC
substrate and the ground plane to allow gk@mspiration. These
features enable the designed structure to be effectively used as an
epi der mal ant esiiano as dmwl nyg Nofh
health parameters such as body temperature, skin impedance, and
electrophysiological potentials.

The technology of wearable antennas is advancing rapidly
with advances in both material science and textile, computer and
electronic engineering. This enables the new generation of wearable
devices to become more functional.

7. Conclusion

With the developments in the textile sector, products that
meet different needs are produced and offered to the market. Smart
electronic textiles, which are among technical textiles; Textile
products become functional because of the integration of textile,
electronics, medicine, computer and design fields. These products,
which are of great importance especially for the healthcare sector,
are integrated into the clothing and enable the patient to be monitored
without wasting time, thus increasing the patgemuality of life.
Wearable antennas, which can be easily integrated into clothing, can
be integrated into the fabric to detect diseases, reduce pain, transfer
patient data, and monitor basic health information without
compromising the elegance of theottling. Through the
optimization algorithm, the wearable textile product that will form
the base material of the microstrip antenna can be determined and
the most suitable textile product can be used. Wearable antennas
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used in electronic textiles are very important for the healthcare
sector; It seems to provide great convenience for patients, their
relatives and healthcare professionals. These products with
functional features are expected to have a great future prontise
textile industry.
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CHAPTER VII

Design and Analysis ofTitanium Nitride -Based
Metalens for Efficient Light Focusing at 1550 nm
Fiber Optical Wavelength

Yunus U¢AR
Ekin ASLAN 2
Erdem ASLAN 3

Introduction

Metasurfaces have introduced groundbreaking innovations
in the control of electromagnetic waves, becoming a prominent
research field in photonic and electronic device technologies
(Meinzer, Barnes, & Hooper, 2014; Yu & Capasso, 20These
structures offer unique advantages in applications such as wavefront
shaping, beam steering, focusing, and hologrdpreta et al., 2012;

! PhD Student, Kayseri University, Department of Electrical and Electronics Engineering,
yunusuca@k ay s er i . e0806000201,7442D2 c € d :

2 Assoc. Prof, Kayseri University, Department of Electrical and Electronics Engineering,
ekinasl an @k ay 9@60D03@3BU796 r , Orced:

3 Assoc. Prof, Erciyes University, Department of Electrical and Electronics Engineering,
asl aner de m@e r c 0000©C1L682839000t r , Orceéed:

~-132-



Khorasaninejad & Capasso, 2017)he core principle of
metasurfaces lies in their ability to manipulate properties ofdight
such as amplitude, phase, polarization, and orientatibrough
nanoescale structures organized on their surfagEddishev,
Boltasseva, & Shalaev, 2013; Lin, Fan, Hasman, & Brongersma,
2014; Schulz et al., 2024} his enables the development of thin and
lightweight structures that can replace traditional optical
componentg$Chen, Taylor, & Yu, 2016)

The potential of these metasurfaces, particularly in
telecommunications wavelengths, allows for the miniaturization of
optical devices and the development of Rgyacision applications
(Aieta, Genevet, Khorasaninejad, Capasso, & Devlin, 2@l to
their unique structural characteristics, metasurfaces provide
extensive application opportunit@egrom wavefront manipulation
and control to holographic imaging systems and quantum
information processingKuznetsov, Miroshnichenko, Brongersma,
Kivshar, & Lukdéyanchuk, 2016; Yu

The choice of materials in the design of metasurfaces
significantly affects their performance. Traditionally, noble metals
such as gold and silver have been the materials of choice due to their
plasmonic propertiefBoltasseva & Atwater, 2011However, the
high optical losses and low thermal stability of these metals impose
significant limitations, especially in higiemperature applications
and broadband optical devic@saik, Shalaev, & Boltasseva, 2013;
Schuller et al., 2010)As a result, the exploration of alternative
plasmonic materials has gained great importafB@tasseva &
Shalaev, 2015; Mahajan, Dhonde, Sahu, Ghosh, & Shirage,.2024)

Titanium nitride (TiN) has recently emerged as a promising
alternative plasmonic material. TiN stands out with its high melting
point, chemical stability, and low optical loss@dahajan et al.,
2024; Naik et al., 2013Moreover, its compatibility with CMOS
fabrication processes facilitates its integration into photonic circuits
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(Schuller et al., 2010)The optical properties of TiN demonstrate
plasmonic behavior similar to gold and silver in the visible and near
infrared spectral rangéBoltasseva & Shalaev, 2015; Kuznetsov et
al., 2016) These characteristics make Tidsed metasurfaces
promising candidates for the development of broadband and highly
efficient optical device¢Chen et al., 2016)

The ability of metasurfaces to manipulate wavefronts
enhances optical system performance and unlocks new application
opportunities (Huang et al., 2016; Yu & Capasso, 2014)
Specifically, the control of light phase plays a critical role in
achieving functionalities such as focusing and beam steering
(Khorasaninejad & Capasso, 2017; Meinzer et al., 201 design
of metacells capable of providing a continuous phase shift between
0 and 27 enabl es t peecisiagheoptedl o p me
componentgAieta et al., 2012; Lin et al., 2014uch metasurfaces
offer significant advantages in designing compact and integrated
optical systemgKildishev et al., 2013)

The impact of metasurfaces on optical systems has become
more pronounced due to their advantages over traditional optical
components. In particular, their ability to control the phase,
amplitude, and polarization of light positions metasurfaces as pivotal
elements in nex¢eneration optical devicésleinzer et al., 2014; Yu
& Capasso, 2014)These advantages, combined with their compact
size, lightweight structure, and ease of fabrication, make them ideal
for applications ranging from optical communications and
holography to imaging and information processiiAgeta et al.,
2012; Kildishev et al., 2013)

The high precision of metasurfaces in wavefront
manipulation significantly enhances optical system performance.
Controlling the wavefront phase is essential for a variety of
applications, including light focusing, beam steering, and digital
information traasfer (Khorasaninejad & Capasso, 2017or
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example, in holographic systems, metasurfaces provide thinner and
lighter structures than conventional optical elements, resulting in
more precise imaging performan¢tuang et al., 2016)

In this study, a focusing metasurface designed to operate at a
1550 nm wavelength using TiN as the primary material is developed
to achieve focusing functionality. The metasurface design consists
of 20 metacells capable of providing a continuous phasé &iom
0O to 2 . Numer i cal anal yses ar
Difference TimeDomain (FDTD) method, confirming that the
metasurface's focusing performance is within acceptable |6&els
Taflove, S. C. Hagness, 2009)he results demonstrate that FiN
based metasurfaces enable dmss, highefficiency, and thermally
stable focusing applications.

TiN-based metasurfaces are not limited to focusing
applications but also offer innovative solutions in various fields,
including optical communication, quantum information processing,
laser steering, and imagirigi, Zhang, & Zentgraf, 2017; Mahajan
et al., 2024; Yu & Capasso, 2014) particular, the precision of
wavefront manipulation achieved by metasurfaces provides a
powerful tool for quantum optics and information processing
systems (Kuznetsov et al., 2016)The developed metasurface
combines miniaturization with performance enhancement in optical
systems, offering revolutionary contributions to future academic,
military, and commercial applicatiof&ieta et al., 2017; Boltasseva
& Shalaev, 2015)

Method

In this study, an alternative plasmonic metasurface capable
of focusing light at a specific focal distan®is designed and
analyzed. To achieve the intended functionality of the metasurface,
a phase profile is initially formulated to enable the focusing effect,
followed by the optimization of the metzll geometries and the
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evaluation of their electromagnetic properties through numerical
simulations.

The phase profile on the metasurface is determined to
produce a spherical wavefront, and it is mathematically modeled
using the following equatioAieta et al., 2012)

s W Z0Y - & e a0 1)

In this equationz represents the phase shift at thex, y)
positi on, f=5000 em is the focal
=1550 nm is the operating wavel
due to its lowloss and lowdispersion characteristics, making it ideal
for fiber-optic communication systems. The oversite of the

metasurface is designed to be 40
cells with a periodicity of 2.5
spanarangeofi@ "] and is designed accor

shown in Figure 2.
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Figure 1: The Designed Circle Couple Shape Antenna Structure:
(a) top view, (b) perspective (c) side views, The Designed Semi
Circle Couple Shape Antenna Structure: (d) top view, (e)

perspective (f) side views.

The metacell structures are optimized to modulate the
wavefront with a specific phase shift. The me#ll structures
consist of three layers: the TiN reflective layer, which provides high
reflection resonance,; t he Si O
functions as an optical insulator and alignment mediumttand@iN
nanoantenna layer, which enables electromagnetic phase control.
The nanoantenna layer includes two distinct types of geometries as
shown in Figure 1 that enable electromagnetic phase control. The
dimensions and shapes of these geometries areipgtirto cover

the phase range ofi[@ " ] . Mor eover, the geor

the nanoantennas are adjusted to correspond to specific phase values.

The optical properties and phase responses of the designed
metasurface are analyzed using tROTD method. In the
simulations, the electromagnetic behavior of periodic roelis on
the xy-plane, illuminated by a normally inciderdirearly polarized
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plane wave in the xplane, is investigated. The reflection phase and
amplitude responses of each me#dl type are meticulously
analyzed. The antenna arrangements required for the first phase ring,
with di mensions of 35 Om 1Ihe 125
simulation area and optimized based on the results.

Phase

(m)

100 | " Mos

200L\ j 0

200 -100 0 100 200
x(pm)

Figure 2: Required Phase Map for a 5 mm Focal Length Metalens
on a 400 Om x 400 Om Surface Con

Om Periodicity, with an Inset F
Arrangement in a 35 Om-2Xx Phaseém
Ring.

The data obtained from the simulations asaluated in
terms of reflection phase, focusing precision, and reflection
efficiency. The thredayer structure of the metasurface, composed
of Ti N and Si O materials, demon
and is optimized for efficient light focusinghis design provides an
effective solution with high optical performance.

Results

The phase and reflection responses of each-oaftavere
thoroughly analyzed to investigate the influence of geometric
parameters on the electromagnetic behavior ofrii@surface. This
analysis focused on evaluating the performance of-gedts with
antenna layers designed with varying geometrical configurations.
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As presented in Table 1, the phase and reflection responses
demonstrate that a smooth phase transition is achieved across the 0
2" range, meeting the desired ph
noted that the reflection coefficient remained relatiwgtble during
the phase transition process, indicating reliable performance.

Table 1:Geometric Parameters of Designed Antenna Array.

©

c .

= Geometric Parameters

—

c

< Reflection

1 SemiCircle Couple 0,8889 0,0349 - 150 250 250 | 2500 | 2500
2 SemiCircle Couple 0,8784 0,1216 = 125 250 250 2500 = 2500
3 Circle 0,7895 0,2286 = 525 - - - 2500 | 2500
4 SemiCircle Couple 0,8105 0,3206 = 150 300 650 2500 = 2500
5 Circle 0,8353 0,4243 = 550 - - - 2500 | 2500
6 Circle 0,7947 0,5488 625 - - - 2500 = 2500
7 Circle 0,8667 0,6423 | 700 - - - 2500 | 2500
8 SemiCircle Couple 0,7247 0,7495 - 225 450 = 450 = 2500 = 2500
9 SemiCircle Couple 0,7151 0,8250 - 225 475 475 | 2500 | 2500
10  SemiCircle Couple 0,7343 0,9305 - 250 475 475 2500 @ 2500
11 Circle 0,8502 1,2087 | 200 - - - 2500 | 2500
12  SemiCircle Couple 0,7316 1,2588 - 250 500 500 2500 = 2500
13 Circle 0,8673 1,3815 = 250 - - - 2500 | 2500
14 Circle 0,8393 1,4305 425 . - - 2500 = 2500
15 = SemiCircle Couple 0,8400 1,5233 - 125 150 475 = 2500 | 2500
16 Circle 0,7685 1,6290 475 . - - 2500 = 2500
17 | SemiCircle Couple 0,8363 1,7272 - 175 175 500 = 2500 | 2500
18 = SemiCircle Couple 0,9013 1,8342 - 150 175 175 2500 = 2500
19 Circle 0,7401 1,9018 = 500 - - - 2500 | 2500
20 Circle 0,8775 1,9624 100 - - - 2500 = 2500

Graphical representations of the phaard reflection
responses as a function of antenna configurations are given Figure 3
(a) and (b), respectively. These results show that the phase shift is
achieved with high precision, while the reflection coefficient
stabilizes around an average value aB.0This consistency
highlights the effectiveness of the meglls in controlling phase
transitions while maintaining an optimized reflection efficiency.
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Overall, the findings underline the importance of carefully
tailoring geometric parameters to achieve targeted electromagnetic
properties in metaell design. The smooth phase modulation and
consistent reflection performance contribute significantly to the

met asurfaceods

c al functi onal

opti

solution for the intended applications.

Antenna Number

Antenna Number

Figure 3: (a) Antenna Reflection Values and (b) Antenna Phase
Values.
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Figure 4: Normalized Light Intensity Distribution in the-piane
with Respect to the Source.

In Figure 4, it is demonstrated that focusing can be achieved
at the planned focal distance of 5 mm, as determined by the focusing
equation in Equation 1 througtumerical analyses. The figure also
reveals the presence of multiple focal points. These additional focal
points may result from scattering caused by factors such as phase
map tolerances of the unit cells, fill factor variations due to
periodicity, and sinfar effects. Achieving a sufficiently distant focal
length of 5 mm aligns with the objectives of this study, and the
normalized light intensity at the focal point indicates a high focusing
efficiency.

--141--



Conclusion

This study presents the design and analysis of a metalens
operating at a wavelength of 1550 nm, utilizing TiN as the
nanoantenna material. TIN demonstrates considerable promise for
advanced photonic applications, with its lwgs properties, high
thermal stability, and alternative plasmonic character. The design
incorporates 20 meteells, each capable of inducing a continuous
phase shift from O to 27, faci
wavefront and enabling effective light focusing at a focal len§th o
5 mm.

The rigorous numericalanalysis using FDTD method
validates the high precision of phase control and reflection efficiency
achieved by the metalens. The results indicate that the phase shift is
finely tuned, and the reflection coefficient maintains an optimized
value of around @, confirming the stability and efficiency of the
metasurface design. Additionally, the observation of multiple focal
points, likely due to scattering effects and phase map tolerances,
suggests areas for further optimization. However, the achieved
focusing efficiency at the intended focal length meets the design
objectives, marking a significant step forward in the development of
metasurfacdased optical components, in terms of the use of
alternative plasmonic materials.

In conclusion, this work highlights the potential of FiN
based metalenses for future optical systems, where precise
manipulation of light can be achieved in a highly integrated, scalable
manner. Further refinements in the design and fabrication processes,
especially concerning scattering and fill factor variations, will
enhance the performance and applicability of these devices in
advanced photonic technologies.
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CHAPTER VIII

Innovative Approach in Technical Education: Hands
on Learning with KNX Building Automation
Experiment Set for Students

Zihal POLAT
Ké¢bra Nur 2AKPI

1. Introduction

With their remarkable comfort and energysaving
advantagesmarthomesystemsaveswiftly establishethemselves
as a mainstayof contemporarnyliving. By seamlesslyintegrating
severalsensorsand gadgets,thesesystemsoptimize energy use,
accommodatepersonalpreferencesand improve home security.
Smarthomesreduceenergywasteand improve quality of life by
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automating energyintensive duties like lighting, heating, and
coolingMajeedetal., 2020) Internationallyacceptedtandardshat
guaranteg¢hesesystemstiependability adaptability,andscalability
areattheir foundation. The KNX protocolis a well-knownnamein
this industry and hasestablishedhe benchmarkfor innovationin
smarthometechnologies.

The KNX protocol is an internationally recognizedopen
standardfor home and building automation,enabling seamless
communicationamongdiverse systemssuch as lighting, HVAC,
security,andenergymanagements anISO/IEC 14543 3-certified
protocol, KNX guaranteesinteroperability across devices from
differentmanufacturersmakingit a cornerstonen smarthomeand
industrial automation.It is a key enablerin integrating various
building automationtechnologiesnto a cohesive reliable system
(Malhi & Apopei, 2022) At its core,KNX utilizes a decentralized
communication architecture, ensuring that devices operate
autonomouslywhile maintaining networkwide synchronization.
This decentralizedchatureenhancesystemreliability, allowing for
robust control even if individual devicesfail. Moreover, KNX
supportsrariouscommunicatiormedia includingtwistedpair, RF,
powerline,andIPd enablingbroadadaptabilityto differentbuilding
typesandinfrastructuregKrausetal., 2020) Integratinginternetof
Things (lIoT) technologieshas elevated KNX's relevance by
facilitating reattime monitoring, control, and automation. loT
integrationenableslynamicinteractiondetweersensorsactuators,
andcloud services providing userswith enhancedontrol through
mobile applicationsand web platformgSwathika,2022) (Srividya,
2021).For instancejn smarthomes,KNX systemsallow usersto
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remotelyadjustlighting, monitor energyconsumption,or manage
HVAC systemgo optimizecomfortandefficiency( C o n ¢ etal.c
2022) Additionally, KNX plays a vital role in advancingenergy
efficiencyandsustainability It supportgheintegrationof renewable
energy sources, such as solar panels, and enables predictive
maintenancehroughloT-basedanalytics.This capabilityis critical

for reducingenergyconsumptionand promoting environmentally
friendly practicesin smartbuildinggSatheeskantbt al., 2022) By

bridging traditional building control systemswith cuttingedgeloT

technologiesthe KNX protocol offers a scalableand future-proof

solutionfor building automationlts robustarchitecturecompliance
with international standardsand integration with 10T platforms
underscorets pivotal role in modernsmartenvironmentéHakiri et

al.,2020)

In summary, the KNX protocol is more than just a
communicationstandard;it is a transformativetechnology that
underpinsthe evolution of smartbuildingsandcities. Its emphasis
on interoperability reakttime control, and sustainabilitypositionsit
asanindispensabl¢éool for modernbuilding automation.

The extensive application of KNX necessitatesthe
developmentof educationalactivities and practical opportunities,
particularlyfor studentgpursuingtechnicaleducation.This enables
future professionalsto comprehendthe dynamics of building
automationsystems,enhancingtheir ability to utilize or improve
suchsystemsefficiently.

This study has developedan experimentalsetupto allow
associatedegreestudentsto design and implement applications
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relatedto smarthomesystemsThedevelopedetupintroduceskKNX
simulatormodulesandthe KNX softwareprogrammingtool, ETS.
Learningthe KNX systemoffersnumerousadvantagefor students.
First, as KNX is an internationallyrecognizedstandard,t allows
studentsto work with globally acknowledgedtechnology. This
increasegheir employability prospectsafter graduationand will
enablethemto participatein internationalprojects.

2. KNX Protocol and Integration with Other Technologies:

Integrationof KNX Protocolwith Other TechnologiesThe
KNX protocolis widely recognizedor its flexibility andcapacityto
integratediverse technologiesenabling seamlesscommunication
betweernvariousbuilding automationsystemsilts role in enhancing
systemefficiencyandimprovinguserexperiencas significant,asit
bridges traditional automation methods with modern digital
frameworks.Onefascinatingapplicationof KNX is the simulation
of KNXnet/IP telegrams.Using tools like MATLAB/Simulink,
reearcherdavebeenableto simulateandanalyzethe behaviorof
building automationsystems.For instance,( L - {\guitar et al.,
2018) demonstratechow tools like Wireshark can monitor and
optimize datapackets.This approachhasgainedpopularity for its
ability to simplify troubleshootingand improve overall system
reliability (Bergmanretal., 2012) (Krausetal., 2020)developeca
prototype gatewaythat allows seamlesscommunicationbetween
KNX andserviceorienteddeviceconnectivity(SDC)to addresshe
growing need for interoperability. By enabling integration with
protocols like BACnet, Modbus, and Zigbee, this innovation
providesa unified frameworkfor diverseautomationtechnologies.
In anotherbreakthrough(Bovet & Hennebert2013)introduceda
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Web of Thingsgatewayfor KNX networks,integratingweb-based
technologiegshroughHTTP and RESTful APIs. This advancement
enablesKkNX systemsto operatewithin modernloT ecosystems,
enablingremotemonitoringandcontrolling of devices Researcloy
(Guinardet al., 2009) supportsthis, showinghow RESTful APIs
simplify 10T integration and enhancesystemscalability. On the
hardwareside,(Hanetal., 2010)developedKNX devicenodesand
binary outputactuatorsusing a Bus InterfaceModule (BIM). This
designreducesdevicecomplexity,improvesefficiency,andlowers
costs.Similarly, ( P ®&komlzardetal., 2008)exploredinnovations
to improve energy efficiency and make KNX systemseasierto
deploy in residential and commercial settings. Userfriendly
interfacesareanotherkey focusareafor KNX systems( W¢ ns c h e,
2019)highlightedthe importanceof creatingintuitive interfacesor
managinglevicedike lighting andHVAC systemsThesenterfaces
make automationaccessibleto a broaderaudience,even those
without technical expertise. Similarly, (Page et al., 2016)
emphasizechow graphical user interfaces(GUIs) improve user
interactionswith building systems,simplifying the operation of
complextechnologies(Neugschwandtnest al., 2007)developeda
methodto map KNX datato oBIX (Open Building Information
Exchangekpntitiesto bridgethe gapbetweertraditionalautomation
systemsandmodernlT frameworks.This approacHacilitatesbetter
communicationbetween KNX systemsand IT-based solutions.
(Kastneret al., 2005) also emphasizedhe importanceof aligning
building automation protocols with IT systemsfor enhanced
functionality and interoperability. Energy managements one of
K N X 6nsost impactful contributions. By incorporating energy
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meters,motion sensorsand automatedimers, KNX systemshelp
reduce energy consumption and promote sustainability P ®&r e z
Lombard et al., 2008) Finally, integrating KNX with [oT
technologieassignificantly expandedts capabilities(Bergmann
etal.,2012)demonstratedowlightweightloT protocoldike MQTT
andCoAP canenhance&K N X &calabilityandresponsivenesdhis
hybrid architectureenablesadvancedloT applications,such as
predictive maintenance and Al-powered automation, further
solidifying K N X @asition as a cornerstoneof modernbuilding
automation. Through these advancements,KNX proves its
adaptability facilitating thecreationof moreinnovative sustainable,
and userfriendly building automation systems. Its ability to
integratewith emergng technologiegositionsit asa vital tool for
addressinghe challenge®f moderncleverbuilding design.

3. KNX ETS 5: Infrastructure for Modern Building
Automation

Basedon the globally acceptedKNX protocol, KNX ETS5
softwareis essentialfor contemporaryautomationand intelligent
building systems.The benefits of the KNX protocol, such as
flexibility, systemintegration,andenergyefficiency,havemadeit a
global standardWith its flexible andintuitive interface KNX ETS
5 makesit easierto develop, configure, and managebuilding
automationprojects. In residentialand commercial buildings, it
efficiently executesa range of automation scenarios,such as
lighting, climatecontrol,energymanagemengndsecuritysystems.

KNX ETS 5 is essentialto educationbecauseit gives
engineeringstudentgracticalexperienceStudentscan apply their
theoreticalknowledgeto realworld situationsusing KNX-based
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automation simulators created for educational reasons. These
simulators aim to provide aspiring engineerswith a thorough
understandingf intelligentcontrolsystemssystemintegrationand
energyefficiency. KNX ETS5 promotesincreaseccomprehension
and adoption of building automation systems among wider
audience$y aidingin theteachingproceséloylan& Cetin,2019)

Technicallyspeakingcurrentresearctiocusesonimproving
KNX technology'sperformanceand adaptability.Improvementsn
KNX device nodes and bus interface modules are especially
significant. These modules increase system dependability and
efficiency by optimizingcommunicatiorbetweerkKNX devicesand
centralcontrol units. By focusingon efficiency and sustainability,
theseadvancementguaranteequicker and more energyefficient
system operations, helping to shape the future of building
automatiorsystengHanetal., 2010)

4. Home Automation Project Simulation with KNX

Control Panelfor Automationof SmartBuildings Basedon
KNXA KNX-basedcontrol panelintendedfor intelligent building
automationis shown in Figure 1. Lighting, switching, heating
cooling, andothervital systemscanbe controlledwith the help of
the popular KNX protocol, which allows various devices to
communicatewith eachotherwithout any problem (Association)
How doesthe experimensetequipmentvork:

1 Power Source (640mA PSlthe KNX system's power supply
is its central component, providing all linked devices with the
energy they require. It guarantees that the entire KNX bus line
remains powered and functional with its 640 mA capacity.
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1 IP Router,remote access is made possiblethwy IP router,
which links the KNX bus to an IP network. This allows you to
keep an eye on and manage KNX.

Figure 1. Experiment set panel (test elements)

This allows you to use an {Pased system or the internet to
monitor and manage KNX devices framy location.

1 Switch Actuatarthe connected circuits' on/off switching is
managed by this reldyased device. Its four channels offer
dependable and effective control over lighting, outlets, and
other loads (Jung, 2019).

9 Universal Dimmer, vihether the lights are halogen, LED, or
another dimmable variety, the dimmer controls their
brightness. Its six channels allow for exact control of
illumination levels, saving energy and producing the ideal
atmosphere.

i Oria Thermostat, ¥ controlling the heating and cooling
systems, the thermostat controls the ambient temperature. It
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guarantees effective and comfortable climate control and is
fully integrated with the KNX network.

1 Room Control Unit, His multipurpose device serves as the
brains behind a room's automation requirements. It manages a
number of tasks, including climate management, curtain and
lighting control, and more. The proper actions are performed
once commands from buttons or otheputs are analyzed.

1 Climate Control and Fan Speed) prder to ensure ideal
airflow and temperature regulation, these sections concentrate
especially on controlling fan speeds and climate systems, such
as VRF or farcoil units.

1 Lamps and Buttongjsers can interact with the system by
turning lights or devices on and off using the buttons at the
bottom of the panel. As indicators, the bulbs at the top display
the state of several outputs.

The KNX busline allows seamlessommunicatiorbetween
all devices Remoteaccessandcontrolaremadepossibleby the IP
router, which connectsthe systemto the IP network. Lighting
functions like turning lights on and off and dimming them are
handledby devicedike the Switch ActuatorandUniversalDimmer.
Comfort and climate are expertly controlled thanksto the Oria
Thermostatatnd Room Control Unit. The systemoffers the highest
level of flexibility andusability by allowing usersto engagewith it
remotelyor throughphysicalbuttons.

By improving energyefficiency, enablingremote control,
andproviding a smooth,userfriendly experiencethis KNX-based
technologyintelligently automatesbuildings. This system offers
comfort, control, and conveniencewhetherit is controlling the
lighting, controllingthetemperaturegr automatingeverydaychores.
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4.1Building Structure:

Figure 2 showsthe ETS5softwareinterfacefor configuring
and managinga KNX-basedbuilding automation project. This
interface provides information about the building structure and
group address organization used for communication between
devices.

m ETS5™ - Home Automation Project
Edit Workplace Commissioning Diagnostics Apps Window

Q Close Project i=% Reports Workplace
Buildings ~
Add Buildings | * ¥ Download |+ @ Info = Reset L
55 Dynamic Folders -
4 5 Home Automation Project
= Bathroom
E3 Bedroom
Corridor

Kitchen
4 (o Living room
i:] 1.1.10 TMx Thermostat
4 [ PANEL
i:] 1.1.4 RC2018 Room Contol Unit, 20 Qutput, 18 Input
i:] 1.1.5 SW104 Switch Actuator,4-Channel 16A
i:] 1.1.6 UD105 Universal Dimming Actuator

1% Terrace/Balcony

Figure 2. ETS5 software interface

This sectionrepresentshe hierarchicalorganizationof the
building and its devices. The main project structure organizes
differentzones(rooms)andtheir devices.The zonesaredefinedas
the bathrooms,bedrooms,corridors, kitchen, living rooms, and
terrace/balcony.

The TMx Thermostatin the living room controls the
temperatureThe panel containsthree devices:the Room Control
Unit, the SwitchActuator,andtheUniversalDimming Actuator.The
Room Control Unit is a central controller with 20 outputsand 18
inputs to managemultiple systems.The Switch Actuatoris a 4-
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channel actuator that switches high-current circuits (16A). The
UniversalDimming Actuatorcontrolsdimmablelights in theliving
room.

Group Addresses

== Add Middle Groups | * X Delete i Download | «

[zz] Group Addresses v
= Dynamic Folders
4 [ 0PANEL
0/0 LIGHTING
0/1 FAN COIL
d 0/2 CURTAIN
0/2/0 Curtain Move
0/2/1 Curtain Step
0/3 DIMMER

Figure 3. ETS5 group addresses the interface
4.2 Group Addresses:
This sectionorganizesKNX group communicationlogic.

Group Addressesrepresentlogical links that allow devicesto
interact.

Figure 3 shows the ETS5 (Engineering Tool Software)
interface in the Group Addressessection of a KNX building
automatiorproject.In KNX systemsGroupAddressesepresenthe
logical connectiongacilitating communicatiorbetweerdevices.

In KNX systems,Group Addressesare organizedusing a
threelevel structureMain Group,Middle Group,andSubGroup,to
categorizecontrol operationssystematically This structureensures
that communicationis organizedin an orderly and systematic
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manner.Here, Panel(Main Group: 0) is usedfor generalsystem
wide controladdressed.ighting (Middle Group:0/0) is theaddress
usedfor lighting control. Lights connectedria KNX arecontrolled
via this groupaddressFanCoil (Middle Group:0/1) is reservedor
controlling HVAC fan coil units. This group is usedto manage
temperatureand climate systemsBlind (Middle Group:0/2) is the
group addressreserved for curtain and blind control. Blind
Movement(Subgroupskendscommandgo openandcloseblinds.
Blind Step(Subgroups}etblindsto a specificpositionor step.The
dimmer (Middle Group 0/3) is the addressfor lighting dimmer
control. Dimmeractuatorsallow adjustmentf the brightnesdevels
of lights.

Address + Room Description Application Program Adr Prg Par Grp Cfg  Manufacturer
i]1 14 PANEL RC2018 Room Contol Unit,164/1.1 / & EAE
i:] 115 PAMNEL Switch Actuator,4-Channel 164/1.0
i:] 116 PANEL UD105 Universal Dimming Actuator &
i:] 1.1.10 Living room TMx Thermostat

Building Parts Devices Parameters

Figure 4. Addressingprogrammingand configuringtheinterface
of devicedn ETS

Figure 4 providesdetailedinformation about the devices'
addressingprogrammingandconfigurationstatusin the ETS.Each
device in the KNX systemhas a unique physical address.For
example,1.1.4 and 1.1.5 representthe physical addresse®f the
devicesin the network. The room column indicatesthe physical
location or room where the devicesare installed. For example,
"PANEL" and "Living Room" are mentioned. This helps you
understandvhich zoneor areathe devicesbelongto.
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The description column describesthe functions of the
devices.For example,the RC2018Room Control Unit is a room
controlunit thatis usuallyusedto managdighting andblinds.

Theapplicationprogramcolumnshowsthenameandversion
information of the programsrunning on the devices.For example:
RC2018RoomControlUnit, 16A/1.1,is the programversionof the
room control unit. Switch Actuator, 4 Channel16A/1,0, is the
programversionof the 4-channelswitchingactuator.The programs
areusedto configurethe functionality of thedevices.

Adr, Prg, Par, Grp, Cfg (Addressing, Programming,
ParameterizationGroup Objects, Configuration), these columns
indicatewhethercertainoperationsn the KNX systemhavebeen
completed:

Adr: Physical address assignment completed.
Prg: Programming completed.
Par:Parameter configuration completed.

Grp: Group objects set.
Cfg: Device fully configured.

<K<K

The Manufacturercolumnindicatesthe manufactureof the
device.EAE manufacturesill devicesin theimage.Building parts,
devices,and parametertabs are used to manageand configure
devicesn the ETSsoftware.

Conclusion

Learningthe KNX systemprovidesstudentswith valuable
skills in building automationandinnovativebuilding technologies.
Theseskills offer technical knowledge and preparestudentsto
design and implement creative solutions that increase energy
efficiency,comfort,andsafety.
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Students develop a solid foundation in electrical and
electronicprinciplesthat enablethemto install and connectKNX
devices.Theylearnhow componentsuchassensorsactuatorsand
power supplieswork andgain knowledgeon how to install power
and signal lines properly. Since KNX is an open standardfor
building automation,it providesits userswith expertisein data
communicationdeviceaddressingphysicaland group addresses),
andsystemtopology.

UnderstandindKNX certificationstandardslsohelpsthem
understandhe importanceof compliance With theseexperimental
setupsstudentdbecomeproficientin using ETS (EngineeringT ool
Software),an essentiakool for programmingKNX devices.They
learn to handletaskssuch as addressingdevices,creatinggroup
objects, and configuring parameters.Over time, they gain
confidencen installing, testing,andcommissioningcompleteKNX
systems.Additionally, users discover how to integrate various
systems such as lighting, HVAC (heating, ventilation, air
conditioning), security systems,energy managementand blinds
control.

This allows them to design intuitive user interfacesand
createimaginativescenariosuchas automaticlighting for energy
saving. Students develop the ability to plan KNX network
topologieswhetherlinear, star, tree,or hybrid. Theylearnto scale
andadaptKNX devicedor largeprojectsanalyzesystenneedsand
selectthe properdevicesfor specificapplications.Troubleshooting
becomesecondatureastheylearnto diagnoseandfix problemsn
KNX systems. They practice debugging, data analysis, and
reviewing systemlogs to optimize performance.They also gain
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skills in systemupdatesandmaintenanceStudentaunderstandhow

KNX systemsontributeto energyefficiency. They gainthe ability

to design solutions that reduce energy consumption, such as
implementing timers, motion sensors, or energy meters for

intelligent control. Usersalsolearnhow to integrateKNX systems
with loT devices and ensureseamlesscommunicationbetween
different systems.Their ability to work with APIs and protocol

convertergfor examplefor KNX-Zigbeeintegration)orepareshem
for modern,connecteduilding environments.

LearningKNX is aboutacquiringtechnicalknowledgeand
designingintelligent systemsthat make buildings more efficient,
comfortable, and future-proof. Whether working on a small
residentialprojector an extensivecommercialintegration,a skilled
KNX expertplaysavital rolein shapinghe buildingsof tomorrow.
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Hydroelectric Power Plants and Their Environmental
Impacts

Erkan ¥met Y| Z

Introduction

Hydraulic energy is an energy source that is indirectly
generated by solar radiation. Water in selakes, or rivers
evaporates under the influence of solar energy, and the resulting
water vapor is carried by winds to mountain slopes, where it
returns to the surface as rain or snow, feeding rivers. This
process makes hydraulic energy a continuously reaidésy
energy source. To utilize the kinetic and potential energy of
water, hydroelectric power plants (HPPs) have been and
continue to be established. In this way, a highly durable and
costeffective energy source is made available for electricity
generation (Olgun, 2009; OMU, 2024).

HPPs can be built not only on rivers, lakes, or streams
but also on canals or systems designed to utilize water

1Lect . Dr ., Hakkar.i University, ¢t°l emeri k Vocati
Hakkari/Turkey, Orcid: 006@0290891358, ersanomeryuzer@hakkari.edu.tr
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accumulated from tidal movements. The energy produced in

these plants generally depends on the water head and flow rate.
Based on these factors, HPPs can be classified as follows:
(Serencam, 2007; Or al , Beh-et

2020).

U According to Storage Structures:
V Reservoir HPPs (with storage)
V Run-of-river HPPs (regulator type)

U According to Head (Water Drop):
V Low-head HPPs (H < 10 m)
V Mediumhead HPPs (H = 160 m)
V High-head HPPs (H > 50 m)

U According to Installed Capacity:
V Very small (micro) capacity (<100 kW)
V' Small (mini) capacity (100L,000 kW)
V Medium capacity (1,000.0,000 kw)
V Large capacity (>10,000 kW)

U According to Contribution to the National Grid Load:
V Baseload HPPs
V Peakload HPPs
V Combined bas#ad and peakoad HPPs

0 According to Dam Structure Type:
V Gravity concrete dam HPPs
V Arch concrete dam HPPs
V Rockfill dam HPPs
V Earthfill dam HPPs
U According to Power Plant Location:
V Aboveground HPPs
V Underground HPPs
V Semtiburied or submerged HPPs

HPPs offer numerous advantages compared to other
types of power plants. However, their primary advantage is that,
unlike thermal power plants, they do not cause any air pollution
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(Kasirga, 2024).Some of their other advantages can be
summari zed as foll ows (Ko-ak,

X
X

X X X X X

There are no fuel costs,

Losses are negligible, even when the plant is on
standby,

Efficiency does not decrease over time,

Requires a minimal workforce,

The unit cost of energy is very low,

Adapts quickly to load changes.

Maintenance costs are low, and the structure is
simple and robust.

HPPs provide benefits beyond electricity generation.
These can be outlined &sllows:

X

X
X
X

X

X
X

Irrigation of large areas,

Prevention of floods,

Fisheries,

Utilization of water transport (e.g., cargo and
passenger transportation),

Water sports,

Afforestation,

Promotion of tourism.

Water stored or naturally accumulated in a specific
location possesses potential energy. When this potential energy

is released from a height at a certain velocity, it is converted

into kinetic energy, which then transforms into mechanical

energy (shaft energy) through the turbine blades. The shaft

energy & subsequently converted into electrical energy using
generator s, making it usabl e

& ark., 2017; Erkin, 2019). The process and sequence of energy
conversion in HPPs are illustrated in Figure 1.
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Figure 1. Energy Conversion in HPPs

The Relationship of HPPs with the Natural Environment

With the increasing applications of HPPs, the
environmental damage they cause has become a topic of debate,
particularly in the last 30 years. Projects that have significant
economic andocio-cultural consequences have begun to face
resistance in implementation areas. The issue, initially framed
as an environmental problem concerning the protection of
nature and the image of women, has later evolved into a political
issue duetoitspositon i n the media (¢evik

The development of water resources for various
purposes, including energy production, involves several stages
and a long process. This includes planning and project studies
to determine the technical specifications and potential
socioeconomic impacts, faWwed by the implementation phase.
Additionally, it encompasses the ongoing operational and
management activities throughout the project's economic
lifespan, with a focus on monitoring the interaction between the
natural environment and these activities [DR001).

In order to avoid experiencing another energy crisis like
the one faced in Turkey in 1973, which was partially mitigated
in the short term through domestic resources, it is essential to
implement longterm energy policies. A critical factor that must
not be overlooked while formulating these policies is the
"environment." In our country, which has yet to reach the
development threshold of 2000 kWh/year per capita, fossit fuel
based electricity generation facilities have caused, and continue
to cause, envinemental pollution in many regions. Considering
this context, it is highly beneficial to prioritize the construction
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of hydraulic energy plants in the coming years, in line with a
protectionuse balance, with the goal of both avoiding future
energy crises and minimizing damage to the natural
environment (DPT, 2001).

Energy production facilities (thermal, hydro, nuclear)
have varying degrees of impact on the environment. Similarly,
the measures required to mitigate potential negative effects vary
based on the technology, size, and cost involved. It would be
beneficial to reassess energy production facilities from the
perspective of their environmen

The most significant environmental risk associated with
nuclear energy is the waste disposal issue, which has only been
partially addressed and remains costly, even if technically
resolved. The lifespan of nuclear power plants is also limited to
justafewdecades (T¢gyl ¢gojJlu & Ter kal
hand, hydraulic energy does not increase carbon dioxide levels
or contribute to acid rain. When making a comparison in this
context, it can be said that the risks associated with hydraulic
energy are much olwer. Furthermore, considering the
importance of energy in the national economy and the protection
of the environment, hydroelectric power plants are among the
most environmentally friendly energy production facilities
(kenpénar & Gen-o0j !l u, 2006) .

The highest efficiency in electricity generation from
hydroelectric energy depends on the suitability of geographical
conditions. In Turkey, the variation in rainfall across regions
and seasons, as well as the differences in riverbed slopes,
prevent equalutilization of water power across all regions.
Hydroelectric energy, which has the highest potential among
renewable energy sources, is directly influenced by factors such
as terrain and elevation. For example, in the Marmara Region,
the limited flow rateand gentle slopes of rivers restrict the
hydroelectric potential, whereas the more favorable terrain in
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the Eastern Anatolia Region makes it highly suitable for
hydroelectric power plants (Kenet, 2020).

The environmental impacts caused by a reseriyge
hydroelectric power plant (HPP) can now be more easily
prevented and mitigated compared to the past. Furthermore,
other energy sources that serve as alternatives to hydroelectric
energy are significantlyriskier from an environmental
perspective (for example, atmospheric carbon dioxide
accumulation and acid rain caused by the burning of fossil
fuels). However, the major environmental advantage of
hydraulic energy is that it is a highly efficient, enviroamally
friendly renewabl e energy sour c¢
and managed properly, a hydraulic project can produce
continuous electricity through the hydrological cycle.
Additionally, renewable hydroelectric energy has very low
operational costcompared to thermal power plants that rely on
i mported fuel, due to the abse
¢cokl uk, 2017, Or al , Beh- et &
hydroelectric power plants are cleaner than some-ficed
thermal projects that release tons sflfur and dust into the
atmosphere every day.

In general, hydroelectric energy is considered to be the
energy technology with the least environmental risk among
known energy technologies. Although, from a social risk
perspective, it has been concluded that "hydroelectric energy is
more dangerous thamuclear energy” due to past hydroelectric
power plant accidents, it should not be overlooked that the
effects of hydraulic energy accidents are localized and do not
pass from generation to generation. Additionally, as a result of
the impact of hydroelecwti power plant reservoirs on the
hydrological cycle, positive changes in climate and vegetation
are generally observed. However, even though hydroelectric
energy is considered a renewable resource, its production
facilities do have impacts on both the natlurand socie
economic environment, with the scale of these effects varying
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from project to project (¥zdemi
Surface water resources are not only used for hydroelectric
energy production, but they also constitute the water potential
that 1 s essential for a country
have aright to it. To ensure that the planning, management, and
use of water resources for various purposes is conducted in a
healthy and rational manner, it is essential to predict the impacts

of projects that could disrupt the natural structure in a timely
manner and to take necessary precautions. In this context, it is
beneficial to examine the environmental impacts of
hydroelectric facilities.

Hydroelectric power plants have microclimatic,
hydrological, biological, socioeconomic, and cultural impacts.
Climatic effects stem from the larger surface area of a reservoir
type HPP compared to the river, which leads to increased
evaporation. As a reswl the humidity in the air rises,
atmospheric mass movements change, and temperature,
precipitation, and wind patterns differ. This situation creates
dynamic and cascading effects on natural environmental
parameters. The local natural vegetation (forestgadows,
endemic species), economic species (agricultural crops), and
certain species of aquatterrestrial animals may change, adapt,
or new species may emerge (0Ong¢
Erkmen, 2013). Additionally, changes in water temperature and
levels can lead to agricultural and climatic risks (Bars, Akbay
& U-um, 2016) .

Hydrological impacts arise from changes in the river's
flow regime and physicochemical parameters. As water
transitions from the river to the lake, the natural purification
capacity decreases due to reduced water velocity, diffusion, and
oxygen uptake cap#ty, and the lake enters the eutrophication
process due to the nitroggrhosphorus load from the river.
Changes in lake water quality alter both the aquatic life within
the lake and the downstream aquatic ecosystems, as well as
water usage ep&arkt,2009).s (¢cel i k
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Ecological impacts arise from the physical structure of a
reservoirtype HPP blocking migration routes, submerging
habitats, and resulting in the decline of certain key species. At
first glance, the reduction of fish and plant species and the
emergence ohew species may be balanced by the economic
benefits of energy production. However, in the long term, the
potential impacts of this situation on natural ecosystems should
be carefully examined, and measures should be taken to
mi nimize theseol®yf fects (Aydeéen,

Socioeconomic and cultural impacts emerge from the
construction phase of a reserwype HPP and are felt, either
positively or negatively, throughout the lifespan of the plant.
During the construction phase, the land that is submerged and
the scale of th land expropriation process lead to internal and
external migration, and the value of the land changes.
Additionally, the demand for labor during the construction
phase stimulates the local economy, and infrastructure services,
particularly in integratedorojects, have a positive impact on
soci al services (Ojuz, 2016 ; b

The storage component of a hydropower plant also serves
as a resource for recreation and aquaculture production.
However, the inability to preserve the natural and historical
assets in the region leads to the loss of cultural values. In this
context, the bdget for hydraulic energy production facilities
should include provisions for the preservation, protection,
and/or documentation of these cultural assets. The existence of
projects such as the Aswan and
in our country highlitpts the scale of the issue and points to the
need for measures to be taken depending on the nature of the
project (Kocabak & ar k., 201 3;

The methods for mitigating the impacts of hydropower
plants worldwide primarily vary in terms of downstream water
usage rights, as well as considering the protection of
downstream water quality and aquatic life, and the preservation
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of cultural heritage, all of which are incorporated into the
project design (Kocabak & ar k.,

The most significant impact of rivaype power plants
during the operation phase is on aquatic life. In these types of
plants, all necessary technical measures must be taken to protect
fish species. If these measures are not implemented in a timely
and poper manner, the survival of fish species may be adversely
affected (Alkan, Birinci & Bulut, 2022).

The most significant impact of rivaype power plants
on aquatic life is the reduction of water in certain sections of the
river, and even the complete drying up of the riverbed, due to
the diverted stream flows. As a result, there may be ecological
changes in the species that rely on these sections of the river. In
this context, habitat loss may occur due to the reduced water
levels in specific parts of the river, and these sections may
become inaccessible to fish. To mitigate this, the first measures
that should be taken include ensuring that natural water is left
in the riverbed and the construction of fish passages.
Additionally, fish breeding stations for endangered species
should be established in suitable locations, and illegal fishing
activitiessho |l d be controll ed (Yél maz

Although there are many sources in the global literature
regarding the environmental measures of hydraulic plants,
adapting the technologies used to the specific conditions of our
country on a "ondo-one" basis is not easy. However, based on
the general pnciples of these technologies, projects can be
designed that are suitable for the country's conditions.

Conclusion

In conclusion, hydroelectric energy ranks first among
renewable energy sources and is a khpghential renewable
energy resource. In this context, assuming that all
environmental precautions are taken, when compared to coal
based thermal, nuclear, and hgdlic energy production
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facilities, it is observed that hydraulic plants remain the cleanest
technology, followed by nuclear, natural gas, and doebd
thermal power plants, respectively. However, when planning
resources, the contribution of these facilities to meeting
demandtheir construction periods, and lifespans are significant
factors. The accepted energy policy for the future, however,
should focus on preventing natural resource and environmental
waste, including all factors in planning and project
development, with theenvironmental aspect also considered.
Thus, during the establishment phase of hydroelectric energy
investments, all necessary precautions should be taken to
minimize potential environmental damage.
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