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Impact Analysis of Cylindrical Steel Water Storage Tanks Under the
Seismic Action

Sismik Hareket Altinda Silindirik Celik Su Depolama Tanklarinin Darbe Analizi
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Abstract

Cylindrical steel liquid tanks are widely used to store various liquids such as water, oil and industrial chemicals. They are
used in nuclear power plants for cooling purposes in recent years. Petroleum or other hazardous chemicals in steel liquid
tanks can cause large financial and environmental damage due to damages in tanks during the earthquake. The main goal of
this paper is to reveal buckling shapes of cylindrical steel tanks with nonlinear seismic analysis according to different roof
shapes. Tanks were designed as open-roof, flat-roofed, conical-roofed and torispherical-roofed tanks. For this aim, EI-Centro
earthquake recording of 0.22 seconds was used for determining the significant shell buckling events. In addition, this
earthquake values are ideal for impact analysis because ANSYS Workbench “Explicit Dynamics” tool provides very good
results in the dynamic analysis of structures under destructive and short-term forces. In order to provide the interaction
between the water and the tank wall, for tank “Lagrangian” and for water "Eulerian Body" mesh technique is preferred in the
“Explicit Dynamics” model. As a result of this study, many collapse events were determined due to seismic ground motion in
cylindrical steel liquid storage tanks. If the tank was closed in the shape of a torispherical, less buckling would occur in the
tank.
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Oz

Silindirik ¢elik sivi tanklari, su, yag ve endiistriyel kimyasallar gibi ¢esitli sivilar1 depolamak i¢in yaygmn olarak
kullanilmaktadir. Son yillarda niikleer santrallerde sogutma amacgh kullanilmaktadirlar. Celik siv1 tanklarindaki petrol veya
diger tehlikeli kimyasallar deprem sirasinda tanklardaki hasarlar nedeniyle biiyiik mali ve ¢evresel hasara neden olabilir. Bu
caligmanm temel amaci, farkli cat1 sekillerine gore dogrusal olmayan sismik analiz ile silindirik ¢elik tanklarin burkulma
sekillerini ortaya ¢ikarmaktir. Tanklar agik catili, diiz catili, konik catili ve kubbeli (torispherical) ¢atili olarak tasarlanmustir.
Bu amagla, 6nemli cidar burkulma sekillerini belirlemek igin 0.22 saniyelik EI-Centro deprem kaydi kullanilmistir. Ayrica bu
deprem degerleri darbe analizi i¢in idealdir ¢linkii ANSYS Workbench “Explicit Dynamics” arac1 yapilarin yikict ve kisa
stireli kuvvetler altinda dinamik analizinde ¢ok iyi sonuglar verir. Su ve tank cidar1 arasindaki etkilesimi saglamak igin,
“Explicit Dynamics” modelinde tank i¢in “Lagrange” ve su i¢in “Eulerian Body” mesh teknigi tercih edilmistir. Bu calisma
sonucunda, silindirik ¢elik sivi depolama tanklarmda sismik yer hareketinden kaynaklanan birgok c¢okme olay1 tespit
edilmistir. Tankin ¢atis1 kubbeli oldugunda, daha az burkulmanin meydana geldigi tespit edilmistir.

Anahtar Kelimeler: Silindirik Celik Tanklar, Dogrusal Olmayan Analiz, Etki Analizi, Sismik Analiz.

I. INTRODUCTION

Seismic behaviour of cylindrical steel storage tanks is very complicated due to hydrostatic and hydrodynamic
pressure on the shell. This complex issue attracts the attention of researchers studying in the field of civil
engineering. Researchers have been looking for solutions to prevent tanks from collapsing during an earthquake
for years. However, they were damaged again in the last earthquakes, such as Van (2011) earthquake, Emila
(2012) earthquake, South Napa (2014) earthquake. For this reason, comprehensive seismic analysis and efficient
design of these structures are important. In fact, seismic ground motion causes hydrodynamic pressures of the
fluids in them. There have been used different Seismic behaviour of cylindrical steel storage tanks is very
complicated due to hydrostatic and hydrodynamic pressure on the shell. There have been used different
technique for interaction between fluid and shell in the Finite Element Method (FEM) so far. Investigation
behaviour of tanks and include fluids was carried out under seismic excitation by using FEM. More specifically,
there are different paths within the commercial ANSYS program, which is widely used to simulate similar
systems involving all solid analyses and solid mass interaction. ANSYS Workbench Explicit Dynamics tool is an
excellent tool to perform many nonlinear structural mechanical analyses. For example, impact analysis from
1m/s up to 500 my/s, stress, high-frequency dynamic impact analysis, nonlinear large deformations, analysis of
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include complex contact conditions, simulation of
complex material flows, buckling and failure analysis,
fastener analysis, rigid and flexible many analysis can
be done such as body analysis [1]. It is possible to
predict exactly the reaction of flowing fluids by
contacting rapidly changing surfaces and surfaces by
using algorithms based on first principles during
simulation of events occurring within a few
milliseconds by means of Explicit Dynamics tool.
Simulations with longer duration can also be
performed with this tool, but a longer wait is required
for the simulation to finish [2].

Some researches were determined the seismic
performance of cylindrical liquid storage tanks,
considering dynamic fluid-structure interaction (FSI).
Very thin sheets are preferred in the design and
manufacture of steel liquid storage tanks. This
preference is mostly due to economic concerns and
easy design. This situation increases the importance of
seismic analysis of steel liquid tanks [3-8]. Veletsos
and Yang (1977); Haroun and Housner (1981)
investigated the effect of hydrodynamic fluid-structure
interaction on seismic response [6, 9]. Many
researchers have conducted research on the seismic
response of ground-supported tanks over the long time
and have shown hydrodynamic outcome of the
isolated structure [10, 11].

Virella et al., investigated the dynamic buckling of
anchored cylindrical steel liquid tanks due to
horizontal earthquake excitation. In their study, they
found that buckling at the top of the cylindrical tank
wall showed negative (inward) pressure in the area
where the impulsive hydrodynamic pressure caused by
the earthquake excitation exceeded the hydrostatic
pressure [12]. Maekawa and Fujita proposed a
nonlinear dynamic analysis method for the combined
vibration between fluid and structure. They used a
shell element which takes into account the geometry
non-linear characteristics and a solid element
following the Euler equation. ALE method was used
in the analysis between fluid and structure and
Explicit time integration method was used for time-
history analysis [13]. Mittal et al, using the coupled
Euler - Langrange formulation, investigated the
maximum hoop stress and shear stresses occurring in
the cylindrical steel tank wall under blasting. They
observed that the stresses in the tank and the liquid
sloshing heights increased with the decreasing
distance of the explosive material and the increased
aspect ratio from the height to the radius ratio [14].
One of the FEM studies about the steel liquid storage
tanks involving the tank wall and tank-ground
flexibility is performed by Nicolici and Bilegan, is a
study of the modeling of fluid-structure interaction
(FSI) of partially filled steel liquid tanks. In the
modeling, they focused on computational fluid
dynamics (CFD) analysis to estimate the effect of the
amplitude wave amplitude, convective mode

frequency, pressure applied to walls, and sloshing. As
a result of the analysis, it was determined that fluid
structure interaction affected the sloshing effect and
wall elasticity strengthened impulsive pressure [15].
Celik et al. (2020), preferred the "Eulerian Body"
mesh technique in “Explicit Dynamics” model to
provide the interaction between the water and the tank
wall. They made successful observations about the
tank roof deformation as a result of the analysis [16].

According to the results obtained by Kamyar at al.,
(2018) working on how the method can be protective
to determine the behavior of the tank under earthquake
ground motion. It can be extended to other target
spectra since the period change interval for steel tanks
is not very wide and is always in the constant
acceleration region of the spectrum. Buckling analysis
plays an important role in the design of steel tanks due
to their thin shell [17]. In the study by Buratti and
Tavano (2014), in order to investigate various aspects
of dynamic buckling, in the FEM model of the tank,
mass addition method was used to model liquid. In
particular, peak displacement and maximum relative
displacement of the tank walls were considered in the
study [18]. Djermane et al (2014), tried to compare the
results of numerical analysis with tanks with different
geometric  parameters under three earthquake
recordings with the dynamic buckling results obtained
with two design standards in order to increase
dynamic buckling resistance. In their comparison of
large and long tanks, they stated that design standards
need to be revised in order to determine dynamic
buckling criteria [19].

Generally, there are four types of water storage tanks
such as open-roof, flat-roofed, conical-roofed and
torispherical-roofed tanks. Figure 1 shows the four
tank types and some types of damage belonging to
them.

In this study, deformations and buckles due to
hydrodynamic pressures of four types of vertical
cylindrical steel tanks filled with water observed under
the seismic loading. Numerical simulations and
analyses were performed with the “Explicit
Dynamics” tool in ANSYS Workbench. In recent
years, "Explicit Dynamics"™ FEM method is widely
used in collision experiments and provides advantages
in dealing with large-scale contact problems.
Workbench Explicit Dynamics can solve a variety of
non-linear problems, such as high-speed collisions in
the three-dimensional non-linear structure, explosions
and non-linear contact of metal formation and the
effect of the load. The FEM method used in the
aforementioned studies have not accurate the
interaction between tank wall and water, contains
deficiencies in nonlinear analysis. By using the
"Explicit Dynamics" analysis method, ideal results can
be obtained for the interaction between the tank wall
and the liquid. This method was used by some
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researchers for analysis of tanks which have been
exposed to explosion from outside or are damaged due
to explosions due to gas pressure. However, Explicit
Dynamic method gave very good results in
determining buckling shapes in tanks with under the
seismic loading. The analyses were carried out in three
different thicknesses with four cylindrical tanks such
as open-roof, flat-roofed, conical-roofed and
torispherical-roofed. Directional deformation and
buckling results of the tank were observed under the
El-Centro earthquake loading of 0.22 seconds. The El-
Centro earthquake was preferred because it is one of a
major earthquake commonly used in similar analyses.

It is possible to obtain the desirable performance and
result in the analysis by using safe and reasonable
values without spending much time. In this way, great
advantages are provided in terms of cost and
optimization. The natural vibration periods of these
tanks are between 0.1 sec and 0.5 sec, so they may be
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a) Open-roof
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e) Collapse of open-roof

f) Collapse of flat-roofed

Il. EXPLICIT AND

APPROACH
Explicit and implicit FEM analysis methods are used
in analysis to obtain solutions of time-dependent
ordinary and partial differential equations that require
computer-based simulations in physical processes of
products, and to obtain numerical approximations
[20]. For all nonlinear and dynamic analyzes, both
"implicit" and "explicit" methods are used to solve the
problems when the forces applied in the boundary
conditions need to be applied incrementally/gradually.
Explicit methods go to the solution by considering the
state of the system at a certain time after the current
state of the system, implicit methods find a solution by
using an equation that includes both the current state

IMPLICIT FEM

¢) Conical-roofed

g) Collapse of conical
Figure 1. Types of cylindrical steel water tanks and their collapse

damaged due to the maximum earthquake energy. In
this study, the damage status of the tanks is examined
directly. Tank wall thickness was determined
according to AP1650 design code (2013) [19]. In the
Explicit Dynamics simulation method, the Eulerian
Body mesh structure for the liquid, the Lagrangian
mesh structure technique for the wall, the friction and
dynamic interaction between the two are modeled
accurately the liquid and tank wall movements are
observed together. The types of damage occurring
during the earthquakes and the buckling shapes
obtained by this modeling technique of Explicit
Dynamics show very similarities. In this way,

simulations can be continued and many real damage
shapes that can be obtained. Therefore, many damages
of cylindrical tanks may be prevented by means of
accurate simulation of collapse events. In the result of
his paper, include suggestions to improve seismic
performance of tanks and reduce the level of risk.

d) Torispherical-roofed

h) Collapse of torispherical

of the system and the next state. Using very small-
time steps without the need for convergence controls,
the explicit method performs high-energy dynamic
analysis by exceeding most of the limitations of the
implicit method. It accurately simulates the
propagation and interaction of stress waves due to
sudden impacts or easily solves nonlinear structural
problems due to impacts [21].

In linear problems, partial differential equations
simplify the matrix equation as follows:

(K] {x}={f} ()

k = hardness matrix
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x = displacement/deviation

F = force

For nonlinear static problems:

K (x)] {x}={f} > [kO+klx+k2x2+.] {x}={f} (2)
Matrix equations for dynamic problems would be:

MI{x"} + [CT{x} + [K] {x} = {f} ©)

X" = velocity

-

X" = acceleration
C = damping matrix

M = mass matrix

If the strain rate/rate is equal to 10 units/second or
more, the explicit method can be used. In this case,
ballistic explosions, sudden hits, automotive accidents
as well as sudden displacement simulations due to
seismic movement can be performed. Earthquakes can
sometimes extend for 45-60 seconds, but much more
acceleration occurs in the first few seconds. Since the
actual destructions and deformations occur in this
range, so constructions can be simulated with short-
term data.

As can be seen from Figure 2, it is seen that plasticity,
buckling and acceleration increase depending on the
stability, dynamism and gradually increasing speed. In
the region where this increase is present, it seems
more logical to make Explicit Dynamics analysis.
Thus, it will be possible to capture the real damage
situations of the structures.

Non Lineari

Rupture

Damage

Buckling

Plasticity

Elasticity

Static

Dynamic Velocity

Figure 2. Definition of Implicit and Explicit analysis
[21]

In Explicit dynamics analysis, depending on the
rapidly changing time, the stress wave and loads
spread immediately, and a dynamic response occurs
from the structure. Momentum change has a
significant effect between the moving object and the
inertia, according to the analysis types. Nonlinear
dynamic analysis can thus be simulated effectively.
Explicit Dynamics tool contains menus in the form of
a step-by-step one after the other. The menus are
expanded at different stages of the analysis, offering

specific specifications for making various adjustments
about objects, such as environmental factors,
predicates, and contact surfaces [20].

2.1. Design Method

The diameter of the analyzed tank is 15.08 m, its
height is 11.31 m, the height of the conical and
tprispherical roof is 2.96 m, the height of the water in
the tank is 10 m, the tank wall thicknesses are 4, 6 and
8 mm, the tank steel density is 7850 kg/m3, the elastic
modulus is 200 GPa, the density of water was
determined as 1000 kg/m3, the poisson ratio of steel
was 0.3, the poisson ratio of water was 0.5 and finally
the bulk modulus of water was 44229 GPa. These
values were determined by considering design codes
of the American Petroleum Institute (API 650 (2013)
for steel cylindrical water tanks [22].

Under dynamic seismic loading, impulsive mass
occurs near the bottom of cylindrical steel liquid tanks
and convective mass that gradually rises towards the
top as shown in Figure 3. Impulsive and convective
masses were calculated using the design standard
developed for cylindrical and ground-supported
vertical liquid tanks by AP1650. Model validation was
performed by performing modal analysis of the
calculated masses in FEM. The seismic analysis of the
tanks was continued with geometric designs verified
by modal analysis.

distance

Free bJard

—

Base shear Overturning moment

Figure 3. Representations dynamic behaviour of full
tank

Results of the the APl 650 formulation are shown
below.

The total volume of water = nR*h
=nx7.54°x10=1780.4 m* (1)
Mass Density of Water = 1000 kg/m*

Thus, the total mass of water in the tank

=m,, = 1000 x 1780.4 = 1780400Kg )

) ) . tanh*(0.866*%)
Mass of impulsive equation m; = m,, = ————*+
(0.866%5)

m; =1176875.813 Kg
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Mass of convective equation

mc = 0.455 * 1t * pl * R3 = tanh (1.84%) ©)
me =603291,22 Kg

The natural frequency of impulsive mass 3.26 Hz
Location of impulsive mass 3.75 m

Location of convective mass 7.60 m

The natural frequency of impulsive mass 3.26 Hz
The natural frequency of convective(sloshing) 0.246 Hz
The impulsive period Ti 0.29 sec

The convective period Tc 3.29 sec

Mass of Shell 5939.14 Kg

Weight of Fixed Roof 1146.58 Kg

F2=0.36541

F4=0.46401

F5=046412

Location of Systemhs 5.08 m
Sloshing height of Water d 0.96 m
Calculating the base shear V= 3613896.79 N

The Seismic Overturning Moment = 21875380.59 N

After the analytical calculation, modal analysis was
performed with FEM. The results of the convective
modal analysis performed using the FEM method in
the ANSYS workbench software are shown in Figure
4. Both impulsive and convective frequency results
are listed in Table 1 as comparison of APl 650 and
FEM [23].

The natural frequency results according to FEM modal
analysis with AP1 650 analytical calculation are shown
in Table 1.

F3=0.36572

F6 =0.48855

Figure 4. Modal analysis of convective mass

Table 1. The natural frequency results according to FEM modal analysis with AP1 650 analytical calculation

Mod. Impulsive Frequency (Hz) Convective Frequency (Hz)
No FEM Model API1650 FEM Model AP1650
1 3.2319Hz 3.26 Hz 0.24446 Hz 0.246 Hz
2  3.3836 Hz NA 0.36541 Hz NA
3  3.3858 Hz NA 0.36572 Hz NA
4 5.1838 Hz NA 0.46401 Hz NA
5 5.1852 Hz NA 0.46412 Hz NA
6 6.1697 Hz NA 0.48855 Hz NA
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According to the model verified by analytical and
modal analysis, four different tank models were
designed for numerical simulation. The diameter of
the tanks, shell thickness and the water levels they
contain are the same. The most important feature that
distinguishes Explicit Dynamics FEM analysis from
other FEM techniques is the Lagrangian mesh
structure for the steel body to use the Eulerian body
mesh structure technique to model the water to
provide interaction between the steel body and water.

The most important feature that distinguishes
“Explicit Dynamics” finite element analysis from
other finite element techniques is that it uses the
Lagrangian network structure for the steel body to
provide the interaction between the steel body and the
water, and the Eularian body network structure
technique to model the water. In the model whose
cross-section is seen in Figure 5, 24712 nodes and
22570 elements are used for a smooth network
structure.

/ater in Eulerian m odel

Figure 5. Shell and Water mesh model [16]

impulsive pressure on the wall

BV 9P Pl

Base motion

2.2. Theory of Dynamic Behaviour of Cylindrical
Steel Tank

If there is no dynamic movement, the hydrostatic
pressure acts on the cylindrical tank in the form of an
increasing mass towards the bottom. However, when
there is an earthquake that impulsive and convective
dynamic water pressures occur as well as hydrostatic
fluid pressure. When the tank moves, approximately
one-third of the total liquid moves in the same
direction with the tank, while the remaining water
mass in the upper part shows the effect of convective
sloshing in the opposite direction with the tank
(Housner 1957) [24]. Since the hydrodynamic
pressure moves in the same direction, it can cause
damage to both the wall and the bottom of the tank.
Liquid sloshing of upper side causes deformation in
the upper areas of the tank. Static liquid pressure is
effective only at the base (Figure 6 (2)), the effect on
the walls is equal to both sides of the axis, so the value
is zero. The hydrodynamic pressures originating from
impulsive (rigid) and convective bodies, defined by
Housner (1954) for the first time, are shown in Figure
6 ((b) and (c)) [22, 25].

With Explicit Dynamics analysis, events with a time
scale of less than 1 second (usually 1 millisecond) can
be simulated with geometric deformations such as
hyperlastisite, plastic flows, faults and collapse [26].
Therefore, in order to observe plastic deformations
caused by time-dependent short-term and rapidly
changing loads in cylindrical steel tanks, Explicit
Dynamics analysis was preferred.

convective pressure on the wall

Base motion -1

_ >

Figure 6. Theory of dynamics behaviour of cylindrical steel tank

2.3. Lagrangian and Eulerian References Frame

Lagrangian and Euler reference frames are utilized for
modeling a unit operation. Euler Reference frames are
preferred due to capability of more efficiently
computational [26]. Control volumes fixed in space
can be used by the Euler Reference frame.
Mathematically, the derivation of the basic equations
of fluid mechanics is carried out with a simple
approach. It allows frequent changes of direction
within the fluid control volume within the reference

frame [27]. Different eulerian references frame and
lagrangian are shown in Figure 7a) The position
vector in the Euler reference frame is not a function of
time. Instead, the position vector sl 'is identically
located in sO. The grid divided into cells in the
Eulerian reference frame remains constant until the
simulation ends. Thanks to this feature, large
deformation problems can be simulated. The Lagrange
reference frame, whose details are shown in Figure
7b), moves with the flow field. Initially, the control
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volume of TO has the velocity of the flow field VO at
position s0. At T1, the control volume will have gone
to s1 when it has the velocity of the flow field v1. In
the Lagrangian reference frame, the position vector is
a function of time in contrast to the Eulerian reference
frame. Connecting each position vector over time
allows the particle trajectory to be reconstructed [26].

Particle trajectories are used to visualize the flow
field. Different sA, 0, sB, 0, sC, 0, etc. indicated by

b) —
ys
I P

z

U, y U, y '
(| > T
S, - B —
> i S S,
z ’ z

seeding small particles towards the flow field at their
initial positions. The stream area is then recorded with
a camera with very long exposure settings. The
recorded image will highlight the movement of the
particles in the form of trajectory lines as the particles
move across the flow field. Naturally, the same is true
for control volumes moved in the flow field.

particle
trajectory

.

l'

L

Figure 7. a) Eulerian frame of reference: fixed in space b) Lagrangian frames of reference: moving in space
[27].

Lagrange and Eulerian reference frames can be
converted to each other. The position of sl in the
Lagrangian reference frame depends on sO. That is,
the position vector appears as a function of the
previous position. In the Eulerian frame of reference,
the wvelocity and acceleration do not change, so the
position vector appears only as a function of time.

Position = s(t) @)
Veolocity = 9(t) = % )
Acceleration = a(t) = 20 = d?s(t) ©)

dt de?

Velocity and velocity-dependent lagrange terms
appear as derivatives of time in the eulerian frame of
reference. The convective contribution of the moving
fluid field can be expressed in these terms. In other
words, when the fluid velocity is low, the importance
of terms related to particle motion increases, while as
the fluid velocity increases, the importance of terms
related to particle motion decreases. This situation can
be explained in the following way, the speed of the
boat moving in the river depends firstly on the
movement from the boat engine, secondly on the
movement of the water in the river. If the engine of
the boat is stopped, the motion will proceed only at the
speed of movement of the water[27].

Analysis of liquid substances is used in Explicit
Dynamics with the Euler frame of reference. Euler
references framework can be used to observe large
defects that may occur in structures such as water

tanks, considering the calculation cost and material
interface approach. During the simulation, the material
flows from one cell to another. In some stages of the
calculation, it is possible that a particular cell contains
more than one material. Space is also considered a
material in this sense; Figure 8 shows the flow of a
material onto another material.

Figure 8. Flow of material in Eulerian references
frame [28].

The liquid volume method is used to represent the
material flow in each cell modeled in the eulerian
reference frame. The sum of the volume of material
flow occurring in a cell and the volume of the idle part
is equal to 1. The calculation of this is shown in the
formula below.

i=nmat

> FitFupg =1 ™
i=1
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Thanks to the eulerin reference frame, the stress,
pressure and ratios of the material in a cell can be
calculated, and a special process is used to calculate
the resulting tensile tensor for the mass transfer and
momentum transfer calculations of the cell surfaces
[26].

2.4. Explicit Liquid-Structure Interaction
Reference frames in the Explicit Dynamics system can
act together simultaneously to combine each material
in the analysis result. The organs in two different
reference frames act as a whole by interacting with
each other during the simulation. For example, when
modeling water tanks containing liquid, the steel body
can be modeled as a lagrangian body and the water
inside as an eulerian body. The two of them use
different meshing techniques, but the frames of
reference allow them to interact and move together as
a result of the analysis. Thanks to the interaction
between eulerian and lagrangian bodies, high
performance can be obtained, especially in bi-
directional fluid structure[20].

When there is intersection between two bodies, the
updated control volume emerges by solving the
equations of the law of conservation of energy and the
momentum of mass. The two-way fluid interaction
occurs here depending on each other. The lagrangian
body can be deformed by changing shape during
simulation. Visible large deformations occur by
causing wear on lagrangian body elements. As a result
of these deformations, there is an update in the
fasteners. During analysis the dominant eulerian cell
size must remain at a minimum distance across the
thickness of lagrangian objects. Otherwise, material
leakage, ie irregular material flows, can be seen in the
lagrange structure and eulerian region [20].

The Explicit Dynamics setup process consists of three
consecutive steps, called preliminary, execution, and
results. In the first step, the geometry is created using
the Explicit Dynamics tool. Then characteristics of the
water such as density and isotropic physical properties
are defined via engineering data. The Poisson ratio
value must have written as 0.49999999 because the
water is not compressed.

I11. RESULTS AND DISCUSSIONS

3.1. Observation of Axial Displacement

Axial displacement results are shown in Figures 9, 10,
11 and 12. As a result of the analysis, the
simultaneous movement of the tank body, which is
defined as the lagrangian body and the water body,
which is defined as the eulerian body, shows that the
Explicit Dynamics analysis results in success.
Analysis results are observed on tank body, both full
and half-sectioned. The churning due to the
convective dynamic mass occurring in the upper part
of the tanks is clearly visible. This situation can be
explained with an example: If a bucket filled with

water is dropped hard on the ground, the bucket
oscillates a few times and stops, but with the dynamic
mass effect that occurs, the convective sloshing at the
top side continues for a while. The situation of tanks
damaged in the earthquake is somewhat similar to this
example. Even if the tank oscillation due to ground
shock stops, the water agitation due to the convective
mass at the top continues for a while. In the open-
roofed tank model shown in Figure 9, the maximum
axial displacement was 1.19 m. Sivy and Musil,2017
obtained a convective sloshing height of 0.75 m in
their analysis with an open-roofed tank [29]. The
deformation convective that occurs towards the upper
edges of the tank clearly shows the shaking effect.

Figure 10. shows axial displacement of flat-roofed.
Compared to the flat-roofed tank model with the open-
top, there doesn't seem to be much difference in terms
of displacement. Thus, it can be concluded that
roofing a cylindrical tank flat will not provide much
benefit in terms of deformations that may occur. The
biggest reason for this may be the changing pressure
center due to the flatness on the tank. In Figure 10
maximum displacement occurred as 1.08 m. Flat roof
tanks have been manufactured extensively in the past,
Bayraktar et al, (2010). achieved a displacement of
around 0.8 m in the 8 m height flat-roof tank, which
their results were very close to each other. Modeling
the water in the 11.31 m flat-roofed tank with the
eulerian mesh also makes the numerical modeling of
the tank special [8]. This causes them to take more
damage. In other words, while the flat cover protects
the water body from the open atmosphere pressure, it
becomes the pressure center itself. In general, it is
seen that convective sloshing is low and buckling
occurs in the middle parts of the tank shell.

Figure 11. shows the conical-roofed tank model. With
an axial displacement of 0.711 m, the conical-roofed
tank may have better seismic performance than the
open-roofed and flat-roofed models. Djermane et al.,
(1014) achieved a displacement of around 0.90 min a
conical-roof tank with similar characteristics [19]. The
result obtained thanks to the Eularian mesh technique
can guide designers with more specific visuals effects.
Hence, it was seen that the stresses were spread on the
roof thanks to the conical roof geometry. This protects
the tank body against deformations.

Finally, the torisphericall-roofed tank is shown in
Figure 12. The fact that the roof is torispherical, the
stresses reduce. With a maximum displacement of
0.94 m, it contains less deformation than open and
flat-roofed tanks. Nicolici and Bilegan. Nicolici and
Bilegan, (2013) achieved 0.25 m of liquid sloshing
with a smaller torisphercial-roofed tank with an
internal diameter of 3200 mm, a height of 3294 mm
and a shell thickness of 10 mm [15]. Considering the
tank size, the wave height in the water shows
similarities. In addition, the visual result obtained in
the Figure 12. is more realistic.
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a) Axial displacement b) Cross section of Axial displacement
Figure 9. Axial displacement of open-roofed tank
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a) Axial displacement of flat-roofed b) Cross section of flat-roofed tank
Figure 10. Axial displacement of flat-roofed tank
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a)Axial displacement of conical-roofed b) Cross section of conical-roofed tank
Figure 11. Axial displacement of conical-roofed tank

a) Axial displacement of torispherical-roofed b) Cross section of torispherical-roofed tank
Figure 12. Axial displacement of torispherical-roofed tank
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Nonlinear axial displacement started around 0.012
seconds in all tanks. The axial-displacement reached
1.233 m in 0.12 seconds while it was 1.19 m in the
open-roofed tank model, and 1.15 m in the
torispherical-roofed model. The convective sloshing
effect is more pronounced on the upper side of the
models with open-roof and flat-roofed.

3.2. Observation of Buckling

In steel liquid tanks, the convective sloshing effect due
to seismic ground motion causes buckling, especially
in the upper sides. One of the collapsed situations
caused by convective sloshing is shown in Figure 13.
Thanks to the Explicit Dynamics analysis, diamond-
shaped buckling conditions were obtained.

As the earthquake duration increases, sprains may
increase even more. But with the greatest acceleration
in the first seconds, tanks can take great damage.
These damage situations can be easily determined by
the Explicit Dynamics analysis method and preventive
measures can be taken. In a previous study, a
protective system like seismic isolation in reinforced
concrete structures was developed. [25]. Seismic
isolation is placed under the bottom of the tank and
damages that may occur during an earthquake are
prevented by reducing the moment effect. The Explicit
Dynamics analysis can serve for a guide before
preventive measures are taken.

In Figure 14, images of a tank with a buckling shell
and buckling obtained by Explicit Dynamics analysis
are given. As can be seen in the figure, the effects of
agitation on the upper parts of the shell are evident.
The Explicit Dynamics FEM model is adept at
capturing significant nonlinear changes. In terms of
the accuracy of the analysis, it will be an important
reference to obtain real and occurring buckling shapes
with the Explicit Dynamics analysis.

In fact, a good roof design protects the tank body from
damage. Considering the buckling conditions in
Figure 15, some stress and buckling occurred in the
conical and torispherical roofs, but there was not much
damage to the tank body. The tank body is only
slightly damaged from one side. This situation can be
explained as follows, especially the conical and
torispherical roof shape distributes the stresses
properly and reduces the agitation effect of the liquid
in the tank. This results in less buckling of the shell.

The axial displacement graph of all tanks is shown in
Figure 16. The nonlinear deformation started after
0.02 seconds. Maximum displacement is 1.23 m in the
conical-roofed version and 1.15 m in the torispherical-
roofed version. With the convective sloshing effect, it
showed itself with buckling in the shell in open and
flat roofed models. Conical and torispherical roof
models also contain less buckling of the tank body.

a) Crack of shell

b) Fractured cracks with FEM

Figure 13. Shell buckling

a) Shell crack

b) Obtained cracks shape with FEM
Figure 14. Cracks of shell
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a) Shell buckles in conical-roofed tank
Figure 15. Buckles of conical-roofed and torispherical-roofed tanks

b) Shell buckles in torispherical-roofed tank
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Figure 16. Axial displacement curve

3.2.1. Evaluation of buckling for different thicknesses

The above analysis results were performed according
to APl 650 tank design code for tanks with 6 mm
thickness. Analyzes for tanks of 4 and 8 m thickness
with the same specifications were mixed. The aim is
here to measure the response of the roof type to
nonlinear shape changes when the shell thickness
decreases and loads. Firstly, the results obtained at 4
mm thickness were evaluated. = The maximum
displacement is 1.06 m in the open-roof model and
1.22 m in the flat-roof model. 1.05 m in conical-roof
model, 0.98 m in torispherical-roofed model. axial
displacement has occurred. Interestingly, the highest
axial displacement occurred in the flat-roofed model.
This result is that closing a cylindrical tank as flat
does not cause any benefit in terms of damage that
may occur. The biggest reason for this is that the flat
roof becomes a pressure center and causes more

damage. The best results were obtained from the
torispherical model. This means that even if the
thickness decreases, the shape of the roof is
torispherical-shaped, which means that it can
distribute the stresses and prevent possible damages.

Elephant foot buckling is the most common type of
damage to cylindrical steel liquid tanks. Thanks to this
analysis the elephant foot buckling that seen in Figure
17 for the 4 mm thick tank was also obtained in the
FEM model. The buckling obtained in the FEM model
(Figure 17b) is very similar to the elephant foot
buckling (Figure 17a) that occurred during the 1999
TUPRAS refinery's earthquake. In fact, the occurrence
of elephant foot buckling in tanks means that the
structure is damaged and not collapsed. This is a
desirable situation in structures that are not very rigid.
That is the structure will take some damage, but not be
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destroyed. However, thin-walled tanks that contain
such dangerous liquids and hazardous substances must
be rigidly designed. For a thin-walled steel structure,
this does not cost much, and additional damages that
fire and explosion are prevented. In summary, this
buckling occurs when the crustal thickness decreases.
Therefore, such damage can be prevented by
preliminary studies.

a) Marmara earthquake
(TUPRAS 999)
Figure 17. Elephant foot buckles of earthquake and
FEM

b) FEM model result

IV. CONCLUSION

Seismic analysis of commonly used cylindrical liquid
storage tanks and their protection against seismic effects
are of direct interest to the field of civil engineering. It
will be a good guide in terms of detecting the damages
that may occur in these tanks in advance and taking
measures against possible seismic effects. Many FEM
analyzes have been made so far for cylindrical steel
liquid tanks. Most of these analyzes have been carried
out as static structures. In this study, the Explicit
Dynamics analysis method, which is wused in
experiments such as sudden loading, explosion, slip and
collision, is used in ANSYS Workbench. As a result of
the analyzes obtained by the Explicit Dynamics tool,
damage and buckling patterns of open-roof, flat-roofed,
conical-roofed and torispherical-roofed tanks were
obtained. These results give important clues about the
damages that may occur during a possible earthquake.
For the analysis, acceleration values of 0.22 seconds
from the north-south composition of the el-Centro
earthquake were used. In an earthquake, there can be
many accelerated movements in a time period of 1
second. In addition, lagrangian and eulerian references
were used together. The tank body modeled as
lagrangian and the water body modeled as eulerian were
allowed to move together in interaction during the
analysis. In this way, the convective sloshing effect and
buckling shapes formed by the water mass on the tank
wall were obtained.

Tanks with 4 different roof types were analyzed first
with 6 mm thickness and then with 4- and 8-mm shell
thicknesses. In all analyses, axial displacement started
to be evident after 0.02 seconds.

The results of the analysis existed, that is, it resulted in
obtaining the buckling patterns of the tanks damaged in
the earthquakes.

Depending on the earthquake ground motion, the
liquid mass inside the tank gains dynamic motion
along with the tank. This dynamic movement is
defined as a convective liquid mass at the top of the
tank. This mass continues the shaking effect even if
the shaking stops. With this effect, it is more common
especially in open-roof and flat-roofed models. In
other words, sprains occur in the regions close to the
upper edge with the effect of shaking.

Elephant foot and diamond-shaped buckling are
common in cylindrical tanks containing liquids during
earthquakes. Diamond shaped buckles were observed
in the 6 mm thick tanks in the analysis made with
Explicit Dynamics analysis. Elephant foot buckling
was seen in 4 mm thickness. It is normal for elephant
foot buckling to occur at low thickness, but diamond-
shaped buckles at 6 mm thickness are not.

After this study, Explicit Dynamics analyzes can be
made that simulates the discharge of water out of
tanks containing liquid due to damage.
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Oz

Insanm etkilesimde bulundugu biitiin unsurlar1 insanin 6zelliklerine uygun olacak sekilde tasarlamay1 amag edinen
ergonomideki 6nemli konulardan bir tanesi de risk degerlendirmesidir. Basta boyun, sirt, bilek, kol, omuz ve bacaklar olmak
lizere cesitli viicut bolgelerinin riske maruz kalma diizeyinin belirlendigi risk degerlendirmesinde Hizli Tim Viicut
Degerlendirmesi (REBA), Hizli Ust Ekstremite Degerlendirmesi (RULA) ve Hizli Maruziyet Degerlendirme (HMD) gibi
cesitli yontemler bulunmaktadir. Ancak risk seviyesi sektorlere gore degismektedir. Insaat sektdrii en riskli sektdrlerden
biridir ve 6nemine binaen bu c¢alismada ele almmistir. Bu ¢aliymanin amaci, en tehlikeli sektorlerden biri olan insaat
sektoriinde ergonomik risk degerlendirme tekniklerini uygulayarak risk diizeylerini ortaya koymaktir. Ayrica, diger bir amag
da, iilkemizde, insaat sektdriinde, isverenler arasinda Kas iskelet Hastaliklarmm (KiH) énlenmesi veya ortaya ¢ikmasmin
azaltilmas1 i¢in erken asamada proaktif risk degerlendirmesine sahip olmanin 6nemi konusunda bilgi ve farkindalik
yaratmaktir. Calismada kullanilan metodoloji temel olarak bes adimdan olusmaktadir. Insaat sektoriine uygun Ergonomik
Risk Degerlendirme (ERD) tekniklerinin belirlenmesi ile baslayan siireg, insa siirecindeki sik tekrarlanan faaliyetlerin
belirlenmesi, ERD tekniklerinin ilgili faaliyetler i¢in uygulanmasi, karsilastirilmali analizlerin yapilmasi ve yorumlanmas ile
devam ederek, iyilestirme Onerilerinin yapilmasi ile bitmektedir. Bir Tiirk insaat firmasindaki riskleri ortaya ¢ikarmak igin
REBA, RULA ve HMD uygulanmistir. 1ki farkli site insaatmm farkli kisimlarmda yapilan incelemelerde; REBA metodu
uygulandiginda 7 durusta yiiksek risk, 5 durusta orta risk; RULA metodu uygulandiginda 8 durusta ¢ok yiiksek risk, 4 durusta
orta risk; HMD metodu uygulandiginda ise 2 durusta ¢ok yiiksek risk, 7 durusta yiiksek risk, 3 durusta ise diigiik risk olustugu
tespit edilmistir. Sonug olarak elde edilen veriler gostermektedir ki; her ne kadar usta olarak adlandirilsalar da, ¢alisanlar
saglikli ve giivenli galismay1 bilmemektedirler.

Anahtar Kelimeler: Ergonomi, Risk degerlendirme, Insaat sektdrii, REBA, RULA, HMD

Abstract

Risk assessment is one of the important topics of ergonomics, which aims to design all the elements interacting with the
human being by considering the properties of human beings. There are various methods, including Rapid Entire Body
Assessment (REBA), Rapid Upper Limb Assessment (RULA) and Quick Exposure Check (QEC), which are used to
determine the risk levels by considering mainly the body parts such as the neck, back, wrist, arms, shoulders and legs.
However, the level of risk varies according to the sectors. The construction sector is one of the riskiest sectors and is
discussed in this study due to its importance. The aim of this study is to reveal the risk levels by applying ergonomic risk
assessment techniques in the construction sector, which is one of the most dangerous sectors. Besides, another aim is to raise
knowledge and awareness about the importance of having proactive risk assessment at an early stage to prevent or reduce the
occurrence of Musculoskeletal Diseases (MSD) among employers in the construction industry in our country. The
methodology used in the study basically consists of five steps. The process, which starts with the determination of Ergonomic
Risk Assessment (ERA) techniques suitable for the construction industry, goes on with the determination of frequently
repeated activities in the construction process, the application of ERA techniques for the relevant activities, performing and
interpretation of comparative analyses and finally ends with the improvement suggestions. REBA, RULA, and QEC were
applied to reveal the risks in a Turkish construction company. In the examinations made in different parts of the construction
of two different sites; When the REBA method is applied, 7 tasks indicate high risk, 5 tasks are at medium risk; When the
RULA method is applied, very high risk is observed in 8 tasks, medium risk is observed in 4 tasks; When the QEC method is
applied, it has been determined that it creates a very high risk in 2 tasks, high risk in 7 tasks, and low risk in 3 tasks. The
resulting data show that; Although they are called masters, employees do not know how to work healthily and safely.
Keywords: Ergonomics, Risk assessment, Construction sector, REBA, RULA, QEC

I. GIRIS

Ergonomi, insanlar ile makineler arasindaki etkilesimi ve etkilesimi etkileyen faktorleri ele alan (Erkan, 1997) ve
iyilestirmeye calisan bir yaklagimdir. Bridger (2008)’lin de belirttigi gibi isci ve is kosullar1 arasinda en uygun
olani tespit edip, caliganlarimin verimliligini ve kalitesini en iist diizeye ¢ikarmayr amaclar. Ergonomi ile
varilmak istenen sonug, sistemi kullanici ozellikleriyle daha uyumlu hale getirmek igin degistirerek, caligma
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ortaminin is i¢in daha giivenli ve daha uygun hale
getirilmesidir. ~ Ergonomi;  insan  ve  cevre
calismalarinda antropometri, biyomekanik, genel
mihendislik, fizyoloji, psikoloji ve fizik gibi bir¢ok
disiplini temel almaktadir (Laurig ve Vedder, 1998).

Ergonomi kapsaminda ele alman 6nemli konulardan
bir tanesi de ergonomik risk degerlendirmedir.
Ergonomik risk degerlendirme, bir bireyin is
istasyonunun ergonomisi ile iligkili tehlikeleri ve
riskleri degerlendirmeyi, tanimlamayr ve ortadan
kaldirmay1 amag edinir. Bir ofis ¢alisani igin bir masa
istasyona Ornek olarak gosterilebilir (URL-1).
Ergonomik risk degerlendirmeleri, ¢alisanlarin saglik
ve giivenligini saglamanin, verimliliklerini ve
iiretkenliklerini artirmanin bir pargasidir. Is saglig1 ve
giivenligi yonetim planinin ayrilmaz bir parcasin
olusturduklart icin risk degerlendirmeleri ¢ok
onemlidir. Tehlikeler ve riskler konusunda farkindalik
yaratir.  Kimlerin risk altinda olabileceginin
belirlenmesi konusunda yardimei olur. Ergonomik risk
degerlendirmeleri 6zellikle tasarim veya planlama
asamasinda  yapildiginda  yaralanmalari  veya
hastaliklar1 6nleyebilir (URL-2).

Diinyaya paralel olarak Tiirkiye'de de is kazalarina en
cok rastlanildign sektorlerin basinda insaat sektorii
gelir. Ingaat sektorii en riskli iskollar1 arasindadir. Bu
sektorde calisan isgiler, diger sektorlerde caligsan
igs¢ilere gore 3-6 kat daha fazla kazaya ugrama
tehlikesine sahip oldugu Uluslararas1 Calisma Orgiitii
(ILO) werilerince kanitlanmustir. Tiirkiye’de ingaat
sektorii; hem Sliimlii, hem de siirekli is goremezlik
kaza sikliginin en ¢ok yasandigi sektordiir. SGK
verilerine gore, {ilkemizde gerceklesen tiim is
kazalarinin % 9’u, 6limlii is kazalarinin % 28’1 ve
stirekli is goremezliklerin % 18’nin insaat sektoriinde
meydana geldigi gorilmiistiir. Ayrica Calisma ve
Sosyal Giivenlik Bakanligi tarafindan hazirlanan
Tehlike Siniflar1 Yonetmeliginde ingaat sektorii “Cok
Tehlikeli Isler” sinifinda bulunmaktadir (Ceylan,
2014). Ulkemizde insaat sektdrii son on yildir hizla
bliyiimektedir. Buna ragmen ingaat sektorli, tim
sektorler arasinda en diisiik verimlilik oranlarindan
birine sahiptir. Bu sorunu ¢tzmek icgin proje
yoneticileri, personelin is yiikiinii artirma (artan ¢ikti)
veya belirli gorevlere daha fazla (genellikle yetersiz
egitimli) is¢i atama (zamani azaltma) egilimindedir.
Ancak bu, personelin igle ilgili kas-iskelet sistemi
rahatsizliklarina maruz kalmasina neden olabilir ve bu
durum zamanla devam ederse saglik sorunlarina ve
mali kayiplara yol agabilir.

Bu calismanin amaci, en tehlikeli sektorlerden biri
olan ingaat sektdriinde ergonomik risk degerlendirme
tekniklerini  uygulayarak risk dlzeylerini ortaya
koymaktir. Ayrica, diger bir amag¢ da, iilkemizde,
insaat sektoriinde, isverenler arasinda Kas Iskelet
Hastaliklarinin ~ (KIH)  onlenmesi veya ortaya
¢ikmasinin azaltilmasi i¢in erken asamada proaktif

risk  degerlendirmesine  sahip olmanin  6nemi
konusunda bilgi ve farkindalik  yaratmaktir.
Literatiirdeki ¢alismalardan farkli olarak dncelikle insa
siirecindeki sik tekrar eden aktiviteler belirlenmis ve
onlara odaklanilmigtir. Ayrica, REBA, RULA ve
HMD  tekniklerinin  iici de uygulanmus ve
karsilagtirmali olarak sonuglar analiz edilmistir. Son
olarak, caligmanin Tiirkiye’de yapilmig olmasi da
uygulama yeri agisindan farklilik géstermektedir.

Caligmanin  geri  kalan kistm  su  sekilde
yapilandirilmustir. Tkinci boliimde literatiir taramasi
verilmistir. Ugiincii  boliim uygulanan metodoloji
kapsamindaki risk degerlendirme teknikleri hakkinda
bilgi vermektedir. Insaat sektdriindeki uygulama
dordiincii boliimde verilmistir. Nihai olarak da, besinci
boliimde sonuglar sunulmustur.

IL. LITERATUR TARAMASI

Literatiirde, ergonomik risk degerlendirmeyi igeren
cok sayida calisma bulunmaktadir. Bu ¢alisma
kapsaminda 1996’dan sonra yayinlanan makaleler
degerlendirmeye alinmistir. Toplam olarak 72 makale
¢cOziim yontemleri ve sektorleri agisindan irdelenmis
ve Eklerde Tablo 2’de sunulmustur. Ayrica,
calismalardan bazilari sektorlere gére asagida kisaca
aciklanmustir.

Insaat sektoriinde, Yubaidi (2015) duvar orme isi
yapan 120 isciye “REBA” metodu uygulamustir.
Benzer sekilde, Purnomo ve Apsari (2016) de
calismalarinda Endonezya’daki ingaat iscilerinin
uygunsuz kosullar ve yiiksek risk altinda galistigini
“REBA” metodu uygulayarak gostermislerdir. Anwar
vd. (2015) ¢alismalarinda durus risk seviyesi ile isle
ilgili  kas-iskelet sistemi bozuklugu prevalansi
arasindaki anlaml iliskiyi belirlemek i¢in “RULA” ve
“Nordic Kas-Iskelet Sistemi Anketi” metotlarim
kullanmuglardir. Seo (2016) galismasinda asir1 fiziksel
taleplerin ingaat operasyonlari iizerindeki etkisine dair
anlayis1 gelistirmek igin is¢ilere “REBA”, “RULA”,
“OWAS” ve “PATH” metotlarin1 uygulamistir.
Vachhani vd. (2016) c¢alismalarinda  konut
santiyesinde farkli faaliyetler i¢in ergonomik risk
faktorlerini belirlemek t{izere iscilere “REBA” Ve
“Hizh  Maruziyet  Degerlendirme”  metotlarini
uygulamuslardir. Kathiravan ve Gunarani (2018)
calismalarinda elle malzeme tasima, duvarcilik ve
siva igleri gibi birincil konut islerini analiz etmek igin
40 iscide REBA ve RULA metotlarinin uygulamasini
yapmuglardir.

Giyim sektoriinde, Polat ve Kalayct (2016)
caligmalarinda Tiirkiye’deki hazir giyim sektdriindeki
is¢ilerin risk degerlendirmesini yapmak icin giyim
fabrikasi calisanlarina REBA metodunu
uygulamuglardir. Zahid vd. (2016) ise ¢alismalarinda
bir giysi imalat sanayinde galisan iscilerin ergonomik
risk seviyesini belirlemek Uzere REBA” ve “RULA”
metotlarint kullannuslardir.
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Tarim ve orman sektériinde, Manz ve Silver (2013)
domates is¢ilerinin ergonomik stres seviyelerini
anlamak i¢in Amerika'daki tarim (domates) is¢ilerine
“REBA” metodunu uygulamiglardir. Cremasco vd.
(2019) ¢alismalarinda bir aga¢ yonga makinesinin elle
beslenmesi sirasinda operatdr ve biyomekanik postural
asint yiiklenme riskinin degerlendirilmesinde daha
etkili ve uygun yontemi belirlemek amaciyla RULA
ve REBA'y1 karsilagtirmiglardir.

Konfeksiyon/dikis sektoriinde, Najarkola ve Mirzaei
(2012) caligmalarinda bir tekstil fabrikasinda gesitli
isler yapan iscilerdeki (st ekstremite kas-iskelet
sistemi rahatsizliklarinin risk faktorlerini
degerlendirmek icin RULA” ve “Nordic Kas-Iskelet
Sistemi Anketi” uygulamiglardir. Shah ve Vyas (2015)
caligmalarinda kas-iskelet sistemi bozuklugu riskini

bulmak ve el sanatlarinda risk alanlarini
smiflandirmak i¢in 70 is¢iye “REBA” metodunu
uygulamuglardir.

Imalat sektoriinde, Ansari ve Sheikh (2014)

caligmalarinda imalat {initesindeki is¢ilerin yiiksek
risk altinda caligtigint gostermek icin kiigiik olgekli
Ozel imalat atdlyesi isgilerine “REBA” ve “RULA”
metotlarint uygulamuglardir. Ayub ve Shah (2018)
caligmalarinda  ise  baghi  kas-iskelet  sistemi
hastaliklarinin tekrarlanma sikligimi belirlemek igin
imalat atolyesi c¢alisanlarina  “RULA”, “Hizl
Maruziyet Degerlendirme” ve “ANOVA” metotlarin
uygulamuglardir. Ongel vd. (2017) calismalarinda
kalip fabrikas1 ¢aliganlarina dinamik, statik duruslar ve
gerekli dizenlemeler konusunda 6nerilerde bulunmak

“RULA” metotlarinin
gerceklestirmislerdir.

uygulamasini

Incelenen calismalarda RULA ve REBA tekniklerinin
sik olarak kullanildigi gézlenmistir. Diger tekniklere
iligkin frekanslar da Sekil 1°de gosterilmistir.

Risk Degerlendirme Metotlar:
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Literatiirdeki calisma sayis1

Sekil 1. Risk Degerlendirme Metotlari

Yine, incelenen calismalarda Imalat ve Insaat
sektorlerinde  en  fazla  uygulama  oldugu
goriilmektedir. Diger sektorlere iliskin frekanslar da

Sekil 2’de sunulmustur.

Incelenen literatiir arastirmasi sonucunda
gorulmektedir ki REBA, RULA ve HMD teknikleri
ingaat sektoriinde karsilagtirmali olarak bir arada
kullanilmamustir. Bu ¢aligmayla birlikte bu noktada bir

icin kalip fabrikasi ¢alisanlarinda “REBA” Ve  katma deger ortaya konulacaktir.
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III. METODOLOJIi VE KULLANILAN
ERGONOMIK RiSK DEGERLENDIRME
TEKNIKLERI

Calisma kapsaminda izlenen genel metodoloji adim
adim agiklanmis ve uygulanan teknikler hakkinda
kisaca bilgi verilmistir.

3.1. Onerilen Metodoloji

Calismada  kullanilan  metodoloji ~ Sekil  3’de
gosterildigi  lizere temel olarak bes adimdan
olusmaktadir. Ingaat sektériine uygun Ergonomik Risk
Degerlendirme (ERD) tekniklerinin belirlenmesi ile
baglayan siireg, iyilestirme Onerilerinin yapilmas ile
bitmektedir. Uygulama kisminda bu adimlara iligskin
aciklamalar yapilmustir.

BASLA

Insaat sektoriine uygun
ERD tekniklerinin
belirlenmesi

Insa siirecindeki sik
tekrarlanan faaliyetlerin
belirlenmesi

ERD tekniklerinin ilgili
faaliyetler i¢in
uygulanmast

Karsilastirmali
analizlerin yapilmasi ve
yorumlanmasi

Tyilestirme onerilerinin
yapilmasi

BITIR
Sekil 3. Calisma kapsaminda kullanilan metodoloji

3.2. Uygulanan Teknikler

Insaat sektoriiniin ortamina uygun olan ve pratik
olarak siklikla kullanilan ii¢ ergonomik risk
degerlendirme teknigi secilmistir. ROSA teknigi gibi
ofis ortamina uygun olan ve 6zel ekipman gerektiren
Sirt Omurlart Izleme Monitdrii (Lumbar Motion
Monitor-LMM) teknikleri kullanilmamustir.
Kullanilan teknikler hakkinda kisaca bilgi verilmistir.

3.2.1. RULA

Hizli Ust Ekstremite Degerlendirmesi veya RULA
yontemi, Ingiltere'deki Nottingham Universitesi'ndeki
ergonomistler Dr. Lynn McAtamney ve Profesor E.
Nigel Corlett tarafindan gelistirilmistir. RULA, isle
ilgili list ekstremite bozukluklarinin risklerini tahmin
etmek igin kullanilan postiiral bir degerlendirme
yontemidir (Hignett ve McAtamney, 1995).

RULA ergonomik degerlendirme araci, boyun, gdvde
ve Ust ekstremitelerdeki is goérevlerinin/taleplerinin
biyomekanik ve postural yiik gereksinimlerini dikkate
alir (URL-3).

RULA gelisimi iic asamada meydana gelmistir. Bu
asamalar;

e (Calisma durusunu kaydetme  yOntemi
gelistirme,

e Puanlama sistemi gelistirme

e Risk seviyesine rehberlik eden eylem duizeyi

6lgeginin gelistirilmesidir (Romman, 2015).

RULA eylem seviyeleri, bir kisinin yaralanma risk
derecesinin bir fonksiyonu olarak caligma seklini
degistirme ihtiyaci konusunda uyar1 verir (URL-4).

Bu seviyeler;

Eylem seviyesi 1: RULA skoru 1-2, kisinin is
pozisyonunda yaralanma riski olmadan en iyi
pozisyonda  ¢alistigit  anlamina  gelir
(McAtamney ve Corlett, 1993).

Eylem seviyesi 2: RULA skoru 3-4, kisinin is
durusundan dolayr bazi yaralanma riski
olusturabilecek bir durusta ¢alistigi anlamina
gelir ve bu skor biiyiik olasilikla viicudun bir
kisminin sapmis ve garip olmasi nedeniyle
pozisyon arastirtlmali  ve diizeltilmelidir
(McAtamney ve Corlett, 1993).

Eylem seviyesi 3: RULA skoru 5-6, kisinin ig
durusundan yaralanma riskiyle kot bir
durusta calistigt ve yakin bir gelecekte bir
yaralanmay1 onlemek icin bunun
nedenlerinin arastiritlmasi ve degistirilmesi

gerektigi anlamma gelir (McAtamney ve
Corlett, 1993).

Eylem seviyesi 4. RULA skoru 7-8, kisinin
en kotii durusta, is durusundan hemen bir
yaralanma riskiyle calistigi ve bunun bir
yaralanmay1 6nlemek i¢in derhal arastirilmasi
ve degistirilmesi gerekliligi anlamina gelir
(URL-5).

3.2.2. REBA

REBA, Hignett ve McAtamney tarafindan ise bagl
kas-iskelet sistemi hastaliklar1 riskini ve tiim viicut
durusunu degerlendirmek igin bir ara¢ olarak
gelistirilmigtir. REBA, saglik hizmetleri ve diger
hizmet endistrilerinde  bulunan  6ngdrilemeyen
calisma duruslarinin tipine duyarli olmasi i¢in 6zel
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olarak tasarlanmug bir uygulayicidir ve alan aracina
yOnelik olarak algilanan bir ihtiyact doldurmak igin
gelistirilmigtir (URL-6).

REBA, ise bagl kas-iskelet sistemi hastaliklari
risklerini ve ¢esitli calisma duruslarini degerlendirmek
i¢in hizli ve kolay bir 6nlem saglar. Viicudu, hareket
diizlemlerine gore bagimsiz olarak kodlanacak
boliimlere ayirir. Sonrasinda tiim viicuttaki kas
aktivitesi i¢in durgun, dinamik, hizli bir sekilde
degisen veya sabit olmayan bir sekilde ve elle tasima
isleminin gerceklesebilecegi bir puanlama sistemi
sunar (Hignett ve McAtamney, 1995; Coyle, 2005;
Madani ve Dababneh, 2016).

3.2.3. HMD

Hizli Maruziyet Degerlendirme Metodu (QEC),
Birlesik Krallikta 1996 ve 1998 yillar1 arasinda
gelistirilen; sirt, omuz/kol, bilek/el ve boynu ve aynm
zamanda titresimi etkileyen isle ilgili kas-iskelet
sistemi  risk  faktorlerine = maruz  kalmayi
degerlendirmek icin gelistirilen genel bir gozlemsel
yontemdir (Bridger, 2008).

Hizli Maruziyet Degerlendirme yontemi, hem
ergonomi  uzmanlarinin  hem de  uzmanlarin
gereksinimlerini  karsilamak  i¢in  6zel olarak

tasarlanmig olup, bununla birlikte hem gozlemciyi
hem de calisan1 is gbrevinin puanlamasina da dahil
eder (Oliv vd., 2019).

Farkli viicut bolgeleri igin viicut durusu, hareketin
tekrari, kuvvet/yiik ve gorev siiresi i¢in maruz kalma
seviyelerini tahmin eder. Maruz kalma seviyeleri daha
sonra her bir viicut bolgesi, titresim ve is stresi icin
toplam puanlarla birlestirilir (Oliv vd., 2019).

IV. INSAAT SEKTORUNDE UYGULAMA
Calisma kapsamindaki metodoloji insaat sektoriinde
faaliyet gosteren bir firmada adim adim uygulanmustir.
flgili firma 1980 yilindan beri Edirne’de insaat

sektoriinde  caligmalarim  siirdiirmektedir.  Tlgili
firmanin kooperatif site ingaatinda cesitli gbzlemler
yapilmistir.  Metodoloji  kapsamindaki uygulama

adimlari asagidaki sekildedir:

Adim 1 (Insaat sektoriine uygun ERD tekniklerinin
belirlenmesi):

Yapilan literatiir taramalarindan  sonra  Insaat
sektoriine uygun ERD teknikleri REBA, RULA ve
HMD olarak belirlenmistir. Bu teknikler hakkinda
ticiincii boliimde bilgi verilmistir.

Adim 2 (Insa siirecindeki sik tekrar eden faaliyetlerin
belirlenmesi):

Yapilan incelemelerden sonra insa siirecindeki en sik
tekrar eden ve en kotii durus pozisyonlariin oldugu
faaliyetler har¢ hazirlama, duvar 6rme, har¢ karma,
demir baglama, temel bohgalama, kalip ¢akma, siva
harci hazirlama, siva algis1 ¢ekme ve file ¢ekme

islemleri olarak belirlenmistir.

Adim 3 (ERD tekniklerinin ilgili faaliyetler icin
uygulanmasi):

REBA teknigi icin calisanlarin en kot duruslan
secildikten sonra boyun, govde wve bacaklar igin
puanlar verilerek A skoru belirlenmistir. Ust kol, alt
kol wve bilek icin puanlar verilerek B skoru
belirlenmistir. A ve B degerleri tabloda birlestirilerek
C skoru elde edilmistir. C skoruna g¢alisanin siklik ve
kosullarini belirten Aktivite skoruda eklendikten sonra
REBA Skoru elde edilmistir.

RULA teknigi i¢in calisanlarin en kot duruslan
secildikten sonra Gst kol, alt kol ve el bilekleri icin
puanlar verilerek A skoru belirlenmistir. Boyun,
gbvde ve bacaklar icin puanlar verilerek B skoru
belirlenmistir. A skoruna yiik ve kavrama puanlar
eklenerek Bilek ve Kol skoru, B skoruna yuk ve
kavrama puanlari eklenerek Boyun, Govde, Bacak
skoru elde edilmistir.

HMD teknigi i¢in formdaki bel, omuz/kol, el/bilek ve
boyun ile ilgili sorular cevaplanmustir. Agirlik, siire,
araba kullanma, titresim, is temposu ve stres sorulart
ise caligan tarafindan cevaplanmustir. El/Bilek,
Omuz/Kol, Bel, Boyun puanlari toplanarak toplam
skor elde edilmistir. Toplam skor maksimum olasi
skor olan 176’ya boliindiikkten sonra HMD puani
belirlenmistir.

Adim 4 (Karsilagtrmali analizlerin yapilmast ve
yorumlanmast):

9 farkli islemden 12 tane durusun analizi yapilmustir.
lgili faaliyetlerin risk seviyeleri uygulanan (¢ teknik
icin de belirlenmistir. Risk seviyeleri i¢in yapilmasi
gereken degisikliklerin ve gézlemlerin aciliyet durumu
belirtilmistir. Isci gdriismesine ve ilk gézleme dayali
olarak; en zor duruslar ve is gorevleri, en uzun siire
surdurdlen ve en yiksek kuvvet yiklerinin meydana
geldigi duruslar iglemlerin secilmesindeki faktorler
olmustur. Sekil 4’de gosterilen har¢ hazirlama
islemine iligkin biitlin tekniklerin detay uygulama
adimlart Eklerde Tablo 3-5’te verilmigtir. Diger
streglere iliskin tekniklerin de uygulama sonuglar
Tablo 1°de sunulmustur.
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Sekil 4. Har¢ Hazirlama Islemi
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Har¢ hazirlama, duvar 6rme, har¢ karma, demir
baglama, temel bohcalama, kalip ¢akma, siva harci
hazirlama, siva algis1 ¢ekme ve file ¢ekme islemlerine

odaklamlmustir. Incelenen islemlerde REBA, RULA
ve HMD teknikleri karsilastirilmustir.

Tablo 1. Tiim Islemlerin REBA, RULA ve HMD Sonuglar1

is no Is tammm REBA REBA'YA RULA RULA'YA HMD HMD'YE
SKORU GORE SKORU GORE SKORU GORE

Harg

1 hazirlama 9 Yiksek 6 Orta 0,56 Yiksek

2 Duvar 6rme 10 Yiksek 7 Cok yuksek 0,6 Yiiksek

3 Harg karma 9 Yiksek 7 Cok yuksek 0,73 Cok yiuiksek

4 Duvar 6rme 7 Orta 7 Cok yuksek 0,66 Yiksek
Demir

5 baglama 7 Orta 7 Cok yiiksek 0,69 Yiiksek
Demir

6 baglama 10 Yiksek 7 Cok yuksek 0,74 Cok yuksek
Temel

7 bohcalama 6 Orta 5 Orta 0,36 Diisiik
Temel

8 bohcalama 8 Yiiksek 6 Orta 0,34 Diisiik

9 Kalip ¢akma 5 Orta 7 Cok yuksek 0,6 Yiiksek
Siva harct

10 hazirlama 10 Yiksek 7 Cok yuksek 0,67 Yiiksek
Siwva algis1

11 cekme 6 Orta 6 Orta 0,59 Yiiksek

12 File cekme 9 Yiksek 7 Cok yuksek 0,3 Diisiik

Elde edilen sonuglar karsilastirmali  olarak  Har¢ karma iglemi i¢cin REBA skoru 9 olup yiiksek

incelendiginde, REBA yonteminin maksimum 10
puan, RULA yoénteminin maksimum 7 puan ve HMD
yonteminin ~ maksimum 0,73  puan  oldugu
goriilmektedir. Uygulama sonuglarina tek tek
bakildiginda; REBA % 58,33 (7/12) yiiksek riskli
sonug verirken, RULA % 66,67 (8/12) yuksek riskli,
HMD %75 (9/12) ¢ok yuksek ve yiksek riskli sonug
vermistir. Yiksek riskleri tespit ederken 3 metotta
birbirleriyle benzer sonuglar verirken, REBA ve
RULA orta riskleri, HMD ise diisiik riskleri tespit
ederek farklilik gostermistir. REBA ve RULA yiiksek

riskleri tespit etmekte HMD’den daha basarili
sonuclar vermektedir.
Bulgular  incelendiginde, = REBA  yOnteminin

maksimum 10 puan, RULA yoénteminin maksimum 7
puan ve HMD yobnteminin maksimum 0,73 puan
oldugu goriilmektedir. Uygulama sonuglarina tek tek
bakildiginda; REBA % 58,33 (7/12) yiiksek riskli
sonug verirken, RULA % 66,66 (8/12) yuksek riskli,
HMD %75 (9/12) ¢ok yiiksek ve yiiksek riskli sonug
vermistir.

Tiim islemler incelediginde; duvar 6rme, har¢ karma,
demir baglama ve siva harci hazirlama islemleri en
yiiksek riskli islemler olarak one ¢ikmustir.

Duvar 6rme islemi icin REBA skoru 10 olup yiiksek
risklidir ~ ve acil iyilestirmeler ~ yapilmasi
gerekmektedir. RULA skoru 7 olup cok yiksek
risklidir ve zaman kaybedilmeden acil iyilestirmeler
yapilmalidir. HMD skoru 0,6 olup yiiksek risklidir ve
yakin zamanda daha fazla gozlem ve degisiklikler
yapilmalidir.

risklidir ve acil iyilestirmeler yapilmasi
gerekmektedir. RULA skoru 7 olup cok yiksek
risklidir ve zaman kaybedilmeden acil iyilestirmeler
yapilmalidir. HMD skoru 0,73 olup ¢ok yiiksek
risklidir ve hemen daha fazla gozlem ve degisiklikler
yapilmast zorunludur.

Demir baglama islemi i¢cin REBA skoru 10 olup
ylksek risklidir ve acil iyilestirmeler yapilmasi
gerekmektedir. RULA skoru 7 olup cok yiksek
risklidir ve zaman kaybedilmeden acil iyilestirmeler
yapilmalidir. HMD skoru 0,74 olup c¢ok yiiksek
risklidir ve hemen daha fazla gozlem ve degisiklikler
yapilmasi zorunludur.

Stva harci hazirlama islemi i¢in REBA skoru 10 olup
yiksek risklidir ve acil iyilestirmeler yapilmasi
gerekmektedir. RULA skoru 7 olup cok yiiksek
risklidir ve zaman kaybedilmeden acil iyilestirmeler
yapilmalidir. HMD skoru 0,67 olup yiiksek risklidir ve
yakin zamanda daha fazla gozlem ve degisiklikler
yapilmalidir.

Adim 5 (Lyilestirme onerilerinin yapilmasi):

Tim duruslari daha giivenli hale getirmek igin
sabitleyiciler, manuel islemleri ortadan kaldiran
otomatik sistemler ve vyikleri azaltacak daha hafif
malzemeler iyilestirme Onerileri olarak sunulmustur.

Duvar 6rme isleminde tugladan daha biiyiik ve agirlik
olarak karsilastirildiginda daha hafif olan “gaz
betonlarin” kullanilmas: riskleri azaltacaktir. So6z
konusu bu hafiflik; hem bina yiikiinii azalttigi igin
kolonlara daha az yiik binmesini saglar hem de
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ergonomik agidan caliganlar i¢in faydali olacaktir.

Har¢ karma islemi i¢in 6nceden karistirilnus harg ve
har¢ karisimu kullanilmalidir. Tiim kuru malzemeler,
bir forklift veya kamyonla tasinir ve manuel
kullanimdan kaynaklanan yaralanma riskini ortadan
kaldirr.

Demir baglama isleminde is¢ilerin otomatik demir
baglama makinesi kullanmasiyla birlikte hem
duruslarindaki bilek zorlanmalari ortadan kalknmug
olacak, hem de manuel baglamaya oranla daha hizh
baglama yapilacaktir. Bu sayede zaman ve maliyet
tasarrufu saglanacaktir.

Siva harci hazirlama islemi igin ¢alisan tarafindan
mikserin islem boyunca taginmasina engel olunmali ve
bu islem i¢in mikserin kova {istiine sabitlenerek
tastyici bir sistem ile taginmasi saglanmalidir.

V. SONUCLAR

Calisanlarin etkilesimde bulundugu biitiin unsurlar
calisanlarin daha konforlu, glivenli ve verimli
calisabilmesi i¢in en iyilemeyi hedef edinen ergonomi
bilimindeki énemli konulardan birisi de ergonomik
risk degerlendirmedir. Son yillarda is saghig ve
giivenligi uygulamalarinin artmasiyla birlikte konu
daha da fazla Onem kazanmustir. Bu ¢alisma
kapsaminda risk diizeyinin yiiksek oldugu insaat
sektorii ele alinmus ve ergonomik risk degerlendirme
tekniklerinin karsilagtirmali uygulamasi yapilmstir.

Ergonomik  risk  degerlendirme  metotlarinin
uygulanmasi ile her bir islem i¢in risk puanmi elde
edilmistir. REBA metodu uygulandiginda 7 durusta
yiiksek risk, 5 durusta orta risk; RULA metodu
uygulandiginda 8 durusta ¢ok yiiksek risk, 4 durusta
orta risk; HMD metodu uygulandiginda ise 2 durusta
cok yiiksek risk, 7 durusta yiiksek risk, 3 durusta ise
diisiik risk olustugu tespit edilmistir. Bu tespitler
dogrultusunda risk tasiyan hareketleri en aza
indirebilmek i¢in iyilestirmeler Onerilmistir. Ancak
sadece calisanlarin  durus ve ekipmanla ilgili
ergonomik riskleri degerlendirilmis ve isyerlerindeki
psikolojik faktorler ¢alisma dig1 birakilmigtir. Calisma
is yerinde psikolojik faktorler degerlendirilerek daha
da genisletilebilir.

Sonug olarak elde edilen veriler gostermektedir ki; her
ne kadar usta olarak adlandirilsalar da, calisanlar
saglikli ve gilivenli calismayr bilmemektedirler. Bu
durumun en Onemli nedeni, saglik ve giivenlik
egitiminin her konuda yetersiz diizeyde olmasidir. Bu
nedenle ilk olarak yapilmasi gereken ISG egitiminin
okul 6ncesi kurumlara kadar indirilmesi ve bireylerin

cocukluktan itibaren ISG  egitimi konusunda
farkindaliginin =~ olugmasinin  saglanmasidir.  Bu
calismada insaat siirecindeki sik  tekrarlanan

aktivitelere odaklanilmistir. Caligmanin kapsamu diger
ingaat aktivitelerini de icerecek sekilde genisletilebilir.
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Ayrica, gerekli ekipmanin saglanmasi durumunda
LMM teknigi de uygulanarak daha objektif sonuglarin
elde edilmesi miimkiin olabilecektir.
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EKLER
Tablo 2. Ergonomik Risk Degerlendirme Caligmalari Literatiirii

Yazar (Yil) Metodoloji Calisma alam

Ahasan vd. (1996) OWAS Bir endiistri isletmesindeki 48 erkek is¢i

Massaccesi vd. (2003) RULA 77 kamyon soforii

Manavakun (2004) REBA, OWAS Yaslar 28 ile 42 arasinda degisen 4 is¢i

Mirmohamadi vd. (2004)  NMQ, QEC fran'da bir mobilya tiretim hattindaki 500 isci

Weigall vd. (2005) ManTRA, RULA Avustralyadaki temizlik ¢alisanlari
Universiti Malaysia Perlis'teki Uretim Okulu'ndaki

Ghazali vd. (2009) REBA&RULA bilgisayar laboratuarlarindaki 6grenciler
Kiitahya'da kiremit fabrikasinin yiikkleme
bélimiinde caligsan yaslar1 25-45 arasinda degisen

Ozel ve Cetik (2010) OWAS 38 isci

Habibi vd. (2012) NMQ, OCRA Isfahan'daki 94 erkek zanaatkar

Najarkola ve Mirzaei

(2012) RULA&NMQ Tekstil fabrikasi ¢aliganlar

Pandey ve Vats (2012) OWAS
Abedini vd. (2013) NMQ, NIOSH, MAC

Comper ve Padula (2013) QEC, JFQ
Djiono ve Noya (2013) RULA
Manz ve Silver (2013) REBA

Nadri vd. (2013) REBA, QEC, NMQ

Xu (2013) RULA, OWAS, NIOSH
Ansari ve Sheikh (2014) REBA&RULA

Garkaz vd. (2014) REBA, NMQ

Legault vd. (2014) NMQ

Teeravarunyou (2014) RULA

Zamanian vd. (2014) NMQ, QEC

Amara ve Gaur (2015) REBA, RULA, NMQ
Anwar vd. (2015) RULA&NMQ

Chakravarthy vd. (2015) RULA, OWAS
Chantaramanee vd.

(2015) RULA, ACGIH-HAL, SI
Erding (2015) QEC

Jahangiri vd. (2015) QEC

Justavino vd. (2015) OWAS

Mali ve Vyavahare

(2015) RULA&DHM

Ricco ve Yubaidi (2015) REBA

Shah vd. (2015) REBA&RULA

24

Tugla fabrikasi ¢aliganlart

Kaucuk endiistrisindeki ¢esitli boliimlerden segilen
136 erkek is¢i

Bir tekstil fabrikasinin dikis boliimiinde ¢alisan
102 kadin ve 5 erkek is¢i

Solvent Bazli boya iiretimi yapan tesis ¢alisanlari
Amerika'daki tarim(domates) iscileri
Tahran'da eloksal ve altiminyum profil Ureten
fabrikadaki ¢esitli islemlerde bulunan 82 is¢i
Hong Kong'ta Cin restoranlarinda ve fast food
restoranlarinda ¢alisan catering endiistrisindeki
is¢iler

Kiigiik olcekli 6zel imalat at6lyesi

Farkl1 boliimlerden 60 mesleki gorevi olan 120
is¢i

61 ergen

Bilgisayar is istasyonundaki 13 calisan

100 erkek calisan (21-41 yas)

25 tarim iggisi

Insaat iscileri

Otomobil montaj hatt1 ¢aligsanlari

105 is¢i

Otuz bir makine dikis operatorii

fran'mn Erak sehrindeki maden calisanlari (40 kisi)
Orman islerinde ¢alisan bir is¢i

Dokiimhane caliganlart
Duvar 6rme isi yapan 120 isci
Giyim fabrikasi ¢alisanlari
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REBA
REBA, RULA, QEC, NMQ
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REBA, NMQ

REBA
REBA

REBA

QEC

REBA, RULA, OWAS,
PATH

REBA, QEC

ManTRA, Rodgers Kas
Analizi Metodu

RULA

REBA, RULA, OWAS,
NIOSH

RULA, NERPA
REBA

REBA&RULA
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RULA
WERA, QEC

REBA

QEC
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REBA&RULA
REBA&RULA

RULA QEC,ANOVA
REBA&RULA, OWAS,
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REBA

REBA, OWAS, PLIBEL

REBA

REBA&RULA

REBA, RULA, NERPA
RULA
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REBA
REBA

REBA&RULA
RULA, LUBA, NERPA
REBA&RULA
RULA, OCRA
REBA&RULA

70 saglikli is¢i (50 kadin, 20 erkek)
280 otobiis sofori

Hindistan'm Bhopal sehrindeki disciler
513 kamu hizmeti ofisi galisani
260 beden egitimi ve spor bilimleri grencisi

Malezyada madencilik sektorii galiganlart
Giyim fabrikasi ¢aliganlari

Endonezyadaki bir ingaatta c¢alisan isgiler
Hintli motorsiklet strtculeri

Amerika'daki ingaat is¢ileri
Farkl1 boliimlerde ¢alisan 90 insaat is¢isi

Ahsap mobilya iiretimi yapan atdlye ¢alisanlari
flag endiistrilerinde paketleme {initeleri

Itfaiyeciler

Milano sehrindeki disgiler

Iranl1 traktor siiriiciileri

Kalip fabrikasi ¢aligsanlar

Bir araba {ireticisi fabrikasindaki 7 is¢i
Darussalam Universitesindeki bilgisayar
operatorleri

Malezya yarimadasindaki 65 otel ¢alisani
101 otobdis stiructis

Ciftlik iscileri

14 stipermarket satin alma operatorii
Uretim hattindaki is istasyonlarinda calisan 4 isci
Pantnagar'daki 60 erkek terzi

Imalat atélyesi calisanlary

Ispanyadaki bir sera calisanlari
7 is¢i
8 farkli Giyim fabrikasi ¢alisanlari

90 dis hekimi

6 konut insaat sahasindan 40 isgi

Daort sirketin operasyonel birimlerinin 455 ¢alisanm
Asyada plastik yalitim bandi ¢aliganlart

30 tane akilli telefon kullanicisi

Hindistanda otomobil sektdriindeki montaj hatti
calisanlari

Brezilyanin Parana eyaletinde bulunan 156
mandira ¢iftliginden 163 tarim isgisi

Kimya endiistrisindeki is istasyonlarinda ¢alisan
askiya alma caliganlari

[lag fabrikasi, otomotiv ve montaj sektorii
Tarim ve ormancilik operatorleri

80 banka calisan1

Yaslar1 23 ile 55 arasinda degisen erkek operatorler
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Tablo 3. Har¢ Hazirlama Islemine iliskin REBA Degerlendirme Sonuglari

Boyun 2 Ust kollar 2
Govde 4 Alt kollar 1
Bacaklar 4 Bilek 2
Durus Skoru A 8 Durus Skoru B 2
Yuk 0 Kavrama 1
A skoru 8 B skoru 3
C skoru 8 Aktivite skoru 1
REBA Skoru 9 Risk Seviyesi/Onlem  Yiiksek, Kisa zaman
icerisinde degisiklik
gerekli
Tablo 4. Harg Hazirlama Islemine iliskin RULA Degerlendirme Sonuglari
Ust kollar 2 Boyun 3
Alt kollar 1 Govde 4
Bilek/Bilek Bukme 31 Bacaklar 1
A skoru 3 B skoru 5
Kavrama 1 Kavrama 1
Yik 0 Yk 0
Bilek ve kol skoru 4 Boyun, Govde, Bacak skoru 6
RULA Skoru 6 Risk Seviyesi/Onlem Orta risk, daha fazla
inceleme ve kisa
zamanda degisiklik
gerekli
Tablo 5. Harg¢ Hazirlama Islemine iliskin HMD Sonuglar1
El/Bilek Omuz/Kol
Tekrarlanan Hareket & Kuvvet F2-K2 6 Yiikseklik & Agirlik H1-C1 2
Tekrarlanan Hareket & Siire F2-J3 8 Yukseklik & Siire C1-J3 6
Silire & Kuvvet J3-K2 8 Siire & Agirhik J3-H1 6
Bilek Posturii & Kuvvet E2-K2 6 Siklik & Agirlik D2-H1 4
Bilek Posturii & Siire E2-J3 8 Siklik & Stire D2-J3 8
Toplam Skor 36 Toplam Skor 26
Bel Boyun
Bel postiirii & Agirlik A2-H1 4 Boyun Durusu & Siire G2-J3 8
Bel postiiri & Siire A2-J3 8 Gorsel Dikkat & Sure L1-J3 6
Siire & Agirlik J3-H1 6 Toplam Skor 14
Statik Postlr & Sire B4-H1 4 Araba Kullanma M2 4
Siklik & Agirlik 0 Titresim N1 1
Siklik & Siire B4-J3 0 Is Temposu P2 4
Toplam Skor 22 Stres Q3 9
El/Bilek+Omuz/Kol+Bel+Boyun Skoru 98 HMD Skoru 98/176=0,56 Yiuksek Risk
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Endiistriyel Atk Camurlardan Elde Edilen Vitrifiye Uriinlerle Ilgili
Bir Degerlendirme

An Evaluation of the Vitrified Products from Industrial Waste Sludges
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Oz
Endiistriyel faaliyetler sonucu olusan aritma ¢amurlarinin geri kazanimi, aritimi veya bertarafi tim diinyada en 6nemli
cevresel sorunlar arasindadir. Atik ¢amurlarin yonetiminde yaygmn olarak kullanilan yakma, depolama, susuzlastirma veya
tarim alanlarinda kullanma gibi yontemler bu atiklarin igerisindeki agir metallerin uzaklastirilmasinda yetersiz kalmaktadir.
Bu atiklarm g¢evre igin risk olusturmasi ve aritma maliyetleri gibi sorunlarm yani sira dogal kaynaklarm da her gecen yil
azaldig1 diistiniildiigiinde, olusan atik camurlarin degerlendirilerek ikincil malzemelere doniistiirilmesinin 6nemi artmaktadir.
Bu baglamda vitirifikasyon yontemi, atiklardan yapi malzemeleri (cam-seramik, tugla, pigment vb.) liretmenin yani sira
atiklarin igerisindeki agir metallerin stabilizasyonunu da saglayan, dongiisel ekonomi yaklasimiyla ortiigen bir yontem olarak
dikkati ¢cekmektedir. Bu makalede, endiistriyel artima ¢amurlarinin katma degeri olan {irlinlere doniistiiriilmesi noktasinda,
aritma ¢amurlarmm vitrifikasyonu ve vitrifiye {irlinlerin kullanim alanlar ile ilgili ¢alismalar incelenmistir.
Anahtar Kelimeler: Agir Metal, Atik Camur, Stabilizasyon, Vitrifikasyon, Yap1 Malzemeleri

Abstract

Recovery, treatment or disposal of sewage sludge resulting from industrial activities are among the most important
environmental problems in the world. Common methods used in the management of waste sludge, such as incineration,
landfilling, dehydration or use in agricultural areas, are insufficient in removing the heavy metals in these wastes.
Considering that these wastes pose a risk to the environment and problems such as treatment costs and the decreasing of
natural resources, the importance of recovery the waste sludge into secondary materials increases. In this context, vitrification
method, which also provides the stabilization of heavy metals in wastes, draws attention as a method that applied to produce
construction materials (glass-ceramic, brick, pigment, etc.) from these wastes in connection with the concept of circular
economy. In this article, studies on vitrification of sewage sludge and usage areas of vitrified products were examined at the
point of transforming industrial waste sludges into products with added value.

Keywords: Construction Materials, Heavy Metal, Stabilization, Vitrification, Waste Sludge

I. GIRIS

Hizla biiyliyen diinya niifusunun taleplerini karsilamak i¢in artan endiistrilesme faaliyetleri ile birlikte atik
olusumu da hizla artmustir [1,2]. Olusan bu endiistriyel atiklarin biiylik bir miktarin1 atik camurlar
olusturmaktadir. Bilesimi fazlasiyla kompleks olan ve agir metaller gibi birgok farkli kirleticiyi de biinyesinde
barindiran [3] atik gamurlarin bertaraf maliyetleri, isletmeleri giin gectikge daha da zora sokan bir durum haline
gelmistir [4]. 2017 yilinda diinya genelinde ortaya cikan toplam aritma ¢amuru (kuru bazda) miktarinin 45
milyon ton oldugu diisiiniildiigiinde, bu c¢amurlarin aritilmast ve bertarafinin saglanmast konulari aciliyet
kazanmus; giderek azalan hammadde kaynaklar1 da g6z oniine alinarak, dongiisel ekonomi kavramiyla baglantili
sekilde bu atiklart hammadde olarak kullanma fikri giindeme gelmistir [5,6].

Aritma c¢amuru, insaat sektoriinde kullanilan kilin de bilesiminde bulunan SiO,, Al,O;, CaO ve Fe,0s;
bilesiklerini biinyesinde barindirir. Bu kimyasal bilesimin benzerligi sayesinde, aritma ¢amuru kil yerine
kullanilabilecek bir hammadde haline gelerek tugla, seramik malzeme ve hafif agregalar gibi yapi
malzemelerinin tretiminde kullanilabilmektedir [7,8,9]. Ayrica kilin diinyanin pek c¢ok yerinde azalan
hammadde kaynaklarindan birisi olmasi ve eldesinin ortaya ¢ikardigi yiiksek ¢evresel etki nedeniyle, gelencksel
hammaddelerin yerine siirdiiriilebilir malzemelerin kullanilmasi gerektigi fikri nem kazanmustir. Bu baglamda
basta Cin olmak iizere bazi iilkeler, tugla kullanimina sinirlandirma getirerek, seramik iiriinler elde etmek igin
endiistriyel atiklarin kullanilmasini 6nermislerdir [10]. Cevresel faktorlerin yani sira ¢imentoya olan talebin
artmasi da insaat sektoriinii atik malzeme kullanimina yonlendirmistir [11,12].
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Camur artiminda kullanilan geleneksel yontemleri
yakma, depolama, stabilizasyon/solidifikasyon, insaat
malzemesi olarak kullanma olusturmaktadir [13].
Ancak, atiklarin diizenli depolanmasi igin ayrilacak
alanlarin siirlt olmasi bu yontem i¢in kisitlayici etken
olarak karsimiza ¢ikmaktadir. Ayni zamanda, gamurun
depolanmasi durumunda, igerisinde diigiik miktarlarda
da olsa bulunan agir metallerin g¢evreye sizma riski
devam etmektedir [14]. Yakma islemi de ancak
maliyeti fazla olan modern yakma tesislerinde
gercgeklestirilebilmektedir [15].

Cevre ve Sehircilik Bakanligi (CSB) nin entegre ¢evre
bilgi sistemi biinyesindeki Atik Beyan Sistemini
(TABS) kullanarak atik beyaninda bulunan 66.478
adet tesisten saglanan verilere gore, 2018 yilinda
ortaya c¢ikan atiklarin 1.513.624 tonunu tehlikeli
atiklar olusturmaktadir. Bu tehlikeli atiklar igerisinde
aritma c¢amurlarinin miktart 110.605 tondur. CSB
tarafindan yaymnlanan Tehlikeli Atik Istatistikleri
Biilteni (2020)’'ne gore, beyan edilen toplam
1.513.624 ton tehlikeli atizin  %84,99’u  geri
kazanilmak {izere atik isleme tesislerine, %13,26°s1 ise
bertaraf edilmek Gzere sterilizasyon, dizenli depolama
ve yakma tesislerine gonderilmis, %1,15’1 stok,
%0,60°1 ise ihrag edilmistir [16].

Bu baglamda, iilkemizdeki aritma ¢amuru miktarinin
fazlalign ve halen dongiisel ekonomi kapsaminda
degerlendirilememesi, bu g¢alismanin ¢ikis noktasini
olusturmus ve agir metal igerikli endiistriyel nitelikli
aritma c¢amurlarindan ikincil bir malzeme iiretmek
amaciyla uygulanan vitrifikasyon yontemi ve bu yolla
elde edilen vitrifiye Grunlerin 6zellikleri ile ilgili
caligmalar incelenerek degerlendirme yapilmustir.
Caligmanin, gelecekte yapilacak uygulamalar igin bir
temel olusturmasi hedeflenmistir.

II. VITRIFIKASYON YONTEMI

Bir stabilizasyon yontemi olan vitrifikasyon ile atik
bertarafi, 1950’lerde niikleer atiklarin radyoaktif
elementlerini immobilize etmek amaciyla
uygulanmaya baslanmis olup [17] zamanla kullanim
alan1 genisletilerek diger tehlikeli atik tiirleri igin de
kullanilir hale gelmistir [18]. Islem sonucu ortaya
cikan ve camsi veya kristal bir yapida olan nihai iiriin,

sizmaya kars1 direngli, dogal granit veya mermerden
daha dayanikli 6zelliktedir [19].

Vitrifikasyon, kirlenmis topraklari, gémilii tehlikeli
atiklart ve toksik ¢amurlari 1600 ila 2000 °C'ye kadar
cikabilen yiiksek sicakliklardaki elektrikli bir firinda
(ex-situ vitrifikasyon, ESV) ya da direkt olarak
kirlenmis bir sahada (in-situ vitrifikasyon, ISV)
eriterek tehlikesiz hale getirme islemi olarak
tanimlanir. Bu teknoloji, kirlenmis toprak veya
camurlari, Joule kanununda belirtildigi sekilde elektrik
akiminin yarattigi 1s1 ile eriterek igerisindeki tehlikeli
organik veya inorganik bilesenlerin yok edilmesi
esasina dayanmaktadir [19].
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Vitrifiye edilmis atiklar {izerinde yapilan g¢aligmalar,
elde edilen cam Uriintin ¢imento da dahil olmak Uzere
diger atik formlarma gore 10.000 kat daha dayanikli
olabilecegini ortaya koymustur. ABD Cevre Koruma
Ajansi (Environmental Protection Agency, USEPA),
vitrifikasyon yonteminin tehlikeli atiklar ve radyoaktif
atiklar icin “Mevcut En Iyi Tekniklerden” (Best
Available Techniques, BAT) biri oldugunu belirtmistir
[20].

Yiiksek enerji gerektirmesi sebebiyle pahali olan bu
stire¢ sonunda elde edilen giivenli ve ¢ogunlukla iyi
mukavemet ve yalittm degerlerine sahip olan {iriinlerin
pazarlanmasi ile liretim maliyetlerinin bir kismini geri
kazanmak mumkindar [21]. Vitrifikasyonun birgok
avantajina ragmen maliyetinin fazla olmasi nedeniyle,
tehlikeli atiklarin stabilizasyonunda kullanimi kabul
gormekte yavas kalmistir. Bu nedenle, igerisindeki
agir metalleri uzun vadede sizma riski olan ¢imentolu
matrislerde sabitleme ydntemi, dlzenli depolama
sahalarinda bertaraf ve hatta yasadisi giderme
yOntemleri gibi daha kolayci ve ucuz yollar tercih
edilmistir. Ancak, vitrifikasyon ile elde edilen cam
iriinii atil bir malzeme veya yalnizca diisik degerli
uygulamalarda kullanilabilecek bir hammadde olarak
degerlendirmek yerine katma degerli ve rekabetgi bir
iirlin olarak ele almak, maliyetlerin karsilanmasiyla
birlikte kar etmeyi de saglayacaktir. Diger yandan
Avusturalya’da nakliye dahil olmaksizin atik camurun
dizenli depolama ile bertaraf maliyetinin 130-
200$/ton, Hollanda’da yillik 30-40 milyon Euro,
Ingiltere’de ise yillik 5,5 milyon Euro [22] olmasi da
atik camurdan vitrifikasyon ile yeni lirlinlerin eldesini
alternatif bir yontem olarak giindeme getirmektedir.

Vitrifikasyon sonrast nihai {iriinliin giivenilirligini
belirlemek amaciyla, Toksisite Karakteristik Li¢
Prosediirii (TCLP) gelistirilmistir. Kati, sivi ve ¢ok
fazl1 atiklarda bulunan organik ve inorganik
bilesenlerin hareketliligini tespit etmek amaciyla
gelistirilen TCLP [23], depolama sahasindaki bir
atigin ¢evreye sizmasini simiille edecek sekilde
tasarlanmig bir laboratuvar testidir. Bu teste gore,
sivizkatt orant 20:1 olacak sekilde, kati faz uygun
ekstraksiyon sivisi ile 18+2 saat boyunca 30£2 rpm’de
calkalanarak ekstrakte edilir. Bu yontem, atik
icerisindeki ve vitrifikasyon sonrasi stabilize olmus
Urunlerdeki metallerin sizma davranisi ve potansiyel
cevresel riskleri hakkinda bilgi sahibi olunmasim
saglar [24].

In-situ vitrifikasyon, kirlenmis topraklar1 yerinde
iyilestirme i¢in kullanilan bir 1s1l iglem teknolojisidir.
Islem gorecek araziye kare olusturacak sekilde
yerlestirilen dort adet elektrot ile toprak elektriksel
olarak 1sitilarak cam benzeri inert bir malzemeye
doniisimii saglanir. Elektrotlar arasina ince bir tabaka
halinde grafit ve cam hamurundan olusan karisim
yerlestirilerek baslangigta elektriksel olarak iletken
olmayan topragin 1sitilmasi gergeklestirilir. Vitrifiye
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edilen alan1 kapsayan davlumbaz sistemi ile islem
sirasinda agiga c¢ikan gazlar cevreye salinmadan
burada toplanir. ISV teknolojisi, ¢ok ¢esitli atik tiirleri
(radyoaktif, organik veya inorganik) ile kirlenmis
topraklarin, herhangi bir kaz1 ve nakliye olmaksizin
direkt olarak o alanda iyilestirilmesine olanak saglar

ve bu sayede olusabilecek ekstra maliyetlerin de
Online gegilmis olunur [25,26,27]. Tipik bir ISV
aritma isleminin gematik gosterimi  Sekil 1'de
verilmistir.

Aritmaya
.L' Cilas Gaznu _IDa\'lum'bnz il ll
111 4
Grafit ve
Cam Hamuru
&ku ot B]’:b!'l"é’;:i Vitrifiye Kat/Ank
Sekil 1. ISV sistemi [27]

Ex-situ  vitrifikasyon teknolojisinde, kirlenmis  sematik olarak verilmistir. Endiistriyel aritma
topraklara, tortulara ve ¢amurlara yapilan silis ¢amurlarindan vitrifikasyon yontemiyle elde edilen

ilavesiyle bu malzemelerin elektrikli bir firinda oksit
camlara doniisiimii saglanir. Vitrifikasyonun basarilt
bir sekilde uygulanabilmesi igin, belirlenen atiga
uygun cam bilesimlerinin gelistirilmesi ve bu atik ile
katki maddelerini tehlikeli emisyonlar olusturmadan
kararli bir cama doniistiirebilen cam ergitme
teknolojisi gereklidir. Ex-situ vitrifikasyonda, tehlikeli
atik igerisindeki inorganik bilesenler stabilize hale
gelirken, bu islemde kullanilan yiiksek sicaklik (1500
°C'nin iizerinde) sayesinde, atikta bulunan antrasen,
bis (2-etilheksil ftalat) ve pentaklorofenol de
aynigtirilir. Sonug olarak, toksik bilesenler cevreye
tehdit olusturmayacak sekilde elde edilen 0rln
icerisinde sabitlenirler. Bu da, kimyasal olarak toksik
olmayan camsi malzemeyi, yeniden kullanim veya
giivenli bir sekilde depolama igin uygun hale getirir
[19,28,29]. ESV igin kullanilan elektrikli firin sistemi
Sekil 2°de gosterilmistir.
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Sekil 2. Elektrikli firin vitrifikasyon sistemi [30]

II1. VITRIFIYE URUNLER
Uygulanan vitrifikasyon yontemi sonucu ortaya ¢ikan
vitrifiye iriinleri elde etmede izlenen yol Sekil 3’te
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cam/cam seramik, seramik tugla/briket, pigment ve
diger iirlinler olmak iizere 4 baslikta ele alinan
uygulamalar &6zet olarak Tablo 1’de verilmis, alt
basliklarda ise detayl1 olarak incelenmistir.

3.1. Cam/Cam-Seramik Uriinler

Dogal  hammaddelerin,  ¢esitli  endiistrilerden
kaynaklanan ve bilyilk miktarlarda acgiga cikan atik
camurlar ile ikamesi cam ve cam-seramik Grunler elde
etmede popiilerlik kazanmugtir. Bu {irlinler iretim
kosullarina ve iiretimde kullanilan malzemelere bagl
olarak, sifir gozenekli bir yapida olup, yiiksek
mekanik performansa sahip olabilir veya mikemmel
yalitim Ozellikleri gosteren fazlasiyla gozenekli bir
yapi da sergileyebilirler [32].

Garcia-Valles vd. (2007), plastik ve metal yizey
isleme fabrikasindan alinan galvanik ¢amur ile
belediye atik su aritma tesisinden alinan aritma
camuru karisiminin vitrifiye edilmesiyle elde ettikleri
nihai drindin  fiziksel ve mekanik o6zelliklerini
incelemislerdir. ~ Katma  degerli bu iriiniin
kullanilabilirligini gérmek i¢in dogal bir malzeme
olan bazalt kaya, orijinal cam ve cam-seramik ile
karsilagtirmuglar  ve elde edilen cam-seramik
malzemenin, dogal ve ticari iriinler yerine
kullanilabilecek o6zelliklere sahip rekabet¢i bir iiriin
oldugunu belirtmiglerdir [33].

Silva vd. (2008) granit g¢amuru ve metal
elektrokaplama tesisinden gelen galvanik atik ile
gerceklestirdikleri  vitrifikasyon  sonucunda, atik
bilesiminde yiiksek oranda bulunan demir iyonlar
sayesinde, agirlikca %30, %40 ve %50 atik katkili
camlarin ¢ok yiikksek derecede hidrolitik direng
gosterdigi ve en direngli soda-kire¢ hidrolitik
camlarina (yani gise cami) benzer sabit bir ¢oziinme
hizina sahip oldugunu belirtmislerdir [34].



Int. ). Adv. Eng. Pure Sci. 2022, 34(1): 27-37

Camur Vitrifikasyonu

Aritma
Camuru

E

e

Cam Yapici
Katki
Maddesi

Y

Karisim

Formiilasyonu

[ Isitma j

Sekil 3. Vitrifikasyon ile aritma ¢amurundan {iriin eldesinin sematik gosterimi [31]

Tablo 1. Endiistriyel aritma ¢amurlarina uygulanan vitrifikasyon ¢aligmalart

HHumomuz IWNIH Vitrifikasyon H Sogutma ]

S

Kullanilan

Elde Edilen

On - S ” .
Aritma Camuru . Uriin/Olas1 1zma Onemli Notlar Kaynak
L Islem . Davranisi
Tara Kullanim Sekli
SiO, kaynagi
olarak maden
Galvanik camur, Gerekli Camy/Farkl1 renk aritma ¢amuru
altin madenciligi .. ve Ozelliklerde Diisiik kullanim ile [33]
degil .
aritma ¢camuru cam hammaddelerin
korunmasi, metal
stabilizasyonu
Kimyasal olarak
- kararli camlarin
Granit camuru, nispeten diisiik bir
metal Gerekli - Cam/Soda-kireg . . sicaklikta (1100 [34]
elektrokaplama degil borosilikat cam ,
°C’den fazla
camuru
olmayan)
dokilebilmesi
Camur bertarafi,
Agir metal Tavsive Cam/Yuksek agir metal
algitasi, dekupaj o diliry dayanima sahip  Diisiik stabilizasyonu, [35]
camuru cam endustriyel tretim
potansiyeli
CanvBasing Dogal ve ticari
Galvanik camur, i Urii i i
: G Taygye d?yamrm Diisiik urunler!e ikamesi [36]
belediye atik su  edilir ytiksek cam- yapilabilecek
aritma ¢amuru seramik rekabetgi bir Griin
Dekupaj camuru
Dekupaj gamuru Hlavesinin
Pa GamuTu, . Canv/Insaat kristalizasyon
paslanmaz celik Gerekli . . N
. .. malzemesi Diisiik sicakligini [37]
curufu, cam degil . .
Kirint olarak kullanim diigiirmesi,
st yiksek mekanik
ozellikler
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Nihai artiniin
Cam atig, asit CanvBasing geleneksel dogal
nétralizasyon Ta_v_3|ye d?yamml Diisiik malzemelere (kil [36]
tuzlari, aritma edilir yuksek cam- ve kum) kiyasla
camuru seramik maliyeti 6nemli
Olgilide azaltmasi
_ Cam/lnsaat Tehlikesiz atik
. Gerekli sektdriinde - . 1y
Galvanik camur .. Diisiik ozellikleri tagiyan [40]
degil yalitim I
. nihai Urdn
malzemesi
Cam/Bazalt Camur bertarafi,
. cam-seramiklere agir metal
Sodyumtliromat Sefikll benzer yiiksek Diisiik stabilizasyonu, [41]
catiur atigl et dayanima sahip endustriyel Gretim
cam potansiyeli
Baz camun tek
basina eritilmesi
ile mullit potada
Gerekli Cam/ meydana gelen
Magnox 9 . Diisiik yeana g [42]
o degil Borosilikat cam hasarin Magnox
¢amur atig1 . .
camur atig1 ilavesi
ile ortadan
kalkmast
_ _ Tugla/insaat Atlk"ca"m ilavesi
Galvaniz camur, Gerekli o o ile diisiik su
oy sektoriinde yapt  Diislik e y [48]
atik cam degil . emilimi ve yiiksek
malzemesi
basing dayaninu
Ayni sicaklikta
AKil o ateslenen
s . Tugla/Ingaat geleneksel
endustrisinden Gerekli o - - .
. sektoriinde yapt ~ Diistik tuglalara gore [13]
kaynaklanan degil .
malzemesi yaklagik 1,5 kat
aritma camuru
fazla basing
dayanimi
Camur bertarafi,
Elektrokaplama Gerekli Tugl,?/,maat o agir .n.letal
. sektoriinde yap1  Diisiik stabilizasyonu, [49]
camuru degil . e
malzemesi endustriyel Gretim
potansiyeli
Atik su Demir bazli
nf) tra!lzasyon Gerekli Tugla/Is1 yalitim . gémur Say(_a,SIPde
sirecinden desil malzemesi Diisiik nispeten diisiik [39]
kaynaklanan Fe & sicakliklarda
icerikli atik camur tretim
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Cr/Ni/Cu kaplama  Tavsiye P_|gment/Gr| ve - Nihai trlindn sz
. siyah renk veren  Diisiik salimimi nedeniyle  [50]
camuru edilir . . .
pigment giivenlik endisesi
Tm numuneler
. H 0 1
Elektrokaplama Gerekli Plg@ent/Sarl ve N icin /0?9.99 dan
oy yesil renk veren  Diigiik fazla agir metal [51]
camuru degil ) L
pigment stabilizasyon
verimi
Ticari
Elektrokaplama Pigment/Kahver pigmentlerle
c;am'gru1 Geffekli engi ve siyah Diisiik kal’s.llrcwtlrllabilir [52]
endustriyel degil renk veren stabilite ve
kirmzi gamur pigment renklendirme
glcu
Kulge, cruf/ C
Elektrokaplama Gerekli Yol désemesi o Potanswgl |I§[r?C|I
AU desil veva vai Diisiik kaynak niteliginde  [53]
¢ & ya yap . nihai Urtnler
malzemesi
Kulce/Celik
uretim
. islemlerinde 0
Elektrokaplama Gefgkll katki maddesi Diisiik En 'az %95 metal [54]
camuru degil . geri kazanimu
veya izabe
tesislerine
gonderim
Geleneksel
. . Kil borw/Insaat iiretime kiyasla
k kI
ijlr(ag'm gamurt, dG:,r S sektoriinde yapt Dk 200 °C daha [55]
& malzemesi diistik sicaklikta
atesleme
Seramik camuru, Seramik E:'gmlikigki:m
g?”.. e Gergkll karo/?era}m!k Diisiik gerekli olan [56]
doniistiiriilmiis degil karo Uretiminde L .
maliyetin 6nemli
cam astar et
Olciide azalmasi

Pan vd. (2015), agir metal alg1 tasi ve dekupaj
camurundan elde ettikleri cam-seramiklerin 5,3
GPa'lik yiiksek bir mikro sertlik, 206 MPa'dan daha
yiiksek bir egilme mukavemeti ve %0,13iin altinda
kalan su emme orani ile iyi mekanik Ozellikler
sergileyen Urunler oldugunu belirtmiglerdir [35].

Ozdemir vd. (2011), metal kaplama tesisinden
kaynaklanan galvanik ¢amur atiginin cam tiretiminde
kullanim potansiyelini arastirmus ve 1350 °C’de
gerceklestirdikleri  vitrifikasyon islemi i¢in SiO,
kaynagi olarak basgka bir atik olan altin madenciligi
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aritma ¢amurunu kullanmuglardir. Galvanik ¢amur
katkis1 agirlikga %10 ve %20 olacak sekilde islem
gerceklestirilmis ve bunun sonucunda koyu yesil
(%10) ve kahverengi-mor (%20) renkte iki farkli cam
elde edilmigtir. Yapilan ¢amur ilavesi ile cam triiniin
amorf 6zelliklerinin bozulmadigi; metal saliniminin da
USEPA limit degerlerinin altinda kaldigi belirtilmistir.
Bu calisma sonucunda, katki maddelerinin miktarlar
degistirilerek farkli renk ve 6zelliklerde cam tiriinlerin
gelistirilebilecegi one stirtilmiistiir [36].
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Yang vd. (2016), paslanmaz celik cirufu ve cam
kirintisindan (ciiruf/cam kirintisi kiitle orani 0,78:1,00)
olusturduklart karisima dekupaj atik camurunu (Sekil
4) da belli oranlarda (agirlik¢a %0, %7, %14 ve %21)
ekleyerek elde ettikleri cam-seramiklerin dzelliklerini
incelemiglerdir. Bu ¢alismada, %14’e kadar yapilan
attk camur ilavesi ile su absorbsiyonunda azalma
olurken, yogunlukta artma oldugu gézlemlenmis, buna
bagli olarak dekupaj atik ¢camuru katkisinin elde edilen
cam-seramik drtnde fiziksel ve mekanik ozellikleri
blyiik 6lcude arttirdigr bildirilmistir. Bu calismada

aynt zamanda, li¢ testleri sonucunda cam-
seramiklerdeki agir metal konsantrasyonlarinin
USEPA limit degerlerinin ¢ok altinda kaldig

belirlenmis ve bu dayanikli nihai tirlinlerin giivenle
insaat malzemesi olarak kullanilabilecegi sonucuna
vartlmistir [37].

Mymrin = vd. (2016), 1050 °C’de geleneksel
yontemlerle hazirlanan seramiklerin biikiilme direng
degeri olan 4,7 MPa’a karsilik, endiistriyel atiklardan
elde edilen seramigin (Sekil 4) biikiilme direncini 18,4
MPa olarak bulmuslardir [38].

Felisberto vd. (2018), galvanik camurda bulunan
kiikiirt ve karbonatlarin ayrigmasiyla aciga ¢ikan
gazlarin cam matriste hapsolmasiyla, yogunlugu
diisiik olan gbézenekli yapilar elde etmislerdir. Bu
tiriinlerin ingaat sektoriinde yalitim malzemesi olarak
kullanima uygun oldugu Starostina vd. (2018)
tarafindan yapilan g¢alismada [39] da kanmitlanmustir
[40].

Ballesteros vd. (2019) gergeklestirdikleri ¢aligmada,
kromat atiklarinin vitrifikasyonu ile elde edilen cam-
seramiklerin mekanik davranigini incelemigler ve elde
edilen driinlerin  mukavemetinin geleneksel cam-
seramiklerin mukavemet degerlerine kiyasla daha
yiiksek oldugu sonucuna varmiglardir [41].

Tan vd. (2019) yaptig1 calismada, yakit depolama
havuzlarindan kaynaklanan ve igerdigi Onemli
miktarda Mg ile U elementleri nedeniyle orta seviyeli
radyoaktif atik sinifina giren, hem metalik hem de
oksit/hidroksit fazlari igeren Magnox c¢amur atiginin
stabil hale getirilmesi igin blylk miktarlarda demir
iceren borosilikat cam bilesimi gelistirmislerdir.
Kullanilan baz camin yiiksek Al,O3 igerigi nedeniyle
tek basma eritilmesi mullit potada hasara neden
olmus, ancak Magnox c¢amur atiginin ilave edilmesi
ile hasar biiyiik dl¢lide engellenmistir. Buna ragmen,
%30’un tizerinde camur ilavesinde gozlenen artik Mg
parcaciklarinin varligi, atik yiiklemesi arttikca atikta
bulunan Mg pargaciklarinin hepsinin eriyik i¢inde
¢oziinemeyecegini diisiindiirmiis ve atik yiiklemesini
sinirlandiran  faktér olmustur. Gelistirilen bu cam
iriiniin dogru isleme kosullart altinda, igerigindeki
agir metalleri biinyesinde tutabilecegi ve giivenle
kullanilabilecegi sonucuna varmiglardir [42].
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3.2. Seramik Tugla/Briket

Tugla veya briket {iretimi icin kil yerine alternatif
olarak ¢esitli endistrilerden kaynaklanan ve biiyiik
miktarlarda aciga ¢ikan atik ¢amurlarin kullanilmasi
son yillarda yapilan pek cok arastirmanin konusu
olmustur. Demir icerikli camurun, elde edilen tuglanin
mekanik &zellikleri ve islem sicakligindaki azalma
konusunda olumlu etkilere sahip oldugu belirtilmistir
[43,44,45]. Ayrica bir¢ok calisma, tugla karisimina
camur eklenmesinin su emiliminde bir azalmaya
neden oldugunu ortaya koymustur [46].

Bir baska c¢alismada Weng vd. (2003), tugla
kalitesinin, kullanilan atik c¢amur miktarina ve
atesleme sicakligina baglt oldugunu, ciinkii bu iki
faktoriin  tuglalarin  biiziilmesine, su emilimine ve
basing dayanimina etki ettigini belirtmiglerdir [47].

Mao vd. (2019), %30’a kadar artan cam miktar1 ve
firm sicakligr ile galvaniz ¢amur katkili tuglalarin
basing mukavemetinin de arttigini gozlemlemisler
ancak, 1050 °C sicaklikta ve %30 atik cam ilavesinde
agir metallerin sizabilirliginin limit degerleri astigini
da belirtmislerdir. Bu yiizden, bu ¢aligsma igin, 950 °C
sicaklikta agirlikca %15 atik cam ile %10 galvaniz
camuru karigimu tugla {iretimi i¢in optimum kosullar
olarak belirlenmistir [48].

Kulkarni  vd.  (2019)  calismalarinda,  akii
endiistrisinden  kaynaklanan  atikk ¢amur ile
hazirladiklar1 tuglalarin (Sekil 4) basing dayanimini
arttirdigini  gézlemlemiglerdir. 1000 ve 1050 °C'de
ateslenen %5 c¢amur katkili tuglalarin  basing
dayaniminin, ayni sicaklikta ateslenen geleneksel
tuglalarin basing dayaniminin sirasiyla 1,2 ve 1,36 kati
oldugunu belirtmislerdir. Ayrica CaO igerigine sahip
akii camurunun, tuglalara sar1 ve bej ila acik
kahverengi arasinda renk verdigi saptanmus; beyaz
veya sar1 tuglalarin genellikle kirmizi tuglalardan daha
pahali olmasi nedeniyle, akii camuru ilavesinin tugla
iretiminde faaliyet goOsteren endiistriler igin karlt
olabilecegi sonucuna vartlmustir [13].

Bunlara karsiik Zhang vd. (2018) tarafindan
gerceklestirilen caligsmada, elektrokaplama ¢amurunun
kil tugla (Sekil 4) iretiminde hammadde olarak
kullanim potansiyeli aragtirilmig ve agirlikga %10’a
varan ¢amur ilavesinin elde edilen iiriindeki basing
dayanimimi 23,5 MPa’dan 15,5 MPa'ya diisiirdiigi, su
emilimini %2,7'den 3,46'ya ¢ikardigt ve goriiniir
gozenekliligin de artan ¢amur oraniyla Dbirlikte
%1.8'den  %3.15'e  yikseldigi  belirlenmistir.
Elektrokaplama camuru ilavesi, Uriinin mekanik ve
fiziksel ozelliklerini olumsuz ydnde etkilese de
standartlart karsiladigi igin yeterli bulunmustur. Bu
calisma igin belirlenen optimum c¢amur ilavesi
mekanik ozellikler dikkate alindiginda agirlikga %8’in
altinda kalmis olmasina ragmen, -elektrokaplama
camurundan tugla {iretiminin, ¢amur bilesiminde
bulunan agir metallerin stabilizasyonunda etkili
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olacagi sonucuna varilmustir [49]. Starostina vd.
(2018) ise, atik suyun nétralizasyon islemi sonucunda
ortaya cikan yiiksek demir igerikli atik ¢amurlari,
seramik tugla {iretimi i¢in ham yiikiin bilesiminde
agirlikca %3 ila %30 oraninda kullanmislardir. Ancak
artan ¢amur oraniyla birlikte seramik iiriinlerdeki
gozeneklilik de artmug, bu durum da fiziksel ve
mekanik 6zelliklerin azalmasina neden olmustur. Ham
yiike agirlikca %5’¢ kadar yapilan ¢amur ilavesinin

fiziksel ve mekanik Ozellikleri olumsuz yoénde
etkilemedigi ve elde edilen diriinlerin 1s1 yalitim
malzemesi  olarak  kullanilabilecegi  sonucuna
vartlmustir [39].

3.3. Pigment

Estetik acidan {riiniin ¢ekiciligini arttiran ticari
pigmentlerin  kullanimimin ~ yerine  bir  atigin
degerlendirilmesi fikri son derece caziptir. Bu

noktadan hareketle Gargori vd. (2018), Cr/Ni/Cu
kaplama c¢amur atigmin 110 °C’de kurutulmasinin
ardindan 1100 °C’de firinlanmasiyla elde edilen
pigmentlerin seramik endistrisinde kullanilabilirligini
arastirmiglardir.  Bunun sonucunda, attk g¢amurun
kurutulmasiyla elde edilen pigmentlerin  sir
biinyelerine dahil edildiginde kusurlara neden
oldugunu; ancak 1100 °C’de firninlannmug atik
camurdan elde edilen pigmentin sir biinyesinde
herhangi bir kusura neden olmadigini ve sirra gri ile
siyah arasinda degisen bir renk verdigini
bildirmiglerdir [50].

Mitiu vd. (2018), elektrokaplama g¢amurundan elde
edilen ¢esitli miktarlarda Cr ve Fe pigmentlerini,
beyaz ve seffaf sir bilesimlerine dahil ederek renkli
seramik iriinler elde etmeyi amaglamuslardir. Cr, Fe
ve Zn’nin  ¢Oziindiiriilmesiyle  gerceklestirilen
ekstraksiyon islemi sonucunda yesil krom pigmenti
[Cr(OH);], sar1 krom pigmenti I (PbCrO,), sari krom
pigmenti Il (BaCrO,) ve kirmuzi demir pigmenti
[Fe(OH)3] elde etmislerdir. Bu pigmentleri farkli
oranlarda sir bilesimlerine dahil ederek metal sizma
degerleri izin verilenin altinda kalan ¢evre dostu
tiriinler elde etmeyi bagarmiglardir [51].

Carneiro vd. (2018) ise, seramik endustrisinde
kullanilan ticari pigmentlerin yerine endiistriyel atik
olan kirmizi c¢amurun (RM (Red Mud)) ve
elektrokaplama ¢camurunun (ES (Electroplating Mud))
farkli oranlarda (RM:ES 1:1, 1:3, 3:1)
karistirilmasiyla elde edilecek pigment iiretimi {izerine
bir ¢alisma gergeklestirmislerdir. Bunun sonucunda,
RM:ES I:1 ve 1:3 oranlarinda 1200 °C’de
hazirlanarak elde edilen pigmentlerin, ilave edildikleri
seffaf sirlara (Sekil 4) sirasiyla kahverengi ve siyah
renk vererek ticari pigmentlerle benzer renklendirme
Ozelliklerine sahip olduklart belirlenmistir. Sonug
olarak bu c¢aligsmalar ile seramik endiistrisinde
kullanilmakta olan ticari pigmentler yerine atik bazli
pigmentlerin de kullanilabilecegi agik¢a goriilmiistiir
[52].
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Sekil 4. Aritma ¢camurundan elde edilen yapi
malzemeleri (a: kurutulmus aritma ¢amuru [37], b:
seramik blok [38], c: seramik karo [56], d: renkli tugla
[13], e: kil tugla [49], f: elde edilen pigmentleri igeren
seffaf sirlar [52])

3.4. Diger Uriinler

Atik camurun cam/cam-seramik, tugla/briket ve
pigment elde etmek igin vitrifiye edilmesinin diginda
birkag farkli uygulama tespit edilmistir. Chou vd.
(2012), elektrokaplama tesisinden ¢ikan atik camur
icerisindeki degerli metalleri vitrifikasyon yontemi ile
geri  kazanmak i¢in arastirmalar yapmuslardir.
Gergeklestirdikleri vitrifikasyon igleminin ana irtinleri
“kiilge” ve yogunluk farki nedeniyle kiilge ylizeyinde
biriken “cliruf” olmustur. Bu c¢alismanin sonucu
olarak, ¢ogunlukla silika ve kalsiyumdan olusan
ciirufun, yol dosemesi veya yapt malzemesi olarak
yeniden kullanilabilecegi ortaya konulmustur [53].

Huang vd. (2013) de, bir elektrokaplama tesisinden
cikan atik camura mimkiin oldugunca az katki
maddesi (kiregtagt ve cam kirintisi) ilavesiyle degerli
metallerin geri kazanimu iizerinde ¢alismuglardir. Katki
maddesi/¢amur oran1 0,2 oldugunda elde edilen kiilge
miktart agirlikca 9%57,6 ile maksimum seviyeye
ulagsmus ve bu oranda kiilge igerisindeki metal geri
kazaniminin (Ni-Fe alasimi seklinde) %95°ten yiiksek
oldugu belirtilmistir. Sonu¢ olarak elde edilen
alasimin daha fazla metal geri kazanim igin izabe
tesislerine gonderilebilecegi veya dogrudan celik
tiretim islemlerinde bir katki maddesi olarak
kullanilabilecegi bildirilmistir [54].

Bu ¢aligmalardan farkli olarak, Al Hoseny vd. (2018),
kil borulart tiretmek igin iki farkli endiistriyel atik olan
seramik ¢amur atigi ve atik cam kirintisinin birlikte
kullanimin1  degerlendirmiglerdir. Kirilma katsayisi
uretilmek istenen bu borularla ilgili en 6nemli husus
oldugundan optimum kosullar (min. 1050 °C firin
sicaklig, min. 1 saatlik 1slatma siiresi, siskinligi
onlemek icin %5 cam atig ile max. %6,2 camur
seviyesi) bu faktor g6z ©Oninde bulundurularak
belirlenmistir. Belirlenen kosullarda elde edilen
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borunun kirtlma katsayisinin, topraga gOomiilii
herhangi bir boyuttaki boru ve beton kizaga gémiilii >
8" borular i¢in minimum gereksinimi asan egilme
mukavemeti gosterdigini bildirmislerdir [55].

Nandi vd. (2015), seramik karo uretim endustrisinden
kaynaklanan seramik ¢amuru ile geri doniistiiriilmiis
camin birlikte degerlendirilerek seramik karo
Uretiminde (Sekil 4) astar olarak kullanilabilme
potansiyelini incelemislerdir. Bu karisgima kiregtast,
dolomit, uleksit (beyaz wveya saydam bir borat
minerali) ve potasyum nitrat hammadde olarak
eklenerek 3 farkli formiilasyon hazirlanmis ve
iclerinde en yiiksek seramik ¢amuru igerigine sahip
astar numunesi endiistriyel bir teste tabii tutulmustur.
Ticari iiriinler baz alindiginda, elde edilen iiriiniin sirh
seramik karolarin tiretiminde giivenle kullanilabilecegi
ortaya konmustur [56].

IV. SONUC VE DEGERLENDIRME

Aritma ¢amuru yOnetimi, cevresel anlamda ¢Ozim
gerektiren 6nemli bir sorundur. Bununla birlikte,
olusan bu c¢amurlarin yapisinda Fe, Al ve Ca basta
olmak iizere ¢imento harglarina ve ticari olarak
kullanilan diger yap1 malzemelerine oksitler seklinde
eklenen pek ¢ok degerli bilesigin bulunmasi, hizla
tikkenen hammadde kaynaklarinin ikamesine olanak
saglamaktadir. Olusan atik c¢amurlardan iiriin
(cam/cam-seramik, tugla/briket vb.) elde etmek i¢in
kullanilan vitrifikasyon islemi, camurun hammadde
seklinde geri kazanimina olanak saglarken, aym
zamanda  atik  icerisindeki  agir  metallerin
stabilizasyonunu da gerceklestirir. Diger yontemlere
kiyasla fazla enerji kullamimina bagli olarak artan
maliyetler, elde edilen {irliniin ticari olarak satiginin
gerceklestirilmesiyle birlikte azaltilabilir. Bu yontem,

bilesimi karmasik olan ¢ok ¢esitli atiklara
uygulanabilir olmasiyla da dikkat ¢ekicidir.
Vitrifikasyon yonteminde kullanilan 1s1l iglemin

neredeyse tiim organik bilesikleri yok etme kabiliyeti
sayesinde, atiklarin bilesiminde bulunan, miktar ve
cesitlilik bakimindan inanilmaz boyutlara ulasabilen
kirleticilerin belirlenmesi ve uygun atik bertaraf
yOnetiminin secilmesi i¢in harcanacak zaman ve
maliyetten de tasarruf saglanmis olunur. Bununla
birlikte, aritma ¢amurlarindan yapir malzemeleri elde
etmede kullanilabilecek tek bir metot gelistirmek
milmkiin  degildir. Her bir aritma ¢amurunun
vitrifikasyonu i¢in gerekli optimum sartlar kimyasal
ozelliklerine bagl olarak degisecektir. Bu durum elde
edilen malzemenin fiziksel ve mekanik yapisini da
etkileyecektir. Aritma ¢amurlarinin yap1 malzemeleri
olarak kullammmindaki temel zorluk, artan c¢amur
miktar1 ile elde edilen {riinde azalan dayamiklilik,
artan gozeneklilik ve buna bagli olarak su emme
kapasitesindeki artig seklindedir. Ancak bu durum
Uretilen malzemelerin kullaniminin miimkiin olmadigi
anlammi tasimamaktadir. Uriinlerin dogru sekilde
kategorize edilmesi ve uygun fiyatlandirilmas: ile
kendine uygulama alani bulmasi miimkiindiir. Buna
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karsilik, iceriginde yiiksek oranda demir bulunan
atiklarin vitrifikasyonu ile elde edilen {iriinlerde basing
dayanimi artarken, su emme kapasitesinde azalma
meydana gelerek olumlu bir etkiye sahip oldugu
yapilan ¢aligmalarla kanitlanmigtir. Tiim bunlarin yani
sira, retilen malzemelerin  ¢evre igin  risk
olusturmamasi da kullanilabilir olmasi agisindan en
onemli etkenlerden biridir. Incelenen c¢alismalarin
timiinde agir metaller basarili bir sekilde elde edilen
iiriin igerisinde hapsolmustur. Sizma olsa dahi bu
konsantrasyonlar limit degerlerinin altinda
kaldigindan ihmal edilmektedirler. Sonu¢ olarak bu
calisma ile  farkli  endiistriyel  proseslerden
kaynaklanan atik ¢amurlarin basarili bir sekilde
vitrifiye edilerek, dongiisel ekonomi kavramuna da
uyacak sekilde ingaat sektoriinde kullanilmak {izere
katma degerli {iriinlere doniisebilecegi ortaya
konmustur.
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Abstract

The emission of air pollutants has been increasing dramatically because of the high-energy consumption and usage of
transportation systems triggered by the industrial revolution. In addition, the development of technology, high demand for
conventional sources, unplanned urbanization, and rapid growth of population are some of the most important factors for the
increase of particulate matter (PM) and sulfur dioxide (SO,) in the last 20 years in Turkey. Agri, which is a rural province
having more high plateau areas and agricultural lands than residential areas, is less affected by these factors compared to
developed cities. In this work, variations of PMyq and SO, concentrations were evaluated from January to December of 2018.
Overall, it was found that SO, concentrations were well below the regulations, and the majority of the air pollution in Agr1
was due to PMy,. Also, concentrations of PMyo were higher than expected due to the location of the station. Hourly PMyo and
SO, concentrations ranged as 9.4-179.7 and 1.4-39.4 pg/m3, with average values of 52.1 and 8.3 pg/m3, respectively.
According to the Turkish Aerosol Quality Index (AQI), daily PM;o concentrations were 51% in the “good” class, 44% in the
“moderate” class, and 5% in the “sensitive” class. While SO, measurement values were 100% in the “good” class in 2018.
According to the results obtained in this work, it is recommended that more efforts are done to decrease emissions of PMy,
throughout the year, particularly during the heating season.

Keywords: Air Quality, Air Pollution, Diurnal Variation, Seasonal Variation, Rural Area, Turkey

Oz

Sanayi devriminin tetikledigi yiiksek enerji tiiketimi ve ulagim sistemlerinin kullanim1 nedeniyle hava kirleticilerinin miktar:
onemli 6l¢lide artmaktadir. Ayrica, teknolojinin gelismesi, geleneksel kaynaklara olan yiiksek talep, plansiz kentlesme ve
hizli niifus artig1, Tirkiye’de son 20 yilda partikiil maddenin (PM) ve siilfiir dioksitin (SO2) artiginin en dnemli sebeplerinden
bazilaridir. Yerlesim alanlarma gore daha fazla kirsal alani ve tarim arazisine sahip kirsal bir il olan Agri, gelismis illere gore
bu faktorlerden daha az etkilenmektedir. Bu c¢aligmada, 2018 yilinin Ocak-Aralik aylari arasmda PM;y ve SO,
konsantrasyonlarinin degisimleri degerlendirilmistir. Genel olarak, SO, konsantrasyonlarmmn yonetmeliklerin oldukga altinda
oldugu ve Agri'daki hava kirliliginin bilyiik kismmm PMjg'dan kaynaklandigi tespit edilmistir. Ayrica, Istasyonun
konumundan dolay1 partikiiler madde konsantrasyonlar1 beklenenin iistiinde ¢ikmistir. Saatlik PM;, ve SO, konsantrasyonlari
9,4-179,7 ve 1,4-39.,4 ng/m?® arasinda degisirken, ortalama degerler ise sirasiyla 52,1 ve 8,3 pg/m* olarak tespit edilmistir.
Hava kalitesi indeksine (AQI) gore glnlik PM;o konsantrasyonlarmin %51°1 "iyi", %44’ "orta" ve %5°i "hassas" smifta
bulunmustur. 2018 yilinda SO2 dlgiim degerleri% 100 “iyi” sinifinda yer alirken. Bu ¢alismada elde edilen sonuglara gore
PM; emisyonlarinin azaltilmasi i¢in y1l boyunca ve 6zellikle 1sitma mevsiminde daha fazla ¢aba harcanmasi 6nerilmektedir.
Anahtar Kelimeler: Air Quality, Air Pollution, Diurnal Variation, Seasonal Variation, Rural Area, Turkey

I. INTRODUCTION

Air pollution is considered as the most important environmental problem. It can be defined as organic and
inorganic pollutants whose concentrations exceed air quality standards determined by various sources in a
certain place. Pollutants causing a decrease in the air quality can be classified into two groups as aerosols and
gases. Particulate matter (PM) consists of suspended solid- and liquid-phase substances in the air and poses the
most significant threat to health [1]. Particles such as dust, pollen, or mold in the atmosphere with 10 microns or
less in diameter are called PMy,. Particles which are formed as a result of combustion, organic compounds with
2.5 microns or less in diameter, are called PM,s. Besides the physical properties of particulate matter, its
chemical composition is also very important for health. Particulate matter can contain heavy metals such as
mercury, lead, cadmium, and carcinogenic chemicals, and pose a significant threat to health [2]. Also, Sulfur
dioxide (SO,) is an invisible gas with a strong odor and decreases air quality by creating toxicity for living
creatures and the general ecosystem.
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Many countries around the world have prepared
various regulations, restrictions, and emergency plans
on pollutant concentrations to reduce their potential
harm. In order to achieve this, data is provided in real-
time from in-situ measurement stations installed in
many locations. In the world, there are various
thresholds and categorizations for gases and aerosols
to find out whether the atmosphere is polluted or not.
For example, the US-EPA Air quality index (AQI)
which is adapted by most of the countries according to
their own legislation is used for daily reporting of air
quality (Table 1).

There are various sources of PM and SO, For
example, volcanic activities, forest fires, organic
decay, and dust transport are some examples of natural
pollutant sources. Also, transportation (motor
vehicles, aircraft, ships, etc.), fossil fuel usage,
industrial processes, agricultural activities, solid waste
storage areas can bhe examples of anthropogenic
sources of these pollutants [4]. The existence and
impact of the various pollution sources listed above
vary depending on location and time. There are many
environmental and biological effects of PM and SO
For example, decrease in incoming solar radiation and
visibility, decrease in the efficiency of the various
agricultural products caused by a decrease in sunlight,
and negative effects on aquatic ecosystems due to air-
water transfer are also important effects of PM and
SO,. Furthermore, long-range transport from desert
dust and other urban areas affects the marine
ecosystem, and human health such as respiratory
issues and toxicity due to the complex chemical
composition such as metals in inhalable particles

[5][6]-

In the world, there are many studies conducted in
terms of finding out atmospheric pollution in cities.
For example, In Tehran, AQI has been calculated for
PM,5 and it was found that for 4 years consisting of
the 2010-2013 period, the air quality exceeded the
“good” class by falling in the category of “unhealthy

for sensitive groups” [7]. Also, in China, it was found
that the awverage API-derived PMy, concentrations
have been declined continuously according to the
daily air quality reports taken from 86 cities [8]. In
India Kerala, six major sites have been studied in
terms of the intensity of air pollution by applying
AQI. It was found that most of the air pollution in
those sites was caused by particulate matter and the
most polluted district was Ernakulam due to the
existence of both, residential and industrial areas [9].

In Turkey, there have been many studies conducted
about SO, and PMy,. However, there is a limited
number of articles in the literature that analyze or
evaluate air pollution for the province of Agri. One of
the most recent studies assesses the air quality of
Turkey by extracting a general picture of PMjy
distribution in the provinces of Turkey [10]. Another
study uses GIS to create spatial distribution maps to
determine spatial patterns of PMy and SO, [11]. Also,
there is a study examining the effects of
meteorological parameters such as temperature,
pressure, and wind on PMy, and SO, concentrations
[12]. Another study is about analyzing daily PM,, data
in 2014 in Eastern provinces statistically [13]. Lastly,
Igdir, which is one of the eastern provinces like Agri,
the amount of particulate matter is high due to the
heating season in which poor-quality fuel is used in
the winter and due to the dust coming from the dirt
roads in the summer according to 2014-2019 period
[14]. It is clear that the studies investigating the
particulate matter and sulfur dioxide for the province
of Agr1 are not enough.

The first aim of this study is to examine and evaluate
daily, monthly, and annual changes of PMyg and SO,
concentrations measured in the city center of Agri. In
addition, another aim is to provide a useful statistical
analysis to evaluate the overall air pollution in Agri
with respect to Air Quality Indices (AQI) and
regulations.

Table 1. US-EPA AQI and breakpoints [3]

Air - SO:(ugm)  NO(ugim’) (SO. Ou(um)  PMu(ugm)  PMas (ugim)
: pg/m®)
Quality
Index 1H 24H 8H 8H 1H
Mean Mean 1H Mean Mean Mean Mean 24H Mean 24H Mean
0-50 0-93 0-102 0-5,2 0-108 0-54 0.0-12,0 Good
94- 109-
51-100 200 103-192 5,3-11 248 55-154 12,1-354 Moderate
201- 11,1- 249- -
101-150 293 193-689 145 208 155-254 35,5-55,4 Sensitive
494- 329-
151-200 690-1242 14,6-18 255-354 55,5-150,4 Unhealthy
810 408
811- 18,1- 409-
201-300 1609 1243-2380 355 808 355-424 150,5-250,4 Bad
1.610- 35,6- 809-
301-400 5141 2.381-3.145 471 1.008 425-504 250,5-350,4 Dangerous
2.142- 47,2- 1.009-
401-500 2674 3.146-3.910 588 1.208 505-604 350,5-500,4 Dangerous
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Il. MATERIALS AND METHODS

2.1. Study Area

Agn is located at 39.7191° North latitude and
43.0506° East longitude (Figure 1). The provincial
center of Agr1 was established at an altitude of 1,640
meters above sea level. The province has gained
importance due to its location on the road connecting
Anatolia with Iran [15]. 46% of the lands of the
province of Agri are mountains, 29% are plains, and
25% are plateaus. Many peaks are found in Agn
whose heights exceed 3,000 meters, including 5,137 m
(Biiyik Agr1 Mountain) and 3,896 m (Kiigiik Agr
Mountain) [16]. Agr1 Province with a total population
of 551,177, ranks 38 of 81 cities in terms of the total
population in Turkey. In 2013, Turkey's arithmetic
population density was 85.97 km?, and the number of
people per km? in Agr was 48.45 [17]. It is clear that
settlement, transportation, and construction difficulties
due to the complex topography cause a decrease in the
socio-economic value of the region, which is strongly
related to population.

Agrt province has a severe terrestrial climate. In
general, from West to East in the region, the continent
is even more affected by the reduction of the sea effect
and the increase of the altitude which causes a change
in wind pattern. Under the influence of terrestrial polar
air masses that come from Siberia, the winters tend to
be harsh and long [18]. In addition, the climate in this
region falls in the “Dsb” class defined as having
continental climate: severe winter, dry, and cool
summer, according to the Koppen-Geiger climate
classification which is one of the most frequently used
climate classification methods in the world [19].

AGRI PHYSICAL MAP

X S »

Figure 1. Agr1 topographic map [20]

2.2. Information About the Station’s Location and
Topography
Stad Street is located 10 meters east of the sampling
station and Erzurum Boulevard is located 170 meters
south. There are official institution buildings,
workplaces, and residences heated by natural gas and
coal after 40 meters of the station. Also, Agr1 Sugar
Factory that uses natural gas as fuel is located 3.8 km
northwest of the station. However, this factory is not
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subjected to the continuous emission measurement
communique (SEQS), which defines the principle of
continuous measurement, monitoring, and transfer
process the pollutant data to the ministry system by
the local administrations. The location of the station in
the middle of two-way single-lane dirt roads is
particularly wulnerable to rising dust due to large
vehicle crossings. In addition, there is a wall of the
stadium to the east of the station. Also, there is an
agricultural land in the north of the station, residential
areas in the northeast, east, and south, and a
construction area in the southwest direction (Figure 2).

In the province of Agr, the city center, which is
around 200-250 meters lower than the surrounding
elevations, follows the characteristics of a valley
(Figure 3). Due to this geographical structure, the
winds causing the dispersion of air pollution become
difficult to enter the inner part of the city. In addition,
the topography allows the formation of an inversion
layer, especially at night when atmospheric stability is
high.

.
Figure 3. Air Quality Station Centered Topography
and Elevation of Agri (Google Earth)
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2.3. Data

In this study, hourly pollution data (PMy, and SO,)
were obtained from the Ministry of Environment and
Urbanization of the Permanent Monitoring Center
[21]. Also, hourly wind speed and direction data were
gathered from the Turkish State Meteorological
Service. The time period of this study was taken as
01.01.2018 - 31.12.2018.

2.4. Methodology

PMyo and SO, concentrations were obtained from the
National Air Quality Monitoring Network (AQMN) in
Turkey from January to December 2018 for the station
in Agrn (Merkez) (Latitude: 43.0402; Longitude:
39.7205; Altitude: 1,640 m) (Figure 2). The AQMN is
operated and maintained by the Ministry of
Environment and Urbanization of Turkey. The
automatic PMyo and SO, measurements are performed
according to EU regulations. For SO,, the TSE - TS
EN 14212 measurement method is a technique for the
measurement of the concentration of sulfur dioxide by
using ultraviolet fluorescence. According to equations
(1) and (2) the fluorescent signal is directly
proportional to the SO, concentration (Eq. 1, Eq. 2)
[22].

K¢l ,ap[S0;)]
Iy = Kilo( +K (M (1)
f+Ka+Kq[M]
Since K¢, K4, K4, [M], I, and ¢ are constants, then:

Where the If: intensity of florescence, I,: incident of light
density, a: absorbtion coeff. Of SO,, ¢: length of light path
through sample, [SO]: Sulfur dioxide concentration, Kj:
rate constant, fluorescence, K, : rate constant, dissociation,
K,: rate constant, quenching, [M]: concentration of
quenching molecules.

For PM, the TSE - TS EN 14212 measurement
method which is a technique about the determination
of the concentration of suspended particles in the
atmosphere by using gravimetric method (Eq. 3) [23].
Gravimetric method is a quantitative analysis method
based on weighing the substance to be analyzed
directly.

Wy-W;)(10°)
PMygq =L ©

Where the W;: Initial weight of filter collecting, PMy,
particles (g), Wy: Final weight of filter collecting PMy
particles (g), PMy, 4: Mass concentration of PMyo pg/ms,
V,: Total air sampled in ambient conditions volume units
(local m%)

All graphics were made with R programming
language (RStudio Version 1.2.5033) and the Openair
Package [24] which is commonly used in
environmental studies. Also, the analysis was made
with MS Excel. While the data was being graphed, 5%
lower and upper parts of the dataset having outliers
were discarded. Because outliers affect the mean and
other statistical parameters in calculations in a way
that detracts from the actual.

I1l. RESULTS

According to Fig. 4, for PMy,, there was a total of
11.8% missing data in March and July. For SO, there
was a total of 11.5% missing data in March, July, and
August. The reasons for this lack of data availability
may be device replacement and maintenance that
ensure high quality of the data. According to Table 2,
the yearly average values of PMy, and SO, were
measured as 52.1 and 8.3 pg/m?, respectively. Also,
the extreme values corresponding to 75 percent were
measured as 71.9 and 9.5 pg/m?, respectively.

As seen in Figure 5, roughly 25% of the measured
hourly PMyo concentrations, were in the range of 50-
90 pg/me, which is the limit indicating medium air
pollution according to the Common Air Quality Index
(CAQI) used in European Cities [25]. According to
the CAQI, high air pollution was observed 15% of the
time in 2018 since hourly PMy, concentrations were in
the range of 90-180 pg/ms3. On the other hand, very
high air pollution (> 180 pg/m?3) was not observed in
2018. As shown in Fig. 4, the majority (75 %) of the
hourly SO, concentrations were below 9.6 pg/md,
while 84% of the data was observed in the range of
1.4-16.5 pg/ms, where the density is highest.

Table 2. Descriptive statistics of hourly PM; and SO, concentrations (ug/me) in 2018

Variable PMy, SO,
Number of Measurements 8719 8719
Percentage of Available Data 89 89
Minimum Value 9.4 14
1% Quarter Value 23.8 33
Mean 52.1 8.3
Medium 41 4.6
3" Quarter Value 71.9 95
Maximum Value 179.7 39.4
Standard Deviation 36.5 8.2
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Overview of the Data and Their Distribution
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Figure 4. Overview PMyo and SO, concentrations and their distribution in 2018
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Figure 5. Density and distribution graphs of hourly-averaged pollutants

Figure 6 and Figure 7 show the time series of daily
average of PMyo and hourly average of SO, in 2018.
According to the figure, it is seen that although there
is a decrease in the concentration of SO, over the
middle of the year, all concentrations are well below
the daily national air quality standard of 125 pg/m?
(Fig. 6). PMy, concentrations show greater interannual
variations than SO, as various peaks are observed
throughout the year. These variations may be due to
changes in emission sources and mostly the location
of the station. The extreme values observed are: The
highest PM;, daily average of 142 pg/m® was
observed in winter on Monday Feb 05, 2018, while the
lowest PMy, daily average of 16.1 pg/m? was observed
in summer on Saturday Jun 02, 2018 (Fig 6). The
highest SO, hourly average of 39.4 pg/m? was
observed on March 15, 2018 23:00, while the lowest
SO, hourly average of 1.4 pg/m® was observed in
09.06.2018 10:00 (Table 2, Fig. 7). As it can be
observed, for both, PM;g and SO,, the maximum and
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respectively. The main reason for this is that the
station is located right on the side of the dirt road, and
dust is removed from the ground in any vehicle
passage, especially in the summer and autumn
seasons.

Figure 8 shows hourly, daily, and monthly variations
of PMy, and SO, concentrations normalized by the
yearly average concentrations of 52.1 pg/ms3 and 8.3
pg/mé respectively. When it is examined on a daily
basis, there is not much difference in the average
pollutant concentration between weekdays (Monday-
Friday). However, slightly higher pollutant
concentrations were found on Tuesday and Thursday
compared to other days. The highest value for PMyg
(179.7 pg/m3) was measured at 00:00 on 01.11.2018,
while the highest value for SO, (39.4 pg/m3) was
measured at 12:00 on 12.02.2018.
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On a monthly scale, the atmosphere has more PMq
and SO, generally in winter months (Jan-Mar) because
of heating from generally conventional resources. In
addition, it was observed in the normalized graph that
the sulfur dioxide concentration difference between
winter and summer was much higher than the
particulate matter concentration difference. This
naturally shows that the need for residential heating
decreases in the summer months. In other words, the
source of the particulate matter in the atmosphere in
Agrn during the summer period mostly results from the
transportation and location of the station.

Meteorological factors play a significant role on the
levels of air pollution due to transport, transformation,
and dispersion of air pollutants. Since Agr1 province
has mountainous terrain around it, wind direction is
determined by the effect of topography as mentioned
in the previous section. According to the obtained
wind data, the dominant wind direction was
determined as north in different seasons in 2018,
particularly in summer and winter (Figure 9).

Pollutant Concentrations Over Time

Concentration (pg/m?®)

February March April June July

- PMyo

August

PM;, 24H Limit

September October November December January

== SO,

Figure 6. Time series of daily average concentrations of PM;g and SO, in 2018. The red line is an indicator for
the Turkish limit of daily SO, (125 pg/m3) and PMyq (50 pg/m?)

Pollutant Concentration Over Time

3 200-
100-
o
Janémﬂ Apr?lmﬁ Ju\émﬁ 0!:12‘013 Janéﬂm
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Figure 7. Time series of hourly concentrations of SO, in 2018. The blue line is an indicator for the Turkish limit
of hourly SO, (350 pg/m?)

43



Int. ). Adv. Eng. Pure Sci. 2022, 34(1): 3849 Air Pollution in Agri

Graphs of Normalized Pollutant Concentrations by Time
Hourly, Daily, Monthly)
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Figure 9. Seasonal wind rose of Agri in 2018
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According to Figure 10 and Figure 11, it can be
clearly seen that pollution forms from different
directions during the year, and it intensifies especially
around the station and in the East in winter because of
low wind speed values (0 to 1.5 m/s). Considering that
there are residential areas in the North and East of the
station, the type of pollution may be considered to be
residential, especially in the winter and spring months.
In the spring, an increase in both PMjy, and SO,
concentrations was observed from the East and mostly
from the southwest direction. Considering the wind
speed, the pollution here is thought to be caused by the
construction and from the southwestern settlements.
Also, it can be seen that the construction area in the
Southwest direction creates particulate pollution in
various time periods.

Spring (MAN] summer (JUA)

The reason for the high amount of particulate matter,
especially in summer, is a situation that occurs due to
the location of the station. Since the location of the
station is in the middle of the two lanes of dirt road,
the vehicles passing over the road remove the dust on
the ground. Therefore, the measured particulate matter
concentrations in the summer and autumn months are
found to be much higher than expected. In addition,
this information was confirmed by the Ministry of
Environment and Urbanization (Y. Kara, personal
communication, March 29, 2021), which is the owner
of the station.
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Diurnal variations of PMy, and SO, during the
weekdays and weekends are shown in Figures 12 and
13, respectively. On the hourly scale on weekdays
(Figure 12), there is a decrease in the concentration of
both PM1, and SO, between the hours 00:00 and 06:00
because of fewer anthropogenic activities. In addition,
it is clearly seen that pollutant concentrations increase
between 06:00 to 12:00 and 17:00 to 20:00 because of
various activities such as mining, construction,
heating, and driving due to commuting. The highest
hourly average PMj, concentration observed on
weekdays was 72.2 pg/m3 at 20:00 and the lowest
value was 28.4 pg/m3 at 06:00. On the other hand, the
highest hourly average SO, was 10.7 pg/m? at 22:00
and the lowest value 6.5 pg/m? at 06:00. In addition,
on hourly scale on weekends (Figure 13), the variation
of both pollutants is similar to weekdays. However, at
14:00 there is a decrease in the concentration of PMy,
which is not observed on weekdays. Also, a slightly

stronger diurnal cycle is observed during the
weekends, with concentrations increasing rapidly at
8:00 and remaining relatively constant and high until
17:00 when they continue to increase. During the
weekends, the highest average hourly PMyg
concentration was observed as 75.9 pg/m® at 21:00
and the lowest as 30 pg/m® at 07:00. The highest
hourly average value of SO, was observed as 10.3
pg/m?3 at 22:00 and the lowest value as 5.8 pg/m? at
15:00. Also, the particulate matter and sulfur oxide
gas concentrations do not likely increase depending on
each other and thus may have different sources.
According to the diurnal variations observed in Figs.
12 and 13, it is possible that the primary factor causing
the increase of air pollution due to atmospheric
particles is wehicle emissions using conventional
energy sources, while the use of coal may be the main
cause for sulfur dioxide emission, in addition to
particulate matter.
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IV. DISCUSSION

4.1. National Air Quality Index (NAQI)

The National Air Quality Index was created by
adapting the EPA Air Quality Index to our national
legislation and limit values. The NAQI is calculated
for 5 basic pollutants which are particulate matter
(PMyg), carbon monoxide (CO), sulfur dioxide (SO,),
nitrogen dioxide (NO,), and ozone (Os). The ranges of
the air quality index applied in Turkey are shown in
Table 3.

In order to find the daily concentrations of pollutants,
the 24-hour average of the data was calculated. These
calculated values were compared with the PMy,
(daily) and SO, (hourly) concentration thresholds in
the National Air Quality Index (Table 3) in order to
determine how many days, the atmosphere was
polluted on a yearly and seasonal basis. The seasonal
analysis showed that the most decrease in the air
quality was observed during the winter (64%) and

autumn (60%) according to Table 4. Also, it was
found that the cleanest season in 2018 was spring and
the most polluted season was winter.

Figure 14 shows the AQI applied to both pollutants
during the calendar year of 2018. According to the
AQI, it was found that for PM, 51% were observed in
the “good” class, 44% in the “moderate” class and 5%
in the “sensitive” class in terms of 24h mean value.
When SO, measurement values were analyzed as a
percentage, it was observed that 100% of the data
were in the “good” class in terms of 1-h mean value in
Agri. According to the results, air pollution in Agri
mostly results from particulate pollution. In addition,
the concentrations of sulfur dioxide gases resulting
from the sources used for heating are very low.
Considering that the station is located near one of the
crowded boulevards of Agri, it is seen that the source
of pollution is linear-based pollutant rather than areal
pollution source.

Table 3. National Air Quality Index [26]

SOz [ug/m3  NOz [ug/m?]  CO [ug/m?] O3 [ug/m?]  PMy, [Hg/m?]
Index AQI
1 H. Mean 1 H. Mean 8 H. Mean 8 H. Mean 24 H. Mean
Good 0-50 0-100 0-100 0-5500 0-120 0-50
Moderate 51-100 101-250 101-200 5501-10000 121-160 51-100
Sensitive 101 — 150 251-500 201-500 10001-16000 161-180 101-260
Unhealthy 151 - 200 501-850 501-1000 16001-24000 181-240 261-400
Bad 201 - 300 851-1100 1001-2000 24001-32000 241-700 401-520
Dangerous 301 - 500 >1101 >2001 >32001 >701 >521
Table 4. Descriptive statistics of 24-h and 1-h average pollutants according to season
PMio (ug/m?) (24-h) SO, (ug/m?) (1-h)
Months Spring Summer Autumn Winter Spring Summer  Autumn  Winter
1st Quarter 18.21 24.99 25.30 26.64 4.19 210 2.09 5.68
Median 28.00 43.98 45.94 46.80 6.71 2.88 2.73 13.94
Mean 34.44 51.28 53.69 55.37 10.29 3.14 343 15.27
3rd Quarter 42.55 71.98 76.88 79.46 13.69 3.74 3.73 22.24
Polluted Days
(%) 10 56 60 0 0 0 0
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Figure 14. Pollution calendars for both pollutants
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V. CONCLUSIONS

In this work, PMj, and SO, concentrations were
investigated in the rural area of Agr in 2018. Their
hourly, daily, and seasonal variations were discussed
and the concentrations were compared to regulations
and recommendations in order to evaluate the overall
air quality of Agri during the whole year. Overall, it
was found that SO, concentrations were well below
the regulations, and the majority of the air pollution in
Agrl was due to PMyy. HOUrIy PMyo and SO,
concentrations ranged as 9.4-179.7 and 1.4-39.4
pg/m3, with average values of 52.1 and 8.3 pg/md,
respectively. Hourly concentrations are a better
indicator of air quality than daily-averaged
concentrations. According to the Common Air Quality
Index (CAQI) applied to hourly PMy, concentrations,
the population in Agri was exposed to medium and
high air pollution 25 and 15% of the time in 2018,
respectively. While averaged-daily SO, concentrations
were well below the Turkish limit of 125 pg/m3, PMyq
concentrations exceeded the daily limit of 50 pg/m? at
all months, except in Apr-Jun, 2018. As commonly
observed in other residential sites, both, PM,q and
SO,, showed the maximum and minimum
concentrations during the winter and summer seasons,
respectively. This behavior may be due to a
combination of emission sources and meteorology,
particularly the use of coal for residential heating and
transportation, and most importantly due to the
location of the air quality station. Since the station is
in the middle of dirt roads, dust resuspension may be
partly responsible for concentrations observed in the
summer and autumn months.

The statistical analysis showed that 56-60% of the
days in 2018 were classified as polluted in summer,
autumn, and winter. According to the Air Quality
Index of Turkey, using daily-averaged PMyg
concentrations as indicators, the air quality in Agri
was classified as good, moderate, and sensitive 51, 44,
and 5 % of the time in 2018, respectively. According
to the results obtained in this work, it is recommended
that more efforts are done to decrease emissions of
PM, throughout the year and to change the location
of the station. In future studies, the time period should
be expanded to obtain a long-term perspective.
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Oz

Giintimiiz pazar kosullarinda isletmeler lojistik operasyonlarini maliyet ve rekabet avantaji saglayacak etkin bir stratejiyle
stirdiirmek zorundadir. Miisterilerden gelen fiyat baskilari ve 6zellikle politik, ekonomik ve gevresel hassasiyetler geregi,
iiriin geri doniisiim siire¢leri -yani iiriiniin geri kazanilarak yeniden degerlendirilmesi- tersine lojistik (TL) uygulamalarini
gerektirmektedir. Isletmeler i¢in, TL yonetiminde genellikle 6zel bilgi sistemlerine sahip bir altyap1 ve iadelerin islenmesi
icin 6zel ekipmanlar gereklidir. Bu nedenle ¢ogu isletme sinirli kaynaklart ve teknik yeterlilikleri nedeniyle TL faaliyetlerini
iiciincli parti TL saglayicilarina (3PTLS) devretmektedir. Uygun 3PTLS secim siireci igletmelerin ekonomik karliligina ve
uzun vadeli gelisimine katki sunmasi nedeniyle stratejik olarak onemli bir karardir. 3PTLS se¢im karari, ¢ok sayida
belirsizlik igermesi ve karmagik dogasi geregi cok kriterli karar verme (CKKV) problemi olarak ele alinmaktadir. Bu
caligmada, en iyi 3PTLS secimi i¢in insan diisiincelerindeki belirsizlik ve karmasiklii daha iyi yansitmak amaciyla Pisagor
bulanik kiimelere dayali bir grup karar verme modeli olarak Pisagor bulanik TOPSIS yontemi kullanilarak modellenmistir.
Modelin uygulanabilirligi, bir pil iiretim sirketinden alinan verilere dayanan deneysel bir ¢aligma ile gosterilmistir. Elde
edilen sonuglar diger karar verme yontemleriyle (bulanik TOPSIS, bulanik COPRAS ve klasik TOPSIS) karsilastirilmig ve
¢ozlim Ustlinliikleri sunulmustur. Ayrica 6nerilen modelin kararliligini ve uygulanabilirligini degerlendirmek icin duyarlilik
analizi yapilmistir.

Anahtar Kelimeler: Tersine Lojistik, Cok Kriterli Karar Verme, Grup Karar Verme, Pisagor Bulanik TOPSIS, Bulanik
COPRAS

Abstract

In today's market conditions, companies have to maintain their logistics operations with an effective strategy that will provide
cost and competitive advantage. Pricing pressures from customers, and specifically due to political, economic
and environmental sensitivities, require reverse logistics (RL) applications in product recycling processes, that is, for
recycling and re-evaluation of the product. Companies usually require an infrastructure with special information systems and
particular equipment for processing returns in RL management. For this reason, most companies transfer their RL
activities to third-party RL providers (3PRLP) due to their limited resources and technical capabilities. The appropriate
3PRLP selection process is a strategically important decision because of its contribution to the economic profitability
and long-term development of businesses. 3PRLP selection decision is considered as a multi-criteria decision-making
(MCDM) problem due to their high number of uncertainties and their complicated natures. In this study, a multi-
criteria group decision-making model based on Pythagorean fuzzy sets was modeled using the Pythagorean fuzzy
TOPSIS method to better reflect the uncertainty and complexity in human views/opinions for the best 3PRLP selection.
The applicability of the model has been demonstrated and tested by an experimental study based on data from a battery
manufacturing company. The obtained results were compared with other decision-making methods (fuzzy TOPSIS and
fuzzy COPRAS and classical TOPSIS) and solution advantages were presented in the study. In addition, sensitivity
analysis was applied to evaluate the stability and applicability of the proposed model.
Keywords: Reverse Logistic, Multi-Criteria Decision Making, Group Decision Making, Pythagorean Fuzzy TOPSIS, Fuzzy
COPRAS

I. GIRIS

Giiniimiiz rekabet kosullarinda, igletmelerin tedarik zinciri yonetimi ile lojistik faaliyetlerine daha fazla 6nem
vermeleri gerektigi daha iyi anlasilmaktadir [1]. Cogu isletme, tedarik zinciri agindaki karmasik ve zor yapi ile
tam olarak miicadele edemeyecegini diisiindiiglinden lojistik faaliyetlerini dis kaynak destegiyle {iglincii parti
lojistik saglayicilar ile yiiriitmektedir. Bu sayede isletme kendi {iretim ve yatirim politikalarina daha iyi
odaklanabilmekte ve iiriin-malzeme dagitim siirecini yani lojistik faaliyetlerini farkli bir igletme destegiyle
siirdiirerek karlihgimi dengelemektedir. Isletmeler miisterilerin farkli beklentisine ve piyasadaki dinamiklere
gore hareket etmektedir [2]. Ornegin, giiniimiizde ekolojik, ekonomik ve politik dengeler geregi iiriin geri
doniisiim siireci tersine lojistik (TL) uygulamalariyla ciddi 6nem tagimaktadir.
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TL terimi ilk olarak Stock [3] tarafindan
kullanilmustir. TL, iade edilen iiriinden elde edilen
degerin en iist seviyeye ¢ikartilmasi veya toplam TL
maliyetinin en aza indirilmesi amaciyla, hammadde,
yart mamul, mamul ve ilgili bilginin tiiketim
noktasindan baglangic noktasina kadar verimli ve
uygun maliyetli akiginin planlanmasi, uygulanmasi ve
kontrol edilmesi siirecidir. TL faaliyetleri, kamera, cep
telefonu, fotokopi makinesi gibi elektronik cihazlar,
otomotiv sanayi, plastik malzeme, hali, kitap, kagit ve
kimyasal/tibbi iiriin imalati gibi bir¢ok sektdrde
uygulanmaktadir [4].

Dogal enerji kaynaklarinin tiikkenmesi ve Omriinii
tamamlamus tiriinlerin imha edilmesinden kaynaklanan
kirlilik ¢agimizin en 6nemli sorunlarindandir. Etkin
bir TL siireci, kuruluslarin enerji kaynaklarini verimli
kullanmasina ve ekonomik ve ¢evresel faktorler
arasinda saglikli bir denge kurulmasma yardimci
olmaktadir [4], [5]. Son yirmi yil i¢inde, gelismis
iilkelerde kullanim 6mrii dolan/tamamlanan {irlinlerin
geri kazanimina yonelik yasalar artmig ve bu durum
irin Omriinlin etkin bir sekilde degerlendirilerek
yonetilmesini  gerektirmistir. ~ Uriinlerin  yeniden
degerlendirilmesine yonelik ilginin artmasi, yalnizca
cevre bilincinin artmasindan degil, aynm1 zamanda
yeniden kullamim faaliyetlerine katilimin birgok

endiistride daha karli oldugunun kanitlanmis
olmasiyla ilgilidir. TL'min verimli bir sekilde
uygulanmasi, toplama, inceleme, depolama, geri

doniisiim, yeniden {iiretim, yenileme, onarim ve imha
etme gibi ters tedarik =zinciri faaliyetlerini
gercgeklestirmek i¢in uygun lojistik aginin kurulmasini
gerektirir [5]. Iade edilen iiriinler, ¢alisanlarin bilgisi
dahilinde toplanir, incelenir ve smiflandirilir.
Uriinlerin  geri  kazamlmasinin, iiriinlerin  imha
edilmesinden daha ekonomik olup olmayacaginin
belirlenmesi ile ¢alisanlar iadenin kabul edilip
edilmeyecegini ve alinacak onlemleri diizenlemekle
sorumludur [4].

fleri lojistik ve TL temelde iki farkli énemli &zellige
sahiptir. Ilki, TL’nin kismi onarim, yeniden iiretim,
geri doniisim ve imha etme gibi daha genis bir
operasyon yelpazesini kapsamasidir [6]. Ikincisi ise
TL’de miisteri istekleri ve aktif katilimlar1 énemli rol
oynamasidir. Ileri lojistik ve TL'min temel akis
diyagrami Sekil 1'de sunulmustur [7].

Son zamanlarda TL, asagidaki ana nedenlerle hem
isletmelerin  hem de bu konuda ¢alisan
arastirmacilarin ilgisini ¢ekmistir [8].

e Lojistik yonetimi ve ¢evrenin korunmasina iliskin
yasalar, kuruluslarin, stirdiiriilebilirlik
gereksinimlerinin bir pargasi olarak kullanim émrii
dolan iiriinlerin toplanmasini zorunlu kilmistir.

® Hizla gelisen e-ticaret sektdriindeki yiiksek iade
oranlari, TL'nin ortaya c¢ikisini da tesvik etmistir.
Ornegin, online aligveris igin iriin iade oran1% 8-
% 12'dir [6].

e Tiiketiciler  arasinda  ¢evrenin  korunmasi
konusunda artan farkindalik, isletmelere ¢evreye
zarar verecek atiklari imha etmeye zorlamaktadir.

Hammadde  F---9 Uretim -9 Dagitim Fe-- Miisteri

!
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Sekil 1. TL faaliyetlerinin temel akis diyagramu [7]

Isletmelerin TL faaliyetlerini yiiriitmek icin ii¢
secenegi vardir:
i Siireci sirket icinde yonetmek;
ii. Bagh bir girket kurarak veya satin alarak
yonetmek;
ili.  Buislevi disardan bir sirkete yaptirmak.

Birgok sirket, TL faaliyetlerini kendi i¢inde yonetmek
icin yeterli altyapiya ve kapasiteye sahip olmadig igin
TL'yi sirket icinde uygulamakta zorlanmaktadir.
Ayrica bir lojistik sirketi kurmanin veya satin alma
isleminin tasidigr bazi sorumluluklar ve ciddi riskler
mevcuttur ve baglica bir faaliyet olan lojistik
aktiviteleri isletmenin asil islerinin ylirlitmesini
olumsuz olarak etkileyebilir. Dolayisiyla, igletmenin
TL faaliyetlerini disaridan temin etme secgenegi, bir
isletmenin hem ekonomik verimliligini hem de
siirdiiriilebilir uzun vadeli kalkinmasini saglamak i¢in
gereklidir. TL eylemi igin dis kaynak kullanim
kararlar1 degerlendirilirken, dikkate alinmasi gereken
temel faktor, gerekli TL ag1 igin uygun bir iigiinci
parti/taraf TL saglayicisimin  (3PTLS) varligidir.
Uciincii parti lojistigi, geri doniis operasyonlarmin
uygulanmasi, verilerin izlenmesi/toplanmasi igin 6zel
bilgi sistemlerine, geri doniislerin islenmesi i¢in 6zel
ekipmanlara ve standart iiretim siiregleri konusunda
egitilmis uzmanlara ihtiyag duyan Ozel bir altyapi
gerektirdiginden, 3PTLS’ler TL faaliyetlerinin 6nemli
oyunculart  olmusglardir. 3PTLS dig  kaynak
hizmetlerinin temel avantaji, bu 3PTLS'lerin ileri
akiglar1 kesintiye ugratmadan sirketlerin yeni bir ise,
yeni bir pazara girmesine olanak saglamasi ve lojistik
maliyetleri biiylik 6l¢iide azaltmasidir. Sirketlerin TL
faaliyetlerini dis kaynaklara yaptirmalarinin bazi
nedenleri su sekilde sunulabilir [5]:

e 3PTLSnin eksiksiz tersine tedarik  zinciri
¢oziimleri sunmak i¢in gelismis bilgi sistemi
yeteneklerine ve son teknoloji iriinii nakliye,
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malzeme tasima ekipmanlarina ve depolama

tesislerine sahiptirler.

TL, bir sirketin temel faaliyetleri olmayabilir.

Dolayisiyla,  ikincil ~ bir  faaliyet  olarak

goriildiigiinde verimsiz olabilir. Sirketler, tersine
ji dis  kaynak  kullanarak, temel

yetkinliklerine odaklanabilir.

3PTLS o6l¢ek ekonomilerinin

kullanabileceginden  dis  kaynak

maliyetlerini azaltabilir.

TL, dis kaynak kullanim déngii siiresini ve teslimat

performansi iyilestirerek satig sonrasi hizmette

miisteri memnuniyetini artirir.

avantajini
kullanim

Uygun 3PTLS’yi se¢mek, sirket ile saglayici
arasindaki basarili igbirligi saglarken, uygun olmayan
bir 3PTLS se¢mek kaynak verimliligini azaltarak
operasyonel riskleri artirmaktadir. Bu nedenle, 3PTLS
etkin bir bicimde degerlendirilmesi ve segilmesinde
uygun araglarmin gelistirilmesi 6nemli bir konu
haline gelmistir [8]. TL saglayicisinin se¢imi, farkli
tipte kriterleri ve alternatifleri, farkli karar
modellerinin kombinasyonunu, grup karar verme
stirecini ve ¢esitli belirsizlik bigimlerini icerdiginden
bir 3PTLS’yi segmenin en iyi yolunu bulmak zordur.
Bu nedenle, se¢im siirecindeki en dnemli konu, dogru
TL saglayicisini segmek ig¢in uygun bir yontem
gelistirmektir [5].

Literatiirde 3PTLS konusunda yapilan caligmalarin
oldukca sinirli oldugu ve Tiirkiye’deki uygulamalarin
da yetersiz oldugu gozlenmistir. Bu ¢alismada,
Pisagor bulanik TOPSIS yontemi en uygun 3PTLS
degerlendirilmesinde ilk kez kullamilarak, belirsizlik
altinda ¢ok boyutlu bir pil imalat sirketinin verilerine
dayanan  deneysel = bir uygulama  iizerinde
gerceklestirilmigtir  [5].  Boylece bu  alanda
uygulanabilirligi ve yoOntemin sagladigi ¢6ziim
istiinliigli  arastirilarak  elde  edilen  sonuglar
karsilagtirilmistir. Ayrica, ¢alismada Pisagor bulanik
TOPSIS, bulanik TOPSIS [5], bulanikk COPRAS ve
klasik TOPSIS yaklagimlar1 ayr1 ayr1 degerlendirilerek
kargilagtirilmistir. Daha sonra Pisagor bulanik TOPSIS
yontemi icin kriter agirliklarina dayali bir duyarlilik
analizi gerceklestirilmistir.

II. LITERATUR ARASTIRMASI

TL ilk olarak 1990'larda ortaya g¢iksa da son yillarda,
imalat firmalarinin talebi nedeniyle TL ve 3PTLS’ne
yonelik endiistriyel uygulamalarin ve akademik
aragtirmalarin sayisi giderek artmaktadir [9]. Bir ¢ok
bilingli isletme tersine tedarik zinciri uygulamalarini
rekabet avantaji saglayacak bir yOnetim stratejisi
olarak kabul etmistir [6]. Literatiir arastirmalarina
gore, Agrawal vd. [10] bu konuda 1986-2015 yillar
arasinda yayinlanan 240'tan fazla makaleyi ele
almustir. Govindan vd. [11] ise TL'de sadece 2007 ve
2013 yillart arasinda yayinlanan 150'den fazla
makaleyi incelemistir. Bu calismalardan elde edilen
sonuglar, hukuki, ¢evresel, sosyal ve ekonomik

52

nedenlerle TL'ye olan ilginin siirekli arttig1 yoniinde
olmustur. Ayrica, yapilan arastirmalara goére TL
faaliyetleri bir isletmenin ekonomik ve ekolojik
performans1  iizerinde olumlu etki sagladig
anlagilmugtir [10], [11].

Tedarikgi secim problemi karmagik bir karar problemi
oldugu i¢in sonuglarin dogrulugunu ve giivenilirligini
artirmak  icin  birgcok  yoOntem  gelistirilmistir.
Tedarikgilerin ~ kapsamli  degerlendirilmesi  i¢in
degerlendirme kriterlerinin hem nicel hem de nitel
yonleri igermesi beklenmektedir. Bu nedenle nicel ve
nitel Kkriterleri birlikte entegre edebilen Cok Kriterli
Karar Verme (CKKYV) yontemleri yaygin bigcimde
kullanilmaktadir [8]. Son yillarda tedarik¢i se¢imi ve
dis kaynak kararlar1 alanlarinda arastirmalar yapilmis
ve probleme yonelik farkli ¢6ziim metodolojileri
sunulmustur. Literatiir incelendiginde, 3PTLS secimi
icin  birgok CKKV  yonteminin  kullanildig:
goriilmektedir. Bununla birlikte, 3PTLS se¢im
problemi i¢in en sik kullanilan yaklagimlar Analitik
Hiyerarsi Stireci (AHP) [4], [12], Analitik Ag Siireci
(ANP) [9], [13], Veri Zarflama Analizi (DEA) [14],
TOPSIS [12] ve bazi matematiksel modeller oldugu
gozlenmistir [15], [16].

3PTLS secim problemi literatiirde elektronik (6rnegin,

cep telefonlart veya bilgisayarlar) endiistrisi,
plastik, kagit ve hali geri doniisiimii, pil ve tibbi cihaz
dretimi, c¢elik isletmesi gibi birgok alanda

uygulanmigtir. Li vd. [9] ve Prakash ve Barua [12]
elektronik endiistrisinde, Tavana vd. [13] plastik geri
doniisiim  endiistrisinde, Senthil vd. [4] boru imalat
fabrikasinda, Govindan vd. [17] lastik iretim
fabrikasinda, Ravi [18] bilgisayar sirketinde,
Govindan ve Murugesan [19] ve Kannan vd. [5] pil
geri donilisiim endiistrisinde isletmeler i¢in en uygun
3PTLS’yi se¢cmislerdir. Yapilan ¢aligmalarda kiigiik
boyutlu modeller klasik dilsel hesaplamalar
kullanilarak degerlendirilmis, dolayisiyla kisitli arama
uzayindan ¢Oziimler saglanmaya c¢alisilmistir. TL
stirecinin karmasik yapisi, iceriginde hem niteliksel
ve/veya niceliksel veri kiimesi barindirmasi ve karar
verici mekanizmasindaki belirsizlik problemin etkin
bicimde degerlendirilmesini gliglestirmektedir. Bu
durum temelde 3PTLS se¢im  modellerinin
giivenilirligini olumsuz yonde etkilemektedir [8]. Bu
nedenle, diger ¢aligmalardan farkli olarak bu
caligmada Pisagor bulanik kiimeler kullanilarak insan
diisiincesindeki karmasiklik ve belirsiz yapinin daha
iyi yansitilarak daha iyi modellenmesi amaglanmustir.

IIl. MATERYAL VE YONTEM

3.1. Pisagor Bulamk Kiimeler (Pythagorean fuzzy
sets)

Yager [20] tarafindan Onerilen Pisagor bulanik

kiimeler, sezgisel bulanik kiimeler {izerinden

gelistirilmis bir bulanik kiimedir. Pisagor bulanik

kiimeler, sezgisel bulanik kiimelerin belirsizligi ele
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alamayacag1 durumlarda kullanilabilmesi nedeni ile
belirsizlik igeren problemleri ¢dzmek icin sezgisel
bulanik kiimelerden daha gii¢lii ve esnektir [21], [22].
Pisagor bulanik kiimeler, sezgisel bulanik kiimeler
gibi tyelik derecesi ve iiye olmama derecesi ile
karakterize edilir ve tiyelik derecesi ile iiye olmama
derecesinin karelerinin toplamimin bir veya birin
altinda olmasi sartina dayanmaktadir.

Bu boliimde, asagidaki boliimlerde kullanilacak olan
Pisagor bulanik kiimeler ve Pisagor bulanik sayilar ile
ilgili baz1 temel kavramlar agiklanmaktadir.

Tanim 3.1: Sezgisel bulanik kiime A , sonlu kiime X
olarak soyle yazilabilir [23]:

A= {(x, A (ua(x),v,(x)))|x € X}

burada p,(x):X — [0,1] ityelik derecesini ve
v,(x): X - [0,1] liye olmama derecesini
tanimlamaktadir. Her x € X igin u,(x) ve v,(x), 0 <
Ua(x) +v4(x) <1 olarak ifade edilir. Tereddiit
derecesi m,(x) ise my(x) = 1 — py(x) — v4(x) olarak
ifade edilir.

Tanim 3.2: Pisagor bulanik kiime P, sonlu kiime X
olarak soyle yazilabilir [23]:

P = {(x, P (up(x),vp(x)))|x € X}

burada pup(x):X - [0,1], tyelik derecesini ve
vp(x): X - [0,1] liye olmama derecesini
gostermektedir. Her x € X igin pp(x) ve vp(x),
(up(0))* + wp(x))? <1 olarak ifade edilir.
Tereddiit derecesi p (X)), Tp(x) =
V1 — 12 (x) — v2(x) olarak ifade edilir.

Tanmm 3.3: P, = (upi, vpl.)(i =1,2,..n) Pisagor
bulanik sayilarmin w = (WI,WZ,...,Wn) ve Yrow, =
1 agirlik vektori ile Pisagor bulanik agirlikli ortalama
(PFWA) operatorii  yardimiyla asagidaki  gibi
birlestirilir [24], [25].

PFWA(Py, Py, .., Py) = w1 P @ w2 P, © ... @ wy Py
n n
=p| [1-] -] Jws
Jj=1 j=1

Tanim 3.4: P, = P(upl,vpl) ve P, = P(,upz,vpz)
Pisagor bulanik sayilar ve 4 > 0 olsun. Bu iki bulanik

say1 arasindaki islemler asagidaki gibi tanimlanmigtir
[22], [23].

)

PL®P,= P( /u%l + ug, - u%luﬁz,vplvpz) )
PP, =P 2 42 22 (3)
1 2 HUp Up,) [Vp, T Vp, — Vp, Vp,
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AP, = P( 1-(1-u3,)" (UPJA)' 1>0 ()

pi=p () 1-G-)) a0 @

Tammm 3.5: 1ki Pisagor bulanik kiime arasindaki
uzaklik agagidaki gibi tanimlanir [26].
d(P 1, P Z)

= 3 w2 ) + (o, — ) + (nh, —

2

©)

3.2. Pisagor Bulanik TOPSIS Y 6ntemi

Grup karar verme probleminin Pisagor bulanik
sayilarla etkin bir sekilde ele alinmasi i¢in, en uygun
alternatifin pozitif ideal ¢dziimden en kisa mesafede
ve negatif ideal ¢oziimden en uzak mesafede olmasi
ilkesine dayanan bir Pisagor bulanik TOPSIS yontemi
kullanilmustir. Pisagor bulanik TOPSIS yonteminin
adimlar agagidaki gibidir [26].

Pisagor bulanik verilerden olusan bir grup karar verme

problemi igin, uygun alternatifler kiimesi A4;=
{Ay, Ay, ..., Ay}, kriterler kiimesi Cj = {C, Cy, ..., Cpi}
ve uzmanlar kiimesi Uy ={U,, U,, ..., U,} olarak
tanimlanir. #» tane uzman | tane alternatifi m tane
kriter  agisindan  degerlendirir  ve xi(]’.‘) =
(1030, m3?)  olarak  temsil edilen  X® =
(xi(]’-‘) z Pisagor bulanik karar matrisi olusturulur.
xm

Adim 1. Uzman agirliklarinin hesaplanmasi.
Py = [, v, ] k. uzman degerlendirmesi igin
Pisagor bulanik sayilar olsun. k. uzman igin agirlik
asagidaki gibi hesaplanir.

Hie

n
k=1 ('uk + (lik + Uy

My
(#k + 7T (.Uk ¥ v,

U]

O, =

)

burada Yro, =1 ve m =+/1—p2—v? olarak

tanimlanir.
Adim 2. Pisagor bulanik agirlikli ortalama (PFWA)

kullanilarak uzman goriisleri birlestirilir.
xij = PFWA, (x50, x5

™)
DX, x5
1 2
=X DX @ ..o X

n

[16-6) ]

j=1

2

2

®)

n

o) -([1e0))

k=1
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Adim 3. w].(k) = [yj(.k),vj( ) (k)] k. uzmanin C; Kriteri

icin Pisagor bulanik sayilar degerlendlrmey
olsun. Uzmanlarin kriterler hakkindaki gorisleri,
her bir kriterin agirligini belirlemek icin PEWA
operatorii kullanilarak birlestirilir.

w; = PFWA, (wj(l),wj(z), ...,Wj(n))

= ole(l) (&) azwj(z) &) ...anwj(")

n

16 ey ﬁ(vf’”fk\l
|

| k=1 j=1
| |
\ 7 -(e) )

Adim 4. Birlestirilmis agirlikli Pisagor bulanik karar
matrisi Tanim 3.4’te verilen ¢arpma operatorii
kullanilarak asagidaki gibi hesaplanir.

©)

n

[ ](

k=1

n

[1e-

k=1

X} (10)

ij = Xi @ w;

Adim 5. J; fayda tipi kriter, J, maliyet tipi kriter olsun.
Pisagor bulanik pozitif ideal ve negatif ideal
¢Ozlim asagidaki gibi elde edilir.

= {(Cppty var)CEC ) = 1,2,..,m) (1)
= {(C}"MA'W'vA'w>C}'EC'j =12 m} (12)

Adim 6. Her bir alternatifin Pisagor bulanik pozitif
ideal ve negatif ideal ¢oziime olan uzaklig
belirlemek icin Oklid mesafesi kullanilir. ki
Pisagor bulanik say1 arasinda normalize edilmis
Oklid mesafesi asagidaki gibi hesaplanir.

[ 2
i mlr #Aiw(cj)_l‘lfl"w(cj)) -I
1 | 2|
DAY = fom 2,1+ (R~ (@) | 69
| j=1 2
\I |.+ (n/%iw(cj) - n—j*w(cj)) J
D(AL'!A )
[ 2
i m |r (.ufliw(cj) _:ufl—w(cj)) -I
11 | z|
= iﬁZH(vfiw(Q) -v3,(6)) 1 e
I j=1[ 5 ) ZJ
\I + (T[Aiw(cj) - T[A‘W(Cj))
i=1.2..,L
Adim 7. Goreli yakilik katsayis1 asagidaki gibi
hesaplanir.
D(Ai’A_) D(Ai’A+)
A) = - i
(( L) Dmax(AiﬂA_) Dmin(Ai'A+)'l (15)

=12..,L

Goreli yakinlik katsayis1 bir alternatifin Pisagor
bulanik pozitif ideal ¢oziime ne kadar yakin oldugunu
ve Pisagor bulanik negatif ideal ¢éziimden ne kadar
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uzak  oldugunu olger. {(4;)<0(=12,..,0)
gosterimine sahip {(A;) degeri ne kadar biiyiikse A;
alternatifi tercih edilebilir olur.

Adim 8. Alternatifler azalan sirada siralanir ve en
biliyiik goreli yakinlik katsayisina sahip olan
alternatif en uygun alternatif olarak segilir.

3.3. Bulamk COPRAS Y éntemi

COPRAS (COmplex PRoportional ASsesment
Karmagik Nisbi Degerlendirme) yontemi, kriterlerin
fayda ve maliyet yonli oluslarin1 dikkate alarak
secenekleri degerlendiren ve siralayan bir ¢ok kriterli
karar verme yontemidir.

Bulanik COPRAS yonteminin adimlari agagidaki
gibidir [27], [28].

Adim 1. Karar vericiler tarafindan kullanilan dilsel
ifadeler tanimlanir.

Adim 2. Bulanik karar matrisi olusturulur.

[ K K Kn ]

B _ |41 X1 Xy Xin |

X=| U]mxn = | A.z fg1 fgz fgn |

lAm Tt oo fan
i=12,..mvej=1,2,.

Xij = (fijpfijz'fijs):
Adim 3. Kriter agirliklar belirlenir.
Adim 4. Grup karar verme igin K adet karar vericiden

olusan uzman goriigleri Esitlik (16) kullanilarak
birlestirilir.

1 K
Xij1 = mln{xijkl}; Xij2 = Ez x
k=1

= max{a?i]-kg,}

ijk2 fij3 (16)

burada X, = (fijkl,fijkz,fijkg,) olarak tanimlanir.
Adim 5. Bulanik karar matrisi Esitlik (17) kullanilarak

durulastirilir  ve durulastirilmus  bulanik  karar
matrisi olusturulur.

iy = [(Zijs — %in) ; (Fijz — %) e 17)
Adim 6. Normalize karar matrisi Esitlik (18)
kullanilarak olusturulur.
_ Xij
Xij = 18
voxn, Xij 18)

Adim 7. Agirlikli normalize karar matrisi Esitlik (19)
ile olusturulur.
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A

Adim 8. Fayda ve maliyet Olgiitlerini baz alan toplam

agirhkli  normalize degerler Esitlik  (20)
kullanilarak hesaplanir.
k
S+i=Z 5C\+L'j ,i=1,2,...,mj=1,2,...,k
j=1

n
S—i = Z 56'\_,:]' ,i = 1,2, e, m ] (20)
j=k+1
=k+1,k+2,..,n
Adim9. Goreli  6nem  degerleri  Esitlik  (21)
kullanilarak hesaplanir.
n
n oS,
Qi =Sy +——= 11 (21)
S-i ?:15__L.

Adim 10. Performans indeksi degeri Esitlik
(22) ile hesaplanur.

P, = Q ]-100% i=12,..,m (22)
Qmax
burada Qmax = max{Q;},i=1,2,..,n olarak
tanimlanir.
Adim 11. Allternatifler performans indeksine

gore biiyiikten kiiciige dogru siralanir ve en iyi
alternatif segilir.

3.4. TOPSIS Y ontemi

TOPSIS yontemi, Hwang ve Yoon [29] tarafindan
gelistirilmistir. Bu yontemin temel mantifl, segilen
alternatifin pozitif ideal ¢6ziimden en kisa mesafeye

ve negatif ideal ¢6ziimden en uzak mesafeye sahip
olmasi gerektigidir [30], [31].

TOPSIS yontemi adimlari asagidaki gibidir:
Adim 1. Uzman goriigleri  birlestirme operatorleri
kullanilarak birlestirilir.

Adim 2. Agirlikli normallestirilmis v;; degeri, Esitlik
(23) kullanilarak hesaplanir.

fi'

j ,
]
2

burada w; 1i. kriterin agirhgdir ve Y-, w; =1
denklemi saglanir.

Uij=Wi 1,...,_];i=,...,n

(23)

Adim 3. Pozitif ideal ¢6ziim A* ve negatif ideal ¢dziim
A~ Esitlik (24) ve (25) kullanilarak asagidaki gibi
belirlenir.
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A ={v],..., v}
= {(maxjvij|i € I’), (minjvi]-|i € I”)} (24)
A" ={vr,..,v} (25)

= {(minv;|i € I'), (max;v;;|i € I'")}

burada I' fayda kriterlerini, I’ ise maliyet kriterlerini
belirtir.

Adim 4. Her bir alternatifin pozitif ideal ve negatif
ideal ¢oziimden uzakligi Oklid mesafesi ile Esitlik
(26) ve (27) kullanilarak hesaplanir.

Adim 5. Goreli yakinhk katsayisi (C;) Esitlik (28)
kullanilarak hesaplanir.

D-
* J P —
G = —Di* YD , j=1,..,] (28)

Adim 6. Alternatifler goreli yakinlik katsayisina gére
biiyiikten kiiciige dogru siralanir ve ilk siradaki
alternatif en iyi alternatif olarak segilir.

IV. UYGULAMA

Bu calismada, bir pil iiretim sirketinden alinan verilere
dayanan deneysel bir uygulama yapilmgtir [5].
Kannan wvd. [5] c¢alismalarinda IMS (Interpretive
Structural Modeling) ve bulanik TOPSIS yontemlerini
kapsayan karar verme modelini, Hindistan'da pil ile
ilgili tiim parcalarin {iretim sirketleri tarafindan geri
doniistiiriildiigii ve yeniden kullanildigi bir pil geri
doniisiim endiistrisine uygulamustir. Pil {iretiminde
olusan toplam maliyeti azaltmak icin, kullanim
omriinii tamamlamug piller 3PTLS tarafindan toplanir
ve geri doniisiim islemine baslamak i¢in bilesenlerine
ayrilir. Daha sonra ikincil kursun alasimlari, hurda
plastik ve harcanan siilfiirik asit daha fazla geri
doniisim islemi i¢in aynistirilir. Son olarak, eski
pillerden geri doniistiiriilen plastik, pil kapaklar1 ve
kiliflar1  tretmek i¢in kullanilir; ikincil kursun
alagimlar1 yeni pil 1zgaralar1 ve bilesenleri tiretmek
icin kullanilir; Siilfiirik asit kristalleri giibre tiretimi,
kimyasal iiretim ve desarj i¢in 6n islem gibi cesitli
amaglar i¢in kullanilmaktadir. Sekil 2, detayli olarak
stire¢ hakkinda bilgi vermektedir.

4.1. Kriterlerin Belirlenmesi
3PTLS se¢im problemi i¢in yedi degerlendirme kriteri
Tablo 1°deki gibi tanimlannustir [4], [5]:
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Bitmig pil > Pil toplama — Pil geri doniistiiriicti
= |
1 1 1
Asit 1slah1: Harcanan asit . ikincil kursun
. Gtibre tiretimi j (Siilfiirik) Hurda plastik alagimlari
Miisteri Ki N
imyasal tiretim l
Sodyum siilfat - :
{iretimi ve dogar e — | g.'.asf"f gerl
o o @ o onusumcu
i¢in on islem
Bayiler,
distribiitorler ve Yeni pil tiretimi ve Diger kursun iirtinler
perakendeciler
Sekil 2. Kursun-asit pil geri doniisiim siireci
Tablo 1. Kriterler ve agiklamalart
Kriterler Ag¢iklama Referans
Uriin performansini, kalitesini ve 3PTLS’nin Kalite farkindahgmn,
. . . . - Chen vd. [8],
Kalite hizmetin zamaninda yapilmasini, denetim yontemlerini ve sorunlarla baga -
B Govindan vd. [6]
¢ikma becerisini igerir.
- 3PTLS’ nin teslimat programlarmi karsilama yetenegini ifade eder. Senthil vd. [4],
Teslimat - o P P
Teslimatin esnekligini ve giivenilirligini, teslim siiresini vb. kapsar. Kannan vd. [5]
3PTLS’nin secilmesi sonucunda ortaya ¢ikabilecek maliyetleri ifade eder.
L o L . S . Chen vd. [8],
TL maliyeti Ornegin, envanter maliyeti, nakliye maliyeti, malzeme maliyeti, muayene -
o S o) Govindan vd. [6]
maliyeti, paketleme maliyeti, stok maliyeti vb.
fade orant Geri dopusun} islemi i¢in iade edilen {iriiniin kal}te spesifikasyonlarini Kannan vd. [5]
tutarl1 bir sekilde karsilayamamasi anlamina gelir.
Teknik/Miihendislik Is i¢in gerek1.1 tel§n.1k ve muhendls.hk altyaplsglll}g?rlr. Ornegm,. gel.lvs.mls Govindan vd. [6],
<. ekipman seviyesi, isleme yetenegi, teknik iggiiciiniin kullanilabilirligi, TL
Yetenegi S . .. Kannan vd. [5]
islevini gergeklestirme yetenegi vb.
Talep kargilama Beklenen talebin kargilanamamasi, yani, geri doniis koordinasyonunu iyi Guarnieri vd. [32],
yetersizligi yonetememek anlamma gelir. Kannan vd. [5]
. . . .. . oo Chen vd. [8],
Isteklilik ve Tutum 3PTLS’nin alictya kars1 tutumunu ve isi yapma istekliligini ifade eder. Kannan vd. [5]

4.2. Pisagor Bulamik TOPSIS Yoénteminin Uygulanmasi
Geri doniisiim siirecine dahil olan bir pil iiretim
isletmesi, TL faaliyetleri i¢in uygun bir TL
saglayicisint belirlemek istemektedir. Ele alinan vaka
calismasinda en uygun 3PTLS’yi segmek igin bes
karar vericiden olusan bir komite kurulmustur. Bu
3PTLS se¢im karar problemi yedi kriter ve on bes
alternatiften olugmaktadir. Problemin hiyerarsik yapisi
Sekil 3'te gosterildigi gibidir.

Kalite
3PTLS1

E Teslimat

1

= 3PTLS2
2

Q

ES Tersine lojistik maliyeti

Ej}

=

é » fade oran

2

£ Teknik/mithendislik yetenegi

=3

o

% 3PTLS14
)
ISe Talep karsilama yetersizligi

3PTLS15
Isteklilik ve tutum

Sekil 3. Karar probleminin hiyerarsik yapisi.
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Pisagor bulanik TOPSIS yonteminin hesaplama
prosediirii asagidaki gibidir.

Karar vericiler, Tablo 2 wve Tablo 3’te gosterilen
kriterlerin ve alternatiflerin 6nemini degerlendirmek
icin dilsel ifadeleri kullanir. Ele alinan problem igin
bes karar vericinin belirledigi kriterlerin agirliklart
Tablo 4’te gosterilmisti. Adim 1°de bes karar
vericinin agirliklar esit alinmistir.

Tablo 2. Kriterlerin ve uzmanlarin degerlendirilmesi
igin dilsel ifadeler [26]

Dilsel ifadeler Pisagor ~ bulanik
sayllar (U, v)

Cok Yiiksek (CY) | [0.90, 0.20]

Yiiksek (Y) [0.80, 0.45]

Orta (O) [0.65, 0.50]

Diisiik (D) [0.40, 0.60]

Cok Diigiik (CD) [0.20, 0.90]

Tablo 3. Alternatiflerin degerlendirilmesi i¢in dilsel
ifadeler [33]

Dilsel ifadeler Pisagor  bulanik
sayilar (1, v)

Cok Iyi (CT) [0.85, 0.15]

fyi (I) [0.75, 0.25]
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Biraz Iyi (BI) [0.65, 0.35] Adim 2’de Egsitlik (8)’de gosterildigi gibi PFWA
Orta (O) [0.55, 0.45] birlestirme operatorii kullanilarak uzman goriisleri
Biraz Kétii (BK) [0.35, 0.65] birlestirilmis ve birlestirilmis Pisagor bulanik karar
Kot (K) [0.25, 0.75] matrisi Tablo 5’te verilmistir.
Cok Kotii (CK) [0.15, 0.85] - . -
Adim 3’te Esitlik (9)’da verilen PFWA operatorii
Tablo 4. Bes karar vericiden alinan kriterlerin 6nem kullanilarak ~asagidaki  kriter  agirhk  matrisi
dereceleri olusturulmustur:
Kriterler KV, | KV, | KV3; | KV, | KVs T
Kalite (C1) CY |[Y |0 |Y |Y [0.81  0.39  0.44;
Teslimat (C2) Y Y Cy |Y Y 0.83 0.38 0.41
TL maliyeti (C3) CY |Y CY |CY |Y 0.87 0.28 0.41
Iade oran1 (C4) CY |D Y 0 0 Wic, ca05.00csc03 =10.74 042 0.52
Teknik/Miihendislik 0.70 0.50 0.52
<. 0] O Y Y D
yetenegi (C5) 0.51 0.60 0.61
Talep karsilama L0.76 0.45 0.47-
yetersiztigi(co) | 0 |9 [P P | O o .
Isteklilik ve tutum Agirlikll birlestirilmis Pisagor bulanik karar matrisi
((ox)) Y ¢D | Y 0 cY Esitlik (10) kullanilarak hesaplanmis ve Tablo 6’da
sunulmustur.
Tablo 5. Birlestirilmis Pisagor bulanik karar matrisi
Alternatifler | C1 Cc2 c3 ca c5 cé c7

3PTLS1 (0.57,0.44,0.7) | (0.73,0.28,0.63) |(0.73,0.28,0.63) | (0.71,0.29,0.64) | (0.26,0.75,0.61) | (0.76,0.24,0.6) | (0.59,0.41,0.69)
3PTLS2 (0.23,0.79,0.58) | (0.23,0.79,0.58) | (0.66,0.34,0.66) | (0.64,0.36,0.68) | (0.73,0.28,0.63) | (0.74,0.26,0.62) | (0.39,0.62, 0.68)
3PTLS3 (0.39,0.62,0.68) | (0.73,0.28,0.63) | (0.74,0.26,0.62) | (0.28,0.73,0.63) | (0.74,0.26,0.62) | (0.51,0.5,0.7) (0.59,0.41, 0.69)
3pTLS4 (0.74,0.26,0.62) | (0.51,0.5,0.7) (0.26,0.75,0.61) | (0.81,0.2,0.56) | (0.77,0.23,0.59) | (0.76,0.24,0.6) | (0.27,0.74, 0.61)
3PTLSS (0.77,0.23,0.59) | (0.49,0.52,0.7) | (0.51,0.5,0.7) (0.61,0.39,0.69) | (0.71,0.29,0.64) | (0.77,0.23,0.59) | (0.26,0.75,0.61)
3PTLS6 (0.28,0.73,0.63) | (0.42,0.59,0.68) | (0.59,0.41,0.69) | (0.22,0.79,0.58) | (0.64,0.36,0.68) | (0.26,0.75,0.61) | (0.37,0.64,0.67)
3PTLS7 (0.77,0.23,0.59) | (0.68,0.32,0.66) | (0.29,0.72,0.63) | (0.26,0.75,0.61) | (0.77,0.23,0.59) | (0.61,0.39,0.69) | (0.42,0.59,0.68)
3PTLS8 (0.62,0.38,0.68) | (0.3,0.71,0.64) | (0.71,0.29,0.64) | (0.64,0.36,0.68) | (0.71,0.29,0.64) | (0.77,0.23,0.59) | (0.74,0.26,0.62)
3PTLS9 (0.61,0.39,0.69) | (0.68,0.33,0.66) | (0.77,0.23,0.59) | (0.47,0.54,0.7) | (0.43,0.58,0.69) | (0.61,0.39,0.69) | (0.59,0.41,0.69)
3PTLS10 (0.71,0.29,0.64) | (0.68,0.32,0.66) | (0.71,0.3,0.64) | (0.77,0.23,0.59) | (0.64,0.36,0.68) | (0.45,0.56,0.7) | (0.67,0.34,0.67)
3PTLS11 (0.64,0.36,0.68) | (0.27,0.74,0.61) | (0.76,0.25,0.6) | (0.41,0.62,0.67) | (0.68,0.32,0.66) | (0.78,0.22,0.58) | (0.67,0.33,0.66)
3PTLS12 (0.61,0.39,0.69) | (0.57,0.43,0.7) | (0.74,0.26,0.62) | (0.64,0.36,0.68) | (0.29,0.72,0.63) | (0.71,0.29,0.64) | (0.73,0.28,0.63)
3PTLS13 (0.24,0.77,0.59) | (0.28,0.73,0.63) | (0.74,0.26,0.62) | (0.26,0.75,0.61) | (0.67,0.34,0.67) | (0.64,0.36,0.68) | (0.73,0.28,0.63)
3PTLS14 (0.77,0.23,0.59) | (0.73,0.28,0.63) |(0.49,0.52,0.7) | (0.59,0.41,0.69) | (0.74,0.26,0.62) | (0.67,0.34,0.67) | (0.81,0.2,0.56)

3PTLS15 (0.62,0.38,0.68) | (0.68,0.32,0.66) | (0.45,0.56,0.7) | (0.64,0.36,0.68) | (0.7,0.31,0.65) | (0.28,0.73,0.63) | (0.39,0.62,0.68)

Tablo 6. Agirlikl birlestirilmis Pisagor bulanik karar matrisi
Alternatifler | €1 c c3 ca cs c6 c7
3pTLS1 (0.46,0.56,0.69) | (0.6,0.46,0.65) | (0.63,0.38,0.67) | (0.53,0.5,0.69) | (0.18,0.82,0.55) | (0.39,0.63,0.67) | (0.45,0.58,0.68)
3PTLS2 (0.18,0.82,0.54) | (0.19,0.82,0.54) | (0.58,0.43,0.69) | (0.47,0.54,0.7) | (0.51,0.55,0.66) | (0.38,0.64,0.67) | (0.29,0.71,0.64)
3PTLS3 (0.31,0.69,0.65) | (0.6,0.46,0.65) | (0.65,0.37,0.67) | (0.21,0.78,0.59) | (0.52,0.55,0.66) | (0.26,0.72,0.64) | (0.45,0.58,0.68)
3PTLS4 (0.6,0.46,0.66) | (0.42,0.6,0.68) | (0.22,0.77,0.6) | (0.6,0.46,0.66) | (0.54,0.54,0.65) | (0.39,0.63,0.67) |(0.2,0.8,0.56)
3PTLSS (0.63,0.44,0.64) | (0.4,0.62,0.68) | (0.45,0.55,0.71) | (0.45,0.55,0.7) | (0.5,0.56,0.67) | (0.39,0.63,0.67) |(0.2,0.8,0.56)
3PTLS6 (0.23,0.77,059) | (0.35,0.67,0.66) | (0.52,0.48,0.71) | (0.16,0.83,0.53) | (0.45,0.59,0.67) | (0.13,0.85,0.51) | (0.28,0.73,0.63)
3PTLS7 (0.62,0.45,0.64) | (0.56,0.48,0.67) | (0.25,0.75,0.61) | (0.19,0.8,057) | (0.54,0.54,0.65) | (0.31,0.68,0.66) | (0.32,0.7,0.64)
3PTLSS (0.5,0.52,0.69) | (0.25,0.76,0.6) | (0.62,0.39,0.68) | (0.47,0.54,0.7) | (0.5,0.56,0.67) | (0.39,0.63,0.67) | (0.56,0.51,0.65)
3PTLSO (0.5,0.53,0.69) | (0.56,0.49,0.67) | (0.67,0.36,0.65) | (0.35,0.64,0.68) | (0.3,0.71,0.64) | (0.31,0.68,0.66) | (0.45,0.58,0.68)
3PTLS10 (0.58,0.47,0.67) | (0.56,0.48,0.67) | (0.62,0.4,0.68) | (0.57,0.47,0.67) | (0.45,0.59,0.67) | (0.23,0.75,0.62) | (0.51,0.54,0.67)
3PTLSI11 (0.52,0.51,0.68) | (0.22,0.79,0.58) | (0.66,0.36,0.66) | (0.3,0.71,0.64) | (0.47,0.57,0.67) | (0.4,0.63,0.67) | (0.51,0.54,0.67)
3PTLS12 (0.5,0.53,0.69) | (0.47,0.55,0.69) | (0.65,0.37,0.67) | (0.47,0.54,0.7) | (0.2,0.8,0.56) (0.36,0.65,0.67) | (0.55,0.51, 0.66)
3PTLS13 (02,0.81,0.56) | (0.23,0.77,0.59) | (0.65,0.37,0.67) | (0.19,0.8,057) | (0.46,0.58,0.67) | (0.33,0.67,0.67) | (0.55,0.51,0.66)
3PTLS14 (0.62,0.45,0.64) | (0.6,0.46,0.65) | (0.42,0.57,0.7) | (0.44,0.56,0.7) | (0.52,0.55,0.66) | (0.34,0.66,0.67) | (0.61,0.48,0.63)
3PTLSIS (0.5,0.52,0.69) | (0.56,0.48,0.67) | (0.39,0.61,0.69) | (0.47,0.54,0.7) | (0.48,0.56,0.67) | (0.14,0.84,0.53) | (0.29,0.71,0.64)
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Pisagor bulanik pozitif ideal ve negatif ideal ¢dziim
sirastyla Esitlik (11) ve (12) formiilleri kullanilarak
bulunmusgtur. Bulunan Pisagor bulanik pozitif ideal ve
negatif ideal ¢6ziim degerleri asagidaki gibidir.

A+
{(0.63, 0.44,0.64), (0.6, 0.46,0.65), (0.67,0.36, 0.65),}

(0.60,0.46,0.66), (0.54,0.54,0.65),
(0.40,0.63,0.67),(0.61,0.48,0.63)

A

{(0.18, 0.82,0.54),(0.19,0.82,0.54), (0.22,0.77, 0.60),}

(0.16,0.83,0.53), (0.18,0.82, 0.55),
(0.13,0.85,0.51), (0.20, 0.80, 0.56)

Her bir alternatifin Pisagor bulanik pozitif ideal ve
negatif ideal ¢6ziimden uzakliklari Esitlik (13) ve
(14)’te gosterildigi gibi Oklid uzakligr kullamilarak ve
goreli yakinlik katsayist Esitlik (15) kullanilarak

hesaplanmustir. Pisagor bulanik pozitif ideal ve negatif
ideal c¢oziimden wuzakliklar, alternatiflerin goreli
yakinlik katsayilar1 Tablo 7°de verilmistir.

Alternatiflerin
agirliklarina
olmaktadir.

3PTLS; = (i=1,2,..,15)
gore siralandiginda asagidaki

goreli
gibi

3PTLS,, > 3PTLS,, > 3PTLS, > 3PTLS,
> 3PTLS,, > 3PTLS, > 3PTLS,,
> 3PTLS; > 3PTLS; > 3PTLS,s
> 3PTLS, > 3PTLS, > 3PTLS,,
> 3PTLS, > 3PTLS,

Bu sonuglara gore, 3PTLS;, alternatifi sirket i¢in en
uygun TL saglayicisi olarak se¢ilmistir.

Tablo 7. Pisagor bulanik TOPSIS analiz sonuglari

Alternatifler D(A;,A™) D(A;,A7) J(4;)) Pisagor Bulamik TOPSIS
3PTLS1 0.154 0.322 -0.939 6
3PTLS2 0.256 0.251 -2.395 14
3PTLS3 0.190 0.290 -1.471 9
3PTLS4 0.227 0.297 -1.908 11
3PTLS5 0.188 0.293 -1.438 8
3PTLS6 0.286 0.182 -2.967 15
3PTLS7 0.236 0.273 -2.089 12
3PTLS8 0.144 0.317 -0.832 4
3PTLS9 0.138 0.307 -0.786 3
3PTLS10 0.082 0.342 -0.001 1
3PTLS11 0.184 0.295 -1.391 7
3PTLS12 0.145 0.317 -0.844 5
3PTLS13 0.255 0.251 -2.378 13
3PTLS14 0.108 0.343 -0.314 2
3PTLS15 0.191 0.277 -1.522 10

4.3. Bulamk COPRAS Y é6nteminin Uygulanmasi
Bulanik COPRAS yo6nteminin hesaplama adimlart
asagidaki gibidir.

Karar verici gorisleri Tablo 8’deki dilsel ifadeler
yardimiyla doniistiiriilmiis ve bulanik karar matrisi
olusturulmustur. Daha sonra uzman goriisleri Esitlik

(16) kullanilarak birlestirilmis ve Tablo 9’da
sunulmustur.
Ardindan, bulamik karar matrisi Esitlik (17)

kullanilarak durulagtirilan karar matrisi Tablo 10°da
verilmistir.

Esitlik (18) kullanilarak karar matrisi normalize
edilmistir. Elde edilen normalize karar matrisi ile
Esitlik (19) kullanilarak agirhkli  karar matrisi
olusturulmus ve Tablo 11°de sunulmustur.

Fayda ve maliyet olciitleri Esitlik (20), goreli 6nem
degerleri Esitlik (21) ve her bir alternatifin performans
indeksleri Esitlik (22) kullanilarak hesaplanmg ve
hesaplama sonuglart Tablo 12’de sunulmustur.

Tablo 8. Alternatiflerin degerlendirmesi i¢in dilsel ifadeler

Dilsel ifadeler Ucgensel bulamk sayilar
Cok Iyi (CI) ©, 10, 10)

Tyi (1) (7,9, 10)

Biraz Iyi (BI) (5,7,9

Orta (O) (3,57

Biraz Kotii (BK) 1,35

Koti (K) 0, 1,3)

Cok Kotii (CK) 0,0,1)

Alternatifler performans indekslerine gore biiyiikten
kiigiige dogru swralandiginda elde edilen sonug
asagidaki gibidir.
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3PTLS;o > 3PTLS; > 3PTLS,, > 3PTLS;, > 3PTLSg Bu sonuglara gore, 3PTLS,, alternatifi sirket igin en

> 3PTLSg > 3PTLS3 > 3PTLSy, uygun TL saglayicisi olarak secilmistir.
> 3PTLSs > 3PTLS, > 3PTLS,

> 3PTLS,s > 3PTLS;3 > 3PTLS,

> 3PTLS,
Tablo 9. Birlestirilmis bulanik karar matrisi
Alternatifler | C1 Cc2 C3 C4 C5 C6 c7
3PTLSL (1,459 | (5 667,100 |(0 167,5 (02 7) ©, 1,5 (5,7.33,10) | (3,4.83 9)
3PTLS2 (0,0.67,5) | (0,0.67,5) |(0,3,7) 0,2.83,7) |5 6.67,10) | (5, 7, 10) (©, 2.5, 7)
3PTLS3 ©, 2.5, 7) (5,6.67,10) |(0,1.33,5) | (5, 7, 10) (5, 7, 10) (1,3.83,9) | (34839
3PTLS4 5, 7, 10) (1,3.83,9) |( 7.33,10) | (0,0.67,5 |G, 7.17,10) | (5 7.33 10) | (0, 1.17, 5)
3PTLS5 (7,7.67,10) | (1,35,7) (1,45,09) (1,317,7) | (5 6.83,10) |(5 7.17,10) | (0, 1,5)
3PTLS6 0,1.33,5 | (0,25,7) (1,357 (7,7.83,10) | (3,55, 10) |(0, 1, 5) 0, 2.17,7)
3PTLS? (,7.17,10) | (3,6.17,10) |(5 6.83,10) | (5,7.33,10) | (5 7.17,10) |(3,5.17,9) | (0, 2.5 7)
3PTLSS (3,5.17,10) | (0,1.67,5) |(0, 2, 7) ©,2.83,7) | (5 6.83 10) | (5 7.17,10) | (3, 6.5, 10)
3PTLS9 (3,5.17,9) | (3,567,100 | (0, 1.17,5) | (3 517,100 |(0,2.83,7) |(3,517,9) |(3,4.83 9)
3PTLS10 (3,6.33,10) | (3,6.17,10) | (0, 2, 5) 0,1.17,5 | (3,55, 10) |(L3.17,7) | (3 583, 10)
3PTLS11 (3,55,10) |(0,1.17,5 |(0, 1.5, 7) 3,6.17,10) | (3,6.17,10) | (5 7.5, 10) | (5, 6.17, 10)
3PTLS12 (3,517,9) | (3,459 |0 1335 (02837 | 155 |3 633 10) | (5 6.67, 10)
3PTLS13 (0,0.83,5) |(0,1.33,5 |(0, 1.33,5 |(5 7.33,10) | (3,583 10) |(3 55 10) | (5 6.67, 10)
3PTLS14 (5,7.17,10) | (5, 6.67, 10) | (3,4.83,9) | (1,35, 7) (5,7, 10) (3,5.83,10) | (5, 7.67, 10)
3PTLS15 (3,5.17,10) | (3,6.17,10) |(3,5.17,9) |(0,2.83,7) |(5 6.5, 10) |(0,1.33,5) |(0, 25, 7)
Agirliklar 0.16 0.168 0.184 0.136 0.128 0.088 0.136
Tablo 10. Durulastirilmig karar matrisi
Alternatifler Cl c2 C3 C4 C5 C6 C7
3PTLS1 4833 7.222 2.222 3.000 2.000 7.444 5.611
3PTLS2 1.889 1.889 3.333 3.278 1.222 7.333 3.167
3PTLS3 3.167 7.222 2111 7.333 7.333 4611 5.611
3PTLS4 7.333 4611 7.444 1.889 7.389 7.444 2.056
3PTLS5 8.222 3.833 4,833 3.722 7.278 7.389 2.000
3PTLS6 2111 3.167 3.833 8.278 6.167 2.000 3.056
3PTLS7 7.389 6.389 7.278 7.444 7.389 5.722 3.167
3PTLS8 6.056 2.222 3.000 3.278 7.278 7.389 6.500
3PTLS9 5.722 6.222 2.056 6.056 3.278 5.722 5.611
3PTLS10 6.444 6.389 2.333 2.056 6.167 3.722 6.278
3PTLS11 6.167 2.056 2.833 6.389 6.389 7.500 7.056
3PTLS12 5.722 5.500 2111 3.278 2.167 6.444 7.222
3PTLS13 1.944 2111 2111 7.444 6.278 6.167 7.222
3PTLS14 7.389 7.222 5.611 3.833 7.333 6.278 7.556
3PTLS15 6.056 6.389 5.722 3.278 7.167 2111 3.167
Tablo 11. Agirlikli normalize karar matrisi
Alternatifler C1 c2 C3 C4 C5 C6 c7
3PTLS1 0.010 0.017 0.007 0.006 0.003 0.008 0.010
3PTLS2 0.004 0.004 0.011 0.006 0.010 0.007 0.006
3PTLS3 0.006 0.017 0.007 0.014 0.010 0.005 0.010
3PTLS4 0.015 0.011 0.024 0.004 0.010 0.008 0.004
3PTLS5 0.016 0.009 0.016 0.007 0.010 0.007 0.004
3PTLS6 0.004 0.007 0.012 0.016 0.009 0.002 0.006
3PTLS7 0.015 0.015 0.024 0.014 0.010 0.006 0.006
3PTLS8 0.012 0.005 0.010 0.006 0.010 0.007 0.012
3PTLS9 0.011 0.014 0.007 0.012 0.005 0.006 0.010
3PTLS10 0.013 0.015 0.008 0.004 0.009 0.004 0.011
3PTLS11 0.012 0.005 0.009 0.012 0.009 0.008 0.013
3PTLS12 0.011 0.013 0.007 0.006 0.003 0.006 0.013
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3PTLS13 0.004 0.005 0.007 0.014 0.009 0.006 0.013
3PTLS14 0.015 0.017 0.018 0.007 0.010 0.006 0.014
3PTLS15 0.012 0.015 0.019 0.006 0.010 0.002 0.006
Tablo 12. Bulanik COPRAS analiz sonuglari

Alternatifler Sti S_i Q; P; Bulamik COPRAS

3PTLS1 0.047 0.013 0.082 90.053 2

3PTLS2 0.031 0.017 0.058 63.818 14

3PTLS3 0.048 0.021 0.070 76.799 7

3PTLS4 0.047 0.028 0.063 69.581 11

3PTLS5 0.047 0.023 0.067 73.095 9

3PTLS6 0.028 0.028 0.044 48.168 15

3PTLS7 0.051 0.038 0.063 69.678 10

3PTLS8 0.047 0.016 0.075 82.498 5

3PTLS9 0.046 0.018 0.071 78.237 6

3PTLS10 0.051 0.012 0.091 100.000 1

3PTLS11 0.046 0.021 0.068 74.221 8

3PTLS12 0.047 0.013 0.081 89.440 3

3PTLS13 0.037 0.021 0.058 64.159 13

3PTLS14 0.062 0.026 0.080 87.430 4

3PTLS15 0.045 0.025 0.063 69.383 12

4.4. TOPSIS Yonteminin Uygulanmasi

TOPSIS yonteminin hesaplama adimlar1 asagidaki
gibidir. Birlestirilmis karar verici goriisleri Tablo 13’te
sunulmustur.

Daha sonra, agirlikli normalize degerler (v;;) Esitlik
(23) kullanmilarak hesaplanmus ve Tablo 14’te
sunulmustur.

Pozitif ideal ve negatif ideal ¢6ziim degerleri sirasiyla
Esitlik (24) ve (25) kullanilarak bulunmustur ve
asagidaki gibi sunulmustur.

A* ={0.056,0.057,0.059,0.053,0.039,0.028,0.051}
A~ ={0.014,0.016, 0.020,0.013,0,013,0.009, 0.016}

Her bir alternatifin pozitif ideal ve negatif ideal

gosterildigi gibi Oklid uzakligi kullamlarak elde
edilmistir. Daha sonra goreli yakinlik katsayisi (C;")
Esitlik (28) kullanilarak hesaplanmistir. Pozitif ideal
ve negatif ideal ¢oziimden uzakliklar ve alternatiflerin
goreli yakinlik katsayilari Tablo 15°te verilmistir.

Alternatifler goreli agirliklarina gore biiyiikten kiiclige
dogru siralandiginda ¢ikan sonug asagidaki gibi elde
edilmistir.

3PTLSyy > 3PTLS,, > 3PTLS; > 3PTLS;, > 3PTLS,

> 3PTLSg > 3PTLS; > 3PTLSs
> 3PTLS,s > 3PTLS,; > 3PTLS,
> 3PTLS, > 3PTLS,; > 3PTLS,
> 3PTLS,

Bu sonuclara gore, 3PTLS,, alternatifi sirket igin en

¢oziimden wuzakliklari Esitlik (26) wve (27)’de  uygun TL  saglayicist  olarak  secilmstir.
Tablo 13. Birlestirilmis karar matrisi

Alternatifler | Cl c2 C3 C4 C5 C6 c7
3PTLS1 4.200 5.600 5.600 5.400 2.000 6.000 4.400
3PTLS2 1.600 1.600 4.800 4.800 5.600 5.800 3.000
3PTLS3 3.000 5.600 5.800 2.200 5.800 3.800 4.400
3PTLS4 5.800 3.800 2.000 6.400 6.000 6.000 2.000
3PTLS5 6.200 3.600 3.800 4.600 5.600 6.000 2.000
3PTLS6 2.200 3.000 4.400 1.600 4.800 2.000 2.800
3PTLS7 6.000 5.200 2.200 2.000 6.000 4.600 3.000
3PTLS8 4.600 2.400 5.400 4.800 5.600 6.000 5.600
3PTLS9 4.600 5.000 6.000 3.400 3.200 4.600 4.400
3PTLS10 5.400 5.200 5.400 6.000 4.800 3.400 5.000
3PTLS11 4.800 2.000 5.800 2.600 5.200 6.200 5.200
3PTLS12 4.600 4.200 5.800 4.800 2.200 5.400 5.600
3PTLS13 1.800 2.200 5.800 2.000 5.000 4.800 5.600
3PTLS14 6.000 5.600 3.600 4.400 5.800 5.000 6.400
3PTLS15 4.600 5.200 3.400 4.800 5.400 2.200 3.000
Agirliklar 0.160 0.168 0.184 0.136 0.128 0.088 0.136
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Tablo 14. Agirlikli normalize matris

Alternatifler |C1 Cc2 C3 C4 C5 C6 C7
3PTLS1 0.038 0.057 0.055 0.044 0.013 0.027 0.035
3PTLS2 0.014 0.016 0.047 0.040 0.037 0.027 0.024
3PTLS3 0.027 0.057 0.057 0.018 0.038 0.017 0.035
3PTLS4 0.052 0.039 0.020 0.053 0.039 0.027 0.016
3PTLS5 0.056 0.037 0.037 0.038 0.037 0.027 0.016
3PTLS6 0.020 0.031 0.043 0.013 0.032 0.009 0.022
3PTLS7 0.054 0.053 0.022 0.016 0.039 0.021 0.024
3PTLS8 0.041 0.024 0.053 0.040 0.037 0.027 0.045
3PTLS9 0.041 0.051 0.059 0.028 0.021 0.021 0.035
3PTLS10 0.048 0.053 0.053 0.049 0.032 0.016 0.040
3PTLS11 0.043 0.020 0.057 0.021 0.034 0.028 0.042
3PTLS12 0.041 0.043 0.057 0.040 0.014 0.025 0.045
3PTLS13 0.016 0.022 0.057 0.016 0.033 0.022 0.045
3PTLS14 0.054 0.057 0.035 0.036 0.038 0.023 0.051
3PTLS15 0.041 0.053 0.033 0.040 0.035 0.010 0.024
Tablo 15. Klasik TOPSIS analiz sonuglari

Alternatifler D; D; Cj TOPSIS

3PTLS1 0.037 0.072 0.661 3

3PTLS2 0.067 0.049 0.423 14

3PTLS3 0.049 0.066 0.572 7

3PTLS4 0.056 0.067 0.545 11

3PTLS5 0.049 0.063 0.564 8

3PTLS6 0.071 0.034 0.324 15

3PTLS7 0.059 0.062 0.510 12

3PTLS8 0.039 0.066 0.627 6

3PTLS9 0.039 0.065 0.628 5

3PTLS10 0.022 0.077 0.781 1

3PTLS11 0.051 0.061 0.546 10

3PTLS12 0.036 0.068 0.656 4

3PTLS13 0.065 0.053 0.451 13

3PTLS14 0.029 0.078 0.726

3PTLS15 0.046 0.059 0.562

4.5. Sonuclarmm Karsilastirilmasi

Pisagor bulanik TOPSIS yontemi, klasik TOPSIS
yontemi, bulantk COPRAS yontemi ve literatiirde
daha 6nce uygulanmuig bulanik TOPSIS yontemi [5]
karsilagtirmali olarak Tablo 16’da sunulmustur. Elde
edilen sonuglara gore Pisagor bulanik TOPSIS, klasik
TOPSIS ve bulanik COPRAS yo6ntemlerinde alternatif
3PTLS,,, bulanik TOPSIS yonteminde ise alternatif
3PTLS,, en uygun alternatif olarak secildigi
goriilmektedir. Ele aliman dort yontemde de son
siradaki alternatif 3PTLS; olmustur. Geri kalan
alternatifler degerlendirildiginde kiigiik farkliliklar
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olmasina ragmen genel olarak benzer siralamalar
ortaya ¢ikmaktadir.

Belirsizlikle basa ¢ikabilmek igin bulanik mantik ile
entegre edilen CKKV  problemleri  siklikla
kullanilmaktadir. Pisagor bulanik kiimeler insan
diistiincelerindeki  belirsizliklerle daha 1iyi basa
cikabilmek ig¢in ortaya atilmistir [20]. Calisma
sonuglarina bakildiginda siralamada kiigtik
degisiklikler oldugu goriilmektedir. Bu degisikliklerin
nedeni her yontemin kendi i¢indeki ¢aligma prensibi
ile alakalidur.
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Tablo 16. Farkli CKKV yontemleri ile elde edilen alternatif siralamasi

Bulanik yaklasimlar Klasik yaklasim

Pisagor bulanik

Alternatif Siras1 TOPgSIS ][351]11amk TOPSIS g\lf}l;fnclukt Call(;(n)nlz:)RA S ;rl\(/[)grsclust Calisma)
(Mevcut calisma)

1 3PTLS10 3PTLS14 3PTLS10 3PTLS10

2 3PTLS14 3PTLS10 3PTLS1 3PTLS14

3 3PTLS9 3PTLS8 3PTLS12 3PTLS1

4 3PTLS8 3PTLS12 3PTLS14 3PTLS12

5 3PTLS12 3PTLS1 3PTLS8 3PTLS9

6 3PTLS1 3PTLS9 3PTLS9 3PTLS8

7 3PTLS11 3PTLS4 3PTLS3 3PTLS3

8 3PTLS5 3PTLS5 3PTLS11 3PTLS5

9 3PTLS3 3PTLS11 3PTLS5 3PTLS15

10 3PTLS15 3PTLS3 3PTLSY 3PTLS11

11 3PTLS4 3PTLS15 3PTLS4 3PTLS4

12 3PTLS7 3PTLS7 3PTLS15 3PTLS7

13 3PTLS13 3PTLS2 3PTLS13 3PTLS13

14 3PTLS2 3PTLS13 3PTLS2 3PTLS2

15 3PTLS6 3PTLS6 3PTLS6 3PTLS6

4.6. Duyarhhik Analizi

Kriter agirliklarina bagli olarak alternatiflerin nihai
siralamasi degisebilir. Karar vericilerin goriisleri kriter
agirliklarint  6nemli Olgiide etkiledigi igin, kriter
agirliklar degistirilerek nihai siralamanin saglamligi

sirasinin, kriter agirliklarindaki degisikliklere tepkisini
6lgmek icin yedi durumdan olusan duyarlilik analizi
yapilmistir. Olusturulan yedi farkli duyarlilik analizi
Tablo 17°de verilmistir.

kontrol edilmelidir. Alternatif siralamasinin kriter ~ Kriter agirliklart i¢in yapilan duyarlilik analizi
agirhgindaki kiigiik degisikliklere karst ¢ok duyarli  sonuglart  Tablo 18’de  verilmistir. ~ Sonuglar
olmast durumunda, modelin gozden gecirilmesi incelendiginde, alternatif siralamasinda  kiiciik
gerekmektedir [34]. degisiklikler oldugu go6zlemlenmistir. Bu durum

Bu bolimde Pisagor bulanitk TOPSIS yontemi
kullanilarak elde edilen sonug iizerinden alternatiflerin

modelin kriter agirliklarindaki kiigiik degisikliklere
kars1 saglam (robust) oldugunu gostermektedir.

Tablo 17. Duyarlilik analizi i¢in olusturulan durumlar

) Durum1 Durum 2 Durum 3 Durum 4 Durum 5 Durum 6 Durum 7

Kriterler

i \Y% T n \" T n v T i \Y% T n \Y% T n \ T n v T
c1 0.70 | 0.56 [ 0.44 | 0.80 | 0.41 | 0.44 | 0.90 | 0.39 | 0.20 | 0.80 | 0.45 | 0.40 | 0.65 | 0.50 | 0.57 | 0.75 | 0.25 | 0.61 | 0.65 | 0.35 | 0.67
c2 0.70 | 058 [ 0.41 | 0.80 | 0.44 | 0.41 | 0.90 | 0.38 | 0.20 | 0.80 | 0.45 | 0.40 | 0.65 | 0.50 | 0.57 | 0.75 | 0.25 | 0.61 | 0.65 | 0.35 | 0.67
c3 0.70 | 0.58 [ 0.41 | 0.70 | 0.58 | 0.41 | 0.94 | 0.28 | 0.20 | 0.90 [ 0.20 | 0.39 | 0.80 | 0.45 | 0.40 | 0.75 | 0.25 | 0.61 | 0.65 | 0.35 | 0.67
c4 0.70 | 0.49 | 052 | 0.70 | 0.49 | 0.52 | 0.88 | 0.42 | 0.20 | 0.65 | 0.50 | 0.57 | 0.80 | 0.45 | 0.40 | 0.85 | 0.15 | 0.50 | 0.85 | 0.15 | 0.50
c5 0.70 | 0.49 [ 0.52 | 0.70 | 0.49 | 0.52 | 0.84 | 0.50 | 0.20 | 0.65 | 0.50 | 0.57 | 0.80 | 0.45 | 0.40 | 0.85 | 0.15 | 0.50 | 0.85 | 0.15 | 0.50
c6 0.70 | 0.37 | 0.61 | 0.50 | 0.61 | 0.61 | 0.77 | 0.60 | 0.20 | 0.40 | 0.60 | 0.69 | 0.65 | 0.50 | 0.57 | 0.65 | 0.35 | 0.67 | 0.75 | 0.25 | 0.61
c7 0.70 | 0.54 | 0.47 | 0.70 | 0.54 | 0.47 | 0.87 | 0.45 | 0.20 | 0.80 | 0.45 | 0.40 | 0.65 | 0.50 | 0.57 | 0.85 | 0.15 | 0.50 | 0.85 | 0.15 | 0.50

Tablo 18. Duyarlilik analizi sonuglari

Alternatif Sirasi Durum 1 Durum 2 Durum 3 Durum 4 Durum 5 Durum 6 Durum 7
1 3PTLS14 3PTLS10 3PTLS10 3PTLS10 3PTLS10 3PTLS14 3PTLS14
2 3PTLS10 3PTLS14 3PTLS14 3PTLS14 3PTLS14 3PTLS10 3PTLS10
3 3PTLS8 3PTLS8 3PTLS8 3PTLS8 3PTLS8 3PTLS8 3PTLS8
4 3PTLS12 3PTLS9 3PTLS12 3PTLS9 3PTLS12 3PTLS12 3PTLS12
5 3PTLS9 3PTLS12 3PTLS1 3PTLS12 3PTLS9 3PTLS9 3PTLS9
6 3PTLS1 3PTLS1 3PTLS9 3PTLS1 3PTLS1 3PTLS1 3PTLS1
7 3PTLS11 3PTLS5 3PTLS11 3PTLS11 3PTLS5 3PTLS11 3PTLS11
8 3PTLS5 3PTLS15 3PTLS5 3PTLS3 3PTLS11 3PTLS5 3PTLS5
9 3PTLS4 3PTLS11 3PTLS3 3PTLS5 3PTLS3 3PTLS3 3PTLS3
10 3PTLS3 3PTLS4 3PTLS15 3PTLS15 3PTLS4 3PTLS15 3PTLS4
11 3PTLS15 3PTLS3 3PTLS4 3PTLS4 3PTLS15 3PTLS4 3PTLS15
12 3PTLS7 3PTLS7 3PTLS7Y 3PTLS7 3PTLSY 3PTLS7 3PTLS7Y
13 3PTLS2 3PTLS2 3PTLS13 3PTLS13 3PTLS2 3PTLS2 3PTLS2
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14 3PTLS13 3PTLS13 3PTLS2 3PTLS2 3PTLS13 3PTLS13 3PTLS13
15 3PTLS6 3PTLS6 3PTLS6 3PTLS6 3PTLS6 3PTLS6 3PTLS6

V. BULGULAR VE TARTISMA

Dogal kaynaklarin hizli tiiketimi ve gevreye duyarlilik
konusunda farkindaligin artmasi, isletmeleri tersine
gelisiminde Onemli bir bilesen oldugunu ortaya
koymaktadir. TL siireci etkin ve anlamli bigimde
tasarlanarak  yonetilirse, karliligt ve  miisteri
memnuniyetini artiracaktir. Isletmeler, kendi temel is
operasyonlarina odaklanmak ve maliyet verimliligi
saglamak icin TL faaliyetlerini dis kaynaklara
yaptirmaktadir. Bu nedenle, en iyi TL saglayicisinin
se¢imi, genel olarak tedarik zinciri a§ mekanizmasinin
en onemli konularindan biri haline gelmektedir.

Bir karar verme siirecinde, dilsel ifadelerin karar
problemlerinde kullanilmasi, performans degerlerinin
kesin degerlerle ifade edilemedigi durumlarda oldukca
yararlidir. Bu  ¢alismada, literatiirde  yapilan
calismalardan farkli olarak yeni gelistirilen son donem
bulanik  yaklagimlardan biri olan ve insan
diistincelerindeki belirsizligi diger bulanik kiimelerden
daha iyi ele alabilen Pisagor bulanik kiime temelli
TOPSIS yontemi kullanilmustir. Yapilan calismada,
dort farkli CKKV yontemi kullanilarak en uygun
3PTLS sec¢imindeki etkisi aragtirilmugtir. Pisagor
bulanik TOPSIS yontemi ile tiggensel sayilara dayali
bulanik TOPSIS ve bulanik COPRAS yontemleri ve
klasik TOPSIS yonteminden elde edilen sonuglar
karsilagtirilmistir. Ayrica duyarlilik analizi
uygulanarak modelin giivenirliligi test edilmistir. Elde
edilen sonuclar incelendiginde, alternatiflerin
siralamasinda kiigiik farkliliklar olmasina ragmen
genel olarak yakin sonuglar ortaya c¢ikmistir. Bu
farkliliklar  yontemlerin  ¢alisma prensiplerindeki
hassasiyetten, kullanilan bulanik kiimelerin olagan
yapisindan  kaynaklanmaktadir.  Isletmeler icin
3PTLS’nin etkin bir bicimde degerlendirilmesi
konusunda farkli bulanik yaklagimlarin kullanilmasi,
dogru karar vermelerine yardimci olarak daha faydali
tercih yapmalarini saglayacaktir.

Gelecek arastirmalar igin, problem yapist yeni
degiskenler eklenerek gelistirilebilir ve yeni Onerilen
kiiresel bulanik kiimeler (spherical fuzzy sets) ve
nétrosofik bulanik kiimeler (neutrosophic fuzzy sets)
yardimiyla degerlendirilerek, elde edilen sonuglar
karsilagtirilabilir. Sirketlerin, TL se¢imi igin ¢esitli
CKKYV yontemlerinin karsilagtirildigi bir karar destek
sistemi tasarlanabilir. Ayrica iginde bulundugumuz
pandemi siireciyle iliskili olarak COVID-19 etkisinin
TL tedarik zinciri faaliyetlerine etkisi aragtirilabilir.
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Oz

Giinliik hayatimizda ve bilimsel arastirmalarda gergege yakin ve giiriiltiisiiz goriintiilere olan ihtiya¢ artmaktadir. Ancak
goriintiiler, giiriiltii ile bozulmakta ve bu da gorsel goriintii kalitesinin diismesine neden olmaktadir. Bu nedenle, goriintii
ozelliklerini kaybetmeden giiriiltiiyli azaltmak i¢in ¢aligmalar yapilmaktadir. Simdiye kadar, giiriiltiiyli azaltmak i¢in ¢esitli
yontemler onerilmis olup, her yontemin farkli avantajlart bulunmaktadir. Bu makalede, alaninda en iyi sonucu elde eden
yontemler hakkinda bilgi verilerek, video ve sabit goriintiilerinde giiriiltii azaltma alaninda yapilan geleneksel giiriiltii
giderme yontemleri ve derin Ogrenme yontemlerine ait ¢aligmalar Ozetlenip, elde edilen sonuglar birbirleriyle
karsilastirilmaktadir. Yapilan aragtirmalar deneylerin toplamsal beyaz Gauss giiriiltiisi durumuna odaklandigmi
gostermektedir. Goruntilerde guriltl giderme asamasinda zaman igerisinde geleneksel giiriiltii giderme yontemleri, makine
Ogrenmesi yontemleri, derin &grenme yontemleri ve diger matematiksel yontemler kullanilmis olup, derin 6grenme
yontemleri daha basarili sonuglar elde etmektedir. Ancak elde edilen verilere gdre orijinal gérunti giftlerine sahip olmadan
modelin egitilmesi konusunda ¢aligmalarin yetersiz oldugu ve degisik giiriiltii seviyelerinde tek bir yontemin basarili
olamadi@1 goriilmiistiir. Ileride yapilacak galismalarda gercek hayattaki goriintiilerde var olan giiriiltiilerin nasil giderilecegi
konusuna daha detayl odaklanilmas1 gerektigi goriilmektedir.

Anahtar Kelimeler: Goriintiilerde giiriiltii giderme, Goriintii restorasyonu, Video tizerinde giiriiltii azaltma, Derin 6grenme
tabanh giiriiltii giderme.

Abstract

In daily life and scientific searches, the need for real-like and denoised images is increasing. But images are distorted by
noise, resulting in lower visual image quality. For this reason, noise removal studies are carried out on images to increase the
quality. Until now, various methods have been proposed to decrease noise, each technique has different advantages. This
paper gives information about the methods that achieve the best results in their field and summarizes the studies about
traditional denoising and deep learning based denoising methods in the field of noise reduction in video and images and
compares the studies with each other. Researches show that experiments focus on the case of additive white Gaussian noise.
Traditional noise removal methods, machine learning methods, deep learning methods and other mathematical methods have
been used in image denoising problem over time, and deep learning methods achieve more successful results. However,
according to the obtained data, it has been seen that the studies on training the model without having the original image pairs
were insufficient and a single method could not be successful at different noise levels. In future studies, it is necessary to
focus on how to remove the noise in real-life images.

Keywords: Image denoising, Image restoration, Video denoising, Deep learning-based noise reduction.

I. GIRIS

Giiniimiizde video ve goriintiiler hayatin ¢esitli alanlarinda kullanilmaktadir. Goriintii aktarma ve gorintu
yakalama islemleri sirasinda video ve goriintiilerde bozulma, bilgisayarla gérme uygulamalarinda yasanan
problemlerin basinda gelmektedir. Ortamin, aktarim kanalinin ve ¢evresel faktorlerin etkisiyle goriintiiler, elde
etme, sikistirma ve aktarim sirasinda giiriiltii ile karsilagmakta ve bunun sonucunda, goriintii bilgisi bozulmakta ve
veri kayb1 ortaya ¢ikmaktadir.

Goriintiide giiriilti giderme, giiriiltiilii bir goriintiiden giiriiltiiyli kaldirmaktir. Kenar ve dokular yiiksek frekansli
bilesenler oldugundan, bunlar giiriiltiiden arindirma siirecinde, giiriiltilyii ayirt etmek zordur ve giiriiltiiden
arindirtlmig goriintiiler bazi ayrintilar1 kaybedebilir. Giiriiltii giderme aslinda klasik bir sorun olup, uzun siiredir
iizerinde calisilmasina ragmen, giiriiltii gidermenin ters bir problem olmasi ve tek ¢6ziimiin olmamasi nedeniyle
caligmalar hala devam etmektedir. Video ve goriintiilerde giiriiltii gidermek igin, farkli yaklasimlar yillar
igerisinde kullanilmustir. Kullanilan geleneksel yontemlerde uzamsal alan yontemleri ile alan dontsim
yontemlerinden faydalanilmaktadir. Geleneksel yontemlerin ¢ogu goriintiide giirtiltii giderme konusunda oldukca
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Gurilti Giderme

iyi Dbir performans elde etmelerine ragmen, elle
ayarlanan parametrelere sahip olmasi ve egitim
asamasinda en iyileme yontemlerine ihtiya¢ duyulmasi
nedenleriyle son zamanlarda derin 6grenme yontemleri
kullamlmaya baglanmistir. Derin 6grenme yontemleri
gurultiyld gidermek icin istatistiksel hesaplamalar
yaparak orijinal gorintayu elde etmeyi
amaglamaktadir. Kullanilan ydnteme bagl olarak
yapilan tekrarlt hesaplamalar sayesinde orijinal goriintii
elde etme basaris1 artmaktadir. Yapay sinir aglart, GPU
alaninda geligsmeler ve diger yontemlere gore daha iyi
performans  sergilemelerinden  &tlri  popdlerlik
kazanmus, yapilan calismalarda daha performanslh ve
degisik verilerle ¢alisabilecek yontemler gelistirilmeye
calisilmistir.  Ancak, yapilan calismalarda derin
6grenme yontemlerinin, degisik giiriiltii seviyelerine ve
tiirlerine kars1 esnek olmadigi igin yiiksek seviyede
giriiltityle  karsilastiklarinda ~ performanslart  ve
basarilar yeterli seviyede olmadigi goriilmektedir [1-
6].

1.1. Goruntulerdeki Guralti Tarleri

Giiriiltii, istenmeyen isaretlere verilen genel bir ad
olup, goriintiileri bulamklastinci, kirletici, bozucu
etkilere sahiptir. Goriintiiye etkime sekillerine goére
glrdiltii goriintli iizerinde farkli dagilimlara sahiptir.
Bazi giiriiltii bilesenleri diizgiin dagilimli olmayan
uzamsal Ozellikler gostermektedirler. Degisik tipteki
giiriiltiiler goriintl lizerinde farkli dagilimlara sahiptir.
Toplamsal Beyaz Gauss Girultlisu, goruntl verileri bir
kanalda iletilirken, goriintiiye ait isaretlerden bagimsiz
olarak hareket eden ve kendiliginden ortaya g¢ikan
istenmeyen isaretlerden etkilenmektedir.
Goruntilerdeki guraltu genelde toplamsal beyaz Gauss
glraltast (AWGN) olarak ifade edilmektedir. Gauss
Gurultist asagidaki denklem ile ifade edilmektedir.
Goriilen deger v(i) ile girultiden arindirilmus deger
u(@) ile gurdltt de n(i) ile gosterilir.

v(@) =u(® +n(D) @)

Diger bir giiriiltii tiirii olan ¢arpimsal giiriiltiisii daha
cok sentetik agiklikli radar, sonar, ultrason ve lazer
goruntilerde ortaya ¢ikmaktadir. Benek giiriiltiisii,
carpimsal bir giriltii ¢esididir. Carpimsal giiriiltii
gortintiideki piksel degerine bagli olarak; diisiik degerli
piksellerde kiigiik miktarlarda giiriiltii degeri ve yiiksek
degerli piksellerin daha biiyiik miktarlarda giirtilti
degeri icerdigi anlamina gelmektedir [7]. Carpimsal bir

giriiltiiyli  asagidaki  denklemle ifade  etmek
mimkindar.
F(x,y) =Gxy) . E(xy) @)

Bu denklemde F(x,y) guraltdli goérintideki piksel
degerleri, G(x,y) gurlltisiiz gorlntideki piksel
degerleri ve E(x,y) her piksele eklenen carpimsal
giiriiltliinlin giddetini ifade eder [8].

Diger bir giiriiltii tiiri olan Nicemleme (quantization)
gurultist, analog bir sinyalin dijital bir sinyale
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dontistiirip daha sonra tekrar analog bir sinyale
cevrildiginde olusan bozulmaya veya surekli bir
sinyalin ayrik olarak ifade edilmesi sirasinda olusan
bozulmaya verilen isimdir. Goruntilerde nicemleme
gliriiltiisi  goriintli elde etme sirasinda meydana
gelmektedir. Az bir niceleme diizeyine sahip bir
goriintiiniin ~~ genel  gorlinlimii, dalgali  olarak
tanimlanabilir, yogun renkteki alanlardaki ince
dereceler kaybolmaktadir. Sekil 1’de gosterilen San
Francisco goruntlstnin 4 bit ile nicemlemesi sonucu
gokyiiziindeki  merdiven  basamaklarina  benzer
goriintiiler yer almaktadir [9]. Daha 6nce puriizsiiz olan
goruntulerin yerini, birbirinden ayrilmg farkli bélgeler
almustir.

f...a'&, ] DR Sehear . o :

Sekil 1. Goruntiniin 4 bit ile nicemlemesi [9]
Giiriiltii degisik metotlarla; medyan mutlak sapma
[10], blok tabanli sapma [11] ve temel bilesenler
analizi ile [12] bulunmaktadir.  Goriintlilerde
gliriiltiiniin gidermenin temel amaci, giiriltili veriden
temiz goruntiinin elde edilmesidir. Kenar ve dokular
ylksek frekansli bilesenler oldugundan, bunlari
giiriiltiiden arindirma siirecinde, giiriiltiiyli ayirt etmek
zordur ve giriiltiiden arindirilmig goriintiiler bazi
ayrintilar1 kaybedebilmektedir.

Gorintli  kalitesi  matematiksel  olarak, sinyalin
gliriiltiiye oran1 hesaplanarak bulunabilir. Gorintu
kalitesini 6lcmek icin MSE, MAE, PSNR, FSIM,
SSIM, RMSE gibi yontemler bulunmaktadir. Giiriiltii
giderme sonucu goriintiiniin kalitesi degerlendirmek,
gorlintii yapist ve doku benzerligini farkli sekilde
Olglimlemek icin farkli yontemler kullanilmaktadir.
Yapilan caligmalar PSNR ve SSIM yontemlerinin
Gauss giiriiltiisiine karsi daha duyarli oldugunu ortaya
koymustur [13]. Bu ylizden goruntulerde gurditi
giderme yontemlerinin dogrulugunu degerlendirmek
icin daha ¢ok Tepe Sinyali Giiriiltii Oran1 (PSNR) ve
Yapisal Benzerlik Endeksi (SSIM) kullanilmaktadir
[14].

Tuz karabiber giiriiltiisii, goriintillerde olusan temel
gurdltilerden birisi olup, goruntll UGzerine rastgele
olarak dagitilan beyaz ve siyah pikselleri ifade eder
[15]. Goriintiilerde ayrica Gaussian, Benek ve Poisson
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gurdltaleri meydana gelebilmektedir. Goriintilerde
meydana gelen giiriiltiilerin gériintiiyli nasil etkiledigi
Sekil 2°de gosterilmektedir. Gauss glrllttsi genelde
yetersiz aydinlatma, Benek giiriiltlisii ultrason, lazer
veya sonar sebebiyle, Poisson giiriiltiisii 1$181n
yansimasi, Tuz karabiber giiriiltiisii cevredeki toz veya
cihaz kaynakli olarak goriintiilerde bozulmaya neden
olmaktadirlar.

Benek GUrUItUs[_JV

Gauss Glriltisu

Sekil 2. Goruntilerde bozulmaya neden olan
gurdlta trleri

1.2. Goriintiilerde Bozulmanin Sebepleri

Video ve goriintiideki giriltli, bilgisayarli gorii
alanindaki temel sorunlardan biridir. Video ve
gorlintiilerde giirtiltiiye yol acan nedenler asagidaki
boliimlerde agiklanmaktadir.

a) Goriintii Aktarma Sirasinda Verilerin Bozulmasi

fletim ortamunmn ¢esidi, iletisim saglayan cihaz
mesafesi ve verinin iletim hizi goriintii kalitesini
etkilemektedir. ~ Veri iletimindeki  bozulmalar;
zayiflama, sinirli bant genisligi, gecikme bozulmasi ve
giriiltii seklinde ortaya ¢ikabilmektedirler [16].

o Zayiflama: Kablo uzunlugu, merkeze olan
uzaklik, ortamin direnci gibi nedenlerden dolay1
sinyal giicii azalmaktadir. Sinyaldeki zayiflama
ve kazang, desibel (dB) ile ifade edilmektedir.

 Simrh bant genisligi: Bant genisligi, ag
performansin1  belirleyen 6lgiitlerden birisidir.
Iletim zamani, mesaj boyutunun bant genisligine
oranini ifade eder ve bant genisligi diisiik olan
hattin mesaj iletim zamani yiiksek olmaktadir.

* Gecikme Bozulmasi: Kaynak sinyali ile, hedefe
ulasan sinyalin ilerleme hizlarinda farklilik
olusursa hedefte sinyalin sekli degismektedir.
Sekil 3’de gecikme bozulmasi yasanan giris
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sinyalinin, gecikmesi ile ¢ikista gézlenen durumu
gosterilmektedir.

Girig Sinyali

JAVAY

Cikis Sinyali

Sekil 3. Sinyallerdeki gecikme bozulmasi

06 +

02 4

e Guralth: Sinyalde bozulma yapan etkilerin
timine verilen isimdir. Sinyal termal gurQltd,
indiiklenen giiriiltii, karigma ve darbe gurdltusu
ile bozulabilmektedir. Goruntl yakalama ve
aktarma sirasinda veriler giiriiltiiden etkilenip,

gorlintliniin  kalitesi diismektedir. Sekil 4’de

glriiltiiniin ~ orijinal sinyali nasil etkiledigi

gosterilmektedir.

Gurilti + Sinyal /{wl/
% .

P AN~ M A AM A AN

Sekil 4. Sinyallerdeki girulti [17]

b) Goriintii Yakalama Sirasinda Verilerin Bozulmasi

Video goruntaleri, periyodik guraltilerle
bozulabilmektedirler. Dijital videolar genellikle,
goriintii yakalama islemi sirasinda kameranin donanim
veya isleme yazilimi tarafindan ortaya ¢ikan sorunlar
nedeniyle gorsel olarak bozulabilmektedir [18].

Il. MATERYAL VE YONTEM
Goriintiilerde giirtiltii  giderme asamasinda zaman
icerisinde geleneksel gurdlti giderme yontemleri,
makine Ogrenmesi yontemleri, derin Ogrenme
yontemleri ve diger matematiksel  yodntemler
kullanilmugtir. Geleneksel yontemlerden elde edilen
tecriibeler 1smnda makine ve derin Ogrenme
yontemlerinin ~ donanmim  kullanma  kabiliyetleri
eklenerek yeni yontemler gelistirilmistir. ilerleyen
boliimlerde gelistirilen geleneksel giirtiltli giderme
yontemleri ile derin 6grenme yontemleri hakkinda bilgi
verilip bu alanda yapilan literatiir caligmalari
aciklanacaktir.
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I11. GELENEKSEL GURULTU
GIDERME YONTEMLERI

Goriintiilerde  giiriiltii  giderme  i¢in  kullanilan
geleneksel yontemler; alan dontisim yontemleri ve
uzamsal alan yontemleri olarak iki gruba ayrilmaktadir
[19]. Geleneksel yontemler ile derin Ogrenme
yontemleri ~ Sekil  5’de  gosterildigi  sekilde
siniflandirabilmektedir.

3.1. Uzamsal Alan Y ontemleri

Geleneksel yontemlerden uzamsal alan filtrelemesinde,
gorlintli gergevelere ayrilarak her gergeveye ayri ayri
filtreleme yapilmaktadir. Video {izerindeki her bir
goruntl  bir 6nceki goriintiniin  hareket etmesi,
ekrandan bazi nesnelerin ¢ikmasi ve yeni nesnelerin
ekrana girmesi ile olugsmaktadir. Bu yontemde hem
gorintilerde hem de video Karelerindeki benzer
cerceveler bulunup gruplanarak, bu cercevelerdeki
giiriiltiiler azaltilmaya caligilir. Bu yontemde kullanilan
metotlar asagida belirtilmektedir.

a) Uzamsal Alan Filtreleme

Uzamsal alandaki gurultiyl gidermek icin dogrusal
filtreler kullamlmakta ancak goriinti dokularinda
kayiplar meydana gelebilmektedir. Gauss giiriiltiisti
giderimi  icin  ortalama filtreleme de [20]
kullamlabilmekte olup, yliksek giiriiltiilii goriintiilerde
bu filtre goriintiiyii asirt diizgiin hale getirebilmektedir
[21]. Bu durum icin, Wiener filtrelemesi [22]
kullamlabilmekte, ancak bu filtre goriintiideki keskin
kenarlar1 bulaniklastirabilmektedir. Medyan filtreleme
[23] ve agirlikli medyan filtreleme [24] gibi dogrusal
olmayan filtreler kullanilarak, giiriiltQ seviyesi 6nceden
bilinmeden giriltii giderilebilmektedir. Dogrusal
olmayan, kenar1 koruyan ve giriiltii azaltici bir
yumusatma filtresi olarak Bilateral filtreleme [25],

gorilintiilerin bozulmasini dnlemek i¢in yaygin olarak
kullanlmaktadir. Her pikselin yogunluk degeri,
yakindaki piksellerden alman agirlikli  ortalama
yogunluk degerleriyle degistirilmektedir.

b) Toplam Degisim Filtresi

Varyasyon modelleri matematiksel goriintii isleme ve
bilgisayarla gdrme alaninda  aktif arastirma
alanlarindan biri olmaya devam etmektedir [26].
Toplam varyasyon tabanli goriintii restorasyon
modelleri ilk olarak Rudin, Osher ve Fatemi (ROF)
tarafindan kenar koruma goriinti giiriilti giderme
konusundaki yapilan ¢aligmalarda ortaya g¢ikmustir
[27]. Esyonsiiz doku filtresi ROF modeli kullanilarak
gelistirilen goriintii  kalitesini  arttirmaya  yonelik
kullanilan bir yontemdir [28]. Kismi diferansiyel
denklemler tabanli kenar koruma, giiriiltii gidermenin
iyi bilinen érneklerinden biri olup, gurultuleri ortadan
kaldiritken goriintiilerdeki kenarlart  korumak igin
tasarlanmustir. Yillar i¢inde, ROF modeli diger birgok

gorlintii  restorasyon  goérevine  genisletilip ve
performansint  artirmak  i¢in  ¢esitli  sekillerde
degistirilmistir. Bu  gelismelerden bazilar1  yeni

algoritmalara, bazilar1 ise yeni modellere ve teorilere
yol a¢mustir [29]. Bu modeller, goriintiilerde giiriilti
giderme, bulaniklik giderme, kor giiriiltii giderme ve

gérinti  ic boyama gibi gorinti restorasyon
problemlerinde kullanilmaktadir [30].

c) Yerel Olmayan Ortalamalar

Onemli detaylarin  ve dokularin  kaybolmasini

engellemeyi amaglayan bu yontemde, goriintii ¢esitli
Olceklerde alt parcalara ayirilip goriintii ye ait piksel
degerlerinin ortalamasi almmaktadir [31].

Giriilti Giderme

Yontemleri

Y

Geleneksel Yontemler

Alan doniisim

Uzamsal alan yontemleri . ,
vontemleri

Y

Derin Ogrenme
Yintemleri

-

\J ‘L 1L 1L \L

J_— | |Otokodlayier | [Tekrarlayan| | Kisitlanmig ]_Jerin Cekismeli
CNN Youtemleri| | yintemeri | {sinir Aglan | beltzmann || Inan¢ | \fpetken Aglar
makineleri || Aglan

Y Y Y Y
Uzamsal Toplam Yerel Sevrek Diisiik
Alan Degisim Olmayan || Dereceli . . .
Filtreleme ) | Filtresi J (Ortalamalar | " ) [Minimizasyon Artikgorinti | | CNNlaullaaarsk | | Optimizasyon
elde edilen ortak ozellik yintemi ile
evrisimsel cikartma yontemleri | | CNN'nin birlikte
sinir aglar ile giiriiltii giderimi kullanim

Sekil 5. Goriintiilerde giiriiltii azaltmada kullanilan geleneksel ve derin 6grenme yontemlerinin
siniflandirilmasi
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Hizli Blok Eslestirme ve 3 Boyutlu Filtreleme
tekniginde sabit goriintiiler ve videoda benzer kareleri
gruplayarak filtreleme yapmak igin blok eslestirme
kullanilmaktadir. Bir ¢er¢evenin, referans bir gergeve
ile benzerligi, belirtilen bir esigin altina diiserse
gruplanip, sonrasinda 3 boyutlu filtre uygulanmaktadir
[32]. Blok esleme algoritmast daha az hesaplama
gerektirmektedir. Gorintinin icindeki bloklar kayar
bir sekilde islenip, islenmis olan bloga benzer diger
bloklar aranarak blok eslestirme yapilmaktadir [33]. Bu
prosediri tekrarlayan strguli pencereler (bloklar) igin
devam ettirdikten sonra, nihai tahmin, Ust Uste binen
tim blok tahminlerinin agirlikli ortalamasi olarak
hesaplanmaktadir. Giiriiltii kademeli olarak arttiginda,
BM3D'nin giiriiltii  giderme performans1  diisiik
kalmakta olup, o©zellikle duz alanlarda bozulmalar
ortaya c¢ikmaktadir [34]. Bu yontem gorsel agidan
kaliteli bir sonug elde etse de evrisimli sinir agi (CNN)
bazli yontemler BM3D yontemine gore daha basarili
sonuglar elde etmektedir [3]. Sekil 6’da Lena
gorlintiisiinde giiriiltii giderme islemi igin blok olarak
eslestirilen benzer karelerin gruplanarak filtrelenmesi
gosterilmektedir.

3 Boyutlu Filtreleme ile
Giriltii Giderme

.

=)

Sekil 6. Blok esleme ve 3 Boyutlu filtreleme ile
goriintiilerde giiriiltii giderme iglemi [35]

VBM3D [36], VBMA4D [37] blok esleme ve 3 boyutlu
filtreleme ile videolarda giriltlyl gidermek igin
kullanilmaktadir. VBM4D yoéntemi ile nesnelerin
hareketleri takip edilerek, bir o6nceki ve sonraki
konumlari bulunup, nesneler aymi ise gruplanarak
filtreleme uygulanmaktadir. Bu yontemde hareket
vektorii ile cisimlerin takibi yapilmaktadir [38].

Yerel olmayan glriiltd giderme modelleri gorinti
restorasyon problemlerinde; girllti  giderme, ic
boyama, ekleme vyapma, gorintl sentezi igin
kullamlmaktadir. Bu modeller, goriintiileri bir dizi
yerel komsuluk veya yama ile temsil eder ve giiriiltiiyii
tahmin etmeye c¢alisir. En Biiyiik Artgil Kestirim
(MAP) giiriiltiilii gériintiiden temiz bir yamayi tahmin
etmek icin kullanilabilmektedir [39]. Bu ydntemde
istatistiksel veriler kullanilarak goriintii izerindeki bir
degerin tahmini yapilmaktadir. Ger¢ek giiriiltii giderme
problemleri i¢in, hipotez uzayr genellikle ¢ok biiyiik
veya sonsuzdur. MAP hipotezlerini  bulmak,
optimizasyon problemini ¢dzmeyi gerektirdiginden,
giriiltii tahmini i¢in yapilan islemler daha kisa
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sirmektedir [40]. Bu ydntem kenar ve dokularin
korunmasinda etkili bir ¢6ziim sunmaktadir.

d) Seyrek Yaklagim

Smuflandirma problemleri bilinmeyen bir nesneyi
dogru sinifa atamayr amaglamaktadir. Seyrek yaklagim
metodunda seyrek gosterim vektorii  kullanilarak
nesnelerin hangi sinifa ait oldugu bulunmaktadir [41].
Bu y6ntem goriintii islemede kullanilarak goriintiideki
bazi Ozelliklerin daha kolay ortaya ¢ikmasim
saglamaktadir [42]. Destek Vektor Makineleri [43] ve
Cekirdek Tabanli Seyrek Temsil [44] bu yaklasimu
kullanan dnemli yontemlerdir. Yerel olmayan merkezi
seyrek temsil (NCSR) modeli, yaygin olarak kullanilan
goriintu gurultd giderme yontemlerinden biri olup,
yerel olmayan merkezi seyrek temsil hem pirlzsiz
hem de dokulu bélgelerin yeniden yapilandirilmasinda
basarili sonuglar elde etmektedir [45]. Ancak seyrek
yaklagim tekniklerinin yinelemeli sozlik 6grenme ve

bilinmeyen seyrek katsayilarin yerel olmayan
tahminleri, hesaplama  slresini  uzatmakta ve
uygulamalarda bu  yontemin  kullamlabilirligini
sinirlamaktadir.

e) Diisiik Dereceli En lyileme

Bu modelde, seyrek gosterim modelinden farkl olarak,
benzer yamalar gruplanarak bir matris
olusturulmaktadir. Bu matrisin her bir siitununda,
benzer yamalara ait veriler tutulmaktadir. Giirilti
giderimi i¢in diisiik dereceli yaklasimlar; diisiik siral
matris ¢arpanlarina dayali yontemler [46] ve nikleer
norm en iyilemesine dayali yontemler (NNM) [47]
olarak iki gruba ayrilmaktadir. Diisiik sirali matris
carpanlara ayirma, iki giris arasindaki etkilesimleri
bulmak ve ikili verileri analiz etmek icin
kullanilmaktadir [48]. Diisiik dereceli model, giirtilti
gidermede iyi sonuclar elde etmekte [49], ancak ¢ok
diisik veya c¢ok yiiksek girilti degerlerinde
ayrintilarin kaybolmasina neden olmaktadir.

Tekil Deger Ayrnisimi (SVD), bir matrisi farkh
boyutlara bolerek boyut azaltmayr amaglamaktadir.
Sekil 7°de verilerde Tekil Deger Ayrisimi yontemi ile
boyut azaltma islemi gosterilmekte olup, matris 3
parcaya ayrilmistir, orijinal veri bu matrisler
kullanilarak elde edilebilmektedir [50].

Orjinalmx n
matris mxp matrls

n-g==

Sekil 7. Verilerde Tekil Deger Ayrisim yontemi ile
boyut azaltma [51]

pxp matrls pxXn matrls
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K-Ortalamalar1 kiimeleme tekil deger ayrisimn (K-
SVD), k-ortalamalar1 kiimeleme yonteminin
genellestirilmis hali olup, giris verilerini gecerli
sozlige dayanarak seyrek olarak kodlayip, sozliikteki
atomlari verilere daha iyi uyacak sekilde glincelleyerek
yinelemeli olarak ¢aligmaktadir [52]. K-SVD, gorunti
isleme, ses isleme, biyoloji ve belge analizi gibi
uygulamalarda yaygin olarak kullanilmaktadir.

Niikleer norm en iyilemesine dayali yontemler, tiim
tekil degerleri esit sekilde kiigiilterek matris sirasini
yaklasik olarak tahmin etmek i¢in kullamlmaktadir.
Niikleer norm en iyilemesine dayali yontemler baz
alinarak, farkli boyutlardaki tekil degerlere uyarlanan
agirlik atayabilen ve yumusak bir esik yontemi
kullanan bir yontem (WNNM) gelistirilmistir.
WNNMnin gelismis giiriilti giderme performansina
sahip olup, yiiksek giiriiltiide basarili olmasi, yapay
zeka, goriintli isleme, Oriintli tanima, bilgisayarla
gorme gibi alanlarda yaygin olarak kullanilmasina
imkan saglamustir [53]. Diigiik dereceli en iyileme
yontemi diger giiriiltii azaltma yontemlerinden daha iyi
performans gosterse de yinelemeli artirim adiminin
iglem siiresi uzun olmaktadir.

3.1. Alan Doniisiim Y ontemleri

Dontlisiim  tabanli  giiriiltii  giderme  ydntemleri,
donlisim alanindaki bir sinyalin giiriiltiiden daha
seyrek  gosterime  sahip oldugu  varsayimina
dayanmaktadir [54]. Alan doniisiim yontemleri ilk
olarak Fourier doniisiimii kullanilarak gelistirilmistir.
Zaman igerisinde kosiniis doniigiimii, dalgacik alani
yontemleri [55], gibi ¢esitli doniisiim alan1 yontemleri
ortaya c¢ikmustir. Verilen giiriiltili  goriintiilerde
doniistiirme araglart olarak bagimsiz bilesen analizi
[56] ve temel bilesen analizi [12] fonksiyonlar
kullanilmugtir. Bagimsiz  bilesen analizi  yOntemi
normal dagilima sahip olmayan verilerin giiriiltd
azaltmasinda basariyla uygulanmistir. Bu yontemin
dezavantaji, yiiksek hesaplama maliyeti olup, kayan
pencereler kullanildigr i¢in, ayni kareden giiriiltiisiiz bir
gorlintli 6rnegi gerektirmesidir.

Alan  doniisiim  yontemlerinden  dalgacik  alani
yontemleri gorintulerde glrulty giderme alaninda basit
algoritmalar ile basarili sonuglar elde etmektedir. [57]
Bu alanda gelistirilmis yontemleri 4 kategoride
inceleyebiliriz.

1. Dogrusal filtreler, giiriiltii giderme igin kullanilan
sayisal filtrelerdir [58]. Gauss  giriiltiisiinii
azaltmak igin uyarlamali bir dogrusal filtre tiiri
olan Wiener filtresi tercih edilmektedir. Bu filtre
statiksel ~ bir  yaklagimla hata  karelerinin
ortalamasini en aza indirmeye ¢aligarak filtrelenmis
gorintayd Gretmektedir

Dalgacik Doniisiimii giiriiltii gidermede alaninda,
dogrusal olmayan katsayr esikleme tabanh
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yontemler de kullanilmaktadir. Gauss giiriiltiisii
dalgacik alaninda kiigiik degerlerle temsil edilme
egilimindedir ve belirli bir esigin altindaki
katsayilari sifira ayarlayarak (sert esikleme) veya
esigin lzerindeki katsayilarin esigin mutlak degeri
ile kigiltiildiigii yumusak esikleme teknikleri ile
giriiltli  giderilmektedir [59]. Dalgacik biiziilme
literatiiriiniin ¢ogu, goriintiiye uyarlanabilen veya
uyarlanamayan optimal esigi se¢me yontemlerine
dayanmaktadir.  VisuShrink  yaklagimi, tiim
dalgacik detay katsayilan i¢in tek bir esik degeri
kullanmaktadir [60]. Bu esik, ilave Gauss
gliriiltlisiinii  ortadan kaldirirken, asin  diizgiin
goriintiiler ortaya cikabilmektedir. BayesShrink
algoritmasi, her dalgacik alt bandi icin farkli bir
esigin kullanildigi, uyarlanabilir bir yaklagimdir
[61].

Dalgacik  katsayist  yaklasiminda, Dalgacik
Doniisiimiiniin ¢oklu ¢Oziiniirlikli
ozelliklerinden yararlanilir. Bu teknik, sinyali
coklu ¢ozindrluklerde gozlemleyerek farkli
¢Oziiniirliiklerde sinyalin yakin korelasyonunu
tanimlar. Bu yontem giiriiltiileri gidermede
basarili olup, hesaplama agisindan karmasiktir.
Dalgacik katsayilarinin modellenmesi
deterministik veya istatistiksel yontemlerle
olabilmektedir. Deterministik modelleme
yontemi, dalgacik katsayilarini temsil eden
digiimler ile bir aga¢ yapisini olusturmaktadir.

Giiriiltii  sinyalini ayristirmak igin, Kirtlmamus
Dalgacik Doniisiimii (UDWT) de kullanilnustir
[62]. Yapilan bir ¢alismada, azaltilmug bir doniisiim
yerine  kirilmig  bir  doniisim  kullanilarak
esiklemenin, giiriilti giderme uygulamalarinda
sonucu 2,5 dB'den fazla iyilestirebilecegi
gosterilmistir  [63]. Bu yontemin UDWT
kullammunin giiriilti gidermede basaris1 yaninda,
bir hesaplama yiikii de getirmektedir.

Fourier tabanli donisim yontemlerinden birisi olan

Ayrik  Kosinlis  Doéniisimii  (DCT)  filtreleme
algoritmasi, gorlintiilere sabit veya uyarlanabilir
sekilde secilen bloklar halinde uygulanmaktadir.

Ayrica DCT yiiksek veri sikistirma oranlarinda yiiksek
kalite elde edebilmektedir [64]. DCT tabanl filtreleme
yonteminde dikey doniisiim alanindaki bir bilegen
biiyiik bir mutlak degere sahipse, bilgi olarak
degerlendirilmekte; eger bilesen bir esikten sifira yakin
bir genlige sahipse, o zaman giriilti olarak
degerlendirilmektedir [65]. DCT tabanlh filtreleme
goriintulerde glrultl giderme, uygun doku koruma ve
kenar ve detaylarin korunmasini saglamaktadir. Ancak
giiriiltii giderimi igin kullanilan yontemlerin i¢inde bu

yontemin islemci gereksinimi oldukga yiiksek
olmaktadir. Sekil 8’de 3 Boyutlu Ayrik Kosiniis
Doniisiimii  ile  sikigtinlan  gOriintiiniin ~ tekrar

olusturulmasi gosterilmektedir.
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Ayrik Kosiniis Donilisimii - Tekrar Olusturulan

Orjinal

GOrinti Sonrasi Goriinti Gorunti

Sekil 8. 3 Boyutlu Ayrik Kosiniis Doniigiimii ile
gorlintii sikistirma ve geri olusturma [35]

Goruntilerde  garaltd  giderme igin  kullanilan
yontemlerin seyrek sinyal eslestirme ve blok eslestirme
ozelliklerine gore uyarlanabilir veya sabit olmasi ile
blok eslestirme durumlari Tablo 1’de
kiyaslanmaktadir.

Tablo 1. Goriintllerde guralti giderme icin
kullamlan geleneksel yontemlerin kiyaslanmasi [3]

) Seyrek Sinyal Modeli Blok
Yontem Eslestirme
Sabitlik Uyarlanabilirlik
fBM3D [42] v 4
3D DCT [43] v
KSVD [47] v
VBMB3D [48] v
VBM4D [48]

IV. DERIN OGRENME YONTEMLERININ
GURULTU GIiDERME UZERINDE
KULLANILMASI

Goriintli tizerindeki giirtiltiileri gidermek i¢in farkl
derin 6grenme yontemleri kullaniimaktadir. Kullanim
kolaylig1, daha az kaynak tiiketimi ve degisken giiriilti
tiirlerine uyarlanabilir olduklar igin yapay sinir aglari
gorintilerde gurdlti azaltmak icin tercih edilmektedir.
Mevcut sinir ag1 tabanli yontemlerin ¢ogu evrisimli
sinir ag tabanli bir yaklasim izlemektedir.
Goriintlilerde giiriiltli azaltmak igin, derin Ogrenme
yontemlerinden  ilk olarak CNN  mimarileri
kullamlmaya baglanmistir [66]. CNN tabanl giiriilti
azaltma yontemleri genel olarak diger yontemlere gore
daha basarili sonu¢ elde etmektedir [67, 68]. CNN
aglarinda eklenen katmanlar yiiksek diizey 6zelliklerin
aciga ¢ikarilmasinda ve goriintiiniin
anlamlandirilmasinda kullanilmaktadir.

Goruntllerde gurilti  gidermenin basaris1  orijinal
goriintii ile giiriilti giderme sonrast elde edilen
gorlintiiniin kiyaslanmasi ile 6lgiilebilmektedir. Ancak,
gergek hayatta cogu zaman eslestirilmis giiriiltiili ve
temiz goriintiiler bulunmamaktadir. Bu durum egitim
ve test verilerini elde edilmeyi zorlagtirmaktadir.
Tomografi, MR, ultrason, mikroskobik floresan
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gorintaleri, uydu gorlntileri bu tir gorlntilere
ornektir. Denetimli 6grenme, bozuk goriintii ve temiz
goruntl cifti iceren bir regresyon modelidir. CNN
modelleri gorintu ciftlerini kullanan ileri beslemeli
evrisim sinir aglaridir. DnCNN [69] gibi CNN tabanl
yontemler, ek beyaz Gauss giiriiltiisiini kaldirmak igin
eslestirilmis temiz ve giiriiltiili verilerle derin bir sinir
agin1 egiterek giiriiltiiden arindirilnug goriintiiler elde
etmektedir. Denetimsiz 6grenme yontemlerinde egitim
icin temiz gorintu verisi olmadan veya gurdltull
gorlintii verisi olmadan giiriilti dogrudan verilerden
ogrenilerek giderilmektedir. Noise2Noise (N2N) [70],
eslestirilmis bozuk gdzlemlerden Ogrenilen modeller
gurdltiyd ortadan kaldirmak i¢in uygulanmaktadir.
Noise2Self (N2S) [71] ve Noise2Void (N2V) [72], kor
giiriiltii gidermek ve bir regresyon modeli egitmek i¢in
kendi kendini denetleme stratejisini benimsemistir. Bu,
egitim i¢in giirtiltilii bir veri kiimesi veya bir ¢ift temiz
goriintli, Omegin  biyomedikal  goOriintli  verisi
bulamadiginuz veri kiimeleri i¢in kullanilmaktadir.

Derin  6grenme  modellerinin  egitimi  modelin
basarisinda 6nemli Ol¢iide etkilidir. Gurlltd giderme
konusunda yapilan c¢alismalarda artirilmuis  veri
kimeleri ile c¢alismak modelin  performansini
etkilemektedir [73]. Az veri ile yapilan ¢aligmalarda
modelin ezberleme problemi ile karsilagilmaktadir.
Gorunt  wverileri  Uzerinde  dondurme,  gevirme,
Olgeklendirme, kirpma yontemleri kullanilarak veri
artirimu yapilmaktadir. Bir siniflandirma galigmasinda
test ve egitim verisinin artirilmasinin modelin dogruluk
oranini etkiledigi Sekil 9‘da gorulmektedir [74].

0.90
0.85 . =
0.80 @
§ 0.75 =
X 0.70 o
2
e 0.65
= Orjinal Veri
0.60
0.55 ® Veri Sanallagtirma (Test ve Egitim Verisi)
0.50
125 500 1000 1500 2000
Veri Seti Savisi

Sekil 9. Veri seti sayisinin modelin dogruluk
oranina etkisi [74]

4.1. CNN Yontemlerinin Guriltt Gidermede
Kullanim
Goriintiilerde  giiriilti  giderme  i¢in  kullanilan
yontemler genel olarak ImageNet yarismasindaki
mimarilerden  esinlenmektedir. ImageNet Biyik
Olgekli Gorsel Tamima Yarismas: (ILSVRC), CNN
mimarilerinin gelisimi ve taninmasinda énemli bir yere
sahiptir [75]. LeNet CNN mimarisi, el yazisiyla
yazilmig rakam tanimada bagarilt olmustur [76].
Ancak, LeNet mimarisi kaybolan egim sorunu,
sigmoid [77] wve tanh [78] gibi aktivasyon
fonksiyonlarinin  hesaplama maliyeti sorunlarna
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sahiptir. 2012 yilinda AlexNet [79] ile, grafik islem
birimi kullanilmus, rastgele kirpma ile asirt uyum
sorunlart ¢Oziilmiistlir. Sigmoid yerine ReLU [80]
kullanimu, degisken egim  inisinin = hizim
iyilestirmektedir. Ayrica veri artirma yontemi ile asiri
uyum sorunu ¢oziilmiistiir. AlexNet iyi bir performans
elde etmesine ragmen, biiyilk konvansiyonel
katmanlardan dolayr o6nemli bellek kullanimina
sahiptir. Bu sebeple, akilli kameralar gibi ger¢ek
diinyadaki uygulamalarda kullanimini sinirh kalmustir.
2014-2016 doneminde, yazilim performansini artirmak
ve hesaplama maliyetlerini diigiirmek i¢in kiigiik filtreli
daha derin ag mimarileri tercih edilmistir. VGG [81],
2014'teki ImageNet yarismasini kazanmak igin kiigiik
cekirdek boyutlariyla daha fazla evrisimsel sinir agi
olusturmustur. GoogleNet [82], gorintl
uygulamalarinin  performansimi  iyilestirmek  igin
genisligi artirmistir. GoogleNet ayrica parametre
sayisini ve hesaplama maliyetini azaltmak igin biiylik
bir evrisimli g¢ekirdegi iki kiigiik evrisimli c¢ekirdege
doniistiiriip, baslangic modiilini [83] kullanmustir.
GoogleNet 22 katmanli bir yapiya sahip olup, ardisik
konvoliisyon ve havuzlama katmanlar1 yerine birbirine
bagli modiiller kullanan bir yapiya sahiptir [84]. VGG
ve GoogleNet yontemleri goriintii uygulamalari igin
etkili olsa da ag ¢ok derin ise, egimin kaybolmasina; ag
¢ok genis ise, asirt uyum sorununa neden olmaktadir.
Bu sorunlari ¢dzmek icin ResNet mimarisi [85]
onerilmistir. ResNet mimarisinde her bloga artik
ogrenme islemi eklemistir. Cekismeli Uretken Aglar
(GAN) [86] iiretken wve ayirt edici aglardan
olusmaktadir. Uretken ag, girdi verilerine gore drnekler
olusturmak igin; ayirt edici ag hem girdi 6rneklerinin
hem de  iretilen  Orneklerin  dogrulugunu
degerlendirmek i¢in kullamlmaktadir. GAN yiiz tanima
[87] ve karmasik giiriiltilii goriintiilerde, giliriiltii
gideriminde kullanilmaktadir. Yukarida bahsedilen
evrisimsel sinir aglari, goriintiilerde giiriiltli giderimi
icin temel olusturan aglardir. Bu mimariler kullanilarak
degisik giiriiltii giderme yontemleri olusturulmustur.

Goriintiilerde Giiriiltii Giderme icin CNN Y énteminin
Kullanim

Goriintlilerde  giiriilti giderimi i¢in derin 6grenme
mimarileri ilk olarak Zhou ve arkadaslari tarafindan
kullanmustir [88]. Hesaplama verimliliginin artirilmast
ve performans arasinda bir denge kurmak igin ileri
beslemeli aglar onerilmistir [89]. ileri beslemeli ag,
verilen giirtiltiili goriintiiyii, evrisimlere benzer olarak
Kuwahara filtreleri ile dlzeltmektedir. Daha sonra,
agm dogrulugunu artirmak ve giriltiiden giderme
performansini artirmak igin en iyileme algoritmalari
kullanilmustir. Yeni bir ag mimarisi tasarlanarak ag
derinligi artirillmig ve aktivasyon iglemi degistirilerek
giriltii ortadan kaldirlmistir. Hiicresel sinir aglar
(CENN), goruntulerde gurdltiyd gidermek icin
sablonlu diigiimler kullanmaktadir [90]. Onerilen bu
yontem, basarili giiriiltd giderme sonuglar1 elde
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edebilmesine ragmen, parametrelerinin elle olarak
ayarlanmasi gerekmektedir. Bu sorunu ¢6zmek igin
azalan egim inigi  gelistirilmistir.  Hesaplama
maliyetinin diigiirmek i¢in de evrigimsel sinir aglari
kullanilmaya baglanmugtir. Giiriiltii Gideren Evrigimsel
Sinir  Aglan modeli konvoliisyon, toplu
normallestirme, diizeltilmis dogrusal birim ve artik
O0grenme ile goriintilerde giriiltii giderme, siiper
¢ozilinilirlik ve JPEG goriintii bloklarinda giiriiltii
giderimi i¢in kullanilmstir [91]. Eslestirilmemis
giiriiltiili goriintiileri islemek igin, cekismeli iiretici ag
(CBDNet) [92], biri gergek girdltald gorintinin
giirliltiistinii tahmin etmekten, digeri ise gizli temiz
gorlintiiyli elde etmekten sorumlu olan iki alt ag
tarafindan verilen gercek giriltiilii goriintiden
giriiltiiyi.  kaldirmugtir.  Daha  karmasik  bozuk
gorlintiiler i¢in, bulamklk ¢izgisini ve giriltiyi
tahmin etmek ve yuksek ¢ozUnlrlUklU bir géruntiyd
elde etmek icin derin bir stper ¢ozunlrlik (DPSR)
yontemi [93] gelistirilmistir.

4.1.1. Guralta gidermede kullanilan CNN mimarileri

Goriintiilerde giiriiltii giderme sirasinda evrigimsel sinir
agt modelini olustururken, ek beyaz giiriiltili
goriintiiler yaygin olarak kullanilmaktadir. Ek beyaz
gurdltala - goérintuler Gaussian, Poisson, tuz ve
karabiber ve c¢arpimsal  giraltili  goruntdleri
icermektedir [94]. Goruntilerden guriltuleri gidermek
icin  CNN aglart kullanilarak 3 farkli yontem
uygulanmaktadir.

a) Artik goriintii elde edilen evrigimsel sinir aglari

Bu ydntemde gurlltl gideren CNN mimarisi, normal
CNN’den farkli olarak; sonug¢ verisinde, orijinal
goruntliye ait parcalar yerine gurdlti goruntii elde
edilmektedir. Gulralti gorlntl orijinal goruntiiden
cikartilarak temiz goriintii elde edilmektedir [95]. Bu
sistemin olusturulmasi i¢in farkli mimariler agagidaki
yontemlerle tasarlanmaktadir.

*  CNN'nin coklu girislerindeki ozellikleri
birlestirmek: Bu yontemde farkli aglardan ¢ok
sayida girdi saglayabilmek i¢in girdi verisinin farkli
perspektifleri kullanilabilmektedir [96].

» Kayip fonksiyonunun degistirilmesi: Farkli kayip
fonksiyonlari tasarlanarak mimari hiz1
degistirilebilmektedir.

* CNN'nin derinligi veya genigligini degistirmek:
Agm derinligini veya genisligini artirarak giiriiltii
giderme performansini iyilestirmek igin alici alan
boyutu buyutulebilmektedir [97].

* CNNl'lere yardimci eklentiler koymak: CNN'nin
basarisini artirabilmek i¢in aktivasyon fonksiyonu,
genisletilmis evrisim, tam bagli katman ve
havuzlama islemleri gibi eklentiler
uygulanabilmektedir [98].
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* CNN'de atlama baglantilart veya kademeli islemleri
kullanmak: Derin katmanlarda tamamlayici bilgi
saglamak i¢in atlama baglantilari [99] veya
kademeli islemler [100] kullanilabilmektedir.

b) CNN kullanarak ortak 6zellik gikartma yontemleri
ile gurdlth giderimi

Bu yontem, giiriiltii giderimi sirasinda CNN yontemi
ile birlikte bagart elde etmis mimariler birlikte
kullanilmaktadir. Bir ¢aligmada dalgacik doniisimii ve
U-agin1 kullamlmaktadir [101]. Bu yontemi kullanan
bir ¢aligmada yiiksek boyutlu giiriiltiilii goriintiiler i¢in,
CNN ve boyutsal indirgeme yonteminin kombinasyonu
kullamlmaktadir  [102]. Bir diger c¢alismada
gorlintiilerde giiriiltii giderimi igin temel bilesen analizi
igeren bir CNN kullanilmustir [103]. Bu mimarinin ilk
adiminda, 6znitelik ¢ikarmak igin evrisim iglemi ikinci
adimda, elde edilen 6zelliklerin boyutunu azaltmak i¢in
Temel Bilesen Analizi kullamlmustir. Ugiincii adimda
ise temiz bir goriintilyii yeniden olusturmak icin
evrisimler kullanilmugtir.

€) Eniyileme yontemi ile CNN’nin birlikte kullanimi

Bu yontemde Cekismeli Uretken Aglar (GAN)
kullanilmaktadir. Giiriiltii giderme hizini iyilestirmek
icin, en biiyiik artgil kestirim (MAP) yontemine sahip
bir ¢ekismeli liretken ag, giiriiltiiyli tahmin etmek ve
goriintii i¢ boyama ve siiper ¢oziiniirliik gibi islevler
icin  kullamlmaktadir [104].  Giiriiltii  giderme
performansini iyilestirmek ve giiriiltiilii bir goriintiy
plrizsuz hale getirmek icin CNN en iyileme yontemi
kullanilmaktadir [105].

4.1.2. Giiriiltii gidermede kullanilan énemli CNN
yontemleri

Yukarida bahsedilen CNN mimarileri kullanilarak
farkli  yontemler  gelistirilmisti. Bu  bdlimde
gelistirilen 6nemli yontemlerden bahsedilmektedir.

Gurialtila Veri
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a) Giirilti Gideren Evrisimsel Sinir Aglart

Giirtilti. Gideren Evrisimsel Sinir Aglar1 (DnCNN)
gorlintiilerde giirtiltii azaltmak ve performansh bir
¢6ziim sunabilmek i¢in hazirlanan bir yontemdir [69].
DnCNN, veri sayisin1 azaltarak islem performansini
artirmaktadir. CNN aglarinda, agin derinligi arttik¢a
hata miktarinda da artis meydana gelmektedir. Sekil-
10°da CIFAR-10 veri setinde 20 ve 56 katmanli agda
meydana gelen egitim ve test hatalar1 gosterilmektedir.
DnCNN sayesinde agmn derinligi artsa da hata
miktarinin artig1 stnirlanmustir.
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Sekil 10. CIFAR-10 veri setinde 20 ve 56 katmanli
agda meydana gelen egitim ve test hatalari [69]

Giiriiltii giderme i¢in kullanilan yontemlerin basarilt
olmasina ragmen, iki biyiik dezavantaja sahiptir.
Birincisi, bu yontemler genellikle test agamasinda sinir
agmin en iyileme asamasi, giiriilti giderme islemini
zaman alict hale getirmektedir [106]. ikincisi, modeller
genel olarak elle secilen parametreler sebebiyle,
giriilti giderme asamasindaki esnekligi diisiiktiir.
Giiriiltii Gideren Evrisimsel Sinir A§1 bu sorunlara
toplu normallestirme ve artik ag ile ¢oziim
sunmaktadir. Toplu normallestirmede daha yiksek
ogrenme derecesi elde etmek igin her katmanin
cikisinda normallestirme yapilmaktadir. Artik ag
sayesinde, elle secilen parametreler  ortadan
kaldirilarak, kisayol baglantilar1 olusturulup, onceki
ciktt  degeri girdi degeri olarak mimaride
kullanilmaktadir. Boylece daha derin bir 6grenme ag1
olugsmas1 saglanmaktadir. DnCNN mimarisi Sekil
11°de gosterilmektedir.

Artik Veri

Sekil 11. Giiriiltii Gideren Evrisimsel Sinir Ag1 mimarisi [69]
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b) Egitilebilir  Dogrusal  Olmayan  Reaksiyon
Yayilmasi (TNRD)
Esyonsiiz  yayillma  yonteminde, filtreler, etki

fonksiyonlar1 ve diger parametreler, dogrusal olmayan
yayllma modellerinin aksine, kayip tabanli bir
yaklasimla, egitim verilerinden eszamanli olarak
ogrenilmektedir [107]. Bu model ilk olarak Perona ve
Malik tarafindan 6nerilmis olup, goriintiiniin sinirlarin
belirleme ve giiriiltii azaltmada basarili bir yontemdir.
Bu yontem, Gauss guriltusuniin giderilmesi, tek
gorlntuden stper ¢ozinlruk goriintl elde etme ve
JPEG goriintiilerinde kayip giderme islemi icin
kullanilabilmektedir.

c) Laplas Piramit Stper-Coziiniirliiklic Ag (LapSRN)

Basamakli alt aglardan olusan bir CNN agidir [108].
Yiiksek ¢ozinirliklii bir ag olusturmak igin
kullanilmaktadir. Ozellik ¢ikarim katmani ile tersine
evrigsimsel doniisiim katmanlarinin birlikte kullanildigt
CNN mimarisine sahip bir agdir. Sekil 12°de bu
yonteme ait mimari gosterilmektedir. Ag 27
katmandan olusmakta olup, disik c¢oziiniirlikli
gortintiileri  sliper ¢oziiniirliige ulastirmak igin de
kullanilmaktadir.

Ozellik Cikartma Katmam

Tekrar Gortintii Elde Etme
Katmani

Sekil 12. LapSRN mimarisi [108]

d) BRDNEet

Derin evrisimli  sinir aglarinda derinlik arttikca
sistemin egitimi zorlasmakta ve performans sorunlari
ortaya ¢ikmaktadir. BRDNet agin genisligini artirmak
icin iki ag1 birlestirip daha fazla &zellik elde etmeyi
amaclamaktadir [109]. Artik O6grenme, genigletilmis
evrigimler, goriintiileri giiriiltiiden arindirmak ve daha
fazla o6zellik elde etmek i¢in kullanilmaktadir. Sekil
13°de BRDNet mimarisi gosterilmektedir. Mimari iki
kissmdan  olusmakta  olup, toplu  yeniden
normallestirme  katmani yesil ile, genisletilmis
evrisimsel ag katmani mavi ile gosterilmektedir.
Orijinal gorlntiiden o6nce guraltd elde edilmekte,
gliriltii orijinal goriintiiden ¢ikartilarak temiz goriintii
elde edilmektedir.

e) Cok Seviyeli Dalgacik Evrisimli Sinir Ag1

Bu yontemin amaci daha hizli galisan bir giiriilti
giderici model olusturup, goriintiiniin  kalitesini
artirmaktir.  Bunu  saglayabilmek i¢in  Ozellik
haritalarinin boyutu kiigiiltiiliip, kanallar1 azaltmak i¢in
bir konvollsyon katman kullanilmaktadir. Genisleyen
alt agda, yiliksek c¢oziiniirliikli 6zellik haritalarim
yeniden yapilandirmak i¢in ters dalgacik doniisiimii
uygulanmaktadir. Cok Seviyeli Dalgacik Evrisimli
Sinir Agt (MWCNN) goriintii geri yiikleme alaninda
kullamlmaktadir. 2 boyutlu  ayrik  dalgacik
doniistimiiniin (DWT), biortogonal 6zelligi nedeniyle,
orijinal goriintii ters dalgacik doniigimi (IWT) ile
dogru bir sekilde yeniden olusturulabilir [101]. Sekil
14°de bir goriintiiniin ¢ok seviyeli dalgacik evrigimli
sinir ag mimarisi ile ayrigmasi yeniden
yapilandiriimas gosterilmektedir.
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Conv+BRN+RelU
Conv+BRN+RelU
}
Conv+BRN+RelU
}
Conv+BRN+RelU
CanvtB‘RNtReLU

Conv+BRN+RelU

Dilated Conv+RelU
Dilated Conv+RelU |

Ce

Dilated Conv+RelU

Dilated Conv+RelU

Conv

r—

Conv

Conv

Sekil 13. BRDNet mimarisi [109]
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Sekil 14. Bir goriintiiniin Cok Seviyeli Dalgacik Evrisimli Sinir Ag1 mimarisi ile ayrigmasi ve yeniden
yapilandirtlmasi [101]
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f) CIMM

CIMM yo6nteminde goruntlerde giraltu giderme icgin
Birim Esleme Modiilleri (CIMM) igeren tam evrigimli
bir ag modeli kullanilmigtir. CIMM mimarisi, egim
acisint korumak igin atlama baglantilari olarak birim
eslestirmelerini kullanip, 6nceden etkinlestirilen girdi
alinmaktadir [110]. Ayrica genisletilmis cekirdekler
kullanilarak, alict alani genigletilmistir. Sekil 15°de
birim eglesme modiiliine ait mimari gosterilmektedir.

'e

i; Veri }

Sekil 15. CIMM mimarisi [110]

g) FFDNET

FFDNet glriltd seviyesi bilinmeyen goruntiler
iizerinde giiriiltii giderme agisindan, hizli ve esnek bir
yontemdir [111]. ilk katman, giiriiltiilii bir goriintiiyii
dort alt goriintliye yeniden sekillendiren tersine
cevrilebilir bir alt 6rnekleme islevine sahiptir. Her
katman ti¢ tiir islemden olugmaktadir; ilk evrisim
katmani i¢in “Conv + ReLU”, orta katmanlar i¢in
“Conv + BN + ReLU” ve son evrisim katmani i¢in
“Conv” seklindedir. Her evrisimden sonra ozellik
haritalarinin boyutunu ayni tutmak icin sifir dolgu
kullanilir. Son evrigim katmanindan sonra, giiriiltiiden
arindirtlmug  gOriintiiyli  elde etmek igin  giris
asamasinda uygulanan alt 6rnekleme operatorinin
ters operatorii olarak yukari Olcekleme islemi
uygulanir. Sekil 16°da FFDNet  mimarisi
gosterilmektedir.  Karmasiklik  ve  performans
dengesini g6z Onilinde bulundurarak, evrisim
katmanlarinin sayisi gri tonlamali goriintii i¢in 15 ve
renkli goriintii i¢in 12 olarak belirlenmistir.

Alt-6rneklenmis
Goriintiiler ve Glirtlti
Seviyesi Haritasi

Conv + BN + Relu

Dogrusal Olmayan Haritalama

Guriiltiden
Arindinlmig Alt
Goriintiler

Conv + BN + Relu

Sekil 16. FFDNet mimarisi [111]

h) Verimli Alt-Piksel Evrisimli Sinir Az (ESPCN)

Diisiik ¢coztnirlikli gorlintiilerden yiiksek
¢cozunarlokla  gorintilerin -+ elde  edilmesi  icin
kullanilan bir yontemdir [112]. Diger yontemlere gére
farkliliklar agagida belirtilmektedir:

* Goriintillerin  kaydirma adimu  (stride) degeri,
orijjinal goriintiideki her bir pikselin, egitim
verisinde bir kez goziikmesi saglanacak sekilde
ayarlanmaktadir.

+ RelLU aktivasyon fonksiyonu yerine, Tanh

aktivasyon fonksiyonu kullanilmaktadir.

1. Katman Ozellik
Haritalart

Driisiik Cominiir ki
Resim

Haritalan

Gizli Katman

N-1 Katman 0 zellik

e Algoritmada en fazla 100 tekrar kullamlmakta,
kayip fonksiyonunda degisim olmazsa tekrar
bitirilmektedir.

+ Ik 6grenme orami 0.01 ile baslayip, en son 0.0001
degerine ulagmaktadir. Ara degerlerde maliyet
fonksiyonunun  sonucu bir esikten  kiiciik
oldugunda, maliyet fonksiyonu kademeli olarak
giincellenmektedir. Mimari, 3 evrigsim katmanindan
olugmakta olup, 2 katman 6zellik haritas1 ¢ikarmak
igin kullanilip, 1 katman disik ¢Oziiniirlikli
goruntiiden super ¢ozunurlikli gorintu elde etmek
icin kullanilmaktadir. Bu yonteme ait mimari Sekil
17°de gosterilmektedir.

Wi ks ele Ciowdmiirhi ki
G din i

Alt-Piksel Evrisim Katmam

Sekil 17. ESPCN mimarisi [112]
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i) ECDNET

ECNDNet mimarisi, genisletilmis evrisim, artik
Ogrenme, toplu normalizsayon, evrisim ve ReLU'dan
olusur. Genisletilmis evrisim 2., 5., 9. ve 12.
katmanlarda uygulanmus olup, yakalanan bilgi
artirilip, hesaplama maliyeti diisiiriilmiistiir. Onerilen
agin derinligi 17°dir [113]. Tasarlanan agin mimarisi
Sekil 18’de gosterilmektedir.

)
ADNet yonetimde guriltu seviyesi bilinmeyen gergek
giriiltili goriintiilerde, giirtilti gidermek ve diisiik

Literatiirde Yer Alan Diger CNN Yontemleri
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frekansli ozellikleri diizlestirmek igin artik bir yapi
kullanilmaktadir [114]. EPLL yonteminde giiriiltii
gidermek i¢in Gauss Karisim Modeli kullanilmaktadir
[115]. CSF, rastgele alan tabanli bir mimari olan
kiiglilme alanlar1 Oneren bir yapiya sahiptir [116].
PSN, yari karesel bolme yonteminden ve yakin
operatorlerden gelen &gelere dayali olarak goriintii
restorasyonuyla ilgili sorunlart ele almak igin
kullanilmaktadir ~ [117].  IRCNN  ydnteminde
gorlintiideki giiriiltityli tahmin etmek igin yar1 karesel
bélme (HQS) ve CNN birlikte kullanilmaktadir [118].

= 2 2 = =

g |=| |& g |2l |s
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Sekil 18. ECDNET mimarisi [113]

4.2. Goriintii Uzerinde Giiriilti Giderimi icin
Kullanilan Otokodlayic1 Y ontemleri
Otokodlayicilar, birden fazla gizli katmana sahip ileri
beslemeli sinir aglaridir. Bu aglar girdi verilerini ¢ikis
katmaninda yeniden elde etmeye caligsmakta olup,
cikis katmanindaki hedef wveriler ile girdi verileri
aynidir [119]. Otokodlayicilarda geri yayilim
algoritmasinda oldugu gibi gradyan algalma ydntemini
kullanarak egitilmektedir. Otokodlayicilar veri ve kod
alam  arasinda  ¢ift  yonlii  haritalandirma
yapabilmektedir. Bir otokodlayicida fazla sayida gizli
katman kullanilarak biiyiik boyutlara sahip girdi
verileri, ¢ok daha az bir kod alanina kisitlanabilir.
Bununla birlikte birden fazla gizli katmana sahip bir
sinir agin1 egitmek, alt seviyelerdeki gizli katmanlarin
en iyileme asamasindan dolay1 zordur.

Otomatik kodlayicilar, girdi igin sikistirilmus bilgi
gosterimi gergeklestiren bir darbogaz ag1 icermektedir.
Orta katmandaki ndron sayisi giris katmanindaki
néron sayisindan az ise ag daha etkili bilgiyi
cikarmaktadir. Orta katmanin, giiriiltiileri gidererek
gorlintii kaliplarin1  olusturmaya caligmaktadir. Orta
katmanda daha fazla néron varsa, sinir aginin modeli
O0grenme kapasitesi daha yiiksek oldugundan, model
giris degerlerini  kopyalayip ¢ikis  degerlerine
yapistiracak, giiriiltiiyli 6grenecek ancak herhangi bir
Ozelligi ¢ikarmayacaktir. Bu nedenle, darbogaz modeli
giriiltli giderme agisindan onemlidir. Giriiltiiyli bir
gorlintiiden ¢ikarmak igin, goriintiiniin boyutsalligini
azaltmak  Onemlidir.  Otokodlayicilar, dogrusal
olmayan aktivasyon islevleri ve ¢oklu katman yigimn
yardimiyla aga dogrusal olmayan bir yapi
sunmaktadir. Boyut azaltmanin {irlinii olarak giiriiltiili
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degerler, bu sinir ag kullanilarak kolayca tespit
edilebilmektedir. Sekil 17’de  otokodlayicilarda
yapilan kodlama ¢coziimleme islemi
gorsellestirilmektedir.

Ve

\

\ e

<

~

Kodlama Coziimleme

Sekil 17. Kodlama ve ¢dziimleme islemleri [120]

Otokodlayicilar genelde veri boyutunun azaltilmasi
icin  kullanilmakta olup, otokodlayict mimarisi
Ozellestirilerek Ozellik secimi, c¢ikarimi ve giiriiltii
giderimi i¢in yaygin olarak da kullanilmaktadir.
Girilti  giderimi  i¢in  kullanilan  otokodlayici
mimarilerinden asagidaki boliimde bahsedilmektedir.

a) Glrilti Gideren Otokodlayict

Otokodlayicilarda, gizli katmanda girdilerden daha
fazla diigim oldugunda, ag “bos islev” olarak da
adlandirilan, ¢ikis verisinin girdi verisine esit oldugu
ve otokodlayiciy1 yararsiz olarak isaretledigi duruma
neden olmaktadir. Otokodlayicilarda bu durum, giris
degerlerinden bazilar1 rastgele devre digi birakilarak
veya bazi veriler bilerek bozularak c¢oziilmektedir.
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Genel olarak, sifira ayarlanan giris diiglimlerinin
yiizdesi %30 ile %50 arasinda olmaktadir [121].
Giiriiltii gideren otokodlayicida bazi néronlarin devre
dis1 birakilmasi Sekil 19°da gosterilmektedir.

™
O,

Girdi
Sekil 19. Giiriiltii gideren otokodlayicida bazi
noronlarin devre dis1 birakilmasi [122]

Kodlama Coziimleme

Giirtiltii  gideren otokodlayicida asir1  6grenmeyi
engelleyip, daha iyi gorinti elde etmek icin 6nce
giraltd  eklenip, orijinal gorintinin tekrar elde
edildigi islem Sekil 20°de gosterilmektedir.

Sekil 20. Gurlti gideren otokodlayicinin yapisi [123]
b) Yigit Giiriiltii Gideren Otokodlayici

Otokodlayicida ¢dziimleyici, gizli katman ve kodlayici
kisimlar1 yer almaktadir. Eger aga daha fazla gizli
katman eklenirse, bu yapiya Yigit Otokodlayici veya
Derin Otokodlayict denilmektedir. Bu yontem ile
verilerin boyutu azaltilip, daha ¢ok sikistirilmasi
saglanmaktadir [124]. Giiriiltii gideren otokodlayicilar,
giri verileri giiriiltii ile beslenen otokodlayicilardir.
Gilriiltiistiz veri ile ¢ikan veri karsilastirilip, hata orant

hesaplanmaktadir. Bu sayede, agn ayrintilar
Ogrenilmeyip, baskin  oOzelliklerin ~ 6grenilmesini
saglanmaktadir [121].  Yigit Glrilti  Gideren
Otokodlayicilarda da bazi noronlar devre disi
birakilarak  daha derin  bir agin  kurulmasi
saglanabilmektedir [125].

c) Evrisimsel Giriiltii  Gideren Otokodlayict

(CDAE)

Evrisimsel Giiriiltii Gideren Otokodlayici yonteminde
¢coziimleme islemleri sirayla yapilmayip, ¢oziimleme
islemi kodlama ile birlestirilebilmektedir. Bu sayede

bazi onemli veriler sikigtirnlmadan ¢ikti olarak
kullanilabilmektedir. Tibbi goruntilerde guraltiyd
gidermek  igin evrisimli  glrilti  gideren

otokodlayicilar kullanilmaktadir. Ayrica goriintiilerde
filtreleme sonrasi yeniden yapilandirma ve giiriltii
giderimi i¢in de bu yontem kullanilmaktadir. Sekil
21’de gogiis rontgen filmlerinde giirtilti giderilmesi

Kodlama m Cézﬁmlemem

77

icin  kullanilan  Evrigsimsel  Giiriiltii  Gideren

Otokodlayict mimarisi gosterilmektedir.

Goriintii

Giriilti

w/

Kodlama1 Kodlama2  Kodlama3 Goziimleme 1

Sekil 21. Gogiis rontgen filmlerinde kullanilan
Evrisimsel Giiriiltii Gideren Otokodlayic1 Mimarisi [6]

Géziimleme 2

d) Gurultu Gideren Varyasyonel Otokodlayici

Seyrek otokodlayict yonteminde daha az veri ile islem
yapmak i¢in veriler (izerinde deaktivasyon yapmadan
aktivasyon fonksiyonlar1 kullanilarak daha az sayida
néronun aktive edilmesi saglanmakta bu sayede
performans korunup, otomatik kodlayicinin girdi
verilerindeki gereksiz bilgiler yerine aslinda istenen
gosterimleri  Ogrenmesi saglanmaktadir [126]. Bu
mimariye benzer olarak Varyasyonel otokodlayict,
gizli katmandaki vektorlerin dagilimini  normal
dagilima zorlayan gozetimsiz ve dretken bir
otokodlayict modelidir [127]. Varyasyonel
otokodlayicida  gizli katmana gauss  egrisinin
uygulandigi mimari Sekil 22°de gdsterilmektedir.

Kodlama Coziimleme

Sekil 22. Varyasyonel otokodlayici mimarisi [127]

Girilti ~ Gideren  Varyasyonel  Otokodlayici,
Varyasyonel  Otokodlayicinin  giiriiltd  giderimi
iizerinde Ozellestirilmesi sonucu bu yontem ortaya
cikmustir. Normal verilere giiriiltiilii veriler eklenerek
ag tlizerinde bos islev olarak adlandirilan ¢ikis
verisinin girig verisine yakinlastii sonuglar 6nlenip,
gizli katmanda islem sonucunda normallestirme
yapilmaktadir. Degisimsel ¢ikarimu derin 6grenme ile
birlestiren bir yaklagimdir [128]. Bu yontem giiriiltii
gidermeyi ve diizenlemeyi tek bir Gretken modelde
birlestirmektedir. Varyasyonel  Otokodlayicinin
mimarisi gelistirilerek, bozulmus goriintiilerden temiz
goriintii elde etmek ve goriintiileri siniflandirmak i¢in
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kullanilabilmektedir [129].

4.3. Goriintii Uzerinde Giiriiltii Giderimi I¢in
Kullanilan Diger Derin Ogrenme Y 6ntemleri
Giirtiltii giderme asamasinda kullanilan diger derin
O0grenme yontemleri asagida belirtilmektedir.

4.3.1. Tekrarlayan sinir ag

Tekrarlayan Sinir Ag (RNN) mimarisinde ileri
beslemeli aglardan farkli olarak, geri yayilim
algoritmas1 kullanmaktadir. Bu yontemde giris ve
cikis degeri arasindaki hata bulunarak, agin egitimi
sirasindaki hata degeri diistirilmeye
calisilmaktadir. Yinelenen yapilarda sonug, sadece o
andaki girdi degerine bagli olmadan, diger girdilere de
bagl olarak hesaplanmaktadir. Tekrarlayan Sinir Agi
mimarisinde, t anindaki girdi verilerinin yaninda, t-1
anindan gelen gizli katman sonuclar da gizli katmanin
t anindaki girdisi olmaktadir. Tekrarlayan Sinir Ag1
kullanarak videolarda giiriiltii giderimi igin yapilan
calismada; videoda iist iiste binen gorlintuler kare kare
ayrilmaktadir. Ayni goriintiiye ait veriler liste haline
getirilip, listedeki verilerin ortalama degerleri alinip,
orijinal veriler yerine yama veriler koyulmaktadir
[130]. Videoda giiriiltii gidermek igin olusturulan
Tekrarlayan Sinir Ag1 Sekil 23’de gdsterilmektedir.

=

Cikt1

Gizli
Katman

Gecikme

Gizli ‘
Katman

Gizli
Katman

Ag1 modeli [130]

Tekrarlayan Sinir Ag ile EKG sinyallerindeki
giriiltiilerin giderimi igin yapilan diger calismada
orijinal veriye yakin sonuglar elde edilmistir [131].

Uzun Kisa Siireli Bellekler bilgiyi uzun siire
hatirlayarak, bagimlilik probleminden kurtulmak igin
tasarlanmugtir. Uzun Kisa Siireli Bellekler 6nceki
verilerle yeni kararlar vermek, verileri ilerde
kullanmak ve verileri depolamak amaciyla iginde
kapilar barindirirlar, bu nedenle daha esnektirler.
Ancak daha c¢ok islem yapilip, daha fazla hafiza
gereksinimine  sahiptirler. Bilgisayarla  ¢ekilmis
akciger tomografi gorintiilerinde meydana gelen
glriltiilerin giderimi i¢in Uzun Kisa Siireli Bellek
yontemi kullanilmig ve sinyal giiriiltii orani, tepe
sinyal gliriiltli oran1 ve ortalama hatalarin karesi

78

degerleri kiyaslaninca giiriilti gidermede basarili
oldugu tespit edilmistir [132].

4.3.2. Kisitlanms boltzmann makineleri

Kisithh  Boltzmann Makinesi iki katmanli sinir
aglaridir.  Giriltih  oram1  yilksek  goriintiilerde,
Kisitlanmis  Boltzman Makinesinde derin aglarin
kullanilmasi ile giiriiltii gideren otokodlayici ve diger
yontemlerden daha iyi sonuglar ortaya c¢ikmaktadir
[133].

4.3.3. Derin inan¢ aglan

Derin Inang Aglari, 6zellik gdsterimi ve ¢ikartiimast
icin etkili bir aractir. Kisitlanmig Boltzmann
Makineleri iki katmanli bir yapiya sahip oldugu igin
bu ag derinlestirmek amaciyla derin inang aglar
olusturulmustur.  Derin  Inang  Aglarinda  iist
katmanlardaki baglantilar yonsiiz olup, alt katlardaki
baglantilar  yonliidiir [134]. Derin Inang Aglan
gorlintiilerde giiriiltii giderme igin de kullanilmaktadir.
Yapilan bir ¢alismada, ilave beyaz gauss giiriiltiisii ile
bozulmus MNIST veri setine Derin Inang Aglari
uygulanarak basarili sonuglar elde edilmistir [135].

4.4. Videolarda Gurulta Giderimi

Videolar géruntli karelerinin bir araya getirilmesi ile
olugmaktadir. Video akis ozellikleri saniyedeki kare
sayist ile belirlenmektedir. Giiriiltii giderimi sirasinda
video goriintiileri, fotograf makinesindeki seri ¢ekim
goriintiilerine benzer sekilde, karelere ayristirilir.
Sonrasinda goriintiilerde kullanilan giiriiltii giderme
teknikleri ~ videoda  giriltd  azaltmak  icin
uygulanmaktadir [136]. Videoda giiriiltiiyii gidermek
icin uygulanan yontemlerde oncelikle yerel olmayan
yama yontemi kullanilmus olup, sonrasinda CNN
yontemleri kullanilarak video ve goriintli {izerindeki
giiriiltii giderilmeye ¢aligilmigtir [137]. Video {izerinde
giriiltii giderme asamasinda goriintli gecislerinde
titremenin olmamasi, detaylarin korunmasi, girilti
giderme siiresi ve orijinal goriintiiye yakinlik video
iizerinde giiriiltii gidermedeki basari 6lgiitleri arasinda
yer almaktadir. Goriintiilerde giiriiltii gidermede bagari
elde etmis yontemler videolara da uyarlanarak
uygulanmistir. Ornegin BM3D ve NLB ydntemleri
goriintiiler iizerinde uygulanirken, VBM4D ve VNLB
video iizerinde uygulanmaktadir.

Video Uzerinde giraltd giderme igin uygulanan bir
yontemde, goriintiilerde giiriilti gidermeden farkli
olarak, ardigil karelerde benzer yamalar bulunarak,
glriiltii benzer yamalarda ortak olarak giderilmistir
[37]. Benzer yamalarin bulunmasi, uzamsal olarak
benzer komgu karelerin bulunmast ve hareket
tahmininin kullanilmas1 ile gergeklestirilmektedir.
Uzamsal komsularin bulunmasi asamasinda, belirli bir
pikselde veya yamada giiriilti giderme islemi
yapilirken dizinin bitisik karelerinde de benzer
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pikseller veya yamalarda da giiriiltii giderme islemi
yapilir. Hareket tahmini kullanilarak video {izerinde
gurultt giderme performansini iyilestirilmektedir
[138,139].

VNLB yama tabanli, Bayes teoremi kullanilarak video
iizerinde giriiltii giderme i¢in olusturulan bir
yontemdir. Bu  yontem, benzer uzay-zaman
yamalarinin her grubu i¢in bir Bayes modeli olusturur.
VBM4D blok esleme ve 3 boyutlu filtreleme ile
videolarda giiriiltiiyli gidermek i¢in kullanilan,
nesnelerin hareketleri takip edilerek, benzer nesnelerin
gruplanarak filtrelemenin yapildig yontemdir [37].

DVDNet yonteminde, videodan guriltd giderme
calismasinda performans ve egitim zamani arasinda

bir denge kurmak icin zamansal bilgiler
birlestirilmigtir [140]. Bu yontem geleneksel giiriiltii
giderme yontemleri ile CNN tabanli giiriltii

gidermenin birlikte kullanildigr bir yontemdir. Belirli
bir pikselde guralti giderimi yaparken, algoritmanin
sadece ayni karede degil, ayn1 zamanda dizinin bitisik
karelerinde de benzer pikseller aranmaktadir. Hareket
tahmini yontemiyle videoda farkli cercevelerdeki
benzer goriintiller bulunup, diizlestirilerek goriintii
gecisleri arasindaki titremeler yok edilmektedir. Son

olarak elde edilen gorintiye guralti gideren
evrisimsel sinir ag yontemi uygulanmaktadir.
DVDNet yontemi gelistirilip U-ag1 uygulanarak

FastDVDNet yontemi gelistirilmistir [141]. FITVNet
yontemi iki agamali bir giiriiltii giderme modeline
sahiptir. 1lk asamada goriintii igindeki giiriiltii
giderilmekte, ikinci agsamada ekran gecislerindeki
titresimin azaltilmasi i¢in, video iizerinde uzamsal ve
zamansal guralta giderme yontemleri
uygulanmaktadir [136]. Video lizerinde giiriiltii
gideren diger bir modelde egitim verisi olmadan video
lizerinde giiriiltii giderme islemi yapilmaktadir [142].
Egitim verisi olarak videonun kendisi kullanilarak,
video kareleri transfer d6grenme teknigi ile 6nceden
egitilmis bir giriltii giderme agina ince ayar
yapilarak, giriiltii videolar i¢in gurdltu gideren bir
model olusturmustur. Bu modelde iki asamali bir
CNN ag kullanilarak temiz video goriintiileri elde
edilmistir.

V. YONTEMLERIN KIYASLANMASI

Yapilan bir galigmada geleneksel giiriiltii yontemleri
kiyaslanmugtir [49]. Bu caligmada kullanilan geleneksel
yontemlerden Wiener filtreleri, goriintller Uzerinde
ortalama kare tahminini yaparak giiriiltiili ve bulanik
goriintiilerin ~ restorasyonu  i¢in  yaygin  olarak
kullanilmaktadir. Wiener filtreleme goriintii tizerindeki
ayrintilar1 korumaktadir. Bilateral Filtreleme giirtilti
giderme siirecini hizlandirmak icin basit, kenar
koruyucu, yinelemesiz bir yontemdir. Her noktanin
degeri yakimindaki noktalarin ortalama yogunluk
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degerleri ile hesaplanmaktadir. PCA, veri kiimelerini
daha disiik boyutlara indirerek bir veri kiimesini

basitlestirmeye yonelik istatistiksel bir tekniktir,
verileri klculterek tUzerindeki guraltuler
giderilmektedir.  Dalgactk  doniisim  yontemi,

bulanikhigin etkisini azaltmak icin ortalama kare
hatasim en aza indirmektedir, gorsel olarak daha net
goriintii elde etmektedir. BM3D goriintii pargalari,
benzerlik temelinde birlikte gruplandirilmakta, giiriiltii
icin filtrelenmelerini ve farkl sinyallerini korumalarini
saglamak i¢in agirlik ortalamasi alinarak filtreleme
yapilmaktadir. Diger yontemlere gére PSNR degeri
digerlerine gore daha iyi sonuglar ortaya koymaktadir,
algilanabilir gorsel sonuglar elde etmislerdir.

Bu ¢alismada benzer goriintii pargalarini gruplamanin
ve bunlar birlikte filtrelemenin iyi sonuglart elde
ettigi gozlemlenmistir. Elde edilen sonuclar Tablo
2’de gosterilmektedir.

Tablo 2. Set12 veri seti ile 30 dB girultl
seviyelerinde gurtltl giderme sonucu elde edilen
PSNR degerleri [49]

Metot PSNR | ssIm
Wiener filtering 27.81 | 0707
Bilateral filtering 27.88 | 0.712
PCA 26.68 | 0.596
Wavelet transform domain method 21.74 | 0.316
BM3D 31.26 | 0.845

Bu geleneksel yontemleri uygularken bazi zorluklar
yasanmaktadir. Wiener filtrelerinde en uygun pencere

boyutunu ayarlamak zor olmaktadir. Bilateral
Filtreleme giiriilti giderme sonrasi goriintiide
istenmeyen  kalintilar  birakmaktadir,  yiiksek

giliriiltiilerde basar1 orami diisiik kalmaktadir. PCA
gorliintii  detaylarim1 ve dokulart korumada zorluk
olusturmaktadir. Dalgacik doniisiim ydntemine ait
sonuglar ayrintili yapilari koruyamama ve gorsel
acidan daha az basarili goriintiller elde edilmektedir.
BM3D diger yontemlere gore basar elde etmis olsa da
yonteminde giiriilti icerigindeki artisla performans
onemli 6l¢lide azalmaktadir.

Geleneksel  yontemlerde  dogru  parametreleri
ayarlamak her zaman mimkin olmamakta ve elle
ayarlanan parametreler ile modeller olusturulmaktadir.
Sekil-111°’de, farkli giiriilti giderme parametre
ayarlarityla BM3D'in giiriiltii giderme sonuglarina ait
bir Ornek gosterilmektedir [143]. Sekil 24'de g6z
cevresi bélgesindeki goruntd (d), gorintd (c)'den daha
fazla ayrmtiyi korumaktadir. Bu &rnek, parametre
seciminin, goruntideki tim bolgelerde, &zellikle
dokulu gérintu bélgelerinde giriltu giderme tzerinde
etkisinin oldugunu gostermektedir.
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Sekil 24. Parametre segiminin gurtlti giderme
Uzerinde etkisi [143]

(a) Orijinal Goriintii; (b) Giiriiltii Eklenmis Goriintii;
(c) 1. Parametrelere Gore Gurilti Giderme Sonucu
Elde Edilen Goruntl; (d) 2. Parametrelere Gore
Guriltu Giderme Sonucu Elde Edilen Gorintd.

Derin 6grenme yontemlerinin geleneksel yontemlere
istiinliigii sadece parametre ayarlanmast problemi ile
sinirl degildir. Giiriiltiilerde bulunan yiiksek frekansh
veriler kolaylikla filtrelenebilmektedir. Fakat, asil
sinyal ile buna karismus olan diisiik frekansh
giriiltiiniin ayirt edilmesi zor oldugu igin diisik
frekansli  giiriiltiilerin ~ filtrelenmesi de  kolay
olmamaktadir [49]. Geleneksel yontemlerde giiriilti
tiri ve dagilimna gore giiriiltilyii modelleyecek
istatistiksel dagilim yontemleri kullanilmaktadir. Bu
yiizden gercek diinyadaki goriintiilerde giiriiltii tek bir
dagilimla ifade edilemedigi gibi her zaman dagilimm
dogru  bir sekilde  Dbelirlemek de  miimkiin
olmayabilmektedir. Ornegin tibbi gdriintii tiirleri
icerisinde ultrason  gOriintiisii  benek  giiriiltiisi
igerirken, Manyetik rezonans (MR) goriintiileri ise
Rician giiriiltiisii igermektedir [49].

Goruntulerde guriltl giderirken homojen bdlgelerin
yumusatilmasi, kenarlarin, dokularin ve noktasal
sinyallerin korunmas1 gibi ihtiyaglarin geleneksel
yontemlerle yapilmasi kolay olmamaktadir. Goriintii
giiriiltli giderme asamasinda orijinal goriintiiyli elde

etmeye caligirken bazi zorluklarla
karsilagilabilmektedir. Giiriiltii giderme siirecinde
dikkat edilmesi gereken kurallart su sekilde
siralayabiliriz [49]:

GUrultl giderildikten sonra goruntt tUzerindeki diiz
alanlar gurulti giderildikten sonra da pirlzsiz
olmalidir.

Kenarlar bulaniklasmadan korunmalidir.

Gurilti Giderme
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Gorinti tzerindeki dokular korunmalidir.

Gorunti lizerinde
olusturulmamalidir.

yeni gurultiler

Sekil 25'deki gosterilen g¢aligmada, toplam degisim
(TV) tabanli yontemin [144] giiriiltd giderme
sonucunda dokular1 yumusattig1 ve gériintiide kalintilar
urettigi gosterilmektedir. Ayarlanabilir yerel olmayan
ortalamalarin diizenlenmesi yontemi (R-NL) [145] ve

. yerel olmayan ortalamalar (NLM) [146] yontemleri

daha iyi performanslar elde edebilmesine ragmen, bu
iki yontem kiigiik yapilar1 eski haline getirmekte
guclik cekmektedir. Temsili diigiik sira tabanl
yontemlerin  (WNNM [47], LRA _SVD [147]) we
seyrek kodlama semasinin (NCSR [148]) homojen
bolgelerde daha iyi sonuglar iirettigi gériinmektedir.

(d)
Sekil 25. Bot goriintusu izerinde glrultu giderme
sonucu elde edilen sonuglar [49]

(e) ®

(@) Toplam Degisim Tabanli Diizenleme
(PSNR =22.95 dB; SSIM = 0.456)

(b) NLM [146] (PSNR = 24.63 dB; SSIM = 0.589)

(c) R-NL [145] (PSNR =25.42 dB; SSIM = 0.647)

[144]

(d)NCSR  model [148] (PSNR =26.48 dB;
SSIM =0.689)

(e) LRA SVD [147] (PSNR =26.65 dB;
SSIM =0.684)

(f) WNNM [47] (PSNR =26.97 dB; SSIM = 0.708)

Gozetimli  simflandirmada temel problem sinifi

bilinmeyen test nesnesini, farkli bilinen sinif seti
icinden dogru simifa atamaktir. Bu smmflandirmayi
seyreklik tabanli olarak yapmak istedigimizde,
oncelikle nesne ve sozliik arasindaki iligkiyi ifade eden
seyrek gosterilim vektoriini elde etmemiz gereklidir
[149]. Seyrek gosterime dayali temsillerde iki ana
problem mevcuttur. Birincisi, dgrenme verilerinden bir
sozlik olusturulmasi, ikincisi kodlanacak verinin
olusturulan bu soézligiin atomlarinin agirliklt toplam
olarak ifade edilen temsil ile asil hali arasinda en az
uzaklik olacak sekilde ifade edilmesidir. Seyrek
kodlama safhasinda ise bir seferlik yapilan sozlik
olusturmanin ardindan, nesne tanima asamasinin
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baginda her bir goriinti var olan soézIlik Uzerinden
seyrek olarak kodlamr. Kodlama problemi; eldeki test
verisini, olusturulan sozlik atomlar1 cinsinden,
minimum sayida sozliik atomuna benzeterek orijinaline
en yakimn sekilde ifade etmeye caligilmaktadir [150].
CNN yontemleri seyrek yaklasimlara benzer olarak
gortintiilerde seyrek etkilesim kullanmakta ve kiiglik
cekirdekler ile gorintiyd filtrelemektedirler. Derin
o0grenme modellerinde filtre bankalar1 egitim esnasinda
olusturulmaktadir. Bir sinir aginda evrisim iglemini
kullanmanin yeniligi, filtreye ait agirlik degerlerinin
agin egitimi sirasinda 6grenilmesidir. Filtre bankalari,
gortintiilerin doku 6zelliklerini ¢ikarmak i¢in kullanilan
ve doku analizinde yaygin olarak kullanilan araglardir
[151]. CNN’de bu filtrelerin tekrarli 6grenme yapilari
ile otomatik olarak olusturulmas: saglanmaktadir.
Geleneksel yontemlerde elle ayarlanan parametreler
nedeniyle optimizasyon problemini ¢6zmek igin
alternatif ¢oziimler gelistirilmistir [152]. Cogu yontem
goruntiide glrultu giderme konusunda oldukca iyi bir
performans elde etmelerine ragmen, elle ayarlanan
parametrelere sahip olmasi, egitim asamasinda
optimizasyon yontemlerine ihtiyag duyulmasi gibi
dezavantajlara sahiptir. Son zamanlarda, mimariler
daha esnek hale geldikge, derin 6grenme teknikleri bu
dezavantajlarin {istesinden gelmeye baslamistir [153-
154].

Yapilan diger calismada cesitli giiriiltii seviyelerine
sahip gri tonlamali BSD68 test wveri setindeki
gortintiilerin  klasik yontemler ve derin Ogrenme
yontemleri kullanilarak giirilti giderme sonucu elde
edilen ortalama PSNR (dB) ve SSIM sonuglari
kiyaslanmustir [155]. Elde edilen sonuglara gore derin
Ogrenme yontemi daha basarili sonug¢ elde etmistir.
Elde edilen sonuglar Tablo 3°de gosterilmektedir.

Tablo 3. Farkli standart sapma ile ilave beyaz
Gauss giiriiltiisii tarafindan bozulmus BSD68
goriintiisii lizerindeki giiriiltii giderme sonuglarinin
karsilastiriimasi [155]

Gurultt Seviyesi | BM3D | WNNM | DnCNN
10 33.32 33.59 33.88
30 27.76 27.99 28.36
50 25.62 25.87 26.23
70 24.44 24.65 24.90

Otokodlayict giiriiltii  giderme yontemi ile CNN
yontemlerini kiyaslayabilmek i¢in, CDAE ile DnCNN
yontemleri kullanilarak bir ¢alisma  yapilmustir.

CBSD400 verisetindeki 6=25 giiriiltii seviyesine sahip
176x144  boyutundaki  goriintiiler  kullanilarak
goriintuler  Gzerindeki  gurdltaler ki yontem
kullanilarak giderilmistir. CDAE otokodlayici yontemi
hizli egitim siiresine ve basit bir mimariye sahiptir.
Ancak bu yontemde resim iizerindeki detaylarin
kayboldugu gozlemlenmistir. DNCNN yontemi egitim
stresi olarak CDAE yonteminden biraz daha uzun
egitim siiresine sahip olmasina karsin orijinal resme
yakinlig1 6n plana ¢ikmaktadir. Tablo 4’de DnCNN ve
CDAE yontemlerinin CBSD400 verisetindeki ¢=25
gurdlth seviyesine sahip goruntilerde gurilti giderme
sonucu elde edilen ol¢iim degerleri gosterilmektedir.

Tablo 4. DnCNN ve CDAE yontemlerinin
CBSD400 veri setindeki =25 giiriiltii seviyesindeki
gorintilerde gurulti giderme sonucu elde edilen

olctmler
) PSNR Toplam Stire
Yontem (dB) SSIM T parametre (sn)
DnCNN | 26.94 | 0.83 560,320 605
CDAE | 2362 | 0.73 | 1,349,059 50

Baska bir ¢aligmada farkli derin 6grenme yontemleri
ve geleneksel  glriltt  giderme  yontemleri
kiyaslanmigtir. DnCNN  yontemi az  giriiltild
goriintiilerde basarili sonuglar elde etmistir. Giiriiltii
seviyesi arttikca FFDNet yontemi daha basarili sonug
elde etmeye baslamuistir [155]. Derin 06grenme
yontemleri  ve  geleneksel  gurilt  giderme
yontemlerinin giiriiltli giderme sonuglar1 Tablo 5’de
gosterilmektedir.

Tablo 5. Farkli standart sapma ile ilave beyaz
Gauss giiriiltiisii tarafindan bozulmus BSD68
goriintiisii izerindeki giiriiltii giderme sonuglarinin
karsilagtirilmasi [155]

Géjdrgl)tu BM3D | winm | DNCNN | FFONet
15 31.07 | 3137 3172 | 38162
25 2857 | 2883 | 2023 | 2919
50 25.62 25.87 26.23 26.30
75 2421 | 2440 | 2664 | 2478

8l

Diger bir calismada giiriilti gidermede kullanilan
geleneksel ve CNN yontemlerinin PSNR degerlerine
ve ¢aligma siirelerine gore daha genis bir karsilagtirma
yapilmistir. Degisik giirliltii  giderme metotlarinin
Setl2 veri setindeki farkli giiriiltii seviyelerine sahip
goriintulerde gurltu giderme sonucu elde edilen PSNR
(dB) degerleri Tablo 6’da gosterilmektedir [84].
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Tablo 6. Set12 veri seti ile farkli giirtiltii seviyelerinde giiriiltii giderme sonucu elde edilen PSNR degerleri [84]

E g 5 I g 8 | | |E |5 |8 g IE
S B OS5 B E B 2 B EE OB

Gurulti oc=15

BM3D [32] 31.07| 33.10| 32.13| 31.91 | 3210 | 34.93 | 34.26| 31.92| 31.85 | 31.37| 32.69 | 31.14 | 32.37
WNNM [53] 31.39| 33.60| 32.27 | 3217 | 32.17 | 35.13 | 34.27|32.11| 32.71 | 31.62| 32.99 | 31.82 | 32.70
EPLL [116] 31.19| 31.38| 31.93| 31.85| 31.93 | 34.17 | 33.92|32.00| 32.10 |31.42| 32.64 | 31.13 | 32.14
CSF [117] 31.33| 31.92| 32.01| 31.95| 31.98 | 34.39 | 34.06| 32.08| 32.33 | 31.37| 32.85 | 31.55 | 32.32
TNRD [110] 31.46| 32.13| 3214 | 3219 | 3211 | 3453 | 34.24| 32.23| 32.56 | 31.63| 33.04 | 31.75 | 32.50
ECNDNet [114] | 31.70| 32.41| 32.37 | 32.56 | 32.39 | 34.97 | 34.52|32.39| 33.11 | 31.82| 33.25 | 32.17 | 32.81
DnCNN [69] 31.70| 32.64| 3242 | 32.61 | 32.47 | 34.97 | 34.62| 32.46| 33.09 |31.83| 33.30 | 32.20 | 32.86
PSN-K [118] 31.75| 32.64| 3252 | 3258 | 32.43 | 35.04 | 34.62|32.39| 33.11 |31.89| 33.23 | 32.17 | 32.86
PSN-U [118] 31.61| 32.49| 3241 | 32.04 | 32.43 | 35.03 | 34.56|32.37| 32.93 |31.62| 33.21 | 31.94 | 32.72
CIMM [112] 31.77| 32.74| 3244 | 32.61 | 3252 | 35.21 | 34.69| 32.50| 33.33 | 32.01| 33.21 | 32.35 | 32.95
IRCNN [119] 31.70| 32.43| 32.34| 3255 | 32.40 | 34.89 | 34.53|32.40| 32.82 |31.84| 33.31 | 32.02 | 32.77
FFDNet [113] 31.57| 32.54| 32.38 | 32.43 | 32.46 | 35.07 | 34.62|32.41| 32.66 |31.81| 33.25 | 31.99 | 32.77
BRDNet [111] 31.85| 32.93| 32.55| 32.80| 32.62 | 35.27 | 34.75| 32.50| 33.35 | 32.00| 33.47 | 32.24 | 33.03
ADNet [115] 31.86| 32.80| 3257 | 32.81| 3258 | 35.22 | 34.71| 32.47| 33.17 | 31.96| 33.49 | 32.17 | 32.98
Guraltu o=25

BM3D [32] 28.42| 30.71| 29.90 | 29.45| 29.71 | 32.85 | 32.07|29.61| 29.25 | 28.93| 30.16 | 28.56 | 29.97
WNNM [53] 28.69| 31.24| 30.03 | 29.64 | 29.82 | 33.22 | 32.24|29.76| 29.84 | 29.15| 30.42 | 29.03 | 30.26
EPLL [116] 28.61| 28.61| 29.74 | 29.26 | 29.53 | 32.17 | 31.73| 29.66| 29.39 | 28.95| 30.17 | 28,51 | 29.69
CSF [117] 28.72| 29.03| 29.76 | 29.48 | 29.53 | 32.39 | 31.79|29.71| 29.62 | 28.90| 30.32 | 28.80 | 29.84
TNRD [110] 28.88| 29.41| 29.91| 29.72 | 29.71 | 32.53 | 32.00| 29.87| 29.85 | 29.18| 30.57 | 29.02 | 30.06
ECNDNet [114] | 29.07| 29.84| 30.14 | 30.11 | 30.03 | 33.08 | 32.38| 30.03| 30.30 | 29.38| 30.85 | 29.43 | 30.39
DnCNN [69] 29.13| 30.00| 30.21| 30.18 | 30.12 | 33.06 | 32.44|30.10| 30.28 | 29.43| 30.87 | 29.41 | 30.43
PSN-K [118] 29.28| 30.17| 30.31| 30.28 | 30.18 | 33.26 | 32.57|30.10| 30.30 | 29.38| 31.01 | 29.57 | 30.53
PSN-U [118] 29.06| 29.94| 30.25| 29.79 | 30.12 | 33.23 | 32.45|30.05| 30.17 | 29.25| 30.90 | 29.30 | 30.38
CIMM [112] 29.23| 30.29| 30.30 | 30.26 | 30.24 | 33.44 | 32.66| 30.18| 30.62 | 29.61| 30.87 | 29.77 | 30.62
IRCNN [119] 29.12| 29.92| 30.17 | 30.08 | 30.08 | 33.06 | 32.43|30.04| 30.09 | 29.47| 30.88 | 29.27 | 30.38
FFDNet [113] 29.04| 30.01| 30.25| 30.10 | 30.20 | 33.28 | 32.57|30.11| 30.08 | 29.44| 30.93 | 29.32 | 30.44
BRDNet [111] 29.20| 30.34| 30.33| 31.39| 30.28 | 33.41 | 32.65|30.14| 30.50 | 29.55| 31.04 | 29.46 | 30.61
ADNet [115] 29.17| 30.25| 30.37 | 30.34| 30.24 | 33.41 | 32.61|30.08| 30.39 | 29.49| 31.14 | 29.41 | 30.58
Guraltu o =50

BM3D [32] 25.10| 27.22| 26.78 | 26.13 | 26.46 | 29.69 | 29.05| 26.81| 25.82 | 25.90| 26.68 | 25.04 | 26.72
WNNM [53] 25.42| 27.79| 26.97 | 26.45| 26.64 | 30.33 | 29.25| 26.94| 26.32 | 26.14| 26.95 | 25.44 | 27.05
EPLL [116] 25.31| 24.83| 26.74 | 26.10 | 26.30 | 29.12 | 28.68| 26.79| 25.94 | 25.95| 26.80 | 25.12 | 26.47
CSF [117] 25.56| 25.24| 27.03| 26.37 | 26.67 | 29.64 | 29.32| 27.06| 26.26 | 26.12| 26.68 | 25.43 | 26.78
TNRD [110] 25.59| 25.70| 26.94 | 26.62 | 26.50 | 29.48 | 28.93| 26.98| 26.31 | 26.16| 27.10 | 2542 | 26.81
ECNDNet [114] | 25.79| 26.26| 27.16 | 27.07 | 26.84 | 30.12 | 29.29| 27.11| 26.82 | 26.32| 27.30 | 25.72 | 27.15
DnCNN [69] 25.87| 26.22| 27.20| 27.03| 26.90 | 30.00 | 29.39| 27.24| 26.78 | 26.48| 27.32 | 25.70 | 27.18
PSN-K [118] 25.90| 26.45| 27.20| 27.10 | 27.09 | 30.34 | 29.54|27.21| 26.92 | 26.56| 27.40 | 25.84 | 27.30
PSN-U [118] 25.89| 26.56| 27.27| 27.21| 27.04 | 30.21 | 29.54| 27.23| 26.93 | 26.62| 27.53 | 25.63 | 27.31
CIMM [112] 26.06| 26.62| 27.36 | 27.25| 27.24 | 30.70 | 29.65| 27.26| 27.21 | 26.53| 27.54 | 26.05 | 27.46
IRCNN [119] 25.89| 26.24| 27.17| 26.88 | 26.88 | 29.96 | 29.40| 27.17| 26.61 | 26.55| 27.33 | 25,57 | 27.14
FFDNet [113] 25.89| 26.45| 27.33| 27.05| 27.08 | 30.37 | 29.66| 27.29| 26.81 | 26.57| 27.54 | 25.75 | 27.32
BRDNet [111] 25.93| 26.85| 27.38| 27.44| 27.17 | 30.53 | 29.73| 27.27| 26.97 | 26.66| 27.67 | 25.77 | 27.45
ADNet [115] 25.88| 26.64| 27.35| 27.31| 27.07 | 30.59 | 29.59|27.17| 26.90 | 26.56| 27.69 | 25.70 | 27.37
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CNN yontemleri gergek géruntli ve glraltalu gérunti
giftlerini kullanilarak model olusturulmaktadir. Gergek
hayatta bu gorinti ciftlerini elde etmek her zaman
miimkiin olmamaktadir. GAN yontemleri goriintiilerde
giriiltii giderme i¢in kullanilarak oncelikle giirtilti
tahmini yapilmakta, sonrasinda orijinal goriintii elde

edilmeye c¢aligilmaktadir. GAN yontemleri hem
gurulti  giderme hem de gorselin  yiksek
coziiniirliikteki detaylarint koruma ve boyutlarim
artirma  c¢alismalarinda  basarili  sonuglar  elde

etmektedir [156].

Elde edilen sonuclara gére her guriltl seviyesinde
farkli yontemlerin bagarili oldugu goriilmektedir.
Goriintic. ~ boyutu  arttikca  giiriiltii  giderme
yontemlerinin islem siireleri de artmaktadir. Derin
O0grenme  yontemleri  kullanilarak  geleneksel
yontemlere gbre daha iyi sonuglar elde edilmekte
ancak gergek goriintii ¢iftleri olmadan bazi derin
Ogrenme  yontemleri  basarili  sonuglar  elde
edememektedir. Yapilan arastirmalar deneylerin
toplamsal beyaz Gauss griltisi  durumuna
odaklandigin1  géstermektedir. Yapilan c¢aligmalar
gortintiilerdeki  giiriiltii seviyesi arttikca, giiriiltii
giderme sonucu elde edilen goriintinin orijinaline
olan yakinliginin da azaldigin1 gostermektedir.

VI. BULGULAR VE TARTISMA

Bu makalede gorintulerde guriltt  giderme
asamasinda uygulanan derin 6grenme yontemleri ile
geleneksel yontemlerden bahsedilip, bu yodntemler
arasinda kiyaslama yapilmgtir. Goriintii {izerindeki
giriiltii karmasikligt ve bu giirtiltiileri hizli ve dogru
sekilde giderme ihtiyaci sebebiyle bu alandaki
aragtirmalar halen devam etmektedir. Geleneksel
giriiltii giderme yontemleri kisa siirede giiriiltiileri
giderebilmekte olup, elde edilen gorintulerdeki
kenarlar ve dokular daha diiz hale gelmektedir.

Derin 6grenme yontemleri kullanilarak yapilan giiriiltii
giderme caligmalarinda farkli giiriiltii tiirlerinde tek bir
derin 6grenme yonteminin bagarili olmadigi, farkl
giriiltii  seviyeleri, farkli goriintiiler ve farkh
¢cOzliniirliiklii goriintiiler igin farkli derin Ogrenme
yontemlerinin basarili oldugu gériilmiistir.

Ek beyaz gauss glriltisiinin giderilmesi konusunda
birgok c¢aligma yapilmus olup, ger¢ek goriintiilerdeki
glriltiiniin  karmagikligt ve orijinal goriintiilerin
olmamast nedeniyle goriintiller iizerinde dogru
karsilastirmalar yapilamamaktadir. Daha derin bir
mimariye sahip aglar, gorlinti giiriltd giderme
sirasinda daha iyi sonuglar elde etmektedir. Bununla
birlikte, daha derin aglar daha fazla bellek tiiketmekte,
bu da asir1 uyum ve kaybolan egim sorununa neden
olmaktadir. Tiim bu olumsuz yonlerin yaninda giiriilti
giderme probleminde en basarili sonuglar CNN ve
GAN yontemleri ile elde edilmektedir.
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6.1. CNN Mimarisinde Guardlti Giderme
Sonucunu Olumlu Etkileyen Teknikler
Kullanim kolayligi, daha az kaynak tiiketimi ve
degisken giiriiltii tiirlerine uyarlanabilir olduklar i¢in
yapay sinir aglar1 goriintiilerde giiriiltii azaltmak i¢in
tercih edilmektedir. Olusturulan evrigimsel sinir
aglarinda  asagidaki  tekniklerin  kullanilmasi
mimarilerin  basarisin1  olumlu yonde etkiledigi
gorilmiistiir:

1. Alici alan1 genisletmek, daha fazla baglam bilgisi
yakalayabilir. Alic1 alanin genisletilmesi, aglarin
derinligi ve genisligi artinlarak gerceklestirilebilir.
Ancak bu, daha yuksek hesaplama maliyetleri ve
daha fazla bellek tiiketimi gerektirmektedir. Bu
sorunu ¢ozmek icin daha fazla ug bilgi saglamada

etkili olan genisletilmis evrisimler
kullanilmaktadir.
2. Secilen kayip fonksiyonu egitim zamanim

etkilemektedir. Secilecek kayip fonksiyonu egitim
stiresini kisaltacak sekilde tercih edilmelidir.

Derin aglar daha iyi giiriiltii giderimi sagladig
icin, derin aglar kullanilarak, aglardaki
performansi artirmak i¢in de artik aglar tercih
edilmektedir.

CNN mimarisi iginde diger tekniklerin koyulmasi
daha iyi sonuglar elde edilmesini saglamaktadir.
U-net aginin igine dalgacik donisiimiiniin
kullanilmasi bu tiir kullanima bir &rnektir.

Egitim verileri kullanilarak sanal verilerin
olusturulmasi daha fazla veri ile egitim yapilmasim
saglamaktadir. Sanal egitim verileri; egitim
verilerinin yatay ve dikey dondurilmesi, renklerin
degistirilmesi ile Uretilebilmektedir.

Geleneksel yontemler ile derin  Ogrenme
yontemlerinin beraber kullanilmasi video iizerinde
giriiltii  giderme basarilisimmt  olumlu  ydnde
etkilemektedir.

Literatlir ¢alismalart sonucu elde edilen bulgular,
DnCNN ybntemi tzerinde uygulanarak yeni bir girlti
giderme modeli gelistirilmistir. Elde edilen yeni model
ile DnCNN yonteminin giiriilti giderme basarisi
kiyaslanmigtir. DnCNN  yonteminin  CBSD400 veri
setindeki 180x180 boyutundaki goriintiiler kullamlarak
model egitilmistir. Olusturulan modelde alici alan
genisleterek daha fazla ug bilgi saglanmustir. Kayip
fonksiyonu DnCNN yontemi ile ayn1 se¢ilmis, DnCNN
yonteminden daha derin bir ag olusturulmustur.
CBSD400 egitim veri seti kullanilarak sanal verilerin
olusturulmas1 sonucu daha fazla veri ile egitim
yapilmasini saglanmustir. Egitim verisi artirilarak ayni
model lizerinde yapilan ¢alismada modelin artirilmus
veri lizerinde daha iyi Ogrenme sagladigi kayip
degerinin daha diisiik oldugu goriilmiistiir. Hazirlanan
modele ait mimari Sekil 26’da gosterilmektedir.
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Sekil 26. Yeni olusturulan yontemin mimarisi

Hazirlanan Giirtiltii giderme yontemi 19 katmandan
olusmaktadir. Ilk katman Conv+Relu, ikinci katman

Dilation+BN+Relu, 3w 18. Katmanlar
Convt+Bnt+Relu, 19. Katman Conv katmanindan
olugmaktadir. Cizelge 7’de model katmanlar

gosterilmektedir.

Tablo 7. Hazirlanan Giiriiltii giderme yontemi

katmanlari
Katman No Model
conv + relu
dilation + bn + relu (1)
3...18 conv + bn + relu (16)
19 conv (1)

Tablo 8’de hazirlanan giiriiltii giderme yontemi ile
DnCNN yoénteminin CBSD68 test veri setindeki
180x180 boyutundaki goriintiiler kullanilarak giiriiltii
giderme sonucu elde edilen Olgiim degerleri
gosterilmektedir. Elde edilen yeni modelin DnCNN
yontemine gore daha basarili sonuglar elde ettigi
gorilmiistiir.

Tablo 8. Hazirlanan Giiriiltii giderme yontemi ile
DnCNN ydénteminin CBSD400 veri setindeki
gortintiiler kullanilarak CBSDG68 test veri setindeki
guraltaleri giderme sonucu elde edilen 6l¢iim

degerleri

Yontem Egitim | Katman | PSNR | SSIM

Verisi | Sayist (dB)

Sayis1
DnCNN 400 17 24.95 0.76
DnCNN 400 19 25.75 | 0.80
Yeni Model | 400 19 26.76 | 0.85
Yeni Model | 480 19 26.89 | 0.86

VIL. SONUC VE DEGERLENDIRMELER
Giiriiltii  gidermede, giiriilti giderme sonrasi artik
gorlintiilerin  olmamast ve gorlintiiniin  diizgiin
Ozellikler ve kenarlar gibi niteliklerinin korunmasi
onemli konulardir. Geleneksel yontemlerden uzamsal
alan yontemleri kenarlari korumada basarili sonuglar
elde etmekte ancak disiik kontrastli ayrintilari
korumada daha az basarili olmaktadir. Alan doniisiim
yontemleri kenarlardan ¢ok diigiik kontrastli ayrintilar
koruyabilmektedir [157]. Onemli bilgileri koruyabilen
¢ok sayida uzamsal ve alan doniisiim yontemi filtreleri
gelistirilmig, ancak giriiltii katsayilari arttikga, artik
giriiltii kalintilar1 olugsmakta ve giiriilti giderme
performanslart azalmaktadir [158].

Derin 6grenmeye dayali caligmalarda farkli giiriiltii
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tiirleri ve farkli goriintli ¢oziniirliiklerinde tek bir
derin Ogrenme yonteminin basart elde edemedigi
gozlenmis olup, farkl giiriilti seviyeleri ve farkli
coziiniirliikteki goriintiiler i¢in farkli derin 6grenme
yontemlerinin basarili oldugu goriilmektedir. ilave
beyaz gauss guraltisinin giderilmesiyle ilgili birgok
derinlemesine arastirma yapilmasina ragmen, gergek
gorlintiilerdeki giirtiltiiniin karmasikligi ve orijinal
goriintilye sahip olunmamasi nedeniyle, kiyaslama
yapilamamakta, gergek goriintiide giiriiltii giderme
iizerine yapilan ¢aligmalar sinirli kalmaktadir. Gurdlti
giderimi sirasinda daha derin mimariye sahip aglar,
daha basarili sonuglar elde etmektedir. Ancak daha
derin aglar, daha fazla bellek kaynagi harcamakta,
agirt Ogrenme ve kaybolan egim sorunlari ortaya
cikmaktadir. Ilave beyaz gauss giiriiltiileri gercek

hayattaki ~ gurGltileri  drnekleyememekte, bu ise
yetersiz egitim verilerini ortaya ¢ikarmaktadir.
Goruntileme  sistemindeki gurulti  modeli  ¢ok

karmasik oldugundan ve yiiksek kaliteli goriintiiden
gercek glrdltalu gorintinin sentezlenmesi zorlu bir
problemdir. Ag egitimini giiriiltiiden arindirmak icin
eslestirilmemis giiriiltiilii ve temiz goriintiilerden nasil
yararlanilacagi hala agik bir sorundur. [159]

Derin 0grenme yOntemleri geri beslemeli aglar
sayesinde kayip degerlerini en aza indirebilmek i¢in
istatistiksel hesaplamalar yaparak orijinal gorintiyi
elde etmeye c¢aligmaktadir. Kaylp fonksiyonlar
giriiltii giderme aglarinin davranigimi biiyliik Olciide
etkilediginden, insan gorsel sistemine iyi uyan iyi bir
kayip fonksiyonu bulmak oOnemli bir arastirma
konusudur.

Gelecekteki ¢aligsmalarda, gercek hayattaki
gorlintiilerde var olan giriiltiilerin nasil giderilecegi
aragtirilarak, derin 6grenme modellerinin, orijinal
gorlintii ¢iftlerine sahip olmadan egitilmesi iizerine
caligmalarin yapilmas: gerekmektedir. Gelistirilecek
olan derin 6grenme mimarilerinin, kullanilan sistem
kaynaklari, egitim siiresi ve orijinal goriintiiye olan
yakinlik kriterleri g6z Oniinde bulundurularak, cesitli
gliriiltii seviyelerinde de basarili degerler elde etmesi
gerekmektedir.

KAYNAKLAR
[1]  Abiri, N, Linse, B., Edén, P., Ohlsson, M.
(2019).  Establishing strong imputation

performance of a denoising autoencoder in a
wide range of missing data problems,
Elsevier, 137-146.



Gurilti Giderme

Int. ). Adv. Eng. Pure Sci. 2022, 34(1): 65-90

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Zhou, C., Paenroth, R. (2017). Anomaly
Detection with Robust Deep Autoencoders,
ACM KDD, 13-17 Agustos, Halifax, NS,
Canada, 665-674.

Wen, B., Ravishankar, S., Bresler, Y. (2017).
VIDOSAT: High-dimensional Sparsifying
Transform Learning for Online Video
Denoising, IEEE Transactions on Image
Processing, 28(4), 1691-1704.

Chang, Y. (2019). Research on demotion blur
image processing based on deep learning, J.
Vis. Commun. Image R. Elsevier, 60, 371-
379.

Erol A., Gurbuz M., Gangal, A. (2016). Video
Goruntllerindeki Periyodik Gurltilerin Yok
Edilmesi, Researchgate, 535-537.

Gondara, L. (2016). Medical image denoising
using convolutional denoising autoencoders,
IEEE 16th International Conference on Data
Mining Workshops, 12-15 Aralik, Barselona,
241-246.

Hawwar, Y., Reza, A. (2002). Spatially
adaptive multiplicative noise image denoising
technique, IEEE Transactions on Image
Processing, 11(12), 1397-1404.

Bioucas-Dias, J. M., Figueiredo, M. A. T,
(2010). Multiplicative Noise Removal Using
Variable  Splitting and  Constrained
Optimization, IEEE Transactions on Image
Processing, 19(7), 1720-1730

Bovik, A. (2000). Handbook of Image and
Video Processing, Academic Press, Kanada,
330-331.

Leysa, C., Ley, C., Klein, O., Bernard, P.,
Licata, L. (2013). Detecting outliers: Do not
use standard deviation around the mean, use
absolute deviation around the median, Journal
of Experimental Social Psychology, 49(4),
764-766.

Shin, DH., Park RH., Yang S., Jung JH.
(2005). Block-based noise estimation using
adaptive gaussian filtering, IEEE Trans
Consum Electron, 51(1), 218-226.

Jolliffe, 1. (2005). Principal component
analysis, 2. Baski. New York, Springer-
Verlag.

Horé, A., Ziou, D. (2010). Image quality
metrics: PSNR vs. SSIM, 20th International
Conference on Pattern Recognition, 2366-
2369.

Liu, D., Li, D., Song, H. (2016). Image
Quality Assessment Using Regularity of
Color Distribution, IEEE Access, vol. 4, 4478-
4483.

Pratt, W. K. (2007). Digital Image
Processing, Fourth Edition, John Wiley &
Sons Inc.

Proakis, J., Salehi, M. (2002). Communication
Systems Engineering, Second Ed., Prentice-
Hall, Upper Saddle River, 217-267.

Paonessa, S. (2021). Reducing Signal Noise in
Practice.
https://www.predig.com/whitepaper/reducing-
signal-noise-practice (21.01.2021).

85

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Kong, X. (2003). Removing Periodic Noise in
F-wave: A Dynamic Notch Filter Approach,
Proceedings of the 25th Annual International
Conference of the IEEE EMBS, 17-21 Eylul,
Cancun, Meksika, 2503-2506.

Diwakar, M., Kumar, M. (2018). A review on
CT image noise and its denoising, Biomed
Signal Process Control, Nisan, Dehradun, 73—
88.

Weizheng, X., Chenqgi, X., Zhengru, J.,
Yueping, H. (2020). Digital Image Denoising
Method Based on Mean Filter, International
Conference on Computer Engineering and
Application (ICCEA), 857-859.

Tania, S., Rowaida, R. (2016). A Comparative
Study of Various Image Filtering Techniques
for Removing Various Noisy Pixels in Aerial
Image, International Journal of Signal
Processing, Image Processing and Pattern
Recognition, 9(3), 113-124.

Pratt, W. K. (1972). Generalized Wiener
Filtering Computation Techniques, IEEE
Transactions on Computers, C-21(7), 636-
641.

Lee, Y., Kassam, S. (1985). Generalized
median filtering and related nonlinear filtering
techniques, IEEE Transactions on Acoustics,
Speech, and Signal Processing, 33(3), 672-
683.

Yin, L., Yang, R., Gabbouj, M., Neuvo, Y.
(1996). Weighted median filters: a tutorial,
IEEE Transactions on Circuits and Systems 11
Analog and Digital Signal Processing, 43(3),
157-192.

Tomasi, C., Manduchi R. (1998). Bilateral
filtering for gray and color images, Sixth
international conference on computer vision
IEEE, 7 Ocak, Bombay, India, 839-846.
Estrela V. V., Magalhées, H. A., Saotome, O.
(2016). Total Variation Applications in
Computer Vision, arXiv:1603.09599.

Rudin, L., Osher, S. Fatemi, E. (1992).
Nonlinear Total Variation based Noise
Removal Algorithms, Physica D, vol 60, 259—
268.

Esedoglu, S., Osher, S. (2004).
Decomposition of Images by the Anisotropic
Rudin-Osher-Fatemi Model. Communications
on Pure and Applied Mathematics, vol 57,
1609-1626.

Chambolle, A., Caselles, V., Novaga, M.,
Cremers, D., Pock, T. (2009). An introduction
to Total Variation for Image Analysis, Radon
Series Comp. Appl. Math, 9, 263-340

Chan, T. F., Esedoglu, S., Park, F., Yip, A.
(2004). Recent developments in total variation
image restoration, Mathematical
Models of Computer Vision, CAM Report 05-
01, Department of Mathematics, UCLA.
Buades, A., Coll, B., Morel, J. M. (2005). A
non-local algorithm for image denoising,
IEEE computer society conference on
computer vision and pattern recognition, San
Diego, 2(2), 60-65.


https://www.predig.com/whitepaper/reducing-signal-noise-practice
https://www.predig.com/whitepaper/reducing-signal-noise-practice

Int. ). Adv. Eng. Pure Sci. 2022, 34(1): 65-90

Gurilti Giderme

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

Dabov, K., Foi, A., Katkowmik, V.,
Egiazarian, K. (2007). Image denoising by
sparse 3-D transform-domain collaborative

filtering, IEEE Transactions on Image
Processing, 16(8), 2080-2095.
Mékinen, Y., Azzari, L., Monge, E.,

Maggioni, M., Danielyan, A., Dabov, K., Foi,
A., Katkownik, V., Egiazarian, K. (2019).
Image and video denoising by sparse 3D

transform-domain  collaborative ~ filtering.
https://www.cs.tut.fi/~foi/3D-DF T/
(21.02.2021).

Dabov. K., Foi, A, Katkowmik, V.,
Egiazarian, K. (2009). BM3D image
denoising with shape-adaptive principal

component analysis, Signal processing with
adaptive sparse structured representations,
SPARS'09- Signal Processing with Adaptive

Sparse Structured Representations, Saint
Malo, France, DOl:
10.1109/TIP.2018.2865684.

Dabov, K., Foi, A., Katkowmik, V.,

Egiazarian, K. (2006). Image denoising with
block-matching and 3D filtering, Proceedings
of SPIE, 6064, 354-365.

Makkar, H., Lamba, O. (2017). An Improved
VBM3D Filtering Technique for Removal
Noise in Video Signals, European Journal of
Advances in Engineering and Technology,
ResearchGate, 4(8), 584-591.

Maggioni, M., Boracchi. G., Foi A,
Egiazarian, K. (2012). Video denoising,
deblocking, and enhancement through
separable 4-D  nonlocal  spatiotemporal
transforms, IEEE Transactions on Image
Processing, 21(9), 3952-3966.

Khawase, S., Kamble, S., Thakur, N.,
Patharkar, A. (2017). An Overview of Block
Matching Algorithms for Motion Vector
Estimation, Intelligent and Computing in
Engineering, Vol. 10 ISSN 2300-5963c, 217—
222.

Delon, J., Houdard, A. (2018). Gaussian
Priors for Image denoising, Bertalmio,
Marcelo, Denoising of Photographic Images
and Video Fundamentals, Open Challenges
and New Trends, Advances in Computer
Vision and Pattern Recognition book series
(ACVPR), Springer.

Russel, S., Norvig, P. (2010). Artificial
Intelligence A Modern Approach, Third
Edition, Pearson Education.

Wright, J.,, Yang A. Y., Ganesh A., Sastry S.
S., Ma, Y. (2009). Robust face recognition via
sparse representation, IEEE Transactions on
Pattern analysis and Machine Intelligence,
31(2), 210-227.

Deng, W., Hu, J., Guo, J. (2012). Extended
SRC: Undersampled face recognition via
intraclass variant dictionary, IEEE Trans.
Pattern Anal. Mach. Intell, 34(9), 1864-1870.
Zhang, L., Zhou, W. (2009). On the
sparseness of 1-norm support vector
machines, Neural Networks, 23(3), 373-385.

86

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Gao, S., Tsang, LW.H., Chia, L. T. (2010).
Kernel sparse representation for image
classification and face recognition, 11th Eur.
Conf. Comput. Vis., 6314, 1-14.

Xu, S., Yang, X., Jiang, S. (2017). A fast
nonlocally centralized sparse representation
algorithm for image denoising, Signal
Processing, Volume 131, 99-112.

Ji, H., Liu, C. Q., Shen, ZW., Xu, Y. H.
(2010). Robust video denoising using low
rank matrix completion, |IEEE computer
vision and pattern recognition, San Francisco,
1791-1798.

Gu, S. H.,, Xie, Q, Meng, D. Y, Zuo, W. M,
Feng, X. C., Zhang, L. (2017). Weighted
nuclear norm  minimization and its
applications to low level vision, Int J Comput
Vis, 121(2), 183-208.

Ji, H., Huang, S. B., Shen, Z. W., Xu, Y. H.
(2011). Robust video restoration by joint
sparse and low rank matrix approximation,
SIAM J Imaging Sci, 4(4), 1122-1142.

Fan, L., Zhang, F., Fan, H. (2019). Brief
review of image denoising techniques, Visual
Computing for Industry, Biomedicine, and
Art, 2(7).

Seker, S. (2008). Tekil Deger Ayrigimi.
http://bilgisayarkavramlari.com/2008/12/29/te
kil-deger-ayrisimi-singular-value-
decomposition/, (21.01.2021).

Hornick, M. (2016). Using SVD for
Dimensionality Reduction.
https://blogs.oracle.com/r/using-svd-for-
dimensionality-reduction, (01.02.2021).
Aharon, M., Elad, M., Bruckstein, A. (2006).
K-SVD: An Algorithm for Designing
Overcomplete  Dictionaries for  Sparse
Representation, IEEE Transactions on Signal
Processing, 54(11), 4311-4322.

Gu, S., Zhang, L., Zuo, W. Feng, X. (2014).
Weighted nuclear norm minimization with
application to image denoising, 2014 IEEE
conference on computer vision and pattern
recognition, Columbus, 2862-2869.

Mallat, S. (1998). A Wavelet Tour of Signal
Processing, Academic Press, San Diego.
Bhuiyan, M., Ahmad, M., Swamy, M. (2008).
Wavelet-based image denoising with the
normal inverse Gaussian prior and linear
MMSE estimator, let Image Processing,
volume 2, 203-217.

Hyvarinen, A., Oja, E., Hoyer, P., Hurri, J.
(1998). Image feature extraction by sparse
coding and independent component analysis,
IEEE 14th international conference on
pattern recognition, Brisbane, 1268-1273.
Nigam, V., Luthra, S., Bhatnagar, S. (2010).
A Comparative Study of Thresholding
Techniques for Image Denoising,
International Conference on Computer and
Communication Technology, Allahabad, 173-
176.

Donoho, D. L., Johnstone, I. M. (1995).
Adapting to unknown smoothness via wavelet



Gurilti Giderme

Int. ). Adv. Eng. Pure Sci. 2022, 34(1): 65-90

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

shrinkage, Journal of the American Statistical
Association, 90(432), 1200-1224.

Donoho, D. L. (1995). Denoising by soft-
thresholding, IEEE Trans. Information
Theory, 41(3), 613-627.

Biswas, M., Om, H. (2012). A New Soft-
Thresholding Image Denoising Method, 2nd
International Conference on Communication,
Computing & Security [ICCCS-2012], 6, 10-
15.

Chang. S. G., Yu, B., Vetterli, M. (2000).
Adaptive wavelet thresholding for image

denoising and compression, IEEE
Transactions on Image Processing, 9(9),
1532-1546.

Starck, J., Fadili, J., Murtagh, F. (2007). The
Undecimated Wavelet Decomposition and its
Reconstruction, IEEE Transactions On Image
Processing, 16(2).

Starck, J. L., Elad, M., Donoho, D. L. (2004).
Redundant multiscale transforms and their
application for morphological component
analysis, Adv. Imag. Electron Physics, 287-
348.

Barbero, M., Hofmann, H., Wells, N. (1991).
DCT source coding and  current
implementations for HDTV, EBU Technical
Review.

Lukin, V. V., Fevralev, D. V., Nikolay, N.,
Abramov, S. (2010). Astola Discrete cosine
transform-based local adaptive filtering of
images corrupted by nonstationary noise,
Journal of Electronic Imaging, 19(2).

Kim, J., Lee, J. K, Lee, K. M. (2016).
Accurate image super-resolution using very
deep  convolutional  networks, IEEE
conference on computer vision and pattern
recognition, 27-30 Haziran, Las Vegas, 1646—
1654.

Wang, X., Chan, K., Yu, K., Dong, C., Loy,
C.C. (2019). EDVR: Video restoration
with enhanced deformable convolutional
networks, IEEE Computer Society
Conference on Computer Vision and Pattern
Recognition Workshops, 1954-1963.
Lefkimmiatis, S. (2018). Universal denoising
networks: A novel cnn architecture for image
denoising, CVPR, 3204-3213.

Zhang, K., Zuo, W., Chen, Y., Meng, D.,
Zhang L. (2017). Beyond a Gaussian
Denoiser: Residual Learning of Deep CNN
for Image Denoising, IEEE Transactions on
Image Processing, 26(7), 3142-3155.
Lehtinen, J., Munkberg, J., Hasselgren, J.,
Laine, S., Karras, T., Aittala, M., Aila, T.
(2018).  Noise2Noise:  Learning image
restoration without clean data, ICML, volume
80, 2965-2974.

Batson, J., Royer, L. (2019). Noise2self:
Blind  denoising by  self-supervision,
arXiv:1901.11365

Krull, A., Buchholz, T., Jug, F. (2019).
Noise2void - learning denoising from single
noisy images, CVPR, arXiv:1811.10980.

87

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

Alimovskia, E., Erdemira, G. (2021). Veri
Artirma  Tekniklerinin Derin Ogrenmeye
Dayali Yiz Tanima Sisteminde Etkisi,
Istanbul Sabahattin Zaim Universitesi Fen
Bilimleri Enstitlisti Dergisi, 3(1): 76-80.
Fabio, P., Christina, V., Sandra, A., Eduardo,
V. (2018). Data augmentation for skin lesion
analysis, ISIC skin image analysis workshop
and challenge, MICCAIL.

Deng, J., Dong, W., Socher, R., Li, L. J., Li,
K., Fei-Fei, L. (2009). ImageNet: A Large-
Scale Hierarchical Image Database, IEEE
Computer Vision and Pattern Recognition
(CVPR).

LeCun, Y., Bottou, L., Bengio, Y., Haffner, P.
(1998). Gradient-based learning applied to
document recognition, Proceedings of the
IEEE, 86(11), 2278-2324.

Szandala, T., (2020). Review and comparison
of commonly used activation functions for
deep  neural networks,  Bio-inspired
Neurocomputing, 903, 203-224.

Ahn, H., Rhee, S. B. (2015). Research of
Object Recognition and Tracking Based on
Feature Matching, Park J., Stojmenovic .,
Jeong H., Yi G. (eds) Computer Science and
its Applications, Lecture Notes in Electrical
Engineering, vol 330, Springer, Berlin,
Heidelberg, 1071-1076.

Krizhewsky, A., Sutskever, I., Hinton, G. E.

(2012). Imagenet classification with deep
convolutional neural networks, Advances,
Neural Information Processing Systems,

Kasim 2012, NY United States, 1097-1105.
Nair, V., Hinton, G. E. (2010). Rectified
linear units improve restricted boltzmann
machines, 27th international conference on
machine learning, Haziran 2010, Haifa, Israel,
807-814.

Simonyan, K., Zisserman, A. (2014). Very
deep convolutional networks for large-scale
image recognition, arXiv:1409.1556.

Szegedy, C., Liu, W., Jia, Y., Sermanet, P.,
Reed, S., Anguelov, D., Erhan, D,
Vanhoucke, V., Rabinovich, A. (2015). Going
deeper with convolutions, IEEE Conference
on Computer Vision and Pattern Recognition,
Boston, USA, 1-9.

Lin, M., Chen, Q., Yan, S. (2013). Network in
network, Neural Computing and Applications,
Journal of Computer and Communications,
8(11), arXiv:1312.4400.

Chunwei, T., Lunke, F., Wenxian, Z., Yong,
X., Wangmeng, Z., Chia-Wen L. (2020).
Deep Learning on Image Denoising: An
Overview, Neural networks: the official
journal of the International Neural Network
Society, 251-275. arXiv:1912.13171.

He, K., Zhang, X., Ren, S., Sun, J. (2016).
Deep residual learning for image recognition,
2016 IEEE Conference on Computer Vision
and Pattern Recognition, 27-30 Haziran, Las
Vegas, NV, USA, 770-778.



Int. ). Adv. Eng. Pure Sci. 2022, 34(1): 65-90

Gurilti Giderme

[86]

[87]

(88]

(89]

[90]
[91]

[92]

(93]

[94]

[93]

[96]

[97]

(98]

Goodfellow, 1., Pouget-Abadie, J., Mirza, M.,
Xu, B. Warde-Farley, D., Ozair, S,
Courville, A., Bengio, Y. (2014). Generative
Adversarial Networks, Advances in Neural

Information  Processing Systems, 3(11),
arXiv:1406.2661.
Tran, L., Yin, X, Liu, X. (2017).

Disentangled representation learning gan for
pose-invariant  face  recognition, IEEE
Conference on Computer Vision and Pattern
Recognition, 1415-1424.

Li, Y., Li, Z., Kejun, K. (2013). A novel
image restoration method assisted by
reference image in dual-energy CT, 2013
IEEE Nuclear Science Symposium and
Medical Imaging Conference, 1-4, DOI:
10.1109/NSSMIC.2013.6829279.

Wu, Y., Zhao, W., Zhang, Q. (2013). The
improvement of audio noise reduction system
based on LMS algorithm, 2013 International
Conference on Computer Sciences and
Applications, 590-594.

LeCun, Y. Bengio, Y., Hinton, G. (2015).
Deep learning, Nature, 521(7553), 436-444.
Ha, V. K, Ren, J., Xu, X., Zhao, S., Xie, G.,
Vargas, V. M. (2018). Deep Learning Based
Single Image Super-Resolution: A Survey,
Advances in Brain Inspired Cognitive Systems
BICS 2018, Springer, vol 10989.

Guo, S., Yan, Z., Zhang, K., Zuo, W., Zhang,
L. (2019). Toward convolutional blind
denoising of real photographs, IEEE
Conference on Computer Vision and Pattern
Recognition, 16-20 Haziran, CA, USA, 1712
1722.

Liu, H., Ruan, Z., Zhao, P., Dong, C., Shang,
F., Liu, Y., Yang, L. (2020). Video Super
Resolution Based on Deep Learning: A
Comprehensive Survey, Computer Science,
Computer Vision and Pattern Recognition,
arXiv:2007.12928.

Farooque, M. A., Rohankar, J. S. (2013).
Survey on various noises and techniques for
denoising the color image, International
Journal of Application or Innovation in
Engineering & Management (IJAIEM), 2(11),
217-221.

Tian, C., Xu, Y., Fei, L, Yan, K (2019).
Deep Learning for Image Denoising: A
Survey, ICGEC 2018 Advances in Intelligent
Systems and Computing, Singapore, vol 834.
Jeon, W., Jeong, W., Son, K., Yang, H.
(2018). Speckle noise reduction for digital
holographic ~ images using  multi-scale
convolutional neural networks, Optics Letters,
43(17), 4240-4243.

Liu, S., Deng, W. (2015). Very deep
convolutional neural network based image
classification using small training sample size,
IAPR  Asian Conference on Pattern
Recognition (ACPR), 730-734.

Yu, F., Koltun, V., Funkhouser, T. (2017).
Dilated residual networks, Computer Vision

88

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

and Pattern Recognition (CVPR) (2017).
arxXiv: 1705.09914.

Chen, C., Xiong, Z., Tian, X., Wu, F. (2018).
Deep boosting for image denoising, European
Conference on Computer Vision (ECCV), 4-8
Eylil, Munich, Germany, 3-18.

Tai, Y., Yang J., Liu, X. (2017). MemNet: a
persistent memory network for image
restoration, IEEE Int. Conf. on Computer
Vision (ICCV 2017), Venice, Italy, 4539-
4547,

Liu, P., Zhang, H., Zhang, K., Lin, L., Zuo,
W. (2018). Multi-level wavelet-cnn for image
restoration, IEEE Conference on Computer
Vision and Pattern Recognition Workshops,
18-22 Haziran, Salt Lake City, Utah, 773-
782.

Zhao, Y. Q., Yang, J. (2015). Hyperspectral
image denoising via sparse representation and
low-rank constraint, IEEE Transactions on
Geoscience and Remote Sensing, 53(1), 296-
308.

Bui A. T., Im, J. K., Apley, D. W., Runger G.
C. (2019). Projection-free kernel principal
component analysis for denoising, Elsevier
Neurocomputing, 357, 163-176.

Cha, S., Park, T., Kim, B., Baek, J., Moon, T.
(2021). GAN2GAN: Generative Noise
Learning for Blind Denoising with Single
Noisy Images, International Conference on
Learning Representations (ICLR).

Luo, Z., Chen, S., Qian, Y. (2019). A Deep
Optimization Approach for Image
Deconvolution, Computer Vision and Pattern
Recognition, arXiv:1904.07516.

Wang, T., Sun, M., Hu, K. (2018). Dilated
deep residual network for image denoising,
International Conference on Tools with
Artificial Intelligence, ICTAI, 6-8 Kasim,
Boston, 1272-1279.

Chen, Y. Pock, T. (2016). Trainable
nonlinear reaction diffusion: A flexible
framework for fast and effective image
restoration, IEEE Transactions on Pattern
Analysis and Machine Intelligence, 39(6),
1256-1272.

Lai, W. S., Huang J. B., Ahuja, N., Yang M.
H. (2017). Deep Laplacian Pyramid Networks
for Fast and Accurate Super-Resolution, 30th
IEEE Conference on Computer Vision and
Pattern  Recognition, 21-26  Haziran,
Honolulu, 5835-5843.

Tian, C., Xu, Y., Zuo, W. (2020). Image
denoising using deep cnn with batch
renormalization, Neural Networks, 121, 461—
473.

Anwar, S., Huynh, C. P., Porikli, F. (2017).
Chaining identity mapping modules for image
denoising, arXiv:1712.02933.

Anandbabu, G., Merajothu, N., Kirankumar,
G. (2018). Convolutional neural network
based image denoising for better quality of
images. International Journal of Engineering
and Technology(UAE), 7, 356-361.



Gurilti Giderme

Int. ). Adv. Eng. Pure Sci. 2022, 34(1): 65-90

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

Shi, W., Caballero, J., Huszar, F., Totz, J.,
Aitken, A., Bishop, R., Rueckert, D., Wang,
Z. (2016). Real-Time Single Image and Video
Super-Resolution Using an Efficient Sub-
Pixel Convolutional Neural Network, IEEE
conference on computer vision and pattern
recognition, 27-30 Haziran, Las Vegas, 1874-
1883.

Tian, C., Xu, Y., Fei, L., Wang, J., Wen, J.,
Luo, N. (2019). Enhanced cnn for image
denoising, CAAI Transactions on Intelligence
Technology, 4(1), 17-23.

Tian, C., Xu, Y., Li, Z., Zuo, W., Fei, L., Liu,
H. (2020). Attention-guided cnn for image
denoising, Neural Networks, 124, 117-129.
Zoran, D., Weiss, Y. (2011). From learning
models of natural image patches to whole
image restoration, IEEE International
Conference on Computer Vision, 6-13 Kasim,
Barcelona, 479-486.

Schmidt, U., Roth, S. (2014). Shrinkage fields
for effective image restoration, IEEE
Conference on Computer Vision and Pattern
Recognition, 24-27 Haziran, Columbus,
2774-2781.

Aljadaany, R., Pal, D. K., Sawides, M.
(2019). Proximal splitting networks for image
restoration, International Conference on
Image Analysis and Recognition, Springer, 3-
17.

Zhang, K., Zuo, W., Gu, S., Zhang, L. (2017).
Learning deep cnn denoiser prior for image
restoration, IEEE Conference on Computer
Vision and Pattern Recognition, 21-27
Haziran, Honolulu, 3929-3938.

Bengio, Y. (2009). Learning deep
architectures for Al, Foundations and Trends
in Machine Learning, 2(1), 1-127.

Patilab, S., Naik, G., Pai, R., Gad, R. (2018).
Stacked Autoencoder for classification of
glioma grade Il and grade IV, Biomedical
Signal Processing and Control, Elsevier, 46,
67-75.

Vincent, P., Larochelle, H., Bengio, Y.,
Manzagol, P. (2008). Extracting and
Composing Robust Features with Denoising
Autoencoders, 25th International Conference
on Machine Learning, Haziran, Helsinki,
Finland, 1096-1103.

Chinner, H. (2015). Denoising AutoEncoders,
http://www.rubylab.io/2015/04/28/denoising-
autoencoder-tutorial/, (01.11.2020).

Harish, H. (2019). Denoising AutoEncoders,
https://medium.com/@harishr2301/denoising-
autoencoders-996e866e5cd0, (01.11.2020).
Liu, G., Bao, H., Han, B. (2018). A Stacked
Autoencoder-Based Deep Neural Network for
Achieving  Gearbox  Fault  Diagnosis,
Mathematical Problems in Engineering, DOI:
10.1155/2018/5105709

Jozdani, S., Johnson, B., Chen, D. (2019).
Comparing Deep Neural Networks, Ensemble
Classifiers, and Support Vector Machine
Algorithms for Object-Based Urban Land

89

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

Use/Land Cover Classification, Remote Sens,
11(14), 1713s.

Ng, A. (2018), Sparse autoencoder, CS294A
Lecture notes,
https://web.stanford.edu/class/cs294a/sparseA
utoencoder_2011new.pdf, (07.04.2021).

Kingma, D., Welling, M. (2019). An
Introduction to Variational Autoencoders,
Foundations and Trends in Machine

Learning, 12(2019), 307-392.

ImD., Im, J., Ahn, S., Memisevic, R., Bengio,
Y. (2017), Denoising Criterion for Variational
Auto-Encoding Framework, AAAI
Publications, Thirty-First AAAI Conference
on Artificial Intelligence, 2059-2065.

Creswell, A., Bharath, A. A. (2018).
Denoising Adversarial Autoencoders,
arXiv:1703.01220v4.

Chena, X., Songa, L., Yanga, X. (2016). Deep

RNNs for Video Denoising, Applications of
Digital Image Processing, SPIE vol 9971.
Antczak, K. (2018). Deep Recurrent Neural
Networks for ECG Signal Denoising, 9(1),
arXiv:1807.11551, 135s.

Rajeev, R., Samath, J., Karthikeyan, N.
(2019). An Intelligent Recurrent Neural
Network with Long Short-Term Memory
(LSTM) BASED Batch Normalization for
Medical Image Denoising, Journal of Medical
Systems, Springer Science, 43(8), 234s.

Cho, K. (2013). Boltzmann Machines for
Image Denoising, Artificial Neural Networks
and Machine Learning — ICANN, Springer,
10-13 Eyll, Sofia, 611-618.

Hinton, G. E., Salakhutdinov. R. R. (2006).
Reducing the Dimensionality of Data with
Neural Networks, Science, 313(5786), 504—
507.

Keyvanrad, M., Pezeshki, M.,
Homayounpour, M. (2013). Deep Belief
Networks for Image Denoising,
arXiv:1312.6158.

Wang, C., Zhou, S. K., Cheng, Z. (2020).

First image then video: A two-stage network
for  spatiotemporal  video  denoising,
arXiv:2001.00346.

Sheeba, M. C., Seldev C. D. C. (2019). A
review on video denoising methods, 2019
International Conference on Recent Advances
in Energy-efficient ~ Computing and
Communication (ICRAECC), 1-6.

Arias, P., Morel, J. M. (2018). Video
Denoising via Empirical Bayesian Estimation
of  Space-Time Patches, Journal of
Mathematical Imaging and Vision, 60(1). 70—
93.

Buades, A., Lisani, J. (2016). Patch-Based
Video Denoising With Optical Flow
Estimation, IEEE Trans. IP, 25(6), 2573
2586.

Tassano, M., Delon, J., Veit, T. (2019).
Dvdnet: A fast network for deep video
denoising, International Conference on Image



Int. ). Adv. Eng. Pure Sci. 2022, 34(1): 65-90

Gurilti Giderme

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

Processing (ICIP), IEEE, 22-25 Eylul, Taipei,
1805-1809.

Paramkusam, A., Reddy, V. S. K. (2014).
Two-layer motion estimation algorithm for
video coding, Electronics Letters, vol 50, 276-
278.

Chen, H., Jin, Y., Xu, K., Chen, Y., Zhu, C.
(2021). Multiframe-to-Multiframe Network
for Video Denoising, IEEE Transactions on
Multimedia, DOL:
10.1109/TMM.2021.3077140.

Zhang, X., Yang, Y., Lin, L. (2018). Edge-
aware image denoising algorithm, Journal of
Algorithms & Computational Technology,
Volume 13, 1-10.

Rudin, L. I, Osher, S., Fatemi, E. (1992).
Nonlinear total variation based noise removal
algorithms,  11th annual international
conference of the center for nonlinear studies
on experimental mathematics: computational
issues in nonlinear science, Elsevier North-
Holland, Inc, New York, 259-268.

Sutour, C., Deledalle, C. A., Aujol, J. F.
(2014). Adaptive regularization of the nl-
means: application to image and video
denoising, IEEE Trans Image Process, 23(8),
3506-3521.

Buades, A., Coll, B., Morel, J. M. (2005). A
non-local algorithm for image denoising,
2005 IEEE computer society conference on
computer vision and pattern recognition,
IEEE, San Diego, 60-65.

Guo. Q., Zhang, C. M., Zhang, Y. F., Liu, H.
(2016). An efficient SVD-based method for
image denoising, IEEE Transactions On
Circuits And Systems For Video Technology,
26(5), 868-880.

Dong, W. S., Zhang, L., Shi, G. M., Li, X.
(2013).  Nonlocally centralized  sparse
representation for image restoration, IEEE
Trans Image Process, 22(4), 1620-1630.
Yesiloglu, A., Eksioglu, E. M. (2016). Seyrek
Isaret Islemede Simiflandirma Uygulamalari
ve Cekirdek Tabanli Yaklasimlar, 24.Sinyal
Isleme ve Iletisim Uygulamalart Kurultayt,
Zonguldak, 1157-1160.

90

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

Erdogan, H. T., Erdem, E., Erdem, A. (2013).
Alan Kovaryanslar1 I¢in Grup Seyrekligine
Dayali Seyrek Kodlama, 21. IEEE Sinyal
Isleme ve Iletisim Uygulamalart Kurultay,
Girme, KK.T.C,, 1-3.

Andrearczyk, V., Whelan, P. F. (2016). Using

Filter Banks in Convolutional Neural
Networks  for  Texture  Classification,
arXiv:1601.029109.

Eslahi, N., Aghagolzadeh, Q. (2016).

Compressive sensing image restoration using
adaptive curvelet thresholding and nonlocal

sparse regularization, IEEE Trans. Image
Process., 25(7), 3126-3140.
Lucas, A., lliadis, M., Molina, R,

Katsaggelos, A. K. (2018). Using deep neural
networks for inverse in imaging: beyond
analytical methods, IEEE Signal Processing
Magazine, Ocak 2018, 35(1), 20-36.

Zhang, Y., Xiao, J., Peng, J., Zong, X. (2018).
Kernel Wiener Filtering Model with Low-
Rank Approximation for Image Denoising,
Information Sciences.

Jain, V., Seung, H. (2009). Natural Image
Denoising with Convolutional Networks,
Advances in Neural Information Processing
Systems, 769-776.

Hiisem, H., Orman, Z. (2020). A Survey on
Image Super-Resolution with Generative
Adversarial Networks, Acta Infologica, 4(2),
139-154.

Donoho, D. L., Johnstone, J. M. (1994). Ideal
spatial adaptation by wavelet shrinkage,
Biometrika, 81(3), 425-455.

Girdher, A. Goyal, B. Dogra, A. Dhindsa, A.
Agrawal, S. (2019). Image Denoising: Issues
and Challenges, Proceedings of International
Conference on Advancements in Computing
& Management (ICACM).

Gu, S., Timofte, R. (2019). A Brief Review of
Image Denoising Algorithms and Beyond.
Inpainting and Denoising Challenges, The
Springer Series on Challenges in Machine
Learning, 1-21.



Int. J. Adv. Eng. Pure Sci. 2022, 34(1): 91-100
DOI: 10.7240/jeps.969506

RESEARCH ARTICLE / ARASTIRMA MAKALESI

Jenerator Kabinlerinin Akis Analizi ve Jenerator Setinin Calisabilecegi
Ortam Sicakhiginin Deneysel Olarak Belirlenmesi
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Oz
Kabinli jenerator setleri hem dis mekanda kullanildigi hem de jenerator setine koruma sagladiklar igin tercih sebebidir.
Jenerator kabininin en 6nemli tasarim kriterlerinden biri kullanilan motorun sogutma performansidir. Bu ¢alismada, kabinli
bir jenerator setinin sayisal analizleri, ANSYS FLUENT 19.2 yaziliminda, hesaplamali akigkanlar dinamigi yontemi
kullanilarak gerceklestirilmis ve bu sayisal analizler, deneysel analizlerle karsilastirilmigtir. Jenerator emis bolgesi, atig
bolgesi, emis kesiti ve atis kesiti olarak dorde ayrilmis ve her bir bélgenin akis analizleri gergeklestirilmistir. Tiim sistemin
basing farki 1104C-44TAG2 motorunun verisinde izin verilen basmg farki degerinden 14,25 Pa yiiksek ¢ikmistir. Bu farkin
jeneratoriin gcaligma sartlarini ne kadar etkiledigini anlamak i¢in HIOKI test cihaziyla deneyler yapilmis ve jenerator setinin
calisabilecegi maksimum sicaklign 3,9 °C diistiigii gézlemlenmistir. Boylece, ileride yapilacak olan ¢alismalara referans
olunmustur.
Anahtar Kelimeler: Deneysel Analiz, Sayisal Analiz, HAD, Jenset, Jeneratér Kabini, Basing Farki

Abstract

Cabin generator sets have the benefit of outdoor use and protection for generator sets. One of the most important
considerations in generator cabinet design is the cooling performance of the engine. In this study, experimental analysis for a
generator set with a cabin is compared to numerical analysis performed using the computational fluid dynamics method
in ANSYS FLUENT 19.2 software. Flow analysis is carried out on four areas of the generator, which are suction zone,
discharge zone, suction section and discharge section. The pressure difference across the whole system is found to be 14.25
Pa higher than the pressure difference allowed for according to the 1104C-44TAG2 engine data. In order to understand how
much this difference affects the operating conditions of the generator, experiments are carried out with the HIOKI tester. It
has been observed that the maximum operating temperature of the generator set decreases by 3.9 °C. Thus, this paper
becomes a reference for future studies.

Keywords: Experimental Analysis, Numerical Analyis, CFD, Genset, Generator Cabinet, Pressure Difference

I. GIRiS

Giinlimiiz diinyasinda hem insanlar hem de endiistri i¢in elektrik en 6nemli enerji kaynaklarindan biridir.
Teknolojinin gelismesi ve insan niifusunun her gegen giin artmasiyla elektrik ihtiyact da artmaktadir.
Aydinlatma, 1s1tma, sogutma, iletisim, saglik, ulasim ve bircok sektor elektrik enerjisi sayesinde varligini devam
ettirebilmektedir. Elektrik tiretimi igin teknolojinin gelismesine ragmen giiniimiizde -elektrik kesintileri
yasanmaya devam etmektedir. Tiim temel ihtiyaclar elektrik enerjisi sayesinde ayakta kalmaktadir ve elektrik
kesintisi farkli sektorlerde 6liimciil bir neden olabilir. Bu da acil durumlarda tek gii¢ kaynagi olabilecek
jeneratorlerin gerekliligini beraberinde getirmektedir [1].

Jeneratorler mekanik enerjiyi elektrik enerjisine doniistiiriirler. Mekanik enerji kaynagi olarak su, buhar ve
riizgar tiirbini kullanildig gibi ¢ogu zaman igten yanmali motorlar da kullamilir. Igten yanmali motorlarin
kullanildigi jeneratorler “Jeneratdr Seti (JS)” diye adlandirilir. JS igten yanmali motorun alternator ile
kullanildigindaki ismidir. Giiniimiizde benzinli, dizel, gazli ve hibrit olmak {izere farkli yakitlarla calisan
jenerator setleri mevcuttur [2]. Dizel jeneratdrler (DJ) yiiksek verimlilik ve diisiik yakit maliyeti nedeniyle en
yaygin kullanilan jeneratorlerdir [1]. DJ’ ler kabinli ve kabinsiz olmak iizere iki farkli sekilde kullanilirlar.
Kabinsiz jeneratorler genellikle i¢ mekanda kullanilirken, kabinli jeneratorler dis mekanda kullanilirlar. Jenerator
kabinlerinin islevi, ilk olarak diizgiin caligma i¢in uygun havalandirmay: siirdiirmeli ikinci olarak giirtiltiiyt
standartlarla belirlenen degerin altinda muhafaza etmelidir [3]. JS* de genellikle 42 °C ve 50 °C radyatorler
kullanilir ve bu sicaklik, maksimum dis ortam sicakligini tarif eden degerdir. Kabinsiz bir sekilde kullanilan
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jeneratorler, dis ortam sicakligi maksimum 42 °C veya
50 °C’ de kullanilabilirler. Bu durum kabinli
jeneratorlerde farklidir. Kabinli jeneratorlerde radyator
faninin sogutma debisi, kabinsizdekine oranla daha
verimsiz ¢alisir. Cilinkii radyator tarafindan c¢ekilen
hava, kabinin emis kesitlerinden girer ve kabinsiz
makineye gore daha az miktarda hava c¢eker. Bu
nedenle JS ‘nin ¢aligabilecegi ortamin sicaklig diiger.
JS’ nde havalandirma iyi olmadig zaman, dahili 1s1
birikimi sicakligin siirekli yiikselmesine neden olur.
Jeneratorlerde termal 1s1 birikimi jeneratdriin dinamik

performansini,  giivenilirligini  ve  elektriksel
performans gostergelerini  disliriir [4]. Jenerator
setlerinin  akig  analizleri, kabinlerin sogutma

performanslar1 ve i¢ akis olan sayisal ¢aligmalar gibi

literatiirde bu c¢alismaya yol gosterecek bircok
arastirma mevcuttur. Bunlarin bazilann  asagidaki
gibidir:

Parthan V. ve ark. [1] tarafindan jenerator kabini
tasarimi, kabinin panjur agilari degistirilerek optimize
edilmistir. Panjur acis1 ne kadar biiyiik olursa 1s1
aktariminin da o kadar biiyiik oldugu gézlemlenmistir.
Yapilan optimizasyonlar sonunda, yagmur ve toz gibi
maddeler dikkate alindiginda, panjur agisim1 30 °C ile
45 °C arasinda tutmanin en iyi a¢i araligi oldugu
sonucuna varllmistir. Babar G. [5] Hesaplamali
akiskanlar dinamigi (HAD) simiilasyonlar ile ¢ok kisa
bir siire igerisinde farklt modelleri denemistir. Bu
simiilasyonlar, tasarim siirelerini azaltmaya yardimci
olmug ve her modifikasyonun etkisini 6lgmek igin
esneklik saglamustir. Yapilan galigmayla, kabinin sicak
hava ¢ikis bolgesinin, akisa karst fazla dirence sahip
oldugu tespit edilmigtir. Daha sonra, kabin ¢ikisinin
yana tasinmasiyla, kabinin termal performansinda
biiyiik iyilesme saglandigi da gdzlemlenmistir. Pandav
P. ve ark. [2] yaptiklar1 sayisal analizlerin sonucunda,
40° panjur agisinin kabin i¢i sogutmayr iyi yonde
etkiledigini ve kabindeki sicak havanin ¢ikis hizinin
arttigini - gézlemlemelerine karsin; panjurlarin  40°
acilmasindan dolayr giiriiltii seviyesinin de arttiginm
saptamuslardir. 30° agida ise hem kabin i¢indeki hem
de kabin digindaki sicaklik homojen, ayrica giiriltii
seviyesi de 40°’ye oranla daha diisiik oldugundan, 30°
acinin daha optimum oldugunu belirlemislerdir. Jang
JY. ve Tsai Y.C. [6] tarafindan HAD yOntemi
kullanarak kanatli 1s1 degistiricinin optimum panjur
acisini bulmak i¢in yontem Onerilmistir. Minimum
panjur sayisini bulabilmek igin, 15° ile 45° arasinda
degisen panjur agilarinin ayni sinir sartlarinda sayisal
analizleri gerceklestirilmis ve optimum panjur agisi
bulunmaya c¢alisilmustir. Jeneratér kabininin panjur
optimizasyonunun yapilmasina bu caligmalar katki
saglamuistir. Sarinali P. ve Sankaranarayana K. [7]
tarafindan LCV dizel motorun motor giicl icin iki
farkli susturucu modeli tasarlanmis ve bu modellerin
akis analizleri ANSYS FLUENT programinda
olugturulmustur. Her iki model iginde aymi sinir
sartlart uygulanmis ve ikinci susturucunun dahili
diizeni egzoz basincini, birinci modele gore daha fazla
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diistirdiigii sonucuna varilmustir. Kabinin akis analizi
de i¢c akis oldugundan susturucularin akis analizi,
kabinin sayisal analizini kurgulamada yol gosterici
olmustur.

Bu caligmadaki jeneratér setinde kullanilan motor
modeli Perkins 1104C-44TAG2, alternator modeli ise
Leroy Somer TAL044C’dir. Tasarim asamasinda 110
kVA’lik 1104C-44TAG2 motorunun veri sayfasindaki
bilgiler kullanilmistir. 1104C-44TAG2 motoru 50°C
ortam sicakliginda galisabilecek bir radyatdre sahiptir.
Bu radyatoriin fam 3,3 kg/s ‘lik bir kitlesel debi ile
havay1 ¢ekerek motoru sogutur. Bu sogutma sirasinda
radyatdr faninin Oniinde ve arkasinda basing farki
olusur. Bu farkin motor veri sayfasinda verilen
degerden yiiksek olmast durumunda, jenerator setinin
caligabilecegi maksimum ortam sicakligi degisir. Bu
nedenle bu ¢aligmada, Solidworks programinda
tasarlanan  kabinli  jeneratoriin  ¢alisabilecegi
maksimum ortam sicakligini belirleyebilmek igin
ANSYS FLUENT 19.2 yaziliminda hesaplamali
akiskanlar dinamigi yontemiyle akis analizleri
yapilmis ve bu analizler deneysel analizlerle
karsilastinnlmistir (Sekil 1). Kabinli jenerator setinde
kullanilan motorun ve alternatoriin  galisirken
olusturdugu dahili 1sil bilgiler, motorun ve
alternatoriin liretiminde kullanilan malzemeler ve bu
malzemelerin 1s1 iletim katsayilari, iiretici firmalar
tarafindan paylagilmamustir. Bu nedenle, Sayisal
calisma akis eksenli yapilmustir. Sayisal ¢aligma
sonucunda tespit edilen, radyatérin oninde ve
arkasinda olusan toplam basing farkinin, jenerator
setinin ¢aligma sicakligini nasil etkiledigini anlamak
icin deneysel c¢alismalar yapilmuis ve ongoriiler ortaya
koyulmustur.

SICAK HAVA
ATIS KESITLERI

PANJUR

YUVASI

YAKIT DOLUM

KABIN KAPISI

|

*| TAZE HAVA EMIS
KESITLERI

Sekil 1. 110PESL jenerator kabini

Il. MATERYAL VE YONTEM

2.1. Sayisal Calisma

Jenerator kabini taze hava emis bolgesi ve sicak hava
atis bolgesi olarak iki ana boliime ayrilmustir. Taze
hava emis bolgesi jeneratdriin arka tarafindan
(alternatoriin oldugu taraf) radyatoriin bittigi ylizeye
kadar olan kisimdir. Sicak hava atis bolgesi ise
radyatoriin matrisinden kabinin 6n duvarina kadar
olan kisimdir. Taze hava emis bolgesi ve sicak hava
atis bolgelerinde radyatdr fanmin sogutma fan
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debisiyle kabinin i¢ine emilen havanin HAD analizleri
ANSYS FLUENT 19.2 yaziliminda yapilmistir.
Analizlerin gerceklesmesi igin akis alan1 geometrik
olarak cizilmistir. ANSYS FLUENT progranminda
analiz yaparken Oncelikle akigskanin hareket alaninin
tanimlanmasi gerekmektedir. Bu c¢aligmada akiskanin
hareket alam1 kabinin i¢ hacmidir. Kabinin ig
hacminde akis alanina dahil olmayan kisimlar
mevcuttur.  Bunlar  motor, alternatdr, radyator,
susturucular, egzoz borulari ve panjur ceplerine
gliriiltiiyli engellemek icin yapistirilan siingerlerdir.
Akis alanin1 dogru tanimlamak igin kabinin toplam i
hacminden bu Urinlerin  hacimleri ¢ikarilmgtir.
Motor, alternatoér ve radyator detayli bircok parcaya
sahip olugu igin bu {iriinlerin {i¢ boyutlu ¢izimleri,
onlart tiim detaylar ile ¢izmek yerine hacimsel olarak
¢izilmis ve akis alanindan ¢ikarilmistir.

. . K’j
3

L
o

Havalandirma |
(Ialet Veat. 1)

Havalandinma 2+~
(Inlet Veat. 2)

Havalandima 3 #

Havalandima 4
(Inlet Vent. 4) Katlesel debs gikay
(Mass Flow Outlet)

Sekil 2. Taze hava emis bolgesinin akis alant

Sekil 2’de gordiigiimiiz akis alaninin ag 6rme yontemi
olarak Tetrahedrons sekil segilmistir. Ardindan sinir
yiizeyleri belirlenmistir. Akigkanin belirli bir debi ile
¢ekildigi analizlerde, akiskanin g¢ekildigi yiizey Mass
Flow Outlet olarak tanimlanir [4]. Radyat6riin
matrisinden kabinin igine hava c¢ekileceginden
radyator matrisinin oldugu yiizey Mass_Flow_ Outlet,
kabine havanin girdigi yiizeylere ise Inlet Vent taninm
yapilmistir. Diger kisimlar ise duvar olarak
tanimlanmustir. HAD analizini yaparken dogru sonuca
ulasmak i¢in sinir sartlarini ve fiziksel durumu bilmek
cok onemlidir [8]. Gelistirilmis duvar fonksiyonlar
HAD  analizlerinde problemin daha detayl
incelenmesini saglar [9]. Bu nedenle bu g¢aligsmada,
turbulans modeli olarak k-epsilon standart turbdilans
modeli gelistirilmis duvar fonksiyonlari se¢ilmistir.

Tablo 1 ‘de Taze hava emis bolgesinin sinir sartlari
gosterilmektedir.

Tablo 1. Taze hava emis bolgesi sinir sartlari
Taze hava emis bolgesi smir sartlart

Mass Flow Outlet 3,3 kgls
Inlet Vent 0Pa
Akiskan cinsi Hava
Yer gekimi ivmesi 9,81 m/s?

Standart K-epsilon tirbiilans
modeli gelistirilmis duvar
fonksiyonlari

Turbulans modeli
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Sicak hava atig bolgesi radyatoriin matrisinden kabinin
6n duvarma kadar olan kisimdir. Atis tarafinda

radyator faninin  sogutma  debisiyle, radyator
matrisinden atilan sicak hava kabinin tavanindan
disar1  gonderilir. Taze hava emis bolgesinin

analizlerinde oldugu gibi sicak hava atig bolgesinin de
akis alan ¢izilip sinir sartlart belirlenmistir (Sekil 3.).

Cikug Basnc:
(P_OUTLET)

Sekil 3. Sicak hava atig bolgesi akis alani

Giris ylizeyi olarak radyatdr matrisinin onii, cikis
yiizeyi olarak da jeneratdr kabininden sicak havanin
ciktigt yer almmustir. Giris ylizeyi V_Inlet, cikis
yizeyi P_Outlet, i¢ tarafta akis alanm1i olmayan her
yizeye de WALL ismi tanimlanmistir. Radyator
motor blogundan aldig1 sicakligr radyatdr matrisinden
disar1 atar. Bu nedenle, V_Inlet yiizeyinden atilan
havanin sicakligi dis ortamin sicakligindan fazladir.
Motor verilerinden ve deney sirasindaki Olglimlerde
atilan  havanin  sicakligmin = 60 °C  oldugu
gozlemlenmistir. Dig ortam sicakligi ise 25 °C
alinmistir.  V_Inlet hizi olarak taze hava emis
bolgesinin analizlerinde elde edilen deger alinmustir.

Tablo 2 ‘de Sicak hava atis bdlgesinin simnir sartlari
gosterilmektedir.

Tablo 2. Sicak hava atis bolgesi sinir sartlar

Sicak hava atig bolgesi sinir sartlari

Vinlet 7,34 m/s
P outlet 0 Pa
Akigkan cinsi Hava
Yer cekimi ivmesi -9,81 m/s

k-epsilon tirbilans modeli

Tarbulans modeli gelistirilmis duvar

fonksiyonlari
Tsn 60°C
Tor 25°C

Taze hava emis bdlgesinin analizlerinde, emis
kesitlerinden gegen hizin degeri 4,08 m/s oldugu igin,
emis kesitlerinin sayisal analizlerinde V_Giris
(V_Inlet) hiz1 olarak 4,08 m/s girilmistir. Tablo 3’ de
emis kesitlerinin siur sartlart gosterilmistir. Sicak
hava atig bolgesinin  analizlerinde ise, atis
kesitlerinden gegen havanin hiz1 7,08 m/s oldugu i¢in,
atis kesitlerinin sayisal analizlerinde V_Giris (V_Inlet)
hizi olarak 7,08 m/s girilmistir. Tablo 4’de atis
kesitlerinin sinir gartlart gosterilmistir.
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Tablo 3. Emis kesitinin sinir sartlari

Emig kesitinin sinir sartlart

Vinlet 4,08 m/s
P outlet 0Pa
Akigkan cinsi Hava
Yer cekimi ivmesi -9,81 m/s

Standart k-epsilon turbilans
modeli gelistirilmis duvar
fonksiyonlar1

Tirbulans modeli

Tablo 4. Atis kesitinin smir sartlart

Emis kesitinin sinir gartlar

Vinlet 7,08 m/s
P outlet 0Pa
Akigkan cinsi Hava
Yer ¢cekimi ivmesi -9,81 m/s

Standart k-epsilon turbiilans
modeli gelistirilmis duvar
fonksiyonlari

Tirbulans modeli

Ag kalitesini ve sayisint dogrulama, sayisal
analizlerde gercek sonuca ulagmak i¢in ¢ok dnemlidir.
Yakut K. ve ark. [10] tarafindan 5 farkli ag sayisi
olusturularak sayisal analizler yapilmig ve en yiiksek
dordiincii ag sayisi optimum ag sayist olarak
secilmistir. En yiiksek ag sayisinda analiz sonuglari
hem kayda deger bir degisiklik gostermedikleri hem
de analiz siiresi uzadigi i¢in bu ag sayis1 se¢ilmemistir.
Kutty A. H. ve Rojendran P. [11] tarafindan kiiciik
APC yavas ugan pervane bigaginin HAD analizlerinde
bes farkli ag sayisinin optimizasyonu yapilmustir. Bu
gerekeeyle, taze hava emis bolgesinin akis analizinde
5 farkli ag kalitesi olusturularak ayni siir sartlarinda
sayisal analizleri yapilmus ve basing farklar
karsilagtinlmustir (Sekil 4.).

Sekil 4. Taze hava emis bolgesi ag yapist

Tablo 5° de goriildligi gibi, ag sayist arttikca Mass
Flow Outlet ile Inlet Vent 1 arasindaki basing farki
artmig ve orta kaliteli ag yapist ve 550000-600000
araligindan sonra ag sayisi artsa bile basing farkinin
cok fazla degismedigi hatta azaldigi gorilmiistiir. Bu
nedenle en uygun ag kalitesi orta, ag sayisi ise
550000-600000 aras1 olarak belirlenmistir.

Tablo 5. Taze hava emis bolgesi ag kalitesi- basing

farki
AG  Agkalitesi '55!2;'12:‘ Ahsgyﬁl%‘;‘m Hasing
1 Standart 223698 43964 71,56
2 Seyrek 369884 76539 72,69
3 Orta 589637 101753 76,42
4 Orta -iyi 769332 146689 77,96
5 1yi 1156963 230723 74,69

Daha sonra, sekil 5’ de gosterilmis olan, sicak hava
atis bolgesindeki en uygun ag kalitesinin ve sayisinin
belirlenmesi icin, tablo 6 ‘da gorildiigii gibi 5 farkl
kaliteli ag yapist igin aym sinir sartlarinda sayisal
analizler yapilmis ve V_Giris (V_Inlet) ve P_Cikis
(P_Outlet) yiizeyleri arasindaki basmg farki
karsilagtirilmustir. Bir noktadan sonra ag kalitesi artsa
bile basing farkinin degismedigi tespit edilmistir. Bu
nedenle optimum ag kalitesi orta-iyi, ag sayist ise
420000-440000 araliginda belirlenmistir.

Sekil 5. Sicak hava atig bolgesi ag yapisi

Tablo 6. Sicak hava atig bolgesinin ag kalitesi- basing
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farki

= e Eleman Alt Diigim Basmng
AG - Aglalitesi Sayis1 Sayisi Farki
1 Standart 173054 39156 31,74
2 Seyrek 232104 44778 35,37
3 Orta 293269 47653 35,57
4 Orta-iyi 428842 82174 36,02
5 Iyi 778749 147689 36,23

2.2. Deneysel Calisma

JS’ nin ISO 8528-1 standardina gore belirlenmis
calisma adimlari vardir. Bunlar tice ayrilir: anlik
(STAND By), ginlik (PRIME) wve surekli
(CONTINUOUS). Anlik calisma dizel jeneratoriin
maksimum yiikle yiliklendigi durumdur ve %110 yiik
verilir. Ek olarak, bir yilda maksimum iki ylz saat
calisabilir.  Giinliik ¢aligma JS %100 yiikle
calisabildigi, calistifi saat boyunca ortalama yiikiin
%70 oldugu durumdur. JS’ nin yedek enerji olarak
kullanildigt durumlarda &nerilir. Siirekli c¢alisma JS’
nin ana enerji kaynagi olarak kullanildifi zamanki
caligma adimudir. Yakit tedariki saglandigi taktirde



Jenset Analizleri

Int. ). Adv. Eng. Pure Sci. 2022, 34(1): 91-100

kesintisiz ¢aligabilir ve ortalama yiik seviyesi de %100
olarak bildirilmistir [12]. Analizleri ve tasarimlari
tamamlanan jeneratdr seti iretilmistir. Uretilen
jenerator seti Sekil 6°da gosterilmistir.

Sekil 6. Uretilen jenerator seti

Kabinli jenerator setinin caligabilecegi maksimum
ortam sicakligini  bulabilmek i¢in motor veri
sayfalarinda maksimum st tank sicakligi verilir.
Kabinli jeneratoér setinin caligabilecegi maksimum
ortam sicakligi (Tjs) Perkins firmasi tarafindan verilen
asagidaki 1 numarali denklem ile bulunur[13]:
Tis=Tmurs-Tesst+ Tos @
Uretilen jeneratdr setinin sayisal caligmalarla uyumlu
olup olmadigin1 dogrulamak ve jenerator setinin
calisabilecegi maksimum ortam sicakligini belirlemek
icin Teksan Jenerator firmasinin test laboratuvarinda
uygulama testleri yapilmustir. Test cihazi olarak ¢ok
kanall1 taginabilir bir veri kaydedici olan HIOKI LR
8402-20 kullanilmustir. HIOKI® de sicaklik 6lgtimii
1s1l ¢ift (Termokupl) sensorlar ile yapilir. Isil gift
sensorlardan alinan sicaklik verileri USB ile HIOKI
yazilimma aktarilir ve HIOKI yaziliminda anlik
veriler Excel” e doniistiiriiliir. Deneye baslamadan
deney diizenegi olusturulmustur. Once 1s1l giftler
jenerator setinin Perkins firmasi tarafindan belirlenen
bolgelerine takilmustir (Tablo 7. Ve Sekil 8.). Sekil 7°
de HIOKI cihazinin kanallarma takilan 1sil giftler
gosterilmistir.

Tablo 7 ‘de Isil ¢ift takilan noktalar gosterilmektedir.

Tablo 7. Isil ¢ift takilan noktalar

Termokulp takilan noktalar
Ortam sicakligi

Suyun radyatore giris sicakligt
Suyun radyatérden ¢ikig sicaklig
Radyator sogutma faninin sag iist

bolgesi
Radyat6r sogutma faninin sag alt bolgesi
Radyator sogutma faninin sol iist bolgesi

~N o oA WD B

Radyat6r sogutma faninin sol alt bolgesi
Motorun hava filtresi

Sekil 8. Jenerator setinde 1s1l ¢ift takilan noktalar

Isil giftlerin bu noktalara baglanmasinin amaci, hava
filtresine giren havanin radyator fanina gelene kadar
ne kadar 1sindigimi goérmek, motor blok suyunun
radyatorde ne kadar sogudugunu hesaplamak ve
yapilan deneyin hangi ortam sicakliginda yapildigini
belirlemektir.

III. BULGULAR VE TARTISMA

3.1. Sayisal Cahismalarin Sonuclari

Tablo 8 ’de taze hava emis bolgesinin sayisal
analizleri sonucunda yilizeylerde olusan ortalama hiz
degerleri gosterilmistir. Bu hiz degerleri, sicak hava
atis  bolgesinin  ve emis kesitlerinin  sayisal
analizlerinde kullanilmugtir.

Tablo 8. Sinir yiizeylerinin ortalama hizlart

Smir Yiizeyleri Ortalama Hiz

VENTILASYON GIRIS 1

(INLET_VENT 1) 408 ms
BT o saon
R e
(NLET VENT &) e ms
e o
(NLET_VENT § Hazms
XIEILI;I:@SEE%I?)GTRTSJ 4,11 m/s
(NLET VENT &~ 435 ms
KUTLESEL CIKIS DEBISI 734 ms

(MASS_FLOW_OUTLET)
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Hava radyatoriin matrisinden 3,3 kg /s kiitlesel debi ile
emis kesitlerinden kabinin igine ¢ekilmistir. Kabinin
icindeki havanin akim ¢izgilerinin bazi alanlarda
hizlandigr goriilirken, bazi alanlarda engellerle
karsilasip yavasladigr goriilmiistiir (Sekil 9.). Jenerat6r
calisirken kabin igindeki sicakligi en fazla arttiran
bolgeler motorun dst bolimu, manifolt bolgesi ve
egzoz borularinin oldugu bdlgelerdir. Ayrica havanin
genel olarak motorun Ust bolgesinden hareket etmesi
motorun hava filtresi i¢in de faydalidir. Radyatdrden
cekilen havanin bu bolgeleri sogutmasi gerekir. Sekil
10 ‘da ZY dizleminde x=0 noktasinda lmz ve basing
konturlan olusturulmustur. Panjurlardan kabinin igine
emilen havanin biiyiik bir kisminin motor blogunun
istiinden  gecerek  radyatérden disar1  atildig
gozlemlenmistir. Panjurdan gegen hava, motorun hava
filtresine garpmus ve o bolgelerdeki basinci artnustir.
Radyatoriin tist kisminda radyatore giremeyen akigkan
kabinin iist bolgesindeki basinci arttirmistir. Panjurdan
gecip kabin tavanina c¢arpan hava ise Kkabin
tavanindaki basinci arttirmistir. Hizin arttigl ve akisin
diizenli hale geldigi bolgelerde basimcin azaldig
gozlemlenmistir.

Sekil 11°de ZY dizleminde x=0 noktasinda
olusturulan yiizey lizerinden alinmus hiz ve basing
konturlarina baktigimizda radyatdorden ¢ikan hava
ideal doniis ¢apimi bulmaya caligirken karsi duvara
carpmis ve akiskanin hizi yavaslamustir. Carptigt

duvara yakin yerden akigkanin biiyiik bir kismu disart
atilmistir. Radyatér matrisinin alt kisminda bulunan
susturucunun etrafinda akisin yavasladigi ve girdap
olustugu goriilmiistiir. Akiskanin yiiksek basinglara
ciktigr yerler, akisin diizensiz oldugu, yavasladigi ve
girdap olusturdugu alanlardir. Yatay susturucunun
etrafinda ve akigkanin duvara carptig1 alanda basincin
yiksek, havanin diizenli bir sekilde disar1 atildigt
yerlerde basincin diisiik oldugu tespit edilmistir.

Emis ve atig yiizeyleri perfore mantigiyla
olusturulmus yiizeylerdir. Bu sayede jenerator setini
yabanct maddelerden korurlar. Emis ve atig
kesitlerinin analizleri de tamamlandiktan sonra
jenerator kabinin toplam basing farki bulunmustur.
Emis kesitinde giris ve ¢ikis yiizeyleri arasindaki 7,69
Pa basing farki olusurken, atis kesitinde akigkanin
hizinin yiiksek olmasindan dolayr 19,12 Pa basing
farki olusmustur. Sekil 12°deki emis kesitlerinin hiz
ve basing konturlarinda hizin deliklerin kenarlarinda
azaldigt  ortalarma dogru  gidildik¢e  arttig
gorulmistir. Basincin st ve alt deliklerde yiiksek
oldugu, ayn1 zamanda deliklerin kenarlarinda arttig
gozlemlenmistir.

Sekil 13¢ de atis kesitinin hiz ve basing konturlar
verilmistir. Sonuclar emis kesitinin analiz sonuclariyla
benzerdir. Kesit kenarlarindaki hizlar, merkezdeki
hizlara gore daha diisiiktiir.

Sekil 10. Taze hava emis bolgesi hiz ve basing konturlart
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Sekil ﬁf Sicak h:\,ra atig bolgesi hiz ve basing konturlar

Sekil 12. Emis kesitinin hiz ve basing konturlari

Sekil 13. Emis kesitinin hiz ve basing konturlari

Jenerator setinin taze hava emis bdlgesinin, sicak hava
atis bolgesinin ve emis-atis Kkesitlerinin ayr1 ayr
sayisal analizleri gerceklestirilmigtir. Bu analizlerin
her birinde eleman sayisindan bagimsiz ¢oziimler
yapilmis ve sinir sartlart belirlenmistir. Belirlenen bu
adimlardan sonra jeneratdr setinin toplam basing farki,
radyatoriin  Oniinde ve arkasindaki basing farkini
olusturmustur. Bu fark, 1104-44TAG2 motorunun izin
verdigi basing farki ile Tablo 9’ da karsilastirilmistir.

Tablo 9’ da sayisal analizler sonucunda elde edilen
basing farki 139,25 Pa, motor verisinden radyatoriin
onilinde ve arkasinda olusabilecek maksimum basing
farki ise 125 Pa goriilmiigtiir. Sayisal analizlerden elde
edilen basing farki motor verisinden 14,25 Pa daha
yiiksek oldugu belirlenmistir. Bu farkin jeneratoriin
calisabilecegi maksimum ortam sicakliginmi nasil
etkileyecegi  gerceklestirilen deneysel analizlerle
Ongorilmiistiir.
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Tablo 9. Toplam basing farki

Basing Farki (Pa)
Taze hava emis bolgesinin akis analizleri 76.42
sonucunda ortaya ¢ikan basing farki '
Sicak hava atis bolgesinin akis analizleri 36.02
sonucunda ortaya ¢ikan basing farki '
Emis kesitinin akis analizleri sonucunda 769
ortaya ¢ikan basing farki '
Atis Kesiti sayisal analizleri sonucunda 19 12
ortaya ¢ikan basing farki !
Akis analizleri sonucunda sistemin 139,25
toplam basimng fark1
Motor veri sayfasinda radyatoriin izin 125

verdigi basing farki degeri




Int. ). Adv. Eng. Pure Sci. 2022, 34(1): 91-100

Jenset Analizleri

3.2. Deneysel Calismalarin Sonuclar:

Jenerator seti 1ISO 8528-1 standardina gore belirlenmis
caligma sartlarina uygun olarak yaklagik 25 dakika
boyunca %75, %100 ve %110 yuk verilerek
calistirtlmustir. Calistirilan yiiklerde 1s1l ¢ift baglanan
noktalar  takip  edilmistir.  Jeneratdér  setinin
calisabilecegi maksimum ortam sicakligini bulabilmek
icin her bir yiikte radyatdre giren suyun sicakliginin
¢ikabilecegi maksimum deger kaydedilmistir. Tablo
10’ da deney siresinin son 10 saniyesindeki verilerde,
radyatdre giren suyun sicakliginin 83,02 °C ‘den sonra
artmadi@1 goriillmiistiir. Radyatdrden ¢ikan su 74,52 °C
oldugu i¢in radyatériin bu sartlar altinda yaklasik 8,5
°C ‘lik bir sogutma sagladig tespit edilmistir. Suyun
kaybettigi 1s1, radyator peteklerinden kabinin sicak

hava atis bolgesine, oradan da sicak hava emis
kesitlerinde kabinden disar1 atilmustir. Hava filtresine
22,35 °C sicaklikta gelen havanin, %75 ve %100
yiklerde oldugu gibi radyatére yaklastikca
sicakliginin artti1 gorilmiistiir.

Tablo 11 ’de ortam sicakliginin 19,03 °C olarak
olgiildiigii bir yerde yapilan %110 yiik kosulu olan
anlik ¢aligma deneyinde, motor blogundan radyatore
giren suyun maksimum sicakliginin 83,02 °C oldugu,
110PESL jenerator setinde kullanilan motorun MUTS
degerinin ise 110 °C oldugu gozlemlenmistir. Bu
degerler neticesinde jeneratdr setinin galisabilecegi
maksimum ortam sicaklifi 1 numarali denkleme goére
46,1 °C olarak hesaplanmustir.

Tablo 10. %110 yiik sicaklik-zaman sonuglari

Radyator

Radyatér Radyatér Radyator

Zaman sg?ﬁgl Rs?ld)gllartl(;:e Ras?lyzflg:;en Fani1 Sag  Fami Sag  Fani Sol  Fani Sol F“?I?SI
Ust alt Ust ALT

12:02:00 19 83,03 75,19 29,26 39,61 36,98 10,58 22,39
12:02:01 18,99 83 75,2 29,33 39,44 34,67 11,12 22,4

12:02:02 18,99 82,99 74,26 29,69 40,09 36,91 12,11 22,38
12:02:03 18,97 82,99 75,42 29,5 40,58 36,02 12,42 22,38
12:02:04 18,99 83,02 74,6 29,72 40,86 33,48 12,11 22,38
12:02:05 19,02 83,06 75,42 29,39 41,06 34,26 9,63 22,38
12:02:06 19,05 83,06 74,3 29,5 40,99 35,27 10,27 22,37
12:02:07 19,06 83,07 75,64 29,36 41,14 35,47 9,03 22,36
12:02:08 19,07 83,02 74,81 29,96 42,07 38,72 10,49 22,33
12:02:09 19,03 83,02 74,52 29,97 42,07 38,59 12,1 22,35

Tablo 11. Deney sonuglari

Maksimum Ust Tank Sicakligi  Giren Suyun Sicakl
(°C) (Tmurs) (°C) (Tess)
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Deney Sirasinda
Ortamin Sicaklif

(°C) (Tos)

Jenerator Setinin Calisabilecgi
Maksimum Ortam Sicaklig

(°C) (Ts)

110 83,02

19,03 46,01

Literatiire bakildiginda, Hormozi ve ark. [14] ve Iten
ve ark. [15] tarafindan benzer caligmalar yapmustir.
Onlarin yaptig1 sayisal ve deneysel analizlerde, sinir
sartlart bilindiginden sicaklik eksenli bir karsilastirma
yapilabilmistir. Bu c¢aligmada ise jenerator setinde
kullanilan 1104C-44TAG2 Perkins motorunun 1sil
bilgileri mevcut degildir. Kullanilan dizel motorun
dahili 1s1 birikimi, motorun {iretiminde kullanilan
malzemelerin 1s1 iletim katsayilart bilinmedigi igin
sayisal analizler sicaklik eksenli yapilamamistir.
Jeneratdr sektoriinde, jeneratdr setinin sogutma
performansinin ve jeneratér setinin ¢alisabilecegi
maksimum sicakligin belirlenebilmesi i¢cin motor veri
sayfasindan  degerler alinmustir. Bu  degerler,
maksimum st tank sicakligi ile radyatdr faninin
oniinde ve arkasinda olusabilecek maksimum basing
farki degerleridir. Maksimum {ist tank sicakligi,
deneysel ¢aligmalarda jeneratoriin ¢alisma sicakligini
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belirlemek i¢in kullanilirken, basing fark: verileri ise
yapilan akis analizlerinde sinir degeri olarak
kullanilmustir. Yapilan sayisal analizler sonucunda
ortaya ¢ikan toplam basing farkinin, jenerator setinin
calisma sicakligini nasil etkiledigi ile ilgili ongoriiler
ortaya konulmustur.

Sayisal analizler sonucunda ortaya ¢ikan basing farki
degerinin, motor verisinde izin verilen degerden
yiiksek ¢ikmasinin nedenleri asagidaki gibidir:

e Tasarlanan kabinin giiriiltii seviyesinin diisiik
olmast istendigi i¢in ¢ift susturucu kullanilmstir.
Bu durum atig bolgesinden digar1 atilan
akiskanin, disar1 atilirken daha fazla engelle
karsilagsmasina neden olmus ve basing farkini

arttirmustir.
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e Kullanilan panjurun derinlik Slgiisii arttirtlarak
basing farki diisiiriilebilir. Fakat, derinlik
Olciisiiniin ~ artmasi, jeneratdriin  caligmasi
sirasinda olusan giiriiltiiniin dis ortama daha fazla
aktarilmasina yol acacagi ig¢in derinlik olgiisii
arttirtlmamustir.

e [P 23 standard1 tasarim kriteri olarak belirlendigi
icin emig ve atig kesitlerinde kullanilan gekillerin
minimum o6lclst 9 mm olarak belirlenmistir. TP
23 standardimin  tasarim  kriteri  olarak
belirlenmedigi durumlarda 9 mm dlgiisii
arttirilabilir. Boylece akiskanin kabine girdigi ve
ciktigr yiizeylerin alani artacak ve ortaya gikacak
basing farki da diisecektir.

e Bu caligmadaki kabin tasarimini sinirlandiran bir
diger etken, rakip firmalarin jeneratdr setlerinin
boyutlaridir. Atis  bolgesinin  uzunlugu
arttirtlarak, akig alami arttirilabilir ve akigkanin
doniis ¢apina yaklasilabilir. Bu durum da basing
farkini diistirecektir.

IV. SONUCLAR

Bu galisma, jenerator kabininin akis analizleri, Taze
hava emis bolgesinin sayisal analizleri, sicak hava atig
bolgesinin  sayisal analizleri ve havalandirma
kesitlerinin sayisal analizleri olmak {izere 4 boliime
ayrilmigtir. Bu analizlerde ag sayisi optimizasyonu
yapilmig, ag sekli ve tiirbiilans modeli literatiir
caligmalarindan O0rnek alinarak secilmistir. Sistemin
toplam basing farki, kullanilan motorun izin verdigi
basing farkindan 14,25 Pa yiiksek ¢ikmustir. Bu farkin
jeneratdr setinin ¢alisma kosullarini nasil etkiledigini
bulmak i¢in deneysel caligsma yapilmustir.

Deneysel ¢alisma sonucunda jeneratdor —setinin
maksimum ¢alisabilecegi ortam sicakligt 46,01°C
olarak belirlenmistir. 14,25 Pa basing farki jenerator
setinin ¢alisma sicakligini  3,99°C  diislirmiistiir.
Boylece, bu ¢alismadaki 1104C-44TAG2 Perkins
motoruna sahip imalati yapilan kabinli jenerator
setinin, maksimum 46,01°C ortam sicakligina sahip
cografyalarda rahatlikla kullanilabilecegi
belirlenmistir. Sonug olarak, bu ¢aligmada akis eksenli
sayisal analizler yapilmis, analizler neticesinde ortaya
cikan basing farkinin jenerator setinin calisabilecegi
maksimum sicakligt nasil etkiledigi ile ilgili
ongoriilerde bulunulmustur. Ayrica, bu calismanin
ileride yapilacak basing farki temelli problemlere
referans olmas1 amaglannustir.

TESEKKUR
Bu calisma i¢in tasarlanan kabinli jenerator setinin
iiretilmesini saglayan ve deneysel c¢alisma igin test
laboratuvarmin kullanilmasina izin veren TEKSAN
Jenerator firmasina ¢ok tesekkiir ederim.
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Using Chaos Theory to Determine Average Prediction Times of
Different Meteorological Variables: A Case Study in Sivas

Farkli Meteorolojik Degiskenlerin Ortalama Ongérii Stirelerini Belirlemek I¢in
Kaos Teorisinin Kullanimi: Sivas Ornegi

Evren OZGUR! ¥ Mustafa Utku YILMAZ 2

!lstanbul Medeniyet University, Department of Civil Engineering, 34700, Istanbul, Turkey
2 Karklareli University, Department of Civil Engineering, 39100, Kirklareli, Turkey

Abstract

Processes in the atmosphere can be described by nonlinear approaches since they depend on a large number of independent
variables. Even a slight change in initial conditions can cause unpredictable results. Therefore, long-term prediction is not
possible to obtain. This is usually called “sensitive dependence on initial conditions”. In this study, average prediction times
were determined for different meteorological variables by using a nonlinear approach. Daily values of relative humidity, air
temperature, and wind speed in Sivas for the period 2006-2010 were used. To implement the method, the first step is to
reconstruct the phase space. Phase space has two embedding parameters, namely time delay and embedding dimension.
Mutual Information Function (MIF) can be used to determine the optimal value of the time delay. It considers both linear and
nonlinear dependencies in a time series. To define phase space, embedding dimension, which is the number of state variables
that define the dynamics of a system, must be identified correctly. The algorithm to describe the dimension is called False
Nearest Neighbors (FNN). In the study, average prediction times of variables were calculated by using maximum Lyapunov
exponents. Average prediction times for relative humidity, temperature, and wind speed were determined as 6.2, 5.8, and 2.5
days, respectively. In addition, it is found that the sensitivity of measurements increases the prediction time. For relative
humidity, the average prediction time can have a 50% increase with 10 times increase of sensitivity.

Keywords: Chaos, Lyapunov exponent, Meteorology, Phase space, Prediction

Oz

Atmosferdeki siirecler cok sayida bagimsiz degiskene bagli olduklar1 icin dogrusal olmayan yaklasimlarla tanimlanabilir.
Baslangi¢ kosullarindaki kiigiik bir degisiklik bile, ongodriilemeyen sonuglara neden olabilir. Bu nedenle, uzun vadeli 6ngorii
elde etmek miimkiin degildir. Buna genellikle “baslangi¢ kosullarma hassas bagimlilik” denir. Bu ¢aligmada, dogrusal
olmayan yaklasim kullanilarak farkli meteorolojik degiskenler i¢in ortalama 6ngorii siireleri belirlenmistir. Calismada Sivas
ilinde 2006-2010 donemine ait giinliik bagil nem, hava sicakligi ve riizgar hiz1 verileri kullanilmigtir. Yontemi uygulamak
i¢in ilk adim, faz uzaymm yeniden olusturulmasidir. Faz uzaymm zaman gecikmesi ve embedding (gdmme) boyutu olmak
tizere iki gdmme parametresi vardir. Zaman gecikmesinin optimum degerini belirlenmek i¢in Karsilikli Bilgi Fonksiyonu
(MIF) kullanilabilir. MIF, bir zaman serisinde dogrusal ve dogrusal olmayan bagimliliklar1 hesaba katar. Faz uzaymi
tanimlamak i¢in, bir sistemin dinamiklerini tanimlayan durum degiskenlerinin sayisi olan gomme boyutu dogru bir sekilde
tanimlanmalidir. Bu boyutu tanimlayan algoritmaya Yanliy En Yakin Komsular (FNN) denir. Calijmada maksimum
Lyapunov iistelleri kullanilarak meteorolojik degiskenlerin ortalama ongorii siireleri hesaplanmistir. Bagil nem, sicaklik ve
riizgar hiz1 i¢in ortalama Ongodrii siireleri sirasiyla 6.2, 5.8 ve 2.5 giin olarak belirlenmistir. Ayrica 6l¢iim hassasiyetinin,
Ongorii siiresini arttirdigi tespit edilmistir. Bagil nem igin ortalama 6ng6rii siiresi, dl¢iim hassasiyetinin 10 kat artmasiyla,
%S50 artisa sahip olabilmektedir.

Anahtar kelimeler: Kaos, Lyapunov iisteli, Meteoroloji, Faz uzay1, Ongorii

I. INTRODUCTION

Prediction of atmospheric variables is an important issue all over the world. There are several approaches in the
literature for the prediction of meteorological parameters. However, most of the approaches are linear. On the
other hand, as a generally known fact that atmospheric processes have complexity and are controlled by many
different mechanisms. The studies of chaotic analysis in atmospheric sciences are limited because of their
abovementioned complexity. Some of the nonlinear approaches that are used in meteorology are artificial neural
networks, support vector regression algorithms, and chaos theory. Among these approaches, chaos theory seems
to be more practical than the other methods in terms of being easily applicable [1].

Prediction of meteorological parameters is crucial for a great number of different areas. For example, prediction
of air temperature is important for climate change, agricultural purposes, epidemic diseases control, etc. [2-5]. In
addition, the prediction of wind speed is substantial for energy production in the renewable energy sector [6, 7].
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Chaos theory was applied to a wide range of
meteorological and hydrological variables such as
streamflow [1, 8, 9], wind speed [10],
evapotranspiration [11, 12], and temperature [13].
Most of the studies focused on fractal dimension and
Lyapunov exponents which are the most important
criteria of chaotic properties. The time series of the
meteorological variables may be produced by a
chaotic process since atmospheric variables can be
controlled by many independent variables. If
trajectories of dynamical systems merge in a specific
subspace independent with initial conditions, it is
called “attractor”. If it is not possible to make long-
term predictions, it can be said that there is a
dependency on initial conditions [14, 15].

Although chaos is defined as complexity in the
literature, chaotic systems are not complex systems.
Complex systems are those whose behavior cannot be
controlled under any circumstances because they are
not dependent on initial conditions. However, chaotic
systems are systems that can be analyzed and
controlled. The most important property of chaotic
systems is their sensitivity to initial conditions. The
chaotic behavior of a system is not only dependent on
external factors but also closely related to the system's
own internal dynamics and initial conditions. Chaotic
systems show irregular behavior in the time
dimension. If the initial state of any deterministic
system and its equations are known, the next behavior
of the system can be defined. In chaotic systems, it is
crucial to know the initial values with accurate
precision to fully determine the development of any
system over time. Since the chaotic systems are
nonlinear, the error will increase exponentially over
time [16].

This study aimed to define the average prediction
times of three different meteorological variables
(relative humidity, temperature, and wind speed) by
using a chaotic approach. Firstly, the phase space was
reconstructed for each variable by using their observed
data. Then, the average prediction time of selected
meteorological variables was determined using the
Lyapunov exponent which is one of the most
important chaos criteria. Finally, the possible changes
in prediction sensitivity with changing measurement
sensitivity were also investigated.

Il. MATERIAL AND METHOD

2.1. Data and Study Area

Before giving the properties of the study area, it is
useful to explain the general characteristics of the
climate of Turkey and the Central Anatolian Region.
Turkey is affected by a subtropical climate regime that
is called as “Mediterranean”. In summer, there are two
dominant air masses (maritime polar (mP) and
continental polar (cP)) in the country. On the other
hand, northern and eastern parts of the country are
affected by the Siberian high-pressure system in
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winter. In the Central Anatolian Region, continental
climate character is observed because of the
topographic effect [17, 18].

In the study, daily relative humidity, temperature, and
wind speed data of Sivas station obtained from the
Turkish State Meteorological Service (MGM in
Turkish acronym) were used. The altitude of the
station is 1294 m asl. The observation period was
taken to be 2006-2010. The coordinates of the
meteorological station in Sivas are 39°44'37.3"N and
37°00'7.2"E (Figure 1). Figure 2 shows the time series
of the variables used in the study.
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Figure 1. Location of the meteorological station used
in the study
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Figure 2. Time series of daily (a) relative humidity,
(b) temperature, and (c) wind speed for 2006-2010
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2.2. Methodology

2.2.1. Explanation of Lyapunov exponents

The reason why chaotic systems exhibit aperiodic
dynamics is that each phase space curve has different
exponential growth rates at almost the same initial
conditions. This is called “sensitive dependence on
initial conditions”. The Lyapunov exponent, also
called stability exponent, is a measure of sensitivity to
initial conditions. It is defined as the average of the
local degrees of separation of neighboring curves in
the phase space [19]. Figure 3 represents the
trajectories of two attractors starting with different
initial conditions.

Figure 3. Divergence of two orbits that have different
initial points [20]

Although the difference between initial conditions is
too little, an apparent difference between the final
forms of the attractor can be easily seen [21].

Figure 4 shows the development of phase space for
two weather predictions in a specific period. For initial
conditions given in Figure 4(a), the predictions were
stable and the reliability was very high. According to
Figure 4(b), it can be said that a slight difference in
initial conditions leads to larger differences in
prediction. Predictions spread very wide areas in
phase space. Thus, the atmosphere behaves chaotically
and in this condition, it is hard to make a reliable
prediction [22].

Figure 4. Time evolution of phase space for different
weather predictions

103

Lyapunov exponents present the amount of
convergence or divergence of nearby trajectories).
Positive Lyapunov exponents exhibit divergence of
the trajectories and chaotic process. In addition, the
bigger Lyapunov exponent is an indicator of the
shorter prediction time [23].

Lyapunov exponent represents the divergence degree
of two nearby points in trajectory. The distance
between two points is do in t=0, and change of
distance with time can be expressed by using Equation

2):

do(t) = doe’* 1)
where A parameter is named as Lyapunov exponent
[24]. If any Lyapunov exponent of a system is greater
than zero, this system is accepted to be chaotic. It was
said that the higher positive Lyapunov exponent leads
to lower future prediction reliability.

2.2.2. Reconstruction of phase space

Phase space reconstruction is a crucial process in time
series prediction. Reconstructing a phase space of any
system from observed data is a common procedure in
nonlinear time series analysis [25]. Attractors of any
dynamical system can be reconstructed by using the
measured data. In order to reconstruct the phase space
from any observed data, attractor information should
be estimated from a given time series [14]. The time
delay (tr) and embedding dimension (m) are the two
key parameters in the above-mentioned reconstruction
process [26].

It is important to define the time delay accurately. If
the time delay is chosen smaller than the typical
period of the time series, x[n] and x[n+t] values are
almost equal and the system does not have enough
time to change its dynamics. On the other hand, if the
time delay is defined as bigger, the difference between
x[n] and x[n+t]. Thus, this leads to randomly
distributed situations in the phase space. In order to
obtain the optimum time delay, the mutual
information function which was proposed by Fraser
and Swinney [27] was applied to time series. Mutual
information is defined as a quantity that measures the
nonlinear interdependence between two random
variables [10].

After obtaining the optimum time delay, the
embedding dimension can be defined. The embedding
dimension is the number of state variables that define
the dynamics of any system. The most common
method to obtain embedding dimension is the False
Nearest Neighbors (FNN) approach. If any attractor is
embedded in a phase space that has a lower
dimension, some no-neighboring points of any single
point seem like a neighbor. Besides, since the
dimension is increasing, the percentage of false
neighbors decreases. By plotting percentages of false
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neighbors and embedding dimensions, the minimum
percentage value is defined as the optimum
embedding dimension [28].

2.2.3. Obtaining average prediction time by using
Lyapunov exponent

As mentioned before, at least one of Lyapunov
exponents must be greater than zero for a chaotic
system. It will be hard to make a forward prediction
while the Lyapunov exponent is getting bigger. The
average prediction time of any meteorological variable
can be given as Equation (2) below [29]:

T =1/AmaxIn(L/€) @

where T is the prediction time, L is the attractor
dimension, € is the measurement sensitivity. In the
measurement system of our country, sensitivity can be
accepted as 0.1. The dimension of an attractor is
derived from the time series itself. Firstly, the original
time series (x-axis) and lagged time series (y-axis) are
plotted. The time lag is found by using the mutual
information function algorithm. After plotting the
original time series vs. lagged time series, the y-axis
gives the attractor dimension of the parameter.

The embedding parameters, namely time delay (t) and
embedding dimension (m) were computed by using
TISEAN (TIme SEries ANalysis) program [30].
Maximum Lyapunov exponents for each variable were
calculated by using Nonlinear Dynamics Toolbox
(NDT) program [31].

I11. RESULTS AND DISCUSSION

Table 1 represents the required parameters found in
the study to define average prediction time. It is seen
in Table 1 that embedding dimensions for relative
humidity, temperature, and wind speed were obtained
as 8, 12, and 10, respectively. Time delays of these
three variables were attained as 6, 3, and 3, as well.

Table 1. Parameters required to calculate average
prediction time

Xmax
m T (Maximum L
Variable (Embedding  (Time value of (Attractor
dimension)  delay) Lyapunov  dimension)
exponent)

Relative
Humidity 8 6 1.03 62
Alr 12 3 1.04 43
Temperature
Wind Speed 10 3 1.45 35

Figure 5 illustrates the mutual information function of
wind speed values. The x-value of the first minimum
of the mutual information function is accepted as the

optimum time delay. Thus, it is clearly said that the
time delay of wind speed can be accepted as 3.

1.0 -
0.8
0.6

0.4 A

Mutual Information

0 3 6 9 12 15 18 21 24 27 30
Time Delay (7)

Figure 5. Mutual information function of wind speed
values

Figure 6 shows the optimum embedding dimension of
relative humidity values. The x-value of the first
minimum of false nearest neighbor percentage can be
accepted as embedding dimension. Therefore, the
embedding dimension for relative humidity can be
accepted as 8, as can be seen in Figure 6. After finding
embedding  parameters, maximum  Lyapunov
exponents for relative humidity, air temperature, and
wind speed were 1.03, 1.04, and 1.45, respectively.

1.0 4
0.8 A
0.6

0.4

False Nearest Neighbor (94)

0.0 T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20

Embedding Dimension

Figure 6. Embedding dimension vs false nearest
neighbor for relative humidity values

Figure 7 represents the Lyapunov spectrums for air
temperature. While looking at Figure 7, it is easily
specified that the maximum Lyapunov value is fixed
at a certain value. For air temperature, this value was
obtained as 1.04.
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Figure 7. Maximum Lyapunov exponent for air
temperature values
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Using Equation (2), it is possible to obtain the average
prediction time for any variables. Table 2 represents
the average prediction time for all variables. By using
the findings above, the average prediction time for
relative humidity, temperature, and wind speed was
found as 6.2, 5.8, and 2.5 days, as well.

According to Table 2, relative humidity has the
longest prediction time with nearly one week. A good
relationship between maximum Lyapunov exponent
value and average prediction time has been observed.
While the Lyapunov exponent value is increasing, the
average prediction time is decreasing, as well.

Table 2. Average prediction time for all variables

Variable Amax L T
Relative Humidity 1.03 62 6.2 days
Air Temperature  1.04 43 5.8 days
Wind Speed 145 35 25days

Finally, the average prediction time for different
sensitivity was calculated while changing the
sensitivity step by step. Figure 8 shows the average
prediction time in relative humidity for different
sensitivity values. As the sensitivity of the
measurement system decrease, long-term prediction
becomes more impossible.

The average prediction time is 6.2 days in 0.1
sensitivity for relative humidity, although that is 4.01
days in a 1.0 sensitivity value.

6.5
6 -
5.5
5
45 4

Prediction Time (1)

4

35 T T T T T T T T T 1
0 01 02 03 04 05 06 07 08 09 1

Measurement Sensitivity ()

Figure 8. An example of average prediction time for
different measurement sensitivity (relative humidity)

V. CONCLUSION

As a generally known fact, long-term weather
prediction is not possible because of the uncertainties
in meteorological variables. Most of the variables in
the atmosphere are controlled by a lot of independent
variables. Thus, it is not easy to make a long-term
prediction. A small difference in initial conditions of a
variable produces higher differences in increasing
time. This property is one of the most obvious criteria
for chaotic behavior. Lyapunov exponent is a key
element to determine predictability in any variable.
The results obtained from the study will contribute to
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decision-makers for planning and managing data-
based sectors such as energy production, weather
forecast, agricultural areas, etc. The findings obtained
from this study might be helpful for a long-term
prediction of any meteorologic variable. The
magnitude of the positive Lyapunov exponent can be a
good indicator for prediction time length. Besides,
other factors such as measurement sensitivity should
not be ignored for making an accurate prediction, as
well. Finally, detailed studies should be conducted
with more stations and more meteorological variables
since the atmosphere has chaotic properties. As a
future study, it is planned to apply the given method
for other stations and other meteorological variables to
obtain regional results all over the country.
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Methods

Kentsel Enerji Verimliliginin Deterministik ve Stokastik Yontemlerle Kiyaslanmasi

Ziihre AYDIN YENIOGLU ' ¥, Ziileyha Sara BELGE 2

L Energy Market Regulatory Authority, 06530 Cankaya, Ankara, Turkey
2 Department of City and Regional Planning, Mersin University, 33110 Yenisehir, Mersin, Turkey

Abstract

In urban sustainability researches, benchmarking methods have become the most needed ways to measure urban energy
efficiency. Benchmarking the efficiency of urban energy with parametric and non-parametric methods are important cases
within the energy field. Data Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA) are ideal approaches to
measure performance of various industries with multiple indicators. Stochastic method considers the noise in data and evaluates
the critical success parameters of energy efficiency by separating noise from efficiency scores. This study evaluatesurban
energy efficiency by deterministic and stochastic ways with deploying DEA and SFA methodologies. The aim of the study is
to show the effects and results of deterministic and stochastic approaches in urban energy efficiency measurement and to
evaluate how Data Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA) can be used to derive measures of
efficiency and productivity change over time in complex multi-input contexts in the production and consumption of energy
services. Using data gathered from Turkish Statistical Institute (TURKSTAT) and Energy Market Regulatory Authority
(EMRA) Development Reports. In the study, 30 cities, which are accepted as metropolitans of Turkey by government, are
selected as Decision Making Units (DMUs) of both methods. As a result, different efficiency estimates are presented and
evaluated within the scope of statistical noise, multiple inputs and outputs by DEA and SFA methods.

Keywords: Urban Energy Efficiency; Urban Sustainability; Optimization for Energy Efficiency; Stochastic Frontier Analysis;
Data Envelopment Analysis

Oz

Kentsel siirdiiriilebilirlik aragtirmalarinda, kentsel enerji verimliligini 6lgmek i¢in en ¢ok ihtiya¢ duyulan yontemler kiyaslama
yontemleridir. Kentsel enerji verimliliginin parametrik ve parametrik olmayan yontemlerle kiyaslanmasi, enerji alanindaki
onemli ihtiyaglardandir. Veri Zarflama Analizi (VZA) ve Stokastik Sinir Analizi (SSA), ¢esitli endiistrilerin performansini
coklu gostergelerle 6lgmek igin ideal yaklasimlardir. Stokastik yontem, verilerdeki giiriiltiiyii dikkate alir ve giiriiltiiyii
verimlilik puanlarindan ayirarak, enerji verimliliginin kritik basar1 parametrelerini ortaya koyar. Bu ¢alisma, kentsel enerji
verimliligini VZA ve SSA metodolojilerini kullanarak deterministik ve stokastik yollarla degerlendirmektedir. Calismanin
amact, kentsel enerji verimliligi 6l¢iimiinde deterministik ve stokastik yaklasimlarin sonuglarini sunmak, VZA ve SSA etkinlik
Ol¢timlerinin, zaman i¢inde ¢ok ciktili ve ¢ok girdili enerji hizmetlerinin iiretim ve tiiketiminde, nasil degisebilecegini
gdstermektir. Veri analizlerinde, Tiirkiye Istatistik Kurumu (TUIK) ve Enerji Piyasas1 Diizenleme Kurumu (EPDK) Kalkinma
Raporlarindan faydalanilmistir. Tiirkiye'nin 30 metropolitant her iki yontemde de Karar Verme Birimleri (KVB) olarak
secilmistir. Sonug olarak, VZA ve SSA yontemleriyle, istatistiksel giiriiltii, ¢oklu girdiler ve ¢iktilar kapsaminda farkli
verimlilik tahminleri sunulmus ve degerlendirilmistir.

Anahtar Kelimeler: Kentsel Enerji Verimliligi; Kentsel Siirdiiriilebilirlik; Enerji Verimliliginde Optimizasyon; Stokastik

Sinir Analizi; Veri Zarflama Analizi

1. INTRODUCTION

Metropolitans are centers of energy demand, investment and consumption centers in the World [1]. Since there is
a very rapid urbanization, urban energy efficiency becomes an important concept of urban sustainability.
Measuring urban energy sustainability is a case for metropolitans to realize more sustainable urban energy
development and to take consideration important achievement metrics of energy efficiency. Urban energy
efficiency requires using less energy to produce expected factors. High-energy efficiency will reduce high
investments and increase the social urban sustainability, necessary investments and environmental protection of
world cities.

Realizing the needed determination of energy efficiency is critical to implement different approaches that
maximize outputs and decrease investments [2]. Patterson who was the first researcher about energy efficiency,
mentioned that there is no quantitative evaluation of efficiency which should be measured by a series of inputs and
outputs [3].
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Previous researches have indicated deterministic and
classical methods, which present limited insight on the
randomness and complexity of urban energy efficiency.
Hence, these studies failed to gain stochastic techniques
to measure the noise and uncertainty in data.

In recent years, more researches have been introduced
different measuring methodologies to find solution for
the complex questions of urban energy efficiency.
Some of them studied economic situations depending
on mathematical assumptions, the others implemented
various Kkinds of models to see the high energy-
consuming effect through critical and various
parameters.

Between the econometric models and mathematical
programming, two critical differences are the
formulation of a production frontier function and the
measurement of efficiency. The stochastic econometric
model recognizes the effects of statistical noise in
imprecise data, but since it is parametric, it requires
determining a functional structure according to the type
of process to be measured. It also provides for a
statistical testing of hypotheses and the results of
confidence intervals [4]. The mathematical
programming approach is deterministic and non-
parametric as DEA, and does not take error of data into
calculations. It is a detailed model of multiple input
output evaluation [5].

In this study, data analysis and benchmarking were
made between 2018 and 2019, for the urban energy
efficiency performances of 30 metropolitans in
Turkey. There is a comparison of different
deterministic and stochastic results of Stochastic
Frontier Analysis (SFA) and Data Envelopment
Analysis (DEA) for measurement of urban energy
efficiency. This paper shows the strengths and
weaknesses in estimating urban energy efficiency of
these methods through noisy in energy data. Technical
efficiencies of cities differ between two methods.
Because in deterministic DEA approach there is no
consideration of the uncertainty in data on the frontier.
On the other hand, the SFA method allows calculating
error in data. These approaches can be classified as
parametric and non-parametric methods. In the
parametric SFA method a cost or production frontier
formulation is estimated statistically, but in the
nonparametric DEA method mathematical
programming techniques are used. This study is the first
study used to show the effects and results of
deterministic and stochastic approaches in urban
energy efficiency measurement within BCC, CCR and
Cobb-Douglas implementations.

The structure of the paper is organized as follows: The
relevant literature was reviewed in Section 2 as
‘Literature review’. The proposed approaches are
presented in Section 3 as "Methodology’. The
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evaluation for urban energy efficiency of DMUs is
implemented in Section 4 as ‘Case study’, and the paper
is highlighted in Section 5 as ‘Conclusion’ and further
research areas.

Il. LITERATURE REVIEW

The cities, which are economic and cultural activity
centers, provide important life factors to both
developed and developing countries [6], they are the
consumer of energy and the determinants of urban
energy efficiency. Urban energy consumption is also
related with urban energy investments, climate,
population density and economy. Hence local energy
efficiency inspections, investment decisions and plans
can increase global energy efficiency.

Doherty et al. [9] has presented the energy consumption
of cities into three categories as; operational, embodied
and transport energy.

World Energy Council [10], stated urban energy
consumption through “economic improvement and the
distribution of income, urban form and density profiles,
urban culture and climate, demographic development,
transition and age situation.”

According to these definitions and perspectives, urban
energy efficiency components in cities must be an
integration of energy usage within lifecycle needs.

Forsstrom, et al. [11] introduced energy efficiency as
the ratio of energy output and the energy input of the
related factors. In this study, complex energy
measurement output indicators were defined for
service, process, goods and consumption. Energy
efficiency is an important component of environmental
sustainability and urban sustainable development.
Natural energy resources are the results of ecological
efficiency that can be defined as a part ofsustainability.
Hence, they said that; energy efficiency is a subset of
ecological efficiency and sustainable development
encompasses both of them [11].

There are different input and output parameters as
energy efficiency measurement indicators. Patterson
[3] has stated general energy efficiency factors as
“thermodynamic, physical-thermodynamic, economic-
thermodynamic and economic” groups. However,
each group has strengths and weaknesses and in each of
them allows choosing alternative indicators. For
instance, energy intensity as energy consumption per
unit of Gross Domestic Product (GDP) indicator shows
total industry sectors’ energy need to produce one unit
of expected economic output.

There are many researches in literature on energy
efficiency measurements. Keirstead [8] implemented
three different approaches to investigate urban energy
efficiency in United Kingdom. Keirstead [8] used ratio
calculation, regression residuals and DEA methods.
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The input indicators of DEA model were total energy
consumption, land area, climate and population, while
the output indicators were life expectancy, carbon
dioxide emissions as undesirable output and access
time to services.

Dizdarevic et al. [12] measured energy efficiency in the
EU countries between 2000 and 2010. They
implemented input-oriented CCR DEA model within
capital, labour, and energy use as input parameters and
gross domestic product as the output. Here, GDP was
the most important factor because of the energy
economy policies.

Li et al. [2] made energy efficiency calculation of high
energy using industry by discussing the models BCC
and CCR methods of DEA and SFA. This study
presented an overview of energy efficiency
measurement in  high energy using industries.
Economy, environmental factors, energy consumption,
GDP, energy price and employees can be considered
as indicators of linear frontier models. On the other
hand, as technological indicators energy demand,
resources can be considered as variables of constraint
models.  According to this study different
implementations of energy efficiency measurement,
DEA models are best approaches for multiple factors.
In addition, energy-economic models enableauthorities
to make decisions and plans for future energy policies.

Yang et al. [13] represented a method of determining
the energy intensive urban built environment for
improving energy efficiency and understanding of how
urban buildings consume energy. Building energyuse
may include imprecise, random error term shows
unpredictable conditions like energy supply and
demand imbalance, system faults, service quality,
climate, weather uncertainty and data input failures.
This randomness may have either positive or negative
effect on measurement and can be interpreted as
stochastic differences of energy efficiency. Since the
random factors, uncertain situations and error in data
have important impacts on building energy
performance, this study utilized SFA to find out the
efficiency frontier and to remove influences of random
error [13].

Baycan and ilhan [14] aimed to measure urban energy
efficiency by nonparametric DEA method and they
calculated efficiency scores for 81 provinces of Turkey.
They used population, area, energy
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consumption, heating and cooling degrees as input
factors, annual income, CO2 emissions, average life
expectancy as output factors. According to study; to
make detailed and reliable studies in urban energy
efficiency, there should be correct and high quality
energy data, planned economical decisions and
registered outputs, regular data evaluations of CO2
emissions and energy efficient buildings in each city.
Kuosmanen et al. [15] tried to show the best
benchmarking method of energy efficiency with
comparison of DEA, SFA and stochastic
nonparametric envelopment of data (StoNED). They
emphasized the importance of stochastic studiesbeside
deterministic ones. Moutinho et al. [16]analyzed effect
of urban air pollution in ecologicalefficiency through
DEA and SFA in Germany. They found out that
randomness and noisy in data like inclimate change
effects efficiency results.

In summary, SFA methodology contains calculation
errors and provides the random instability of variables
[2]. It leads to succession of measurement errors. On
the other hand, it is hard to understand the
determination of the error structure [18].

The deterministic approach DEA is a nonparametric
linear programming methodology, which obtains an
efficiency frontier using convex linear combination of
factors. Besides, SFA requires a parametric expression
of efficiency frontier function and supposes a
compound error term, which stands for deviations from
the frontier function. The compound error term means
the sum of the stochastic inefficiencies and stochastic
noise that is data error. StoNED is similar toSFA and
DEA methods, with a compound stochastic error term
and with a nonparametric, piecewise linear frontier
function [22]. Lopes and Mesquita [23] showed that
these models are preferred among the energy efficiency
calculations for benchmarking.

In the study there are different measurement scores of
urban energy efficiency with DEA and SFA models for
30 metropolitans in Turkey. These cities accepted as
metropolitans by government according to their
number of districts, service limits, total population,
physical settlement status and economic development
levels [17].

As a summary of the literature review, researches on
energy efficiency benchmarking with DEA and SFA
methods is presented below with Tablel.
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Table 1. Literature review summary of the study.

Author(s) Category Study Descriptions
Moutinho et Effect of urban air pollution in ecological Study found out that randomness and noisy in data like in
outinno e efficiency through DEA and SFA in climate change effects efficiency results.
al. (2021)
Germany.
Building energy use may include imprecise, random error
terms and this randomness may have either positive or
negative effect on measurement and can be interpreted as
Yang et al. Energy efficiency and understanding of how stochastic differences of energy efficiency. Since the
(2018) urban buildings consume energy. random factors, uncertain situations and error in data
have important impacts on building energy performance,
this study utilized SFA to find out the efficiency frontier
and to remove influences of random error.
. DEA efficiency scores of electricity distribution
Giletal. - T . . S
(2017) Brazilian energy distribution benchmarking. companies are calculated with higher scores than the

original scores.

Lietal. (2017)

Energy efficiency calculation of high energy
using industry by discussing the models BCC
and CCR methods of DEA and SFA.

According to this study different implementations of
energy efficiency measurement, DEA models are best
approaches for multiple factors. In addition, energy-
economic models enable authorities to make decisions
and plans for future energy policies.

Baycan and
ilhan (2015)

Urban energy efficiency measurement by
nonparametric DEA method.

According to study; to make detailed and reliable studies
in urban energy efficiency, there should be correct and
high quality energy data, planned economical decisions
and registered outputs, regular data evaluations of CO2
emissions and energy efficient buildings in each city.

Kuosmanen et

Study on the best benchmarking methods of
energy efficiency with comparison of DEA,

They emphasized the importance of stochastic studies

al. (2013) SFA and stochastic nonparametric beside deterministic ones.
envelopment of data (StoNED).
. Showed that DEA, SFA and stochastic nonparametric
Study on benchmarking methods of energy
Lopes and i . . envelopment of data (StoNED) models are preferred
. efficiency with comparison of DEA, SFA and . .
Mesquita . . among the energy efficiency calculations for
2015 stochastic nonparametric envelopment of data benchmarkin
(2015) (StoNED). g
Doherty et al According to study; energy consumption of cities can be
2c())1§r yetal Energy consumption in urban environments. measured into three categories as; operational, embodied
( ) and transport energy
Study used ratio calculation, regression residuals and
DEA methods. The input indicators of DEA model were
Keirstead Benchmarking Urban Energy Efficiency total energy cor_15umpt|on, Iar_1d area, climate a}nd
(2013) population, while the output indicators were life

expectancy, carbon dioxide emissions as undesirable
output and access time to services.
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Energy efficiency measurement in the EU

Dizdarevic et .
countries.

al. (2012)

They implemented input-oriented CCR DEA model
within capital, labour, and energy use as input parameters
and gross domestic product as the output. Here, GDP was
the most important factor because of the energy economy
policies.

. Energy efficiency study through, complex
Forsstrom, et

energy measurement output indicators defined

Energy efficiency is an important component of
environmental sustainability and urban sustainable
development. Natural energy resources are the results of
ecological efficiency that can be defined as a part of

al. (2011) for service, process, goods and consumption. sustainability. Hence, they said that; energy efficiency is
a subset of ecological efficiency and sustainable
development encompasses both of them
Study compared different deterministic and stochastic
In the paper, there are different benchmarking results of Stochastic Frontier Analysis (SFA) and Data
Proposed scores of urban energy efficiency Envelopmgqt Analy3|_s (DEA) for measurement of urban
Model measurement with deterministic and energy eff|C|.ency.- Th|§ paper shows the str.erlgths and
stochastic methods. weaknesses in estimating urban energy efficiency of
these methods through noisy on the frontier. Technical
efficiencies of cities differ between two methods.
11l. METHODOLOGY formulation of the CCR model that was named BCC

As mentioned and overviewed in the literature part,
there are two fundamental approaches, which are
parametric analysis and nonparametric methods,
applied to calculation of frontiers. The flowchart of
the models are presented in Figure 1. Here SFA is the
parametric analysis, DEA is the nonparametric
method. The aim of using DEA and SFA
methodologies in urban energy efficiency problem is
measuring inefficiency of a DMU as the distance
between an efficient DMU frontier and actual
performance of the DMU and showing the divergent
efficiency results of stochastic and deterministic
methods. However, the two methods had different
advantages and disadvantages. DEA needs no
assumptions about the probability density of inputs and
outputs on frontier. It joins noise as part of the
efficiency score and assumes no errors and deviations
from the efficient frontier. SFA allows deviations from
the efficient frontier into a random error term that is
statistical noise and a one-sided error term representing
inefficiency. SFA needs the determination of a
functional form for the frontier and assumptions about
the distributions of the random error and inefficiency
error terms. SFA can separate random noise from
frontier.

3.1. Data Envelopment Analysis

DEA is a mathematical analysis method that is used to
evaluate the effectiveness of decision making units, that
use multiple inputs to obtain multiple outputs.DEA was
first presented by Farrell [19], then, the approach was
introduced by Charnes et al. [20] who led the basis of a
literature through operational research and economics.
Charnes, Cooper and Rhodes

[20] developed the first DEA application that was
named the CCR model. Banker, Charnes and Cooper
[21] studied the DEA to get a variable returns to scale
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model.

In this context, in our study a performance comparison
was made by input oriented BCC and CCR DEA
approaches. CCR model was used to analyze the set of
DMUs that were using the production function with
constant returns to scale. The reason for using CCR was
to provide the possibility of separately calculating
technical efficiency globally.

Technical efficiency calculates the DMU’s overall
success with related inputs. CCR model calculates the
sector efficiency of a decision unit which contains
technical and scale efficiency. In this approach the
assumption is that outputs increase with an increase in
inputs [2].

Mathematical equations of the input oriented and
output oriented CCR models are given below. It is
supposed that there are n homogenous DMUs (DMU, ,j
= 1,..n) such that all of them use m inputs xij (i
=1,2,...m) to obtain s outputs yrj (r =1,2,
X = (Xgje e Xppy) AN ¥ = (X, e V)
which are nonnegative and nonzero vectors. The CCR

model’s production possibility set suggested by
Charnes, Cooper, Rhodes in 1978 [20] is as follows:

Teer={NI 27, (X4) =X, X°_.(¥4) =Y,

CCR efficiency scores can be obtained by using the
envelopment  input-oriented and input-oriented
equation (1), respectively where apg represgnt

the ith input and the rth output indicator vector of
DMU, under calculation in models.
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Select homogeneous
decision-making
units{DMUs),
4
Decide the models to
be used in the
research,
4
Collect the required Define the inputs and
data for DMUs, outputs.
.
"
Define deterministic Define each input and
inputs and outputs of
deterministic DEA g ot
SFA model
models
v B
Execute deterministic m:;tr;en::gf:;;?:d
DEA models SFA ol
L 4
5 Execute SFA model
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Compare and check
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different results of

deterministic and
stochastic models

v
Are the results of
deterministic and
stochastic models are
validated each other

No

Yes
4

End

Figure 1. The flowchart of the models for performance benchmarking of DMUs.

A DMU is named input oriented CCR efficient if its
expected value in equation (1) is equal to unity.

min6'0+s(z s+ Z s;’)
=1 r=1
s.t.
ijl

Z;—i:l Yridi — Vro —

; X; j-,lj + s

@)

The BCC model was based on variable returns to scale
and derived by including CCR model convexity
constraint. The effective BCC frontier, expressed in a

scale means that the output indicators of model will not
increase proportionally with an increase in input
indicators [2].

The BCC production possibility set introduced by
Banker, Charnes and Cooper in 1984 [21] is as follows:

TBCCZ{(X,YHZ;I()G%) =X, Z;—l:l(};'lf) =Y,
Zn ‘;Lj =1, .1}- >0,j=1,..n }

A unit is called input oriented BCC efficient if its
expected efficiency value in equation (2) is equal to 1.

)

i=1

m 5

min 8, —E(Z 5T+ Z ST

i=1 r=1

tighter envelope, is closer to the decision units thanthe
CCR frontier [21]. The BCC model obtains the pure
technical efficiency of decision making unit locally. In
the model assumption of variable returns to

s.t.
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n -
Zj:lx!'j‘&f +5 = o Xio

n
ijl Vridi = Vro — 87 = @3]
n —_
Zj’:lﬂ'j _l
) =0,st =0,
A =0 s i=12,...m,

Here the Aj represent structural variables, the s, , 8,

represent slacks and ¢ > 0 is a ‘‘non-Archimedean
infinitesimal’’ determined to be smaller than any
positive real number. This means that ¢ is not a real
number.

3.2. Stochastic Frontier Analysis

This section aims to introduce Stochastic Frontier
Analysis, which is a parametric approach is used in
efficiency and productivity measurement in the
framework of mathematical and econometric
assumptions. According to literature search, an
overview of SFA models has been introduced in this
part.

Researchers tried improving urban energy efficiency by
considering investment and production. Farrel [24]
presented SFA model to fill the gap between theoretical
and empirical searches. This approach showed us that
there was a parametric relation between model’s input
and output indicators. In 1970s, SFA was first
implemented in the evaluation ofproduction function
frontier by Aigner et al. [25].

The main feature of SFA is the estimation of a
conventional function and the determination of
efficiency or inefficiency by calculating the distance
of each decision unit to the curve created by this
function.

As emphasized before, the DEA method has
deterministic structure so it ignores measurement
errors. In SFA, frontier emphasizes the limit of
production and stochastic term implies calculated error.
Literature searches showed that the random indicators
may affect production. Hence, the statistical error,
which has normal and one sided distribution, included
into the model. The SFA method fixes the
disadvantages of measurement errors.

Aigner et al. [25] used cross-sectional data to estimate
a production frontier, that was named a Cobb-Douglas
production frontier. The Cobb-Douglas form of SFA
model is a generellay preferred functional form in
stochastic frontier analysis studies. In SFA studies
Cobb-Douglas production function is preferredbecause
its various advantages such as its

understandable structure. Lau [33] has presented that, “this
model makes computations easy and has the features of
explicit  representability, uniformity, parsimony and
flexibility.”

Cobb-Douglas production frontier function’s form is
given as in equation (3):

ln(yl) = ﬁo + E}:l ﬁnlnxni — U, i = 1;21"-1N (3)

where y; is the vector size of output that is produced by
ith DMU, x,; is the vector size of nth input that is used
by ith DMU, f is unknown parameter and u; is positive
random variable that indicates technical inefficiency.
But the equation (3) is a deterministic frontier as

exp(Bo+ X Bulitn).

This deterministic frontier counts out the mathematical
possibility of measurement error and statistical noises, and
remarks all deviations from the frontier as only technical
inefficiency [25]. Hence, stochastic production frontier
function was presented by specifying random indicators that
represented statistical noise.

In 1977, Aigner et al. [26] defined the model’s
production function in deterministic and stochastic
ways. Broeck et al. [27] introduced a new stochastic
production function. They included symmetric random
error for calculation of statistical noise. The formula is
as follows.

vi=fx, B) +vi—w=f(x, B) + &,i=12,..,N 4)

where v; independent random variable showing the
N(0,0?) distribution and €; <O0. In the equation (4)
it is assumed that €; is a composite error parameter
consisting of two independent parameters, v; and u;.
v; includes noisy, errors that occur in determining the
production function and also omissions caused by the
independent parameter x.

If a DMU provides expected production with full
efficiency, the technical efficiency is "1", but if it
produces expected outputs under the optimal capacity
its efficiency measure is less than 1, that is this DMU is
inefficient. Another point to be considered is how the
efficiency is calculated. If the problem is output
maximization (production maximization), then the
composite error term calculation is valid and it is
€ = v, — u; . If the efficiency problem is input
minimization (cost function), then the equation E;
=vt+u is valid [26]

In the paper FRONTIER Version 4.1 software was used
for stochastic frontier analysis that transforms equation
(4) to a logarithmic function as below equation (5) as in
Broeck et al. [27].
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In(y) = Bo + LNz1 Balnxp +vi —u;, i =1,2,...,N (5)

Equation (5) represents the logarithm of inputs and
outputs.

According to Coelli etal. [28],
stochastic frontier function is as below:

Cobb-Douglas

In(y)) =po+ pulnxi+vi—w , i=12,..,N (6)
yi=exp(fo+ Pilnxi+vi—w) , i=12,..,N @)

Since the study wants to use a production function and
maximize our production, the usage of Cobb-Douglas
production frontier function including cross-sectional
data and supposing a half normal distribution is
provided. In the urban energy efficiency study, the
usage of the Cobb-Douglas production frontier is as
below:

In(y) =In(xy, B)+vi—-w , i=12,..,N 8)

The SFA form of Cobb-Douglas production function
is implemented for the years 2018-2019 and is modeled
as follows.

In(yi) = o + B1(lnx1) + B2(lnx2) + L3(Inx3)
+B+(InXa) + vi —wi 9)

In equation (8), y; is the ith metropolitan’s outputs’ log,
is the ith metropolitan’s inputs’ logs, u; is the ith
metropolitan’s inefficiency. In equation (9)
X1, X3, x3 implies respectively; invoiced consumption
(MWh), total installed power (MW), line length (Km)
and population.

IV. CASE STUDY

Performance evaluation of urban energy efficiency
includes the indicators of energy supply and demand
balance, energy consumption, energy generation,
energy investment components as installed power, line
length and economy. With the optimal results of energy
efficiency, GDP and investment are two important
components. In energy efficiency studies, the
importance of GDP had been realized by Hu and Wang
[31].

Methodologies need to consider indicators to obtain the
optimal outputs, Incomplete and uncertain data of
energy industry is an important issue for efficiency
measurement. Such that, according to deterministic
models, the theory of probability is needed. As
discussed widely in the literature, the major sources of
uncertainty in the data used in the performance
measurement of urban energy efficiency are costs,
economy, data faults, energy demand and supply,
regulatory issues such as unpredictability in the orders
and laws. Deterministic solutions miss versatile
decision-making and analysis processes. Because of
these, in many industrial problems, managers deal with
imprecise situations and random data. The noise

and randomness in data usually causes errors in frontier
function and efficiency results. In these cases, data
analysts can consider imprecise data as random
indicators. By working with random inputs and outputs
and realizing the possibility of uncertain situations,
different perspectives of the available information can
be detected in energy efficiency studies to make right
energy policy. The main utility of random data in SFA
models is the prediction of efficiencies in future
optimization problems.

This study compares stochastic Cobb-Douglas
production frontier including cross sectional data to
maximize output, and input oriented deterministic CCR
and BCC models. DEA and SFA are techniques that can
be best measurement of urban energy efficiency of
cities with multiple inputs and outputs.

4.1. Indicators, Data Set and Data Statistics

In this part of the study, there is implementation of
dataset from 2018 to 2019 to evaluate urban energy
efficiency of Turkey’s 30 metropolitans within
stochastic and deterministic framework. Inputs are
invoiced consumption (MWh), total installed power
(MW), line length (Km) and population, while outputs
are total generation (MWh), number of consumers and
GDP per capita.

Descriptive statistics of the input and output indicators
are presented in Table 2.

Table 3 and Table 4 show the logarithm of data that
were added to Cobb-Douglas SFA model.

In addition to data set and basic descriptive statistics,
correlation coefficients between variables used in the
models were also calculated with SPSS in Table 5. This
shows us an idea about the direction and size of the
relationship between inputs and outputs.

Correlation coefficients of the data were obtained by
using the averages of data indicators. According to
Table 5, inputs and outputs have directly proportional
relationship. It is also seen that all variables have a
positive correlation with each other.

4.2. Estimation of Results

In this section, efficiency results of models are
discussed. The results of deterministic CCR model of
expression (1) and BCC model of expression (2) were
implemented on General Algebraic Modeling System
(GAMS) mathematical programming and optimization
system and SFA model of (9) were obtained from
FRONTIER 4.1. Deterministic and stochastic results
are included in Table 6 and Table 7 as follows.
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Table 2. Descriptive statistics of the indicators

Inputs Mean Median Std. Deviation Minimum  Maximum
x1-Invoiced Consumption (MWh) 6.290.560,04 = 3.893.568,91 = 75.065.449,78 879.856 40.452.119
x2-Total Installed Power (MW) 1.965,17 2.002,95 1.328,02 100 4.527
x3-Line Length (Km) 24.853,73 20.782,00 14.186,71 10.593 71.709
x4-Population 2.116.510,47  1.362.698,00 = 2.665.698,78 767.848 15.067.724
Outputs Mean Median Std. Deviation Minimum Maximum
y1-Total Generation (MWh) 6.388.647,71  5.690.800,06 = 5.434.535,62 16.639 18.584.686
y2-Number of Consumers 1.114.852,00  705.365,00 1.411.251,58 282.108 7.883.441
y3-GDP per capita 8.261,07 7.666,00 3.294,46 3.382 16.707

Table 3. Estimated input and output parameters of 2018

x1 X2 x3 x4 yl y2 y3

ADANA 15,71863 |8,259919 |10,23225 |14,61307 |16,72174 |13,89078 | 8,838697
ANKARA 16,47614 |7,947527 |11,00471 |15,52098 | 16,2819 14,89265 | 9,450144
ANTALYA 15,92878 |7,550624 |10,72322 | 14,7019 15,37748 | 14,34382 | 9,204825
AYDIN 14,79935 | 7,213547 |9,926813 |13,90877 |1554773 |13,45426 |8,826294
BALIKESIR 1501754 |7,949247 |9,807362 |14,01974 |16,21013 |13,76917 |8,97221

BURSA 16,28544 |7,876471 |9,857025 |14,91229 |1598165 |14,30661 |9,305741
DENIZLI 15,0751 7,478481 |9,965147 |13,84291 |1557676 |13,27341 |9,116579
DIYARBAKIR 14,82812 |7,734121 |9,807307 |14,36502 |15,36927 |13,19688 | 8,360539
ERZURUM 13,68751 |6,202596 | 9,774233 | 1355135 |14,11538 |12,81392 |8,645762
ESKISEHIR 14,90925 |6,560125 |9,411565 |13,67761 |13,85659 |13,29199 |9,221379
GAZIANTEP 1582764 | 6,528689 |9,609787 |14,52284 |13,76599 |13,5022 | 8,873608
HATAY 15,33529 | 7,918425 |9,806536 |14,29166 |16,52292 |13,53636 | 8,780941
ISTANBUL 17,51563 |8,014197 |11,18037 |16,52807 |15,94592 |15,88028 |9,696586
[zZMiR 16,61626 |8,416362 |10,44599 |1527889 |16,73785 |14,72486 |9,34688

KAHRAMANMARAS | 15211 8,417715 |9,74373 13,95079 |16,01713 |13,08671 |8,649974
KAYSERI 15,11067 |6,818793 |10,10135 |14,14458 |14,40703 |13,47854 |8,983565
KOCAELI 16,14421 |7,651577 |9,380421 |14,46072 |1561601 |13,73824 |9,723583
KONYA 15,66414 |6,725058 |10,74231 |14,60651 |13,96152 |13,9752 |8,932609
MALATYA 14,31964 |[5,123369 |10,07234 |13,58866 |12,56287 |12,98026 |8,583917
MANISA 15,34944 | 7,758163 |9,980078 |14,17294 |16,05141 |13,62902 |9,149634
MARDIN 14,37754 |5,096018 |9,338558 |13,62821 |9,719519 |12,55005 | 8,485496
MERSIN 15,30502 | 6,958306 | 9,93953 14,4113 15,09836 | 13,82598 | 8,956351
MUGLA 15,10634 | 7,74119 10,16439 | 13,78246 |16,26748 |13,34397 |9,139703
ORDU 14,0491 6,172869 |10,10545 |13,55665 |13,96561 |13,17894 |8,596374
SAKARYA 1513731 |7,838182 |9,417111 |13,82615 |16,47421 |13,18572 |9,120525
SAMSUN 14,97997 |8,276003 |10,23218 |14,10498 |15,76155 |13,61079 |8,781555
SANLIURFA 15,3735 8,211953 | 10,29675 | 14,5264 15,56095 | 13,33635 |8,129175
TEKIRDAG 15,71038 | 7,374942 |9,267949 | 13,845 14,8575 13,31559 | 9,393162
TRABZON 14,22131 |6,355013 | 9,94415 13,6022 14,21329 | 13,25662 | 8,929568
VAN 13,77971 | 4,602567 |9,776903 |13,93221 |12,05714 |12,81033 |8,126223
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Table 4. Estimated input and output parameters of 2019

x1 X2 X3 x4 yl y2 y3
ADANA 15,72576 | 8,26380 10,25171 | 14,62107 | 16,68923 | 13,91799 | 8,77550
ANKARA 16,46120 | 7,91317 11,02580 | 15,54523 |16,07575 | 14,91065 | 9,34991
ANTALYA 15,96831 | 7,61494 10,75081 | 14,73647 | 1542432 | 14,37155 |9,12706
AYDIN 14,80828 | 7,18267 9,95802 13,92075 | 15,67355 | 13,48459 | 8,76695
BALIKESIR 15,03267 | 7,98557 9,81891 14,02140 |16,06117 | 13,79342 | 8,92656
BURSA 16,28476 | 7,89266 9,88466 14,93266 |15,81965 | 14,33795 | 9,24257
DENIZLi 15,05028 | 7,52474 9,98806 13,85204 | 15,53683 | 13,31178 | 9,06347
DIYARBAKIR 14,76965 | 7,74527 9,84776 14,37875 | 16,01321 | 13,24440 | 8,28864
ERZURUM 13,69901 | 6,78294 9,77968 13,54378 | 14,05736 | 12,84174 | 8,60290
ESKISEHIR 14,91706 | 6,50031 9,48189 13,69614 | 13,96560 | 13,32437 | 9,15011
GAZIANTEP 15,88966 | 6,52258 9,63763 1454275 | 14,02400 | 13,54389 | 8,83407
HATAY 15,29485 | 7,91739 9,83162 14,30341 | 16,42892 | 13,56610 | 8,74715
ISTANBUL 17,49228 | 7,94069 11,18238 | 16,55759 | 15,79041 | 15,90287 | 9,62791
izMIiR 16,55707 | 8,58435 10,47813 | 15,28964 |16,42709 | 14,75890 | 9,29779
KAHRAMANMARAS 15,17722 | 8,42674 9,75063 13,95883 |16,15144 | 13,12572 | 8,59841
KAYSERI 15,10096 | 6,81161 10,13539 | 14,15726 |14,61633 |13,51981 | 8,88784
KOCAELI 16,11513 | 7,62393 9,40179 14,48490 | 15,20160 | 13,77604 |9,65778
KONYA 15,63730 | 6,80549 10,78230 | 14,61858 | 14,33773 | 14,00989 | 8,84645
MALATYA 14,30469 | 5,21602 10,08134 | 13,59257 | 13,02776 | 12,99926 | 8,51945
MANISA 15,28788 | 8,01597 10,01118 | 14,18058 |16,32692 | 13,65599 | 9,13580
MARDIN 14,36473 | 5,20872 9,36152 13,63970 | 11,34265 | 12,60175 | 8,42247
MERSIN 15,34276 | 7,01728 9,97562 14,42551 | 15,33807 | 13,85243 | 8,88854
MUGLA 15,05618 | 7,75022 10,19062 | 13,79851 |16,33687 | 13,37487 |9,06843
ORDU 14,02365 | 6,19644 10,11286 | 13,53341 |14,11983 |13,21284 | 8,58093
SAKARYA 15,10651 | 7,84569 9,43052 13,84361 | 14,55491 | 13,22862 | 9,04674
SAMSUN 14,92495 | 8,14014 10,24409 | 14,11453 | 15,64022 | 13,65184 | 8,72328
SANLIURFA 15,36226 | 8,23454 10,32302 | 14,54480 |16,28768 | 13,38375 | 8,07689
TEKIRDAG 15,74325 | 7,36822 9,44668 13,86944 | 14,46854 | 13,35311 | 9,33061
TRABZON 14,21124 | 6,39145 9,94228 13,60352 | 14,11226 | 13,27810 | 8,88672
VAN 13,81124 | 4,86738 9,80797 13,94369 |12,44851 | 12,85042 |8,07372

Table 5. Correlation coefficients between variables

x1 x2 x3 x4 y1 y2 y3
x1 Pearson Correlation 1 379 7317 a71 ,321 971" 708"
Sig. (2-tailed) ,039 000 ,000 083 ,000 ,000
N 30 30 30 30 30 30 30
x2 Pearson Correlation 379 1 274 316 819" 316 238
Sig. (2-tailed) 039 142 ,089 ,000 ,089 204
N 30 30 30 30 30 30 30
x3 Pearson Correlation 7317 274 1 792" ,209 8117 383
Sig. (2-tailed) ,000 142 000 267 ,000 037
N 30 30 30 30 30 30 30
x4 Pearson Correlation 971" 316 7927 1 251 991" 576
Sig. (2-tailed) ,000 ,089 ,000 181 ,000 ,001
N 30 30 30 30 30 30 30
y1 Pearson Correlation 321 819" ,209 251 1 272 ,300
Sig. (2-tailed) 083 ,000 267 181 146 107
N 30 30 30 30 30 30 30
v2 Pearson Correlation a7t 316 8117 991 272 1 623"
Sig. (2-tailed) 000 ,089 000 ,000 146 ,000
N 30 30 30 30 30 30 30
y3 Pearson Correlation 708" 238 383 576 ,300 623" 1
Sig. (2-tailed) ,000 ,204 037 ,001 107 ,000
N 30 30 30 30 30 30 30
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Table 6. Estimated results of 2018

CCR BCC SFA
ADANA 0.8994 1.0000 0.7225
ANKARA 0.9802 1.0000 0.7806
ANTALYA 1.0000 1.0000 0.8963
AYDIN 0.9824 0.9859 0.7243
BALIKESIR 1.0000 1.0000 0.6466
BURSA 1.0000 1.0000 0.7985
DENIZLI 0.8548 0.8752 0.8538
DIYARBAKIR 0.6529 0.8149 0.3987
ERZURUM 1.0000 1.0000 0.4585
ESKISEHIR 1.0000 1.0000 0.8429
GAZIANTEP 0.8059 0.9255 0.8599
HATAY 1.0000 1.0000 0.6701
ISTANBUL 1.0000 1.0000 0.7444
iZMiR 0.9929 1.0000 0.8140
KAHRAMANMARAS 0.6627 0.8072 0.6908
KAYSERI 0.7822 0.7848 0.8049
KOCAELI 1.0000 1.0000 0.8803
KONYA 0.8941 0.9042 0.8992
MALATYA 1.0000 1.0000 0.8870
MANISA 0.8958 0.9117 0.7936
MARDIN 1.0000 1.0000 0.6797
MERSIN 0.9772 0.9941 0.7210

MUGLA 1.0000 1.0000 0.8948

ORDU 1.0000 1.0000 0.6904

SAKARYA 1.0000 1.0000 0.7734
SAMSUN 0.8111 0.8267 0.5942
SANLIURFA 0.4435 0.5172 0.5698
TEKIRDAG 1.0000 1.0000 0.9281
TRABZON 1.0000 1.0000 0.6991

VAN 1.0000 1.0000 0.4699

Table 7. Estimated results of 2019

CCR BCC SFA
ADANA 0.9508 1.0000 0.7135
ANKARA 0.9204 1.0000 0.7387
ANTALYA 0.9994 1.0000 0.8849
AYDIN 1.0000 1.0000 0.7480
BALIKESIR 1.0000 1.0000 0.5371
BURSA 1.0000 1.0000 0.7641
DENIZLI 0.8602 0.8785 0.7684
DIYARBAKIR 1.0000 1.0000 0.3407
ERZURUM 1.0000 1.0000 0.2405
ESKISEHIR 1.0000 1.0000 0.7561
GAZIANTEP 0.8436 0.9461 0.9203
HATAY 1.0000 1.0000 0.6447
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ISTANBUL 1.0000 1.0000 0.7011
iIZMIR 0.9694 1.0000 0.6517
KAHRAMANMARAS 0.9614 1.0000 0.4940
KAYSERI 0.8142 0.8142 0.7132
KOCAELI 1.0000 1.0000 0.8444
KONYA 0.8784 0.9023 0.8290
MALATYA 1.0000 1.0000 0.9035
MANISA 1.0000 1.0000 0.6817
MARDIN 1.0000 1.0000 0.3925
MERSIN 0.9994 0.9994 0.7631
MUGLA 1.0000 1.0000 0.9997
ORDU 1.0000 1.0000 0.5616
SAKARYA 0.9212 1.0000 0.3825
SAMSUN 0.8551 0.9016 0.3762
SANLIURFA 0.7385 0.7396 0.4742
TEKIRDAG 1.0000 1.0000 0.9520
TRABZON 1.0000 1.0000 0.5284
VAN 1.0000 1.0000 0.3729
Table 8. Analysis results of Cobb-Douglas production function model
Parameter Coefficient Standard Error T Ratio
Po 2.283 1.930 1.182
B1 0.320 0.205 1.563
Bz -0.399 0.138 -2.884
B3 1.126 0,148 7.610
2 -0.072 0.131 -0.548
o2 0.202 0.103 1.954
Y 0.850 0.243 3.497
Log-likelihood -6.064
LR test of the one-sided error 3.768

The average results of Table 6 and Table 7 are
presented and discussed under Table 9. In Table 8 the
Cobb-Douglas production function analysis results can
be observed. According to Table 8 the parameter
v=0.850 is represents statistical significance at the 1%
level. That means most sources of inefficiency, in
combined error term (€) caused with 85% of technical
inefficiency and 15% of random errors. In this context,
although the technical inefficiency has a high rate
within the combined error term, the existence of
random errors cannot be ignored. The likelihood ratio
test shows that inefficiency scores are statistically
significant according to urban energy efficiency among
metropolitans were identified. In Table 8 parameter
coefficients of independent variables are also
significant. The one-sided error LR test to evaluate the
technical efficiency of DMUs can be taken into
consideration. LR ratio was found to be approximately
3.768 and this value should be
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compared with the table value of 2.706 in the Kodde-
Palm with a restriction of 1 at 0.05 significance level
[32].

Hy:y=0
Hi:y#0

Since 3.768 score is bigger than the table value of 2.706
in the Kodde-Palm, H, hypothesis is rejected. This
situation implies that, there is a statistically significant
technical inefficiency in the model. The analyzed
coefficients are also consistent with results from
literature studies; for example, economically and
socially underdeveloped cities inefficient according to
developed ones.

Table 9 and Figure 1 show us average estimated 2018
and 2019 results and ranks of the CCR, BCC and SFA
models.
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Table 9. Average efficiency estimated results of models

CCR BCC SFA Rank
ADANA 0.9251 1.0000 0.7180 22
ANKARA 0.9503 1.0000 0.7596 18
ANTALYA 0.9997 1.0000 0.8906 5
AYDIN 0.9912 0.9929 0.7361 10
BALIKESIiR 1.0000 1.0000 0.5918 24
BURSA 1.0000 1.0000 0.7813 7
DENIZLIi 0.8575 0.8768 0.8111 19
DIYARBAKIR 0.8265 0.9074 0.3697 29
ERZURUM 1.0000 1.0000 0.3495 26
ESKISEHIR 1.0000 1.0000 0.7995 6
GAZIANTEP 0.8248 0.9358 0.8901 14
HATAY 1.0000 1.0000 0.6574 12
ISTANBUL 1.0000 1.0000 0.7227 9
iZMiR 0.9812 1.0000 0.7328 11
KAHRAMANMARAS 0.8121 0.9036 0.5924 27
KAYSERI 0.7982 0.7995 0.7590 25
KOCAELI 1.0000 1.0000 0.8623 4
KONYA 0.8863 0.9032 0.8641 13
MALATYA 1.0000 1.0000 0.8952 3
MANISA 0.9479 0.9558 0.7376 15
MARDIN 1.0000 1.0000 0.5361 21
MERSIN 0.9883 0.9967 0.7420 8
MUGLA 1.0000 1.0000 0.9472
ORDU 1.0000 1.0000 0.6260 16
SAKARYA 0.9606 1.0000 0.5779 20
SAMSUN 0.8331 0.8641 0.4852 28
SANLIURFA 0.5910 0.6284 0.5220 30
TEKIiRDAG 1.0000 1.0000 0.9400 2
TRABZON 1.0000 1.0000 0.6137 17
VAN 1.0000 1.0000 0.4214 23
Rank

30

25

20

15

10

Figure 2. Average efficiency estimated ranks of models for each metropolitan.
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As seen in Table 9 in which average results and ranks
of DMUs are included, Balikesir, Bursa, Erzurum,
Eskisehir, Hatay, Istanbul, Kocaeli Malatya, Mardin,
Mugla, Ordu, Tekirdag, Trabzon, Van are permanently
efficient metropolitans in both the deterministic input-
oriented CCR and BCC models. That is, they are
technical efficient under constant returns to scale
conditions when data errors are ignored. On the other
hand, in deterministic framework Adana, Ankara,
Antalya, Izmir, Sakarya are BCC efficient but, CCR
inefficient DMUs. CCR model evaluates global and
technical efficiencies of units according to the
efficiency frontier. BCC model evaluates local and pure
technical efficiencies. In summary, while the CCR
model calculates both technical and scale efficiency
scores, the BCC model estimates pure technical
efficiency of units against the efficiency production
function. Therefore, technical efficiency results of the
BCC results are either higher than or equal to the CCR
results. As can be seen from the deterministic results, it
is easier for a decisionmaking unit to be BCC efficient
than CCR efficient. Therefore, CCR efficient DMUs
are also efficient in BCC model. The opposite is not
always true for input oriented models. According to the
results of the study, the efficiency values in the BCC
model were equal to or greater than the CCR model.
Since there is no significant difference between
deterministic CCR and BCC technical efficiency
results, Turkey's metropolitans have urban energy
efficiency in scale except Aydin, Denizli, Diyarbakir,
Gaziantep, Kahramanmaras, Kayseri, Konya, Manisa,
Mersin, Samsun, Sanlurfa. These cities are inefficient
in both models.

According to results of Cobb-Douglas output
maximization stochastic frontier Tekirdag and Mugla
have the best performance. Diyarbakir, Erzurum,
Samsun, Van have the lowest scores, and the other
energy efficiency performances are higher than fifty
percentages in stochastic framework. In addition,
Erzurum and Van are locally and globally efficient in
deterministic CCR and BCC models but their
performance is under fifty percentages in stochastic
framework. This confirms the situation of our y
parameter in which most sources of stochastic
inefficiency, caused with technical operations and some
sources caused with random errors. Consequently,
study can inference that reliable urban energy
efficiency evaluation highly relates with stochastic
models.

Considering the inputs and outputs of models, the
number of customers, population, total generation,
invoiced consumption that impact unregistered energy
usage because of loss-leakage ratio and energy supply-
demand imbalance, GDP that impacts the correct
investment decisions, line length that impacts the low
amount of energy distribution issues seem to be the
cause of inefficiency, but it can be said that the
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inefficiency will be eliminated by increasing the values
of these parameters.

V. CONCLUSION

Evaluation of urban energy efficiency performance has
different forms, aims and implementations. It can be
seen from literature, there is no definite methodology
to evaluate energy efficiency on urban researches. To
the best of our knowledge, this is the first study
estimating the urban energy efficiency of Turkey’s
metropolitans with both parametric and nonparametric,
deterministic and stochastic models.

The CCR model compares companies that have
operations in homogenous or non-homogeneous way
and creates an overall/global efficiency scores, while
the BCC model compares companies with operations in
homogeneous way and creates local efficiency scores.
By the study, it has been shown that the uncertainty of
the data causes stochastic inefficiency. These results
suggest that more attention should be paid to error
levels to evaluate stochastic efficiency.

According to the results, permanently inefficient cities
need agricultural irrigation in large areas due to the
regions where they are located. This situation causes
excessive waste due to unregistered electricity use in
agricultural irrigation. The wasteful consumption
leads excessive load on power lines and transformers.
There is also loss-leakage in energy usage in these
cities. Loss-leakage ratio, causes unregistered
electricity use and this means high load on power lines
also. The other inefficiency reasons are; insufficient
line lengths in large areas, investment that is not well
planned and not on time, supply-demand imbalance due
to the excess number of subscribers and loss- leakage
ratio.

The issues that causes inefficiency can be overcame
with; increasing investments in networks through
inspection, directing the audits in a way that minimizes
the inputs and maximizes the outputs of the cities,
making legal and deterrent regulations incombating
unregistered electricity use, increasingservice quality
by  renewing  network infrastructures  and
commissioning new technology projects and facilities,
taking into account the parameters as area, line length,
population and number of subscribers while making the
investment decision.

As a result; examining the effect of uncertainty with a
high tendency in societies such as our country,
avoiding uncertainty is important in terms of predicting
reactive or proactive approaches of organizations in
uncertain environments. This study shows us that,
stochastic models, which take into account
uncertainties and random variables, can be used to
measure the urban energy efficiency for reliable
decision making in energy policies. Study can offer for
policy implications; using remote, smart electricity
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meters, e-invoice applications, taking into account the
loss ratios differences of electricity consumption,
gaining available and beneficial data because of
registering the accurate consumption. In future studies,
the application of random variables to other stochastic
models for the urban energy efficiency of decision
making units and the effect of changes in input and
output parameters on modeling can be examined.

REFERENCES

[1] International Energy Agency. World Energy
Outlook (2008). Head of Communication and
Information Office, France.

[2] Li, M., Tao, W., (2017). Review of methodologies
and polices for evaluation of energy efficiency in
high energy-consumingindustry. Applied Energy
187, 203-215.

[3] Patterson MG. (1996). What is energy efficiency:
concepts, indicators and methodological issues.
Energy Policy. 24(5):377-90.

[4] Hjalmarsson, L., Kumbhakar, S.C., Heshmati, A.,
(1996). DEA, DFA and SFA: A comparison.
Journal of Productivity Analysis 7 (2/3),
303+328.

[5] Charnes A, Cooper WW, Rhodes E.
(1981).Evaluating program and managerial
efficiency: an application of data envelopment
analysis to program follow through. Manage
Sci;27:668-97.

[6] Keirstead, J. (2007). Selecting sustainability
indicators for urban energy systems. International
Conference on Whole Life Urban Sustainability
and its Assessment . Glasgow.

[7]1 Keirstead, J. (2007). Towards Urban Energy
System Indicators. London: Imperial College
London.

[8] Keirstead, J. (2013). Benchmarking Urban
Energy Efficiency . Energy Policy, 575- 587.

[91 Doherty, M., Nakanishi, H., Bai, X., & Meyers,
J. (2013). Relationships between form,
morphology, density and energy in urban
environments. Canberra, Australia: CSIRO
Sustainable Ecosystems.

[10] WEC. (2010). Energy and Urban Innovation.
London: World Energy Council.

[11] Forsstrom, J., Lahti, P., Pursiheimo, E., Rimé, M.,
Shemeikka, J., Sipild, K., (2011). Measuring
Energy Efficiency: Indicators and Potentials in
Buildings, Communities and Energy Systems.
Finland: VTT.

[12] Dizdarevic, N. V., & Segota, A. (2012). Total-
factor energy efficiency in the EU Countries. Zb.
rad. Ekon. fak. Rij, 247-265.

[13] Yang, Z., Roth, J., Jain, R. (2018). DUE-B: Data-
driven urban energy benchmarking of buildings
using recursive partitioning andstochastic frontier
analysis. Energy and Buildings 163, 58-69.

121

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Baycan, T., ilhan, C. (2015). Measuring Urban
Energy Efficiency in Turkey. Thesis (M.Sc.),
Istanbul  Technical University -Institute of
Science and Technology.

Kuosmanen, T., Saastamoinen, A., Spilainen, T.
(2013). What is the best practice for benchmark
regulation of electricity distribution? Comparison
of DEA, SFA and StoNED methods. Energy
Policy 61, 740-750.

Moutinho, V., Madaleno, M., Macedo, P. (2020).
The effect of urban air pollutants in Germany:
eco-efficiency  analysis through fractional
regression models applied after DEA and SFA
efficiency predictions. Sustainable Cities and
Society 59, 102204

Yetkin, O. (2020). The Structure and Future of
Metropolitan Municipality in Turkey. Akademik
Diistince Dergisi 1.

Li MJ, Song CX, Tao WQ., (2016). A hybrid
model for explaining the short-term dynamics of
energy efficiency of China’s thermal power
plants. Applied Energy. 169:738-47.

Farrell MJ., (1957). The measurement of
productive efficiency. J R Stat Soc Ser A.
Gen,120,253-90.

Charnes, A., Cooper, WW., Rhodes, E., (1978).
Measuring the efficiency of decision making
units. European Journal of Operational Research
2 ,429-444,

Banker, R.D., Charnes, A., Cooper, W.W.,(1984).
Some Models for Estimating Technical and Scale
Inefficiencies in Data Envelopment Analysis.
Management Science, 30, 1078— 1092.

Gil, D. R. G, Costa, M. A., Lopes, A. L. M. ,
Mayrink V. D., (2017). Spatial statistical methods
applied to the 2015 Brazilian energydistribution
benchmarking model: Accounting  for
unobserved determinants of inefficiencies.
Energy Economics, 64, 373-383.

Lopes, A.L.M., Mesquita, R.B., (2015). Tariff
regulation of electricity distribution: A
comparative analysis of regulatory benchmarking
models. The 14th European Workshop on
Efficiency and Productivity Analysis, Helsinki.
Proceedings of the 14th European Workshop on
Efficiency and Productivity Analysis

Farrell MJ. (1957). The measurement of
productive efficiency. J Royal Statist Soc (A,
General);120 (3):253-81.

Aigner, D.J., and Chu, S.F. (1968), On Estimating
the Industry Production Function, American
Economic Review, 58(4), 826-39.

Aigner D, Lovell CK, Schmidt P. (1977)
Formulation and estimation of stochastic frontier
production  function  models. J  Econ
1977;6(1):21-37.

Broeck, V., Meeusen, W. (1977). Efficiency
Estimation from Cobb-Douglas Production
Functions with Composed Error. International
Economic Review Vol. 18, No. 2 , 435-444



Int. J. Adv. Eng. Pure Sci. 2022, 34(1): 107-122

Benchmarking Urban Energy Efficiency

(28]

[29]

[30]

Coelli, T.J., Rao, D.S.P., O’Donnell, C.J., and
Battese, G.E. (2005), An Introduction to
Efficiency and Productivity Analysis, 2nd
edition, Springer

G.E. Battese, G.S. Corra, (1977). Estimation of a
production frontier model: with application to the
pastoral zone of eastern Australia, Aust. J. Agric.
Econ. 21 169-179

G.E. Battese, T.J. Coelli, (1992) Frontier
production functions, technical efficiency and
panel data: with application to paddy farmers in
India, J. Product. Anal. 3 153-169

[31]

[32]

[33]

122

Hu JL, Wang SC. (2006). Total-factor energy
efficiency of regions in China. Energy
Policy;34(17):3206-17.

Coelli, T. J. (1995). Estimators and hypothesis
tests for a stochastic frontier function: A monte
carlo analysis. Journal of Productivity Analysis, 6,
247-268.

Lau, L. (1986). “Functional Forms of
Econometric Model Building.” In Griliches, Z.
And Intriligator, M.D. eds.,, Handbook of
Econometrics, V.3, pp.1513-1566.



Int. ). Adv. Eng. Pure Sci. 2022, 34(1): 123-130
DOI: 10.7240/jeps.1002797

RESEARCH ARTICLE / ARASTIRMA MAKALESI

Solution Proposals for Fires Occuring in the Laminatoin Units of Inline
Lamination Machines

Inline Laminasyon Makinalarinin Laminasyon Unitelerinde Meydana Gelen Yanginlar I¢in
C06zim Onerileri

Hasan Ugur ONCEL ' ), Emre RESULOGLU ?

'TC Istanbul Gedik Universitesi, Saglik Bilimleri Fakiiltesi, 34906, Istanbul, Tiirkiye
2TC Istanbul Gedik Universitesi, Lisaniistii Egitim Enstitiisii, 34906, Istanbul, Tiirkiye

Abstract

In general, a flexible packaging factory consists of extrusion machines for film production, printing machines for printing on
packaging (using inks), lamination machines for making multilayer structures with various substrates (using adhesives) and
slitting machines to bring the produced packaging to the final dimensions for use in the food product packing process.

The inks and adhesives used in printing and laminating machines must be dissolved and diluted in order to be applied and
ethyl acetate is commonly used as a solvent. The mixture ratio of solvent in the total solution can reach up to 80%. Ethyl
acetate, a highly fllmmable substance, is the cause of many fires in the printing industry. Although printing and lamination
are traditionally two separate processes done independently of each other, increasing competition and productivity
requirements have guided machine manufacturers to make these two processes on a single machine and eventually led to the
realization of inline printing-laminating machines. Such machines operate continuously, using automatic splicing of reels of
base material to keep running without stopping or even slowing down.

In the flexible packaging sector, ethyl acetate fires generally occur in the enterprises' printing and lamination machines,
along with ink and adhesive preparation areas. In this study, the causes of fires occurring in an inline rotogravure printing
machine’s lamination units after the automatic splice during lamination of printed polypropylene with metallized
polypropylene are examined and the precautions to be taken to prevent these fires are discussed.

Keywords : Inline printing-lamination machines, fire, ethyl acetate, adhesives, packaging factory, safety

Oz

Genel olarak bir esnek ambalaj fabrikasi, film tiretimi igin ekstriizyon makinalarmdan, miirekkep kullanarak ambalaj iizerine
baski yapan baski makinalarindan, gesitli yapistiricilar vasitastyla cok katmanli yapilar elde edilmesini saglayan laminasyon
makinalarindan ve {iretilen ambalajlar1 iriinlerin paketlenmesine el verecek sekilde nihai boyutlara getiren kesme
makinalarindan olusur.

Baski ve Laminasyon makinalarinda kullanilan miirekkeplerin ve yapistiricilarin uygulanabilmesi i¢in ¢oziilmesi ve
seyreltilmesi gerekir ki etil asetat bu islem i¢in kullanilan solventler arasinda en yaygmn olanidir. Coziiciiniin toplam ¢oziici
icerisindeki karigim oran1 %80’e kadar ulagabilir. Son derece yanici1 bir madde olan etil asetat, baski endiistrisindeki birgok
yangmin nedenidir. Baski ve laminasyon geleneksel olarak birbirinden bagimsiz olarak yapilan iki ayri islem olmasina
ragmen, artan rekabet ve verimlilik gereksinimleri makina tireticilerini bu iki islemi tek bir makinada yapmaya yonlendirmis
ve nihayetinde inline baski-laminasyon makinalarmm hayata gegmesine yol agmustir. Bu tiir makinalar durmadan hatta
yavaglamadan, birbiri ardina gelen hammadde bobinlerini otomatik olarak birbirine eklemleyerek siirekli olarak ¢alisirlar.

Esnek ambalaj sektoriinde etil asetat yanginlari genellikle isletmelerin baski ve laminasyon makinalarinda, miirekkep ve
tutkal hazirlama alanlarinda meydana gelmektedir. Bu caligmada, bir inline rotograviir baski-laminasyon makinasinmn
laminasyon Unitesinde, baskili polipropilen filmin metalize polipropilen film ile laminasyonu sirasinda otomatik ekleme
sonrasi olusan yanginlarin nedenleri incelenmis ve bu yangmlar1 6nlemek i¢in alimmasi gereken tedbirler tartigimistir.

Anahtar Kelimeler : Inline baski-laminasyon makinalari, yangin, etil asetat, yapistirici, ambalaj fabrikasi, is giivenligi

I. INTRODUCTION

The main inputs for the printing and lamination operations used to make packaging films are film, ink and
adhesive. Inks and adhesives used in the printing industry can be water or solvent-based, meaning that either
water or organic solvent is the type of solvent used for a given ink or adhesive. Solvent-based inks and
adhesives are widely used in rotogravure printing and lamination machines due to their ability to evaporate and
dry quickly with less energy than needed for water.
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Chemicals such as acetone, ethanol, ethyl acetate,
propanol, propyl acetate, methyl ethyl ketone and
toluene are included in the group of solvents.

Ethyl acetate is the preferred type of solvent used in
rotogravure printing machines due to ease of use with
many ink and adhesive systems, availability of
recovery systems, cost advantages, and relatively
minor impact on employee health compared to other
organic solvents. The use of this highly flammable and
combustible solvent brings with it many safety risks,
especially the risk of fire. Therefore, the prevention of
fires involving ethyl acetate is of vital importance in
the printing industry [1].

The three essential elements for a fire to occur are
combustible material, oxygen, and heat.

In this study, the combustible material is ethyl acetate,
which is used extensively in printing and lamination
machines.

Another of the three main components required for a
fire to occur is oxygen. Analysis reveals that the
probability of ignition of ethyl acetate at a
concentration of 2.5% at 1 bar and 100°C is 10%
when the oxygen concentration is 9.40%, and 50%
when the oxygen concentration is 9.46%.

Considering that the production in the printing sector
takes place under normal atmospheric conditions and
the oxygen content in the air under these conditions is
considered to be 21%, it can be clearly seen that ethyl
acetate vapor with a concentration between LEL-UEL
can easily be ignited if it encounters a sufficient heat
source [2].

The last of the conditions for the fire to occur is the
heat source. The energy sources that cause ethyl
acetate to ignite in printing and lamination machines
can be listed as static electricity, the heat generated by
friction and flame sources.

Fires caused by ethyl acetate are frequently reported in
factories operating in the flexible packaging industry

[3].

These frequent fires give rise to significant costs,
serious productivity loss and sometimes loss of life
and property.

In this study, fires occurring at the entrance to the
drying tunnel of an inline rotogravure printing
machine’s lamination unit, following the automatic
splice during lamination of printed oriented
polypropylene (“printed OPP”) with metallized
oriented polypropylene (“metallized OPP”), are
examined to determine causes and to discuss potential
solutions. Such fires were reported in several factories
of a global packaging company and became a chronic
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problem in the Turkey factory.

II. MATERIALS AND METHODS

In this study, reports for fires occurring at the entrance
to the drying tunnel in several factories were
examined, along with fire reports and in-situ
evaluation of fires with printed OPP/metallized OPP
that occurred in the Turkey factory. Other film types
subject to the same process were also evaluated.
Repetitive fire incidents were observed to occur
during the passage of the splice between the finished
and the new reel of metallized OPP through the drying
tunnel. The “tail” of the new reel from the unwinder
unit is attached to the film unwinding from the
finished reel with double-sided tape. This combined
“splice tail” then passes through the first drying tunnel
of the 11th unit.

Splice tail to be remain after splice

Automatic splice
blade

Finished metakized opp New metalized opp reel

film
Figure 1. Automatic splicing unit

At a machine speed of 250 metres/minute, the splice
tail reaches the lamination unit approximately 5
seconds after the automatic splice takes place. For
reasons of food safety, the metallized surface of the
metallized OPP should not come into contact with the
food product, therefore the metallized surface is the
one making with contact the adhesive cylinder to be
coated with solvent-based adhesive before entering the
drying tunnel.  Fires were observed to occur
synchronously with the entrance of the splice tail into
the tunnel.

After drying, the metallized OPP film (with dried but
still tacky adhesive) and the printed OPP film are
brought into contact in the lamination roller group
located in the second drying tunnel of the 11th unit.
No flames were observed at any time in the second
drying tunnel.

Following the fire, the film breaks; the machine then
detects the loss of tension in the film via a load cell
and automatically stops. With the machine stopped,
the fire in the tunnel itself ends but continues to
propagate onto the adhesive trolley.
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"|__. Dryer entrance

. Flame spread from dryer
through troley

Adhesive troley and
cylinder

Figure 2. Fire incident experienced

*  Drywg tanel

Static spark.
Splice tail

+ Laminasion roler grovp

= Adhesive troley

« Fimflon Guecthon

Figure 3. Lamination unit with fire

In light of the data obtained from the observations, the
root cause analysis of the recurrent fires was made,
and the result was reached by applying the Ishikawa
method.

2.1. Measurement

Indications of friction (scratches, lines, discolouration
etc) were searched for in the dryer tunnel and adhesive
trolley and no evidence was found. Temperature
measurements of the roller bearings in the unit were
made, and the values were found below 36 ° C which
is accepted normal in printing industry considering the
boiling temperature is 77 ° C for ethyl acetate. Before
the dryer enters the tunnel, a device (Fraser 710 static
meter) was used to measures the level of static
electricity on the metallized OPP film in units of kV
from a distance of 100mm. The static electric charge
on the film was measured as 0 kV. The average ethyl
acetate LEL wvalues in the dryer tunnel were
determined to be between 22-27% by utilizing the
Honeywell catalytic LEL sensors in the dryer tunnel.
These values were recorded for each ignition
experienced at different times.

The surface and insulation resistance of the printing
impression rollers used during the fires that occurred
in the unit were measured using a Megger MIT 420

resistance measurement device. It

was seen that a

refurbished (“covered”) sleeve was used in all but one
of the flashes, but one fire also occurred when a new
(“original”) sleeve was used.

Table 1. Resistance values of the printing impression
rollers used in the lamination unit at times of fire

accidents.
Surface Surface Surface Insulation
Sleeve . . . .
resistance | resistance | resistance | resistance
Type
1 2 3
Covered 39,6 41,6 63,6 8,2
MQ) MQ) MQ) MQ)
Original | 20Q) | 204@) | 20k | ~'MD

The humidity level of the working environment was
measured by two digital moisture measuring devices in
order to verify against each other. The relative
humidity of the production environment varied
between 17-39% during the periods when fires
occurred. The electrostatic printing assist system's
voltage value were obtained from the machine control
panel and was determined as 27 kV. It was observed
that the system was switched off (no voltage applied)
in the unit where the fire occurred.

2.2. Material

Flames occur only when the splice tail passes through
the first tunnel shortly after the metallized OPP film
and the new film are spliced, from which point the
splice goes to the lamination unit to bring together the
printed OPP and metallized OPP film. The surface of
the laminated metallized OPP film is covered with
aluminum. After the splice, the OPP surface of the tail
part remaining behind the joint is in contact with the
metallized surface of the film to which it is connected
by double-sided tape. Although printing and
lamination of materials such as OPP-opaque OPP,
polyester-opaque ~ OPP, OPP-OPP, co-extruded
polypropylene-metallized polyester were performed on
the same machine and with the same production
method, no ignitions were observed with any film type
other than metallized OPP film.

It is known that the impression roller, which ensures
the film makes contact with the steel cylinder
providing the adhesive transfer, was refurbished as a
result of wear. This roller was linked with one
sequence of repeated fires. However, in one of the
ignition cases it was determined that a non-refurbished
roller with surface and insulation resistance values
below the 1 MQ value recommended by the sleeve
manufacturer was used.

The grounding condition of the adhesive unit and the
equipment in the chamber was checked and resistance
was not detected, indicating that grounding condition
was good which is below 1 ohm.
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The lamination adhesive consists of 30% solid

substances mixed with 70% ethyl acetate solvent.

2.3. Machine

The machine consists of 12 units in total, with the first
10 units for printing, the 11th unit for lamination, and
the 12th unit for application of cold seal (a kind of
water-based coating). The 11th and 12th units each
have two drying tunnels. Ignitions were experienced in
the first drying tunnel of the 11th unit of the machine.

The machine was manufactured in 2006 under the
relevant European standards and was installed in a
factory of the enterprise in Belgium. No fire had been
reported for the 11th or 12th units of the machine by
the factory in Belgium, which did not produce a
product that requires cold seal application after
lamination and used the 12th unit as a lamination unit.

In 2017, the machine manufacturer revised the 12th
unit to apply cold seal and the 11th unit was modified
to also complete the lamination process. However, all
units' parameters are the same, and both units are
connected to the same exhaust line on which the same
ventilation fan works. Other factories throughout the
enterprise used machines without revisions, i.e. no
modifications to do lamination in the 11th unit, yet
several fires were reported during the lamination of
OPP-metallized OPP films on both these same-brand
unmodified machines and also on other brands of
machine. Therefore, it 1is believed that the
modification of the units in the Istanbul machine did
not exacerbate the problem with fires.

All units are connected to the suction line of the
recovery facility to send their exhaust gases to the
solvent recovery system.

Inside the drying tunnel of the 11th unit, there are
teflon coated aluminum rollers with a distance of 20
cm between them. The machine can automatically
combine the reels to make 40-50 cm additional tail.
There are static neutralization bars at the entrance and
exit of the machine's 11th unit, and the electrostatic
printing assistant (which applies controlled levels of
static electricity to aid ink pick-up by the film) was not
active in this unit.

In the first period where fires were often occurring in
the dryers, positive pressure was being applied,
meaning that the amount of hot drying air blown into
the tunnel was greater than the air removed by the
exhaust.

When negative pressure was applied in the tunnel fires
also occurred, but the duration of observation of
flames from the outside of the tunnel was prolonged
and the severity of the fires decreased dramatically. As
evaporated ethyl acetate suction is limited in dryer
under positive pressure condition, combustible
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metarial accumulation causes both to be LEL level
exceeded and fire to be large and severe. Conversely as
negative presure means sucked air is more than blown
air, in the dryer under negative pressure condition,
evaporated ethyl ecetate accumulation would be less,
as a result, possibility to be reached LEL level unlikely
or possible fire intesity would be lower.

2.4. Method
In the production process where fires occurred, printed
OPP film and metallized-OPP film were laminated in
the 11th unit with the metallized surface “sandwiched”
in the middle.

The finished laminated film and the new reel are
automatically spliced to each other, and a 40-50 cm
long tail is formed during the splicing. The OPP
surface of the bottom makes contact with the
metallized surface of the film to which it is attached.

The width of the lamination filmis 1 m.
Machine speed is 250 m/ min.

In the lamination unit, the adhesive is applied so as to
leave 2.5 g / m? of solid material on the film after the
drying process. Therefore, before entering the drying
tunnel, there is liquid adhesive on the film at 8.33 g/
m? per square meter.

The 11th unit dries the applied adhesive layer by
evaporating ethyl acetate at 110° C in the first drying
tunnel and 80° C in the second tunnel.

In the second drying tunnel, the average LEL value
decreases to 12%. Therefore, it is understood that the
largest part of ethyl acetate evaporates in the 1st drying
tunnel.

2.5. Human factors

The machine senses that the tension on the ruptured
film has reduced to =zero after the fire, and
automatically stops. Starved of fuel (no further liquid
adhesive entering), the fire in the tunnel ends.

The ongoing fire in the unit trolley caused by
propagation of flames out of the bottom of the dryer
tunnel was extinguished manually by operators using
CO2 extinguishers. The automatic fire extinguishing
system was activated in only one case, that being due
to a delay in manual intervention.

There was no human intervention in the process during
the time period when an increased number of fires
were occurring in the relevant unit.

Support has been received from the machine
manufacturer for ensuring the pressure balance
between blowing and suction in the unit.
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2.6. Environment factors

Production environment is kept constant between 20°-
30° C in all seasons of the year using heaters and
coolers.

Ignitions are generally occurring between March and
November in Turkey. There are no cases in the
summer. Flames occurred when the ambient humidity
values were in the range of 17% -39%.

ITII. RESULTS AND DISCUSSION
Ignition sources while ethyl acetate contentration in
between LEL-UEL and measures should be taken in
printing machines’ around or dryres are listed below
briefly:
a- Flames : Cutting, welding, grinding etc...
activities creates flame or sparks and can be the
ignition source in explosive atmosphere.
Therefore these kind of activities must not be
done around printing unit while flamable gases
and liquid are exist in working area.

Static electric : Static generation in pirinting
machine might be stemmed from human,
equipment, liquid and metarials such as
cleaning rags, plastic bottles etc... Mearures to
be taken to eliminate static electricity are ;

work place should be clean, ink splah should be
avoided, all solvent cubs should be closed and
quantity of solvent should be minimised

shoe foot test plates must be in place for
employees to test their shoes for static
dissipative properties daily

employees’ cloths should be made of fabric
that will not produce static electric.

any flammables at the press must be adeqautely
grounded,testing regulalry is imperative.
Earthing/grounding clamps must be clean and
tested.

machine body and machine parts must be
grounded properly, be tested regularly

should be
product’s

work environment  humidity
appropreate with the
insulation/conductivity charactaristics

trolleys used for transporting flamable liquids
must be clean with adequate grounding straps
in place

active and passive static neutralizers must be
installed in the relevant machines to avoid
static generation on film product and be tested
regularly
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zero tolerance for plastics being used for
flammable liquids. (I.E. buckets, jugs, cleaning
containers such as floor mop buckets)

solvent flow speed in pipe line should be
limited to allow to disharge of static load
according to relaxation time for each type of
solvent

Friction : Friction can cause spark and over
heating on machine parts. Additionaly over
heating can reach a temperature which might
be autoignition tempetature for solvents.
Therefore all set-ups should be done properly,
moving parts of machinery should be checked
and heat controls must be done regularly. Tools
which can create spark when contact with
should be used in flamable atmosphere.

Electrical devices : Electrical equipment must
be suitable for flammable atmosphere and
tested regularly.

In this study he fuel source is the solvent vapor
emitted at the entrance and middle part of the dryer
tunnel. Although the average LEL value in the tunnel
does not reach 100%, the measurement is taken by
sampling the air in the dryer recirculation duct, which
is a blend of air from all parts of the dryer tunnel.

This average does not adequately reflect the situation
in the dryer, because the LEL value is not the same at
every point of the tunnel. Also, there is a high
concentration of ethyl acetate in the form of a thin
layer at every point on the film surface.

As a result of the drying air blown at 110° C
temperature, ethyl acetate will evaporate rapidly due
to having a boiling point of 77° C. Due to the
application of 5.8 grams per square meter of ethyl
acetate on the film moving at 250 m / min, it was
calculated that the concentration of ethyl acetate in air
could be within the range 2%-11.5% (the LEL-UEL
values for ethyl acetate), especially just after the
entrance of the tunnel.

An ethyl acetate-air mixture at this concentration and
temperature has an ignition energy of 0.46 mJ. If it
encounters an energy source above this level it can
easily be ignited. During the investigation of fire
cases, the damage detected in the grate where the
blowing nozzles at the entrance of the tunnel and the
carbonization on its surface are proof that the flames
started at the bottom of the tunnel [3] [4] [5] [6].

It must not be forgotten that, as the temperature in the
dryer tunnel increases, the LEL% value at which
ignition occurs decreases (Figure 5).
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. Damage and darkening of the dryer tunnel
sub-grids after fire.

Figure 4
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Figure 5. Maximum acceptable concentration and
temperature values for inflammable substances

X) Maximum drying temperature
Y1) Concentration g/ m3

Y2) LEL%

Y3) A LEL% / 100 K

The chart above (Fig. 5) is taken from the BS EN
1539:2015 standard for the design of dryers and ovens
operating with substances that produce highly
flammable/flammable gases. As can be understood
from the graph, as the temperature increases in the
environment with solvent vapor, the LEL% value
required for explosion/flammability decreases. Since
the starting point of the graph is 20 °C and at this
temperature a solvent at 100% LEL level can reach the
ignition level, when there is a temperature increase to
100 °C, ignitions can occur at 80% measured LEL [7].

In the trial studies carried out on the machine
following the first fire incident, there was positive
pressure in the tunnel. Flames became visible on the

=1
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trolley some 2 seconds after the splice tape entered the
tunnel, and this event occurred in the same way each
time.

After ventilation adjustments were made to reduce the
solvent concentration in the dryer tunnel, negative
pressure was created in the tunnel. No fire was
observed during the passage of the splice tail in on-site
observations made under conditions of negative
pressure.

However, under these conditions, fire incidents still
occurred in the tunnel at various other times; these
cases were investigated through video recordings
made by the cameras available in the production area.
In cases of negative pressure in the tunnel, the time for
flames to spread out of the dryer extended and reached
up to 27 seconds.

When there was positive pressure in the tunnel, each
passage of a splice resulted in a fire; while with
negative pressure in the tunnel both the frequency and
intensity of fires decreased.

There is no evidence of friction that can create a heat
source in the unit or dryer, and there is no electronic
equipment in the tunnel that may cause a fire.

Since the static electricity voltage difference value
measured on the film is zero, static electricity
discharge due to the film itself was ruled out.

Fires occurred only during the splice. After the splice,
a 40-50cm long tail is created. Fires also occurred
when the tail's length was reduced to 10 cm by
widening the tape area used for attaching the films to
each other.Many electrostatic discharges may be the
result of the accumulation of energy at individual
points on a charged, non-conductive solid material,
which may cause the initiation of ignition [6].

Fires occur only in processes where metallized OPP
film is used as lamination material and the automatic
splicing function of the machine is activated.

It has been observed that fires occur in the autumn and
winter months when the humidity in the atmosphere is
low, but not in the summer months, and moisture
appears to be the main factor in the emergion of an
ignition source resulting in the the conditions of a fire.
Following this finding, a humidification system that
will stabilize the humidity in the production
environment at 50% and above in seasons when
atmospheric humidity is low was installed in the
production building. No ignition case was encountered
in the period from 14.01.2020, which is the system's
commissioning date, until the writing date of this
article.
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Figure 6.A (7x0.17mm) Pulverized spraying
equipment and pump assembly

In addition to the conditioning system installed in the
production environment, an atomized water spray
system was installed in the 11th unit at the entrance of
the first drying tunnel. This helped prevent the
remaining 10 cm tail part from fluctuating while at the
same time the conductivity of the film surface was
increased. In addition, the ethyl acetate concentration
at the tunnel entrance was further reduced.

For the system, the pump has a water spraying
capacity of 1 liter per minute, feeding water to
5x0.15mm spray nozzles at the point where the film
comes out of the nip between the impression roller and
the application cylinder. The water spray from these
nozzles helps to ensure surface conductivity. A
further 2x0.15mm nozzles spray water to act as a
barrier between the tail and the main film at the time
of entering the tunnel, with an additional set of
5x0.15mm nozzles, intended to reduce the ethyl
acetate concentration, installed at the tunnel entrance.

Friction and pressure occur in the tunnel between the
OPP surface of the leading part of the splice tail,
which tends to be negatively loaded, and the
aluminum surface of the trailing part of the splice tail,
which tends to be positively loaded. This situation
causes electron transfer between the two materials.
With the airflow effect in the tunnel, the two films are
constantly and alternately brought into contact with
each other and separated. Since the two films have
different triboelectric properties, a static charge
accumulates.  Discharge occurs between the two
materials when the charge is large enough to force the

two layers to stabilize their charges. The static
discharge created is considered to be the energy
source of the fires that occurred [8].

Figure 7. Dryer tunnel inlet pulverized water spray
system.

Table 2. Tribo Electric series

VN
;6;{: i ve\ %
Tio,
ALLO,
sio,
HfO,
Ta,O5

Glass

Mica

Polyamide (Nylon 6.6)
Rock salt (NacCl)

Wool

Fur

Silk .
Aluminum -
Poly(vinyl alcohol) (PVA)
Poly(vinyl acetate) (PVAC)
Paper

Cotton

Steel

Amber B
Poly(methyl methacrylate) (PMMA
Copper

Silver

Gold

Poly(ethylene terephthalate) (Mylar)
Epoxy resin

Natural rubber

Polyacryilonitrile (PAN)
Poly(bisphenol A carbonate) (lexan, PC)
Poly(vinylidene chloride) (Saran)
Polystyrene (PS)

Polyethylene (PE)

Polypropylene (PP)

Poly(vinyl chloride) (PVC)
Polytetrafiluoroethylene (Teflon, PTFE)
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According to the results of the tests carried out by Bill
W. Lee and David E. Orr, it is seen that the
polypropylene film tends to be negatively charged
during rubbing with the metallized surface in the
triboelectric table. As a result of 1 Joule of frictional
energy, 90 NC equivalent electron charge passes from
metal to polypropylene, and the film is negatively
charged [9].

IV. CONCLUSION

The relative humidity and temperature values of the
production environment highly affect the mass and
surface conductivity values of the materials. With
environmental humidity, the surface resistance of
many materials can be controlled. At 65% and higher



Int. ). Adv. Eng. Pure Sci. 2022, 34(1): 123-130

Lamination Unit Fire

relative humidity levels, many materials can absorb
enough moisture to provide enough surface
conductivity to prevent static electricity accumulation.
The same materials at a humidity level of less than
30% become very good insulators and the
accumulation of static electricity increases. Likewise,
in an environment with humidity levels lower than
30%, the film becomes insulating and static electricity
is charged. In the study, it was observed that no static
discharge ocuured in between OPP and metallized OPP
film as both metarials did not produce static discharge
by gaining sufficient conductivity in a working
environment with a relative humidity of 50% or more
[10].

When the drying tunnels (which take their fresh air
from the production environment), bring in ambient air
at high humidity levels, the humidity of the air in the
dryer will weaken the possibility of ethyl acetate
reaching the LEL level required for ignition. In the
observations made, it was observed that the average
LEL value inside the tunnel was 22% in a production
environment at 36% humidity and 20% in a production
environment at 50% humidity.

The positive pressure in the dryer tunnel increases the
possibility of fire due to the excessive concentration of
solvent in the tunnel, increases the fire's intensity, and
increases the possibility that the flames will rapidly
exit from the tunnel to ignite the materials in the unit
and its surroundings. Therefore, negative pressure
should be created in tunnels where easily flammable
materials such as ethyl acetate are dried and tunnel
pressure should be checked regularly.

In products where metallized OPP film is used as a
lamination material, the tail length should be zeroed or
minimized as far as possible in order to prevent static
accumlation and discharge.

Although the unit cost is higher and the energy
requirement for its evaporation is higher compared to
the solvent, water-based adhesive should be considered
for use.

To prevent static electricity build-up on the film,
grounding of machinery and equipment should be
provided. Rotating equipment should have low surface
and insulation resistance, and care should be taken to
ensure that the oils used in bearings are conductive [6].
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Polipropilen/ﬁziim Sap1-Celtik Polimer Kompozitinin Mekanik
Ozelliklerinin Atik Cam Elyaf ile Gelistirilmesi

Improving the mechanical properties of polypropylene/grape stalk/paddy polymer
composite with waste glass fiber
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Bu deneysel arastirmada; polipropilen (PP) {izim sap1 ve ¢eltik karigimlarmm 6zelliklerinin atik cam elyaf ilavesi ile
gelistirilmesi tizerine ¢aligilmistir. Atik olan {iziim sap1 ve ¢eltigin yeniden kullanilabilir bir malzeme olma potansiyeli diger
merak edilen bir konuyu olusturmustur. Polipropilen iiziim sap1 ve geltik ¢ift vidali ekstriiderde homojen bir karisim
saglamak i¢in karistirilmistir. Celtik; piring kabugu olarak bilinmektedir. PP igerisine %20 oraninda iiziim sapi-geltik
katilmistir. Cam elyaf ise %10-15 ve 20 oranlarinda katilmistir. Daha sonra enjeksiyon makinesinde test numuneleri
basilmistir. Kaliplanan numunelere; ¢ekme, sertlik, darbe, yogunluk ve taramali elektron mikroskobisi testleri yapilmustir.
Testlerin sonuglar1 incelenerek iiziim sapi-celtik ve cam elyaf miktarmm polipropilen iizerindeki etkileri belirlenmistir.
Anahtar kelimeler: Polipropilen, {iziim sap, ¢eltik, mekanik 6zellikler, polimer kompozit.

Abstract

In this experimental research; It has been studied to improve the properties of polypropylene grape stalk and paddy mixtures
by adding waste glass fiber. The potential of waste grape stalk and paddy to be a reusable material has created another
curious subject. Polypropylene grape stalk and paddy were mixed in a twin screw extruder to provide a homogeneous
mixture. Paddy; It is known as rice husk. Grape stalk-paddy was added to the PP at the rate of 20%. Glass fiber was added at
10-15% and 20% rates. Then the test samples were molded on the injection machine. Molded samples; Tensile, hardness,
impact, density and scanning electron microscopy tests were performed. By examining the results of the tests, the effects of
grape stalk-paddy and glass fiber amount on polypropylene were determined.

Key words: Polypropylene, grape stem, rice husk, mechanical properties, polymer composite.

I. GIRiS

Diinya c¢apinda polimer bilimi hizli bir bigimde geligmektedir. Bunun en bilyiik delili siirekli giincellenen
formiilasyonlar ve karisimlar olarak gosterilebilir. Polipropilen igerisine odunsu lif veya tozlarinin katildig
cesitli calismalar literatiirde bulunmaktadir. Odun kdkenli malzemelerden lif ya da 6giitiilerek toz haline getirilen
seliiloz bazli bu malzemeler, polimerlere katilarak odun plastik kompozitler olarak adlandirilan kompozit
malzeme grubunu olusturmaktadir. Son yillarda odun plastik kompozitler diger kompozit gruplari arasinda belirli
bir pazar pay1 edinmeye baslamustir. Ogiitiilmiis plastik ve ahsap atiklarmin belli oranlarda ve sicakliklarda
birlestirilmesi sonucu elde edilen odun plastik kompozitler, endiistride farkli amaclarda kullanilmak iizere
malzeme biliminde yerini almaya baglanmustir [1]. Literatiir incelendiginde odun lifi ya da tozu %70 seviyelerine
kadar katilabilmektedir. Ak¢aagac ve cam gibi odun malzemelerinin yapisinda seliiloz ve lignin bulunur [2].
Odun malzemenin yiiksek sicaklikta kaliplanmasi bozunmaya sebebiyet vereceginden kullanilacak plastik
malzemenin de diisiik erime sicakliginda olmasini gerektirir. Odun plastik kompozit iretimde seliilloz kokenli
iiriinlerden kenaf, celtik, kenevir, keten ve bugday samani gibi farkli tiirde materyaller kullanilir. Uretimde
kullanilan odun lifi ve tozlarmin lif boyutlar1 ve parcacik biiyiikliikleri degiskenlik gostermektedir. Uretimde
kullanilan odun lif oran1 ve boyutunun odun plastik kompozitlerinin mekanik 6zellikleri tizerinde énemli etkisi
vardir [3]. Odun plastik kompozitlerin 6zelliklerini kullanilan odun veya lif yapisi, polimerin molekiil agirligi,
katki maddesi ve uyum saglayict maddeler olusturur [4]. Siirtlinmeyi azaltmak igin kalip ve eriyik arasinda %1
ila 5 arasinda kaydirict maddeler kullanilmakta ve bu madde odun plastik kompozitlerinin bazi &zelliklerini
etkileyebilmektedir. Bunlara ek olarak performans arttirict bilesenler ve ¢esitli baglama ajanlari da bazi
formilasyonlarda ilave edilebilmektedir [5]. Odun plastik kompozit iretiminde kullanilan hammaddeler,
termoplastik regineler (yiiksek yogunluklu polietilen, polipropilen polivinil kloriir ve polistrien) ve odun unu,
odun lifleri diger dogal lifler gibi dolgu maddeleridir. Odun plastik kompozitlerinin sertlik ve dayanimini arttiran
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etken dolgu maddesi olarak odun unu ve lifleri ile
diger dogal lifler kullanilmasidir. Bunun disinda
polimerler ana bilesen olarak odun plastik
kompozitleri giines, hava ve su gibi dis etkilere kargin
da koruma saglar [6]. Kompozit iiretiminde; ucuz
maliyet, diisiikk yogunluk, iiretim esnasinda aginmanin
az olmasi, yiiksek mukavemet, dogada kolayca
bozulabilmesi gibi 06zellikler lignoseliilozik esaslt
liflerin kullanilmasint cazip hale getirmistir [7].
Polimerik malzemelerin odun lifi ve tozu ile
karistirilmas:1 bazen farkli tiirde katki maddesinin
kullammimi ~ beraberinde  getirebilir. ~ Uretimi
gergeklestirilecek kompozitin mekanik 6zelliklerini
arttirmak ve birbiri igerisinde kolay dagilinum
saglamak i¢in uyum saglayict malzemeler de
kullanilmaktadir. Birgok uygulamada polimerlerin
icindeki odunsu materyalin mekanik &zelliklerini
gelistirmek icin uyum saglayici gerekmeyebilir, buna
ek olarak sicaklik ve UV dayanimu gibi ozellikleri
artirmak i¢in de gerekebilir. Bu durumda uyumlastirici
olarak maleik anhidrid ile agilanmig polipropilen veya
maleik anhidrid ile asilanmus polietilen kullanilir.
Bunlarin disinda estetik gOriinlimii  saglama ve
renklendirme i¢in de bir takim katki maddleri
katilmaktadir. Seliiloz bazli polimer kompozitlerin iyi
sekilde renklendirilebilmesi igin ¢ift vidali ekstriizyon
makinesi kullanimi gerekmektedir [8]. Odun plastik
kompozit {iretiminde geri doniisimle kazanilmisg
termoplastikler kullanilabildigi gibi odun atig1 ve ilave
katkilar da kullanilabilir. Odun plastik kompozit
yapisinda odun katkist orami genellikle %30-70
arasindadir [9]. Lignoseliilozik bazli malzemelerin
dogada bol miktarda bulunmasi ve ekonomik olusu
giinimiizde bu malzemelerden kompozit yapiminda
kullanimini artirmustir. Biyolojik olarak pargalanabilir
olmasi bir avantaj da saglamaktadir. Selilloz bazli
malzemelerin  polimer matrisine  katilmalarinda
uyumluluk maddesi kullanimi polimer kompozitinin
mukavemet degerlerine pozitif etki yaptigina dair
literatiirde caligmalar mevcuttur [10-11].
Termoplastiklerde seliilozik bazli odun tozu kullanim
giinimiizde ahsap plastik kompozit iiretimini
artirmistir  [12]. Chen ve arkadaslarinin  maleik
anhidrid ile asilannug polietilen’in bazalt lifi-odun
plastik kompozitlerinin mekanik 6zelliklerini arttirdig:
yoniinde bir ¢aligma yapmuglardir. Maleik anhidrid ile
asilanmug polietilen ilavesiyle elde edilen polimer
kompozitinin ¢ekme ve egilme mukavemeti
degerlerinin %5 ila 8 oraninda  arttigim
belirlemislerdir. Ayn1 zamanda yazarlar, % uzamanin
baslangigta hizli, sonra yavas oldugunu belirlemisler
ve mikroyapi incelemeleri sonucunda ise maleik
anhidrid ile agilanmus polietilen eklenmesiyle odun ile
polietilen arasinda iyi bir adezyonun saglandigini
rapor etmislerdir [13]. Huda ve arkadaslar ise,
polilaktikasit polimerine odun life katarak bir polimer
kompoziti elde etmislerdir. Odun liflerinin ilavesiyle

elde ettikleri  polimer  kompozitin  mekanik
Ozelliklerinin iyilestirdigini caligmalarinda rapor
etmiglerdir.  Bunun  disinda  maleiklendirilmis
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polipropilen uyumlastiricisinin mekanik &zelliklerini
daha da iyilestirdigini belirlemislerdir. Mikroyap1
analizlerinde ise araylizey baglanmasinin
kompozitlerde iyi oldugunu tespit etmislerdir [14].
Demir ve arkadaglart yaptiklari ¢alismada [15], cam
ve karbon elyaf takviyeli kompozit malzemenin
asinma davranigini incelemiglerdir. Elyaf cinsinin,
numuneler iizerine uygulanan yiikiin, kayma hizinin
ve mesafesinin kompozitlerin tribolojik davranislarina
etkisi arastirilmistir. Sonugta karbon elyaf takviyeli
kompozitlerdeki siirtinme katsayisinin  arttiini
belirlemiglerdir. Buna ek olarak cam elyaf
takviyesinin aginma testinde kiitle kaybinin diismesine
sebep oldugunu ortaya koymuslardir. Buna ek olarak
yikiin, kayma hizinin ve mesafesinin artmasi kiitle
kaybinin artmasina sebep oldugunu tespit edilmistir.
Kurniawan ve arkadaglar ise bazalt lifi/polilaktik asit
kompozitleri {iretmis ve bunlarin mekanik ve termal
Ozelliklerini test etmiglerdir. Plasma aktivasyonu
yapilan bazalt lifleriyle iretilen polilaktikasit
kompozitlerin elastiklik modil degerinde %18
oraninda bir artisin oldugunu belirlemislerdir [16].
Tasdemir ve arkadaslart yapmus olduklari bir
caligmada ise geri doniigiimlii poliamid-6 polimerine
atik pamuk ve ipek katarak elde ettikleri polimer
kompozitinde fiber boyutlarinin etkilerini
incelemiglerdir [17].

Bu calismada; polipropilen iiziim sap1 ve celtik
kartsimlarinin -~ 6zelliklerinin - attk cam elyaf ile
gelistirilmesi amaglanmustir. Ayrica, lizim sapt ve
celtigin polimerlerde dolgu maddesi olarak yeniden
kullanilmas1 hedeflenmistir

Il. MATERYAL VE YONTEM

2.1. Kompozisyon ve Malzemeler

Uziim sap1, ¢eltik ve cam elyafin polipropilen
icerisindeki oranlar1 degistirerek bes farkli grup
hazirlanmustir. Asagida Tablo 1° de elde edilen
polimer kompozitinin oranlart verilmistir. Kullanilan
polipropilen Emag A.S. tarafindan temin edilmistir.
Emoplen CP-M 8081 kodlu iiriindiir. Erime akig indisi
8 0/10 dak., cekme modullii 1600 MPa, cekme
mukavemeti 20 MPa, kopma uzamast % 8, Izod
centikli darbe mukavemeti 6 kd/m?, sertligi 63 Shore
D, yogunlugu 0,9200 g/cm3, 1s1l carpilma sicakligt
degeri (1,85 MPa) 85 °C olan ve vicat yumusama
sicakligr degeri ise 90 °C olan bir riindir [18]. Uziim
saplar1 Kayseri ve g¢eltik ise Trakya bdlgesinde
yasayan yerel halktan temin edilmistir. Atik cam elyaf
ise Bursa’daki bir firmadan temin edilmistir.

2.2. Numune hazirlama

Uziim sap1 ve celtikten toz seklinde partikiiller
iiretmek icin Mertest marka 6giitiicii kullanilnus olup
ogiitme islemi kuru olarak yapilmustir. Partikiil boyut
araligt 100-150 mikron seviyesindedir. Sekil 1'de bu
yontemin fotograflari verilmistir. Daha sonra bu tozlar
Yamato ADP-31 tipi firnda 105 °C' de 24 saat
boyunca kurutulmustur. Elde edilen polimer
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kompozitinin graniilleri bir karistiricida (Patterson
marka) 15 dak. boyunca karistirllmistir. Daha sonra
¢ift vidali ekstriiderde (Mikrosan marka) 25-35 bar
basing altinda, 25 dev/dak doniis hizinda ve 200-240
°C arasindaki sicakliklarda eritilerek karisimlar
gerceklestirilmistir. Daha sonra firinda 85 °C' de 12
saat kurutulmustur. Test numuneleri, enjeksiyon
sicaklign 200240 °C, enjeksiyon basing1 700-900 bar
ve vida donme hiz1 25 dev/dak olan bir enjeksiyon
makinesinde basilmustir.

Tablo 1. Karisim oranlari

Gruplar Polipropilen Uziim sap1- Cam
%) celtik (50-50) elyaf (%)
(%)
1 100 - -
2 80 20 -
3 70 20 10
4 65 20 15
5 60 20 20

Ogiitiicil Toz
Sekil 1. Uziim sap1 ve geltigin 6giitiilmesi

2.3. Karakterizasyon

Her grup igin bes adet numune test edilmis ve
ortalamalar1 verilmistir. Cekme testleri ASTM D638
standardina gore yapilmistir. Cekme deneyi 50
mm/dak ¢ekme hizinda ve 10 kN yiik kapasitesine
sahip bir Zwick Z010 (Almanya) marka test cihazi
kullanilarak gergeklestirilmistir. Cekme mukavemeti,
kopma mukavemeti, kopma uzamasi ve elastiklik
modiilii degerleri bu test yonteminden elde edilmistir.
Darbe davranisini incelemek igin Zwick B5113 darbe
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test cihazi ile ASTM D256 yontemine gore oda
sicakliginda Izod darbe testi (gentikli) yapilmustir.
Sertlik testi, Zwick sertlik ol¢iim cihazi ile ASTM
D2240 yontemine gore yapilmistir. Yogunluk testi,
ISO 2781 test standardina gore yapilmustir. Darbe
numunelerinden elde edilen kirik yiizeyler, Polaron
SC 7620 (Gala Instrumente GmbH, Almanya) cihazi
ile elektriksel yiiklenmeyi Onlemek igin altin (Au)
(%80)/paladyum (Pd) (%20) alasimu ile yaklasik 10
nm kalmhfgnda  kaplanmustir. Hazirlanan
numunelerin mikro yapilari, 10 kV voltaj altinda
JEOL-JSM 5910 LV (JEOL Ltd., Japonya) taramali
elektron mikroskobu (SEM) ile incelenmistir.

III. BULGULAR VE TARTISMA

3.1. Mekanik Ozellikler

Asagidaki Tablo 2’de ¢ekme mukavemeti degerleri ve
Sekil 2’de ise bu degerlerin grafiksel gosterimi
verilmigtir. Sekil 2°de de goriildiigii gibi maksimum
¢ekme mukavemeti degeri 1. gruba aittir. Grafik
incelendiginde, polipropilen igerisinde geltik ve iiziim
sapt %20 oraninda ilavesi ile ¢ekme mukavemeti
degerinin 25,16 MPa oldugu ve saf polipropilen ile
kiyaslandiginda bu degerin %23,89 oraninda azaldigi
goriilmektedir. Kompozitin igerisine %10 oraninda
cam elyaf katildiginda ¢ekme mukavemet degerinin
26,86 MPa oldugu ve saf polipropilen ile
kiyaslandiginda ¢ekme mukavemeti degerinde %6,75
oraninda bir artigin oldugu goriilmektedir. Buna ek
olarak polipropilen icerisine %20 oraninda cam elyaf
ilavesi ile cekme mukavemetinde saf polipropilene
kiyasla  %26,07 oraninda bir artisin  oldugu
anlasilmaktadir.  Oksiiz ve arkadaslarmin yapmus
olduklar bir ¢aligmada polipropilen igerisine kattiklari
cam elyaf oraninin artmasiyla ¢ekme mukavemeti
degerinin arttigin1 belirlemiglerdir [19]. Korkmaz ve
arkadaglar1 yiiksek yogunluklu polietilen igerisine
enginar yapragl tozu katarak bir polimer kompoziti
elde etmisler ve enginar yapragl toz oraninin
artmasiyla kompozitin ¢ekme mukavemeti degerinin
arttigini belirlemislerdir [20]. Teke ve arkadaslarinin
yapmus olduklar1 bir ¢alismada polipropilen igerisine
portakal kabugu tozlari katarak bir polimer kompoziti
elde etmislerdir. Caligmalarinda portakal kabugu toz
oraninin artmasiyla ¢ekme mukavemeti degerinde bir
diistisiin oldugunu belirlemislerdir [21]. Baska bir
caligmada Ulutas ve arkadaglari geri doniisiimlii
polipropilen icerisine celtik ilave ederek bir polimer
kompoziti elde etmislerdir. Elde ettikleri kompozitte
celtik  tozlarinin  oraninin  artmasiyla  ¢ekme
mukavemeti degerlerinin de arttigin1 belirlemislerdir
[22].

Asagidaki Tablo 3°de kopma mukavemeti degerleri ve
Sekil 3’de ise bu degerlerin grafiksel gosterimi
verilmistir. Sekil 3 incelendiginde maksimum kopma
mukavemeti degerinin 31,72 MPa ile 4. gruba ait
oldugu goriilmektedir.
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Tablo 2. PP/iiziim sapi-¢eltik/cam elyaf polimer kompozitinin gekme mukavemeti degerleri

Test Numune Sayisi
Gruplar 1 2 3 4 5 Ort. St. Sapma
Grup 1 32,8 32,6 32,6 33,8 33,5 33,06 0,55
Grup 2 28,5 23,2 21,7 24 22,4 25,16 2,75
Grup 3 26,2 25,5 28,3 29,9 24,4 26,86 2,21
Grup 4 31,1 32,7 28,9 29,1 31,3 30,62 1,60
Grup 5 32 31,9 31,2 31,5 32 31,72 0,35
45
§ 40
]
E » 31,72
H € 33,06 '
= § *
s 30 30,62
E 25,16 % 26.86
3 25
20
1 2 3 4 5
Gruplar

Sekil 2. PP/iiziim sap1-geltik/cam elyaf polimer kompozitinin ¢ekme mukavemeti degerlerinin grafiksel
gosterimi

Tablo 3. PP/iiziim sapi-geltik/cam elyaf polimer kompozitinin kopma mukavemeti degerleri

Test Numune Sayisi

Gruplar 1 2 3 4 5 Ort. St. Sapma
Grup 1 15,3 13,2 12,3 15,3 13,1 13,84 1,37
Grup 2 28,5 23,2 25,4 24 21,5 23,98 1,73
Grup 3 31,1 30,7 28,9 27,4 31,3 29,88 1,67
Grup 4 32 31,9 31,2 31,5 32 31,72 0,35
Grup 5 26,2 25,5 28,3 29,9 29,4 27,86 1,93

F 40

2

£

g * 3172

8 30 § 29,88

>

% 27,86 }

§ § 23,98

X 20

b 1384
10
1 2 3 4 5
Gruplar

Sekil 3. PP/iizim sapi-geltik/cam elyaf polimer kompozitinin kopma mukavemeti degerlerinin grafiksel
gosterimi
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Grafik incelendiginde, polipropilen igerisinde %20

oraninda ¢eltik-lizim sap1 ilavesi ile kopma
mukavemeti  degerlerinin 23,98 MPa ¢iktig
goriilmektedir. Bu degeri saf polipropilen ile

kiyasladigimizda 9%73,26 ‘lik bir artisin  oldugu
anlasilmaktadir. Kompozitin icerisine ayrica %10
oraninda cam elyaf eklendiginde kopma mukavemeti
degerinin 29,88 MPa’la ciktigi goriilmektedir. Saf
polipropilen ile bu deger kiyasla %24,60 oraninda
artisin  oldugu gorilmektedir. 4. Grubun kopma
mukavemeti degeri 31,72 MPa olarak elde edilmistir.
Bu deger saf polipropilene kiyasla %32,77 oraninda
artmigtir. 5. grupta kopma mukavemeti degeri bir
miktar azalarak 27,86 MPa degerinde ¢ikmustir. Oksiiz
[19], Teke [21], Ulustas [22] ve arkadaslari yapmus
olduklar1 ¢aligmalarda da kopma mukavemeti
degerinin  arttigint  belirlemislerdir. ~ Aka  ve
arkadaslarinin yapmus olduklart bir ¢aligmada yiiksek
yogunluklu polietilen igerisine karbonize edilmis ve
edilmemis musir piskilinii toz haline getirip
katmuglardir. Elde ettikleri kompozitte musir ptskill
tozlarinin oranmin artmasiyla kopma mukavemeti
degerinin artigini tespit etmislerdir [23].

Asagidaki Tablo 4’de kopma uzamasi degerleri ve
Sekil 4’de ise bu degerlerin grafiksel gosterimi
verilmigtir. Sekil 4 incelendiginde en yiiksek kopma
uzamasi degerinin saf polipropilene ait oldugu
goriilmektedir. Polipropilen igerisine %20 oraninda
celtik-liziim sap1 ilavesi ile kopma uzamasi degerinin
distiigli ve saf polipropilenle kiyaslandiginda bu
degerin  %90,06 oraninda azaldigi goriilmektedir.
Celtik-liziim sap1 ilavesine ek olarak %10 oraninda
cam elyaf eklendiginde kopma uzamasi degerinin
%3,16 oldugu ve saf polipropilene kiyasla bu degerin
%47,50 oraninda azaldigi goriilmektedir. Kompozit
malzeme icerisinde cam elyaf oranmimn gittikce
artmasiyla kopma uzama degerinin de buna paralel
olarak azaldigi goriilmektedir. Bu durum numunelerin
gevrek davranis gosterdigi anlamina gelmektedir.
Literatiir incelendiginde degisik tiirlerde seliilloz bazli
griinler toz haline getirilmis ve polimer matris
igerisine katilmuglardir. Seliiloz bazli bu malzemelerin
matris icerisindeki oraninin artmasiyla kopma uzama
degerinin diistiigi belirlenmistir [14, 19-24].

Asagidaki Tablo 5°de elastiklik modiil degerleri ve
Sekil 5°de ise bu degerlerin grafiksel gosterimi
verilmigtir.  Sekil 5 incelendiginde maksimum
elastiklik modiilii degerinin 1558 MPa degeri ile 5.
gruba ait oldugu goriilmektedir. Polipropilen igerisine
%20 oraninda ¢eltik-lizim sap1 ilavesi ile elastiklik
modiilii degerinin 890,6 MPa oldugu goriilmektedir.
Bu deger saf polipropilenin elastiklik modiil degeri ile
kiyaslandiginda %1,2 oraninda bir artisin oldugu
goralmektedir.

Celtik ve tiziim sap1 ilavesine ek olarak %10 oraninda
cam elyaf eklendiginde elastiklik modiili degerinin
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1096,8 MPa oldugu ve saf polipropilene kiyasla bu
degerin %23,15 oraninda artifn tespit edilmistir. En
yiksek elastiklik modiill degeri ise 5. grupta
goriilmiigtiir. Bu deger saf polipropilenin elastiklik
modiil degeri ile kiyaslandiginda %31,59 oraninda bir
artisin oldugu anlagilmaktadir.

Literatiir incelendiginde degisik tiirlerde seliiloz bazli
iriinler toz haline getirilmis ve polimer matris
igerisine katilmiglardir. Seliiloz bazli bu malzemelerin
matris igerisindeki oraninin artmasiyla elastiklik
modiil degerinin de artig1 belirlenmistir [19-21, 23 ].

Asagidaki Tablo 6’da darbe mukavemeti degerleri ve
Sekil 6’da ise bu degerlerin grafiksel gosterimi
verilmistir. Sekil 6’ya bakildiginda maksimum darbe
mukavemeti degerinin saf polipropilene ait oldugu
goriilmektedir. Grafik incelendiginde polipropilen
icerisine %20 oraninda ¢eltik-iiziim sapinin ilavesi ile
darbe mukavemeti degerinin 3,42 kJ/m?* ye diistiigii
goriilmektedir. Bu deger saf polipropilenin darbe
mukavemeti degeri ile kiyaslandiginda %47’lik bir
azalmanin oldugu anlasilmaktadir.

Celtik-lizim sap1 ilavesine ek olarak %10 oraninda
cam elyaf eklendiginde darbe mukavemeti degerinin
3,94 kJ/m?’ye ¢iktig1 ve saf polipropilene gore %15,20
oraninda arttig1 goriilmektedir. Huda [14], Oksiiz
[19], Ulutas [22] Aka [23], Tasdemir [24], ve
arkadaglarinin yapmug olduklar ¢aligmalarda darbe
mukavemeti degerinin arttigini belirlemiglerdir.

Asagidaki Tablo 7’de sertlik degerleri ve Sekil 7°de
ise bu degerlerin grafiksel gosterimi verilmigtir. Sekil
7’ye bakildiginda maksimum sertlik degerinin 5.
gruba ait oldugu goriilmektedir. Polipropilen icerisine
%20 oraninda celtik-iiziim sap1 ilavesi ile sertlik
degerinin  bir miktar artarak 64,5 ciktig
goriilmektedir. Saf polipropilene kiyasla bu artig orani
%3,2 ‘dir. Sekilden de anlagildigi gibi kompozit
icerisindeki cam elyaf oraninin artisiyla sertlik
degerinin de giderek artig1 goriilmektedir.

3.2. Yogunluk

Asagidaki Tablo 8’de yogunluk degerleri ve Sekil
8’de ise bu degerlerin grafiksel gosterimi verilmistir.
Sekil 8’e bakildiginda maksimum yogunluk degerinin
1,01 gr/cm? ile, 5. gruba ait oldugu goriilmektedir. PP
igerisinde geltik ve {iziim sap1 %20 oraninda ilavesi ile
yogunluk degerinin saf polipropilene kiyasla %2,29
oraninda  arttigt  anlagilmaktadir.  Polipropilen
icerisinde cam elyaf oranmin artmasiyla yogunluk
miktarinin giderek arttigi da sekilden goriilmektedir.
Ulutas ve arkadaslari geri doniisiimlii polipropilen
icerisine geltik ilave ederek bir polimer kompoziti elde
etmislerdir. Elde ettikleri kompozitte ¢eltik tozlarimin
oraninin artmasiyla yogunluk degerlerinin de arttigini
belirlemiglerdir [22].
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Tablo 4. PP/iiziim sapi-geltik/cam elyaf polimer kompozitinin kopma uzamasi degerleri

Test Numune Sayisi
Gruplar 1 2 3 4 5 Ort. St. Sapma
Grup 1 67 69 74 33 60 60,6 16,22
Grup 2 7,6 51 6,1 5,4 59 6,02 0,96
Grup 3 2,6 4 3,3 3,5 2,4 3,16 0,65
Grup 4 2,7 2,7 2,2 2,5 2,9 2,6 0,26
Grup 5 1,5 1,4 1,5 1,6 1,7 1,54 0,11
80 |
60 ¢ 60,6
g
:
=
£
=
§ 20
3,16 2,6
. * . . 1,.54
1 3 4 5
Gruplar

Sekil 4. PP/iiziim sapi-¢eltik/cam elyaf polimer kompozitinin kopma uzamasi degerlerinin grafiksel gosterimi

Tablo 5. PP/iiziim sap1-geltik/cam elyaf polimer kompozitinin elastiklik modiil degerleri

Test Numune Sayisi
Gruplar 1 2 3 4 5 Ort. St. Sapma
Grup 1 858 868 870 906 898 880 20,78
Grup 2 926 888 935 836 868 890,6 40,99
Grup 3 1160 914 960 1110 1340 1096,8 169,88
Grup 4 1060 1010 1240 1150 1160 1124 90,16
Grup 5 1530 1580 1680 1660 1340 1558 136,08
2000
=
% 1600 %
= 1558
:-g
=
1200
2 % 1096,8 § 1124
% 4 830 ® 3906
= 800
400
1 2 3 4 5
Gruplar

Sekil 5. PP/iiziim sapi-geltik/cam elyaf polimer kompozitinin elastiklik modiil degerlerinin grafiksel gosterimi
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Tablo 6. PP/iiziim sapi-geltik/cam elyaf polimer kompozitinin darbe mukavemeti degerleri

Test Numune Sayisi
Gruplar 1 2 3 4 5 Ort. St. Sapma
Grup 1 9,3 5,7 5 59 52 6,22 1,75
Grup 2 4,2 3,4 3 3,6 2,9 3,42 0,52
Grup 3 3.8 34 3,6 5,9 3 3,94 1,13
Grup 4 3,8 4,2 52 3,8 3,8 4,16 0,60
Grup 5 59 5,2 5,9 5,2 3.4 5,12 1,02
10

5,12 %
4 } 3,94 § 4,16

Darbe Mukavemeti (kJ/m?)

1 2 3 4 5
Gruplar

Sekil 6. PP/iiziim sapi-geltik/cam elyaf polimer kompozitinin darbe mukavemeti degerlerinin grafiksel gdsterimi

Tablo 7. PP/iiziim sapi-geltik/cam elyaf polimer kompozitinin sertlik degerleri

Test Numune Sayisi
Gruplar 1 2 3 4 5 Ort. St. Sapma
Grup 1 65 65 65 63 58,5 58,5 62,5
Grup 2 65 65 66 63 64 64 64.5
Grup 3 64 65 65 65 65 66 65
Grup 4 66 64 65 66,5 65 65 65,25
Grup 5 65 67 67 69 67 65,5 66,75
75
70
a5 66,75
g 65,25 %
5
g 65 [ § 645 ® 65 §
§ ® 625
60 L
55
1 2 3 4 5
Gruplar

Sekil 7. PP/iizim sapi-geltik/cam elyaf polimer kompozitinin sertlik degerlerinin grafiksel gdosterimi
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Sekil 8. PP/iiziim sap1-¢geltik/cam elyaf polimer kompozitinin yogunluk degerleri

Tablo 8. PP/iiziim sapi-geltik/cam elyaf polimer kompozitinin yogunluk degerleri

Yogunluk (gr/cm®)
Havada |Alkolde | Yogunluk Ortalama Std.Sapma

1.Numune |1,2267 |0,1586 0,907305

Grupl |2.Numune [1,2154 |0,1201 0,876624 0,87 0,04
3.Numune |1,14 0,0514 0,827301
1.Numune |1,1104 |0,1318 0,896399

Grup2 |2.Numune |[1,1043 |0,1299 0,895317 0,89 0,002
3.Numune |1,1182 |0,1279 0,892031
1.Numure |1,3173 |0,195 0,927263

Grup 3 | 2.Numune 1,319 0,2002 0,931364 0,93 0,003
3.Numune |1,2968 |0,1992 0,933375
1.Numune |1,362 0,2697 0,985059

Grup 4 | 2.Numune 1,3597 0,2605 0,977223 0,98 0,005
3.Numune 1,3893 0,2777 0,987358
1.Numune |1,3942 |0,3076 1,013637

Grup5 |2.Numune |1,4014 |0,3095 1,013926 1,01 0,003
3.Numune |1,3999 |0,3032 1,008408

3.3. Mikroyap1 Ozellikleri

Saf polipropilen ve igerisine degisik oranlarda katilan
liziim sap1, ¢eltik ve cam elyaf ile olusturulan polimer
kompozitinin mikroyap1 fotografi Sekil 9' da
verilmistir. ~ Cift  vidali  ektriizyon  kullanim
polipropilen, {iizim sap1, g¢eltik ve cam elyafin
homojen olarak karisimini  sagladigi  sekilden
gorulmektedir. Polipropilen apolar karakterdedir.
Uziim sap1 ve celtik ise polardir. Bu yiizden

uyumsuzdurlar  ve uyumlu hale getirilmeleri
gerekmektedir. Bu durumda sisteme  ylzey
modifikasyonunu  artiran  uyumluluk  maddeleri
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eklenmektedir. Boylelikle matris ve dolgu yuzeyi
arasinda bir yapigma saglanir. Bu ¢aligmada herhangi
bir arayiizey uyumluluk maddesi ve yaglayici bu
asamada kullanilmamustir. Polipropilen ve cam elyaf
arasinda uyumluluk maddesi kullanilmadigindan zayif
bir baglant1 oldugu ve matrise olan zayif baglanmadan
dolayr bazi  elyaflarin  yerlerinden  ¢iktiklar
goriilmektedir. Mikroyapidaki bosluklar cam elyafin
matrise olan zaylp adezyonundan dolayr kayip
¢ikmalari sonucu olugmustur. Matris ile cam elyaf
arasindaki adezyonu arttirmak igin maleik anhidrit
polietilen (MAPE) gibi bir uyumluluk maddesi
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kullanimi ~ yapismayr  artiracagindan ~ mekanik
Ozelliklerde de daha iyi sonuglar alinmasina sebebiyet
verecektir. Bu polimer kompozitinde iiziim saplar1 ve

cektik  dolgu  malzemesi  olarak  kullanim
hedeflenmistir. Tabiki bu dolgu maddelerinin ilavesi
bazi mekanik  degerlerde  diisiise  sebibiyet

vermektedir. Bunu bertaraf etmek i¢in kompozite atik
cam elyaf ilavesi yapilmistir. Zhang ve arkadaslari
[25] yapmis olduklar bir calismada
polipropilen/seliiloz polimer kompozitinde
polipropilen ile seliiloz arasinda maleik anhidrit asili
polipropilen (MAPP) ve metil akrilik asit glisidil ester
asil1 polipropilen kullanmislardir. Bir baska ¢alismada
Kiziltas ve arkadaslart [26] polietilen tereftalat ve
politrimetilen tereftalat polimerlerine seliiloz katip bir
polimer kompoziti elde etmisler ve daha kolay
kaliplanmasi i¢in struktol ticari isimli bir malzeme de
kullanmuglardir.

Sekil 9. PP/uzum sapi- (;eltlk/cam elyaf polimer
kompozitinin mikroyap1 fotografi

IV. SONUCLAR
1. Atk liziim sap1 ve geltikten elde edilen tozlarin
polipropilen turli malzemelerde potansiyel bir
dolgu maddesi olarak kullanimini bu g¢alisma
orataya koymustur. Bunun yani sira bu atik
malzemelerin ~ yeniden  degerlendirilmesi
saglannustir.

Atik cam elyafin polimer kompozitlerinde
yeniden kullanimi saglanmug ve cam elyaf
oraninin kompozit igerisindeki oraninin artmasi
mekanik ozelliklerde iyilesme saglamustir.
Burada MAPE gibi bir uyumluluk maddesi
kullanimu  matris ve cam elyaf arasinda
adezyonu artiracagindan mekanik degerlerin
daha iyi sonug verecegi ongorillmektedir.

Uziim sap1- geltik ve cam elyaf ilavesi, polimer
kompozitinin mekanik o6zelliklerinde 6nemli
degisimler saglamistir.  Ornegin, kopma
mukavemeti ve elastiklik modiil degerleri
artmis buna karsilik kopma uzamas: ve darbe
mukavemeti degerleri ise diismiistiir.
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4.

Bu calisma iiziim sapi1, celtik ve cam elyafin
attk birer malzeme olmasi ve bunlarin
polimerlerde dolgu veya takviye malzemesi
olarak  yeniden kullanimmin  saglamasi
konusuna dikkati ¢ekmektedir. Buna ek olarak
petrol Uriind olan polimerik malzemelerin daha
az oranda kullanimini saglamaktadir.
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Some Morphometric Measurements of the Critically Endangered
Angular Roughshark Oxynotus centrina (Linnaeus, 1758) Caught by
Trammel Nets in the Sea of Marmara

Marmara Denizi'nde Fanyali Uzatma Aglarina Yakalanan Kritik Tehlike Altindaki Domuz
Kopek Baliginin Oxynotus centrina (Linnaeus, 1758) Bazi Morfometrik Ozellikleri
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Abstract

Angular roughshark (Oxynotus centrina) is a rare occurrence and one of the critically endangered species. In our study, some
morphometric measurements of angular roughshark individual caught as bycatch with trammel nets was investigated in the
Southern coasts of the Marmara Sea, Turkey. The weight of this species, which was caught in these nets, was weighed as 212
gr due to the degradation by parasites. The actual weight before degradation was estimated as 2623 gr from the length -weight
relationship formulation. Some morphometric measurements of the species were performed and compared with previous
studies. In fisheries, there is a need for all kinds of information about endangered species such as angular rough sharks, which
are accidentally caught. Fishing techniques should be developed to prevent these species from being caught in fishing gears,
and their survival should be ensured with appropriate protection measures.

Keywords: Angular Rough Shark, Trammel Nets, By-catch, Marmara Sea, Oxynotidae

Oz

Domuz képek bahgi, nadir bulunan ve kritik yok olma tehlikesi altinda bir tiirdiir. Caligmamizda Marmara Denizi’nin giiney
kiyilarinda fanyali uzatma aglari ile tesadiifi olarak yakalanan domuz kdpek baligi bireyinin bazi morfometrik 6lgtimleri
arastirilmistir. Aglara yakalanan tiire parazitik canlilarm zarar vermesi nedeniyle agirligi 212 gr tartilmistir. Bozulmadan
onceki gergek agirhiginin ise boy-agirlik iliskisi formiilasyonuna gére 2623 gr oldugu tahmin edilmistir. Tiiriin morfometrik
Olctimleri gergeklestirilerek, Onceki ¢aligmalar ile karsilastirilmistir. Balikgilikta domuz kdpek bahigi gibi tesadiifen
yakalanan nesli tehlikede olan tiirler hakkinda her tiirlii bilgiye ihtiya¢ vardir. Bu tiirlerin av araglarma yakalanmamasi igin
avlanma teknikleri gelistirilmeli ve uygun koruma 6nlemleri ile yasamalar1 saglanmalidir.

Anahtar kelimeler: Domuz Kopekbaligi, Fanyali Uzatma Aglari, Hedefdis1 Av, Marmara Denizi, Oxynotidae

I. INTRODUCTION

The angular rough shark, Oxynotus centrina (Linnaeus, 1758) (Chondrichthyes: Oxynotidae), is a rare
occurrence species [1-3]. So, there is very limited information about this species [4]. The size of this species
ranges from 50 to 70 cm TL, with a maximum size of 150 cm TL [3, 5, 6]. It is a sluggish shark that exists across
continental shelves and upper slopes at depths ranging between 30 and 800 m [1, 7].

O. centrina can be found in the Eastern Atlantic from Norway to Portugal, as well as the Madeira and Canary
Islands, Morocco, Mauritania, the Guinea region, Gabon, Angola, Namibia, and South Africa. Also, except for
the coasts of the Black Sea, throughout the Mediterranean Sea [1-3, 6, 8]. O. centrina is currently considered as
“vulnerable” all across the globe and “critically endangered” in the Mediterranean, listed in the IUCN Red List
[9, 10]. Its population shows a constant decrease [9, 10].

Despite its scarcity, O. centrina can be caught as bycatch in a variety of fishing activities [3, 6, 8, 11, 12]. It is
generally thrown out to the sea by fishermen because it is not commercially valuable. In addition to this it is
known that its caught bycatch via purse seine nets, longline, bottom trawl and beam trawl in Turkey fisheries
[13-21]. O. centrina’s large spiny dorsal fins and relatively large body size make it particularly vulnerable to be
captured by nets [3, 6]. Trammel nets used to catch demersal fish are soaking time for nearly 10 days in the Sea
of Marmara. The purpose of commercial fishermen keep these nets for a long time is to increase fishing
efficiency [22]. But in this way, sharks can catch in the trammel nets.
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The information caught is crucial to our understanding
of deep-sea Chondrichthyans in the Mediterranean
Sea, so every new piece of information about deep-sea
sharks in the Sea of Marmara is vitally important. In
this scientific research, one of the O. centrina was
caught by trammel nets and recorded. Previous
records of this O. centrina was in Turkish seas were
open to debate once again.

Il. MATERIAL and METHOD

In this study one of the critically endangered species,
Angular roughsharkcaught as bycatch in trammel nets
was investigated in the Southern coasts of the
Marmara Sea, Turkey. This species caught as dead in
42 mm mesh size in the 5 days soaking time trails in
Southern coasts of Marmara Sea on December 23,
2020 (Coordinates of sampling area: 40° 27' N - 27°
03" E) was a critically endangered species in the
Mediterranean Sea (Figure 1). This species was

26°400°E
|

identified according to Compagno [1] and
investigated. Morphometric measurements and weight
were obtained and photographed (Figure 2). Due to
the degradation of this species, its actual weight could
not be measured accurately.

The length-weight relationship is a frequently used
analytical tool in fisheries management and fisheries
biology [23, 25]. This equation has been widely
utilized to estimate weight from more readily
quantifiable variables such as length [24, 25]. Thus, to
get the needed weight (W) of this shark, the length-
weight connection has been used in the formalization
of W=a.L. W was computed using the a, b, and total
length (L) values found in Giiven et al.,[26], which is
the only research in the literature that establishes the
length-weight relationship for this species.
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Figure 1. Sampling area of the O. centrina in the Marmara Sea.

Figure 2. O. centrina caught from the Marmara Sea.
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I11. RESULTS and DISCUSSION

The measured total length of O. centrina caught
during the trials was 558 mm and its weight was 212
gr. This individual was obtained in nets haul from the
sea in 5 days. The actual time of capture was unknown
and some parasites (isopods) were detected in this
individual. The lack of excess tissue loss in the
individual's skin supported that the individual had
recently been caught and the weight loss was due to
parasites rather than visible rot in the postmortem
meat.

The required weight of this individual by the values
a=0.0151 and b =3 in Giiven et al., [26] was calculated
as 2623 gr. In some of the previous studies, Kabasakal
[20] mentions that an individual caught by commercial

fishermen at 50 m depths in the northeast of the
Marmara Sea has a total length of 45 cm and a weight
of 1200 gr. In the North-East Aegean Sea, Oztekin et
al., [30] also mentioned that an individual they caught
with a long line (in the western coast of the Gallipoli
peninsula) had a total length of 41 cm and a weight of
810 gr. Kousteni and Megalofonou [4] measured two
individuals of O. centrina whose length 533 mm and
565 mm, weight 1649 gr and 1703 gr respectively. But
it should not be forgotten that the weight of the fish
caught is related to the condition factor. The
morphometric measurements (mm) of this species and
the comparative results measured in previous studies
conducted are shown in table 1.

Table 1. Morphometric measurements of O. centrina caught in the Marmara Sea and other areas (ca=calculated).

This study [19] [27] [11] [4]

Morphometric
characteristics South Saros Bay, Eastern Adriatic Specimen 1  Specimen 2 Spepimgn 3
(mm, g) Marmara The North  Mediterranean Sea NE Aegean  NE Aegean  Korinthiakas

Sea Aegean Sea Sea Sea Sea Gulf
Total length 558 651 690 800 533 565 790
Total weight 2623 (ca) 4652 4000 7883 1649 1703 5020
Fork length 544 620 640 760 - - -
Head length 98 118 104 120 105 111 131
Interdorsal space 123 113 146 145 87 112 141
Precaudal length 457 522 560 630 - - -
Prefirst dorsal fin length 147 155 165 173 118 122 142
Presecond dorsal fin length 359 422 425 480 302 353 421
Prepectoral fin length 115 120 103 125 91 102 128
Pectoral fin anterior margin 84 112 132 130 - - -
First dorsal anterior margin 114 123 133 165 - - -
First dorsal height 68 80 94 103 76 78 83
First dorsal base 87 82 86 145 95 102 138
Second dorsal anterior margin 68 98 104 125 - - -
Second dorsal height 48 66 112 82 44 64 66
Second dorsal posterior margin 46 56 69 95 - - -
Second dorsal base 46 65 63 95 62 79 86
Pelvic anterior margin 52 54 69 77 - - -
Pelvic height 48 45 63 61 - - -
Pelvic posterior margin length 44 62 73 101 - - -
Pelvic base 38 52 50 65 - - -
Dorsal caudal margin 104 122 119 140 - - -
Terminal caudal margin 26 35 40 49 - - -
Reventral caudal margin 53 75 78 90 - - -
Caudal peduncle height 25 27 28 31 22 25 31
Head height 64 89 58 70 65 93 89
Trunk height 80 110 126 160 90 103 103
Abdomen height 90 122 100 140 92 122 146
Eye length 18 24 25 25 - - -
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When we investigate the previous records, we see that
O. centrina was especially caught by trawl fisheries in
Turkey in the last twenty years [15, 16, 19, 20, 28-32].
There is one record showing the catch by gill nets
through the same period [20]. Also, it had been
reported that individuals caught in the Marmara Sea
were generally caught in the north of the Marmara
Sea. This study is the first record showing that this
species can be accidentally caught by trammel nets
used to catch demersal species in the South of the
Marmara Sea.

Some Turkish fishermen leave their trammel nets in
the water for extended periods without lifting them.
On the shores of the Southern Marmara Sea, this
period can last up to 7 days. At the same time, these
nets continue to capture fish and other marine animals
under the control of a fisherman in those periods. This
situation causes the effect of ghost fishing or derelict
fishing gear “lost or abandoned fishing gear and
continues to capture fish" [33-35]. In addition to
commercial species, endangered non-commercial
species such as O. centrina was may be caught in
these nets. Fishermen state that some of these species
caught in the net is released alive. Even though the
species caught in the net are hardy and can live for a
long time, removing the nets for a long soaking time
can cause significant damage or death. In addition, the
long stay of the nets in the water causes the fish
caught in these nets to be attacked and damaged by
parasites (isopods) species in the region. Scientific
researches show that some species of isopods pose a
threat to Turkey fisheries [36, 37]. The same situation
was observed in our study, and the captured shark
individual was found to have been attacked by some
parasites.

The focus of this research is on the occurrence of O.
centrina as bycatch in trammel net fishing. As a result,
some biologic parameters of critically endangered
species, such as limited information about angular
rough shark as bycatch in fisheries should be
investigated. Fishing methods will prevent catching
angular rough sharks are improved and their survival
should be ensured through appropriate protective
measures.
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Abstract

In recent years, it has become more preferable for the products to be used in cosmetics to be of herbal origin. In particular,
plants with high antioxidant properties are preferred to be the source for cosmetic products. Wild edible plants, which are
used only by the local people, will be more profitable economically if they are grown for use in different industries,
especially in cosmetics. T.orientalis is a wild species that grows in the Black Sea region of Turkey. This study aims to show
that these plant extracts have the potential for use in the cosmetic industry. For this purpose, firstly the stem, flower, and leaf
parts of T.orientalis were extracted with acetone and their antioxidant activities were measured. According to the results,
antioxidant activity was especially high in stem extracts (DPPH 57,12 mg L-ascorbic acid/g; total phenol 288,10 + 8,55 mg/g
dry weight). Then, the antibacterial and anti-biofilm activity of the extracts on S. aureus was investigated. As a result, no
effective activity was found. In addition, SPF values and collagenase, tyrosinase, and elastase inhibiting activities were
measured. The best results were observed in the stem (SPF 31,18 + 0,18%; anti-collagenase 87,25%; anti-tyrosinase 11,47%;
anti-elastase 57,64%) and leaf extracts (SPF 31,27 + 0,24%; anti-collagenase 97,57%; anti-tyrosinase 15,03%; anti-elastase
ND). As a result, it has been seen that especially the stem parts of T.orientalis can be used as an ingredient for
photoprotective and antiaging purposes in cosmetics.

Keywords: Cosmetics, Herbal sources, Sun protection factor, Photoprotective, Antioxidant, Antiaging.

Oz

Son yillarda kozmetik alaninda kullamilan iiriinlerin bitkisel kaynakli olmasi daha c¢ok tercih edilmektedir. Ozellikle
antioksidan 6zelligi yiiksek bitkilerin kozmetik iiriinlerin igeriginde yer almasi oncelikli istek haline gelmistir. Genelde
sadece yore halki tarafindan kullanilan yabani bitki tiirleri, basta kozmetik olmak tizere farkli endiistrilerde kullanilmak iizere
yetigtirilirse {ilke ekonomisine katkida bulunacag agikardir. T.orientalis, Tiirkiye'nin Karadeniz bolgesinde yetigen yabani bir
tiirdiir. Bu calisma, bu bitki ekstraktlarmin kozmetik endiistrisinde kullanim potansiyeline sahip oldugunu gdstermeyi
amaglamaktadir. Bu amagla oncelikle T.orientalis'in govde, ¢icek ve yaprak kisimlari aseton ile ekstrakte edilmis ve
antioksidan aktiviteleri 6l¢iilmiistiir. Sonuglara gére antioksidan aktivite 6zellikle govde ekstraktlarmda (DPPH 57,12 mg L-
askorbik asit/g; toplam fenol 288,10 + 8,55 mg/g kuru agirlik) yiiksek bulunmustur. Daha sonra ekstraktlarm S. aureus
iizerindeki antibakteriyel ve anti-biofilm aktiviteleri arastirilmistir fakat etkili bir aktivite bulunamamistir. Ayrica SPF
degerleri ve kollajenaz, tirozinaz ve elastaz inhibe edici aktiviteleri 6l¢iilmiistiir. En iyi sonuglar gévde (SPF 31,18 + %0,18;
anti-kollajenaz %87,25; anti-tirozinaz %11,47; anti-clastaz %57,64) ve yaprak ekstraktlarmda (SPF 31, %27 £ 0,24; anti-
kollajenaz %97,57; anti-tirozinaz %15,03; anti-clastaz ND) tespit edilmistir. Sonug¢ olarak, T.orientalis'in 6zellikle gévde
kisimlarinin kozmetikte fotokoruyucu ve yaslanma karsit1 olarak kullanilabilecegi 6n goriilmektedir.

Anahtar kelimeler: Kozmetik, Bitkisel kaynaklar, Giines koruyucu faktér, Fotokoruyucu, Antioksidan, Yaglanma karsit1.

I. INTRODUCTION

The estimated growth of the cosmetics market globally in 2020 is 335.6 billion US dollars [1]. Various sunscreen
creams, lotions, oils, and gels are produced in the cosmetics industry to avoid the damaging effects of solar
ultraviolet (UV) radiation. These sunscreens absorb (chemical sunblock) or reflect (physical sunblock) UV
radiations and help protect against suntan, photoaging, and sunburn [2,3]. Chemical UV filters in sunscreens for
example oxybenzone and octinoxate have become disputed because of their potential risks to the environment
and human healthiness [4]. Instead of these, inorganic filters are used as an alternative. There are two inorganic
filters approved by U.S. Food and Drug Administration (FDA); titanium dioxide (TiO;) and zinc oxide (ZnO)
particles [5]. However, these filters are hazardous to human skin in case of constant application and these
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nanoparticles can cause oxidative DNA damage by
high activities of Reactive Oxygen Species (ROS) [6].
Moreover, it has been reported in many studies that
sunscreens are not completely safe for sun protection
due to their ingredients [7,8,9]. Therefore, studies on
the use of natural sources for the cosmetic industry
will be very important for both environmental and
human health.

According to World Cancer Research Fund, skin
cancer (melanoma and non-melanoma) is the most
common cancer globally [10]. The increase in skin
cancers over the past decades is especially related to
overexposure to the Sun’s rays. Presently, 2 -3
million non-melanoma and 132,000 melanoma skin
cancers occur worldwide every year (WHO/World
Health Organization) [11]. Exposure to UV radiation
is the primary reason for skin cancer. Additionally,
photoaging is one of the reasons for skin melanoma,
and risk is seen higher in the fair skin people, with
about 90% of the European and North American
people prevalent to skin photoaging [12]. In order to
decrease the risk of skin cancer and to prevent
photoaging, many types of research and products are
being developed in the field of cosmetics. Natural
components have been lately considered as potential
sources for agents with sunscreen properties due to
their absorption in UV radiation and high antioxidant
activities [9, 13]. Phenolic contents (TPC) and
flavonoid contents (TFC) in plants can absorb UV and
play an essential role against UV radiation [14,15].
The research of cosmetic products containing
antioxidant and anti-aging activities and natural
sunscreen ingredients has accelerated [1]. Besides,
WHO states that accordingly 80% of the world
population depends on natural herbal sources as their
main treatments [16].

The Solar UV region is divided into 3 subcategories
which are, UV-C (200-290 nm), UV-B (290-320 nm),
and UV-A (320-400 nm). UV-A and UV-B radiation
is the main reason for the generation of ROS and
nitrogen centered species and related oxidative stress
[17]. Free radicals and oxidative stress caused by UV
radiation are important causes of skin photoaging, as
they cause oxidation of lipids and proteins in the
chemical structure of skin cells. In particular, the
effect of UV-induced ROS on the structural proteins
of the skin which are collagen and elastin are
responsible for preserving the elasticity of the skin,
play a significant role in the aging of the skin [18].
Collagen degradation in humans begins with
collagenase activation. In addition, oxidative stress
causes an increase in collagen destruction with the
activation of collagenases, as well as a decrease in
collagen synthesis. For this reason, many studies on
the avoidance of skin aging focus on the inhibition of
collagenase activity [19,20]. Similarly, inhibition of
elastase activity induced by UV or ROS can also be
applied as a useful method against skin diseases and
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aging [21,22]. Inhibition of collagenase and elastase
activities by natural herbal contents may be a
promising approach to prevent skin aging [23].

In Turkey, there are many plants with high antioxidant
content used for medical, cosmetic, and food. Among
them, Trachystemon orientalis (L.) G. Don (early
blooming borage), is a plant whose high antioxidant
activity, high TPC and TFC have been reported before
[24-27]. However, there is no research on the
sunscreen or photoprotective activities of T. orientalis.
This plant, whose flowering branches, leaves and
young stems are consumed as a vegetable by the local
people, is wild edible in the Black Sea region. The
effects of the plant are not fully known since detailed
scientific studies have not been done. In this respect,
the main purpose of this study is to examine whether
these plant extracts have the potential to be used as
photoaging and sunscreen in the cosmetic industry.

Il. MATERIALS AND METHODS

2.1. Plant Material

The leaf, stem and flower parts of T. orientalis were
obtained from local growers of northern Turkey
(Sinop Province) was used in this study. In May 2021,
plants were obtained and identified using botanical
and morphological characteristics. The flower
branches, stem, and leave parts were separated,
cleaned and then dried for one week at 25 °C.

2.2. Preparation of Extracts

A total of 20 g of plant parts was soaked for 24 hours
in 200 mL of pure acetone (Merck), changing the
solvent three times. Then, the solution was filtered
with Whatman filter paper. Solvent removal was
carried out under reduced pressure with the aid of a
rotary evaporator and acetone extracts of the plants
were obtained and stored at 4°C.

2.3. Determination of Antioxidant Activity

TPC was measured spectrophotometrically with
Cytation-3  (Biotek) wusing the Folin-Ciocalteu
technique [28]. 10 pl of plant extract (I mg/ml
obtained in methanol (Merck)), 100 pl of Folin-
Ciocalteu Reagent (Sigma) diluted in distilled water
(1:10), and 75 pl of 7,5% Na,CO; (Merck) were
mixed and left in the dark for 1h. The absorbance was
read at 750 nm. The tests were repeated ten times. The
standard curve was prepared using a 1 mg/ml solution
of gallic acid (Merck) in dimethyl sulfoxide (DMSQO)
(Merck). The concentration of total phenolic content
was calculated using the equation derived from the
gallic acid standard curve.

TFC was calculated by the aluminum calorimetric
method [29]. In order to create a calibration curve,
serial solutions of Rutin (Merck) were done starting
from 1 mg/mL to 0.0625.(0.0625, 0.125, 0.25, 0.5, 1
mg/mL). The plant extracts of ethanol solution (50 pl,
0.3 mg/mL) was added with 150 pl 2% (w/v) AlCl3
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(SIGMA) in 96-well plates. After 15 minutes of
incubation, the absorbance was read at 435 nm. The
total flavonoid content of the extracts was calculated
as rutin equivalent [mg Rutin equivalent (QE) g ** dry
extract weight] per dry weight of the extract.

1,1-Diphenyl-2-picryl hydrazyl (DPPH) was used to
assay the free radical-scavenging activity of the plant
extracts [28]. 20 ul of the plant extracts were diluted
with DMSO and the final concentration was obtained
as 1 mg/ml. Then, they were mixed with 180 ul of
DPPH solution (SIGMA) (40 pg/ml in methanol) in a
96-well plate. After the plates were kept in the dark
for 30 minutes, their absorbance was measured at 540
nm with Cytation-3 (Biotek). DMSO was used as a
blank instead of the test sample. L-ascorbic acid,
dissolved in DMSO, was used as a standard. The
results were calculated according to equation (1) given
below and the DPPH scavenging effects of the
extracts were expressed as a percentage.

DPPH%

= [(Abscontrol'AbssampIe) / Abscontrol ] x 100 (1)
2.4. In Vitro Determination of Sun Protection
Factor (SPF)

SPF values of plant extracts were measured according
to Mansur’s method [30]. 1 mg of plant extracts was
weighed and dissolved in 1 ml of ethanol and then,
screened by UV spectrophotometer (Beckman Coulter
Du730 Spectrophotometer) from 290 to 320 nm.
Absorption spectra of the samples were measured in
quartz tubes in 3 repetitions. Ethanol was used as the
blank. After the measurements, SPF values were
calculated according to the following equation (2)
given below:

SPF = CF x £320-290 x EE(A) x I(A) x ABS(A)  (2)

e CF =10 (correction factor)
EE()L) = erythematogenic effect
I(A) = Sun intensity

ABS()) = absorbance

2.5. Tyrosinase Inhibition Assay

Tyrosinase from mushroom (Sigma) was used as an
enzyme and L-DOPA (Cayman Chemicals) was used
as a substrate [31]. 150 ul of phosphate buffer (0.05
M, pH=6.8), 10 pl of 1 mg/ml plant extracts, and 20 pl
of enzyme solution were added to the wells in the
microplate. The microplate was shaken for 3 minutes
in the Cytation-3 and the first absorbance was read at
475 nm. And then, this solution was incubated at 37°C
for 10 minutes. After incubation period, 20 ul of the
substrate (8.5 Mm, L-DOPA) was added and
incubated again at 37°C for 10 minutes to obtain the
final absorbance value at 475 nm. Kojic acid (Cayman
Chemicals) was utilized as a positive control in this
experiment.
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Inhibition % of the tyrosinase enzyme was determined
using equation (3):

Inh|b|t|0n % = (Acontrol - Asample) / Acomrol X 100 (3)
2.6. Collagenase Inhibition Assay

Collagenase from Clostridium histolyticum (ChC)
(Sigma) was dissolved in the 50 mM Tricine buffer
(10mM CaCl, and 400 mM NaCl, pH 7.5) (Fisher
Scientific) for use at an initial concentration of 0.8
units/ml.  The synthetic substrate, N-[3-(2-furil)
akriloil]-Leu-Gly-Pro-Ala (FALGPA), (Sigma) was
dissolved in the Tricine buffer to 2 mM. The tests
were performed in 96- well microplates. Sample
extracts (25 pl Tricine buffer, 25 pl extracts (1
mg/ml)) were incubated with the enzyme (25 pl ChC)
in the buffer for 15 minutes before adding substrate.
After the incubation, 50 pl of the substrate (FALGPA)
was added to the wells, and absorbances were
measured at 340 nm for 20 minutes. Measurements
were made for each sample in triplicate. The positive
control in this experiment was -(-) Epigallocatechin
gallate (EGCG) (Acros). The enzyme inhibition value
was determined according to the following equation

(4) [32].

Inhibition%

= [(A34ocontrol' A34osample)/ A34Ocontrol] x100 (4)

2.7. Elastase Inhibition Assay

For the measurement of elastase activity, elastase
obtained from pig pancreas was used as the enzyme
source and N-Succinyl-Ala-Ala-Ala-p-nitroanilide
(SANA) (Sigma) was used as a substrate. A
concentration of 3.33 mg/ml was obtained by
dissolving the enzyme in 0.2 mM Tris-HCI (Sigma)
buffer at pH 8.0. The substrate was also dissolved in
the same buffer solution at a concentration of 1.6 mM.
plant extracts, 10 pl of the enzyme, 10 pl of extract,
and 120 pl of Tris-HCI were incubated with the
enzyme at 25°C for 20 minutes, then 10 pl of substrate
solution was added. The absorbance at 410 nm was
measured in comparison to the control. EGCG, 250
mM (0.115 mg/ml) was used for positive controls
[22].

Calculations for elastase activity determination were
made as follows equation (5):

Enzyme inhibition activity (%)
= [Acontrol'Asample / Aconrol] x 100 (5)
2.8. Determination of Antibacterial Activity and
Biofilm

For the determination of antibacterial activity,
Staphylococcus aureus ATCC 25923 was incubated
overnight at 37 °C in the Tryptic Soy (TS) (Merck)
broth. The antibacterial activity tests were performed
in 96- well microplates. TS broth and serial dilutions
of the plant extracts were added to each well. The final
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concentrations of all plant extracts were 240, 120, and
60 pg/ml. The tests were performed in four replicates.
The ratios of bacterial growth were measured at an
optical density (OD) of 450-600 nm with the Cytation
3 microplate reader.

For the biofilm experiment, S. aureus ATCC 25923
was incubated at 37°C for 24 hours in the Tryptic Soy
(TS) broth. The potential anti-biofilm activities of the
plant extracts at the concentrations of 120, 60, 30
png/ml were analyzed in 96 well microplates. The tests
were performed in four replicates. To screen biofilm
formations and possible anti-biofilm efficacy of the
tested extracts, the microplates were stained with 0.1%
crystal violet (Sigma) and measured at OD 590 nm by
using Cytation 3-Biotek microplate reader.

2.9. Statistical analyses

The statistical analyses were performed in triplicate
using One-way Anova analysis of variance followed
by Tukey’s test. The significance of the applications
was designated at the P < 0.05 level. The data
presented are means + Standard Deviation (SD).

I11. RESULTS AND DISCUSSION

3.1. Determination of Antioxidant Activity

It is known that ROS caused by environmental factors
such as UV rays cause skin problems such as wrinkles
and hyperpigmentation. For this reason, most of the
plants are used in the cosmetics industry because they
have natural antioxidant content [33]. T.orientalis,
which is a wild edible plant in the Black Sea Region
of Turkey, is only used as food by the local people and
there are not many studies other than antioxidants and
TPC/TFC of this plant [24-27]. In previous studies, it
has been reported that T. orientalis extract is a natural
antioxidant source due to its flavonoid, phenolic, and
anthocyanin compounds.

DPHH radical scavenging assay was used to
determine the antioxidant activities of acetone crude
extracts of T.orientalis as shown in Table 1.
According to our results, the highest DPPH activity
was found in the stem parts of T. orientalis (57,12
mg/ml-ascorbic acid/g), while the medium activity
was observed in the leaf parts (13,21 mg/l ascorbic
acid/g) and the least activity was observed in the
flower parts (0,98 mg/L ascorbic acid/g). In a previous
study, Sagan [26] reported that the leaves of T.
orientalis showed a high radical scavenging potential
with an 81.99 + 7.45% DPPH inhibition percentage. In
another study, radical removal activities of Butylated
hydroxytoluene (BHA), butylated hydroxyanisole
(BHT), leaf and stem extracts were determined as
85.2+3.2%, 79.3 £2.9%, 65.1+£2.4% and
59.4+2.7%, respectively [27]. When the results
obtained in this study were compared with the
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literature, the acetone extract of the stem of
T.orientalis showed higher activity than the leaves.

The amount of TPC in acetone extracts of T. orientalis
was ranged from 67,93 + 4,86 to 288,10+ 8,55 mg
GAE/g (Table 1). The stem parts of T. orientalis
extracts showed the highest TPC values of 288,10
+ 8,55 mg GAE/g. In literature, the maximum level of
TPC in the water extract of edible body parts of T.
orientalis was reported to be 90 mgGA/g [25]. In
another study, it was reported that T. orientalis leaf
extract contains 36.00 + 0.59 pg pyrocatechol/mg TPC
[26]. Moreover, Ayhan [27] reported that, TPC of
methanolic leaf and stem extracts of T. orientalis as
67.01 mg GAE/g and 54.04 mg GAE/g, respectively.
Lastly, Demir [34] reported that TPC of methanol,
ethanol and pure water extracts of T. orientalis as
0.749 mg GAE/g, 1.81 mg GAE/g and 3.62 mg
GAE/qg, respectively. When the results obtained in this
study were compared with the literature, a much
higher TPC was observed, especially in the acetone
extract of the stem of T.orientalis.

The amount of TFC in acetone extracts of T. orientalis
was ranged from 28,45 = 1,98 to 406,65+9,59 mg
Rutin/g (Table 1). The leaf parts of extracts from T.
orientalis showed the highest TFC values of
406,65 £9,59 mg Rutin/g. In a previous study, TFC of
dry weight of T. orientalis were determined as
82.1£1.5 mg pyrocatechol/g [24]. In another study, the
maximum level of TFC in the water extract of edible
body parts of T. orientalis was reported to be 56.88
mg catechin/g [25]. Moreover Sagan [26] reported that
T. orientalis leaf extract contains 29.34+0.62 g
TFC. Finally, Ayhan [27] reported a phenol
concentration of 68.9 mg pyrogallat/g and 17.5 mg
pyrogallat/g respectively in water and ethanolic
extracts. When the results obtained in this study were
compared with the literature, much higher TFC was
observed specially in the acetone extract of the leaf of
T.orientalis.

It is reported that in many plants antioxidant activities
correlate positively with TPC [35]. According to our
results, we observed that there is a correlation between
antioxidant activity and the TPC of the extracts. The
presence of high TFC/TPC in the plant extracts may
attribute to their antioxidant activities. From this point
of view, extracts obtained from the roots of
T.orientalis can be used as a potential sunscreen as
they give more successful results than extracts
obtained from other parts of the plant. Therefore, it
can be suggested that the use of T.orientalis has
advantages for the cosmetics sector, as it is not only
consumed as a vegetable by the local people but also
an easily grown plant.
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Table 1. Antioxidant activity of acetone extracts from T.orientalis

DPPH% (mg L- Total phenolics (mg Total flavonoids (mg
ascorbic acid /g) Gallic acid/g) Rutin/g)

L-Ascorbic Acid 74,20

T. orientalis (Leaf) 13,21° 79,704,932 406,6549,59°

T. orientalis (Stem) 57,122 288,10+8,55° 141,49+1,02°

T. orientalis (Flower) 0,98° 67,93+4,86% 28,45+1,982

The results were shown as mean + SD of the assays. The data which are shown as a, b, ¢ are significantly

different (p < 0.05).

3.2. Photoprotective activity/ Sun Protection Factor
(SPF)

The sunscreen activities of plants are determined by
measuring their SPF values. According to FDA, SPF
is a data of how much UV radiation is required to
cause sunburn on protected skin [36]. Additionally,
SPF is related to the amount of solar energy required
to produce sunburn on unprotected skin. Therefore
SPF number is important data for quantifying the
effectiveness of sunscreen.

The SPF values of the leaf, stem, and flower parts of
T.orientalis are shown in Table 2. The results showed
that the leaves and stems of T. orientalis had the
highest SPF value (about 31 mg/ml). The SPF values
of the leaf parts of T.orientalis were found to be
approximately 12 mg/ml.

Table 2. Photoprotective activity/ Sun Protection
Factor (SPF) of T.orientalis

Sun Protection Factor
(SPF 1 mg/ml)

Rutin 32,11 + 0,040
T. orientalis (Leaf) 31,27 + 0,240
T. orientalis (Stem) 31,18 £0,18°
T. orientalis (Flower) 12,03+ 0,012

The results were shown as mean + SD of the assays.
The data which are shown as a, b are significantly
different (p < 0.05).

SPF values are considered as a minimum (2-12),
moderate (12—30), and high (=30) [37]. According to
our results, the plant extracts had both high and
moderate sunscreen activities. Whereas we observed
the highest SPF activity in leaf extracts of T.orientalis
(31.27 £ 0,24 mg/ml), the lowest SPF activity was
observed in flower extracts of T. orientalis with a
medium protection effect by a value of 12,03 + 0,01
mg/ml.

The possible correlation between SPF values with
TPC and TFC was indicated in the literature
[38,39,13]. There are several studies investigating the
correlation between SPF values and the amount of
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antioxidant and TFC/TPC of medicinal plants [9].
Researchers reported that there was a link between
SPF and TPC, but no correlation between flavonoid
and antioxidant activity and SPF. However, our results
suggest that there is a correlation between antioxidant
activity and the total flavonoid/phenolic compounds
and also SPF values of the extracts.

3.3. Tyrosinase Inhibition Activity

Tyrosinase inhibitors reduce hyperpigmentation in
human skin, especially caused by environmental
factors. Tyrosinase inhibitory activities of various
agents such as kojic acid are reported [40]. In this
study, potential tyrosinase inhibitory activities of the
acetone extracts of T. orientalis were investigated and
kojic acid was utilized as a positive control.
Tyrosinase inhibitory activity of many plant extracts
was carried out to find new sources of anti-tyrosinase
compounds [41]. Due to the increasing use of herbal
resources in cosmetic products, tyrosinase inhibitory
activities of different parts of the herbal material have
been reported by several studies [42-44]. In particular,
medicinal plants from traditional medicine systems
have the potential to be used for the treatment of
hyperpigmentation and as tyrosinase inhibitors [45].

The anti-tyrosinase activities of the leaf, stem, and
flower parts of T.orientalis are shown in Figure 1. Our
results demonstrated that the leaf extracts of
T.orientalis showed more successful inhibition
compared to stem and flower extracts. On the other
hand, the lowest inhibition was observed in the
extracts obtained from flower parts of T.orientalis.

Skin pigmentation is an important mechanism for
preventing UV radiation damage. Melanin absorbs UV
radiation, thus protecting skin cells from UV radiation
damage. Tyrosinase plays a role in catalyzing skin
pigmentation and is directly related to pigmentation
disorders in human [41]. Our data obtained from the
experiments for in vitro SPF values and tyrosinase
inhibition activity show that leaf and stem extracts of
T. orientalis have a potential to be used effectively in
the cosmetic industry.
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Figure 1. Tyrosinase inhibition activity of T.orientalis
The results were shown as mean = SD of the assays. The data which are shown as a, b are significantly

different (p < 0.05).

3.4. Anti-Collagenase Activity

It is known that UV radiation promotes ROS
production and increases collagen degradation. As a
result of collagen degradation, skin aging occurs. [46].
For this reason, the effects of inhibitors that will
prevent collagen degradation are very important. The
inhibitory effect of acetone extracts of different parts
of T.orientalis (leaf, stem, flower) on collagenase
activity was evaluated using collagenase enzyme
obtained from Clostridium histolyticum (Figure 2).
The best inhibition was observed in the leaf extracts of
T. orientalis. Moreover, the stem extracts also had
considerably high collagenase inhibitory activity with
the inhibition ratio of 87.25%. The high efficiency
(54.99%) was also recorded for the acetone extracts
from flower parts of T. orientalis. The results obtained
are higher than the positive control, indicating that the
inhibition activities are very high. The reason for the
results to be higher than the positive control is thought

to be due to the synergistic effect of the substances in
T.orientalis extracts.

To our best of knowledge, there is no study evaluating
the anti-collagenase activity of the extracts from
different parts of T.orientalis. In a study, collagenase
and elastase activities were investigated by extracting
different parts of plants belonging to Asphodeline with
different solvents, which is endemic in Turkey and
consumed as a local food [47]. According to the
results of the researchers, they observed that theese
activities varied depending on the different parts of the
plant. They reported that the plants consumed as food
on a local basis may have potential importance for the
cosmetic sector. According to the our results, the anti-
collagenase activity of T.orientalis was noticeably
higher especially in leaf extracts as well as stem
extracts. Similarly, this plant is thought to have the
potential for use in the cosmetic industry.

Collagenase Inhibition Activity%
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T. orientalis (Stem) T. orientalis (Flower)

Figure 2. Anti-collagenase activity of T.orientalis
The results were shown as mean + SD of the assays. The data which are shown as a, b, ¢ are significantly

different (p < 0.05).
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3.5. Elastase Inhibition Activity

Elastase is usually found in connective tissue and
disrupts the elastic fibers that give the skin its
elasticity, and therefore elastic fiber degeneration is
thought to be related to the formation of wrinkles [48].
In recent studies, it has been shown that especially
some local endemic and wild plant species have
inhibitory efficiencies on elastase activities [49,50].

The anti-elastase activities of the acetone extracts of
leaf, stem, and flower parts of T.orientalis are shown
in Figure 3. The best anti-elastase activity was
observed in the stem extracts of T. orientalis with the
inhibition ratio of 57.64%. Moreover, the flower
extracts also had considerably high elastase inhibitory

activity with an inhibition ratio of 42.11%.

The results obtained are similar to the positive control,
indicating that the inhibition activities are high. When
the leaf extract was compared with the positive
control, it was determined that there was no inhibition
activity.

According to our results, elastase inhibition activity of
T.orientalis was observed in the stem and flower
extracts, but not in the leaf extracts. From this point of
view, it can be suggested that stem and flower extracts
of T. orientalis can be used in the cosmetic industry
due to their potential elastase inhibitory activities.
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Figure 3. Elastase inhibition activity of T.orientalis
The results were shown as mean + SD of the assays. The data which are shown as a, b, ¢ are significantly

different (p < 0.05).

3.6. Determination of Antibacterial Activity and
Biofilm

In the present study, we also tested antibacterial
activities of the acetone extracts of leaf, stem, and
flower parts of T.orientalis against S.aureus ATCC
25923, but we observed no antibacterial efficacy at
tested concentrations of 60, 120, and 240 pg/ml.
Similar to our results, either very low or no
antibacterial activity was reported against S.aureus
ATCC 25923 in previous studies [27,51]. In a study
evaluating the antimicrobial activities of ethanol and
petroleum ether extracts of various plants collected
from the Sakarya region on different microorganisms
by disc diffusion methods, it was demonstrated that
both T.orientalis extracts had no activity against
S.aureus. However, they reported that only
T.orientalis ethanol extract was effective against
E.coli [51]. In another study, researchers tested the
antimicrobial activities of leaf and stem extracts of
T.orientalis against some Gram-negative bacteria and
Gram-positive bacteria. They reported that the highest
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antimicrobial activity was against E.coli and B.
subtilis. On the other hand, the lowest antimicrobial
activity was detected against S.aureus [27].

Inhibition of biofilm formation was conducted on the
acetone extracts of leaf, stem, and flower parts of
T.orientalis. There is no inhibition was recorded for
extracts. Since there were no previous antibiofilm
studies, no comparison could be made with
T.orientalis.

The reason why we could not detect any antimicrobial
activity and biofilm inhibition for the extracts of
T.orientalis against S.aureus may be due to the
insufficient concentrations of the extracts or the
variability of antibacterial and biofilm activity
according to the bacterial species.

It has been demonstrated that stem extracts of T.
orientalis have the highest anti-elastase, SPF and
antioxidant activities. The leaf extracts had the highest
anti-collagenase activity. Moreover, leaf extracts also
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had considerably high SPF and antioxidant activities.
Finally, flower extracts had effective anti-collagenase
and anti-elastase activities. Our data obtained from the
experiments show that especially leaf and stem
extracts of T. orientalis have a potential to be used
effectively in the cosmetic industry.

V. CONCLUSION

In conclusion, total phenolic content of T. orientalis
indicates that it can be used as a natural source of
natural antioxidants and sunscreen in pharmaceutical
or cosmetic formulations. Due to the high total
phenolic content (TPC) and total flavonoid content
(TFC) of T. orientalis, it can be suggested that
absorption of UV radiation and prevention of skin
damage can be successfully achieved by using this
plant in formulations. The TPC and TFC in plant
extracts degrade ROS damage caused by exposure of
skin to UV radiation and reduce the negative effects of
sunburn.  Considering the potential inhibitory
efficacies of T. orientalis for collagenase, elastase, and
tyrosinase activities, it could be suggested that T.
orientalis may be a potential source of anti-aging in
the field of cosmetics. The fact that this plant grows
easily in nature as wild species is an important
positive aspect. It is predicted that if it is cultured, it
can be used as a potential resource for the cosmetics
industry. In summary, T. orientalis extracts, especially
obtained from stem parts of the plant, has the potential
for use as photoaging and sunscreen in the cosmetic
industry.

REFERENCES

[1] Khuanekkaphan, M., Noysang, C., & Khobjali,
W. (2020). Anti-aging potential and
phytochemicals of Centella asiatica, Nelumbo
nucifera, and Hibiscus sabdariffa
extracts. Journal of Advanced Pharmaceutical
Technology & Research, 11(4), 174.
Hubbard, G., Kyle, R. G., Neal, R. D,
Marmara, V., Wang, Z., & Dombrowski, S. U.
(2018). Promoting sunscreen use and skin self-
examination to improve early detection and
prevent skin cancer: quasi-experimental trial of
an adolescent psycho-educational
intervention. BMC Public Health, 18(1), 1-15.
Sharma, T., Tyagi, V., & Bansal, M. (2020).
Determination of sun protection factor of
vegetable and fruit extracts using UV—Visible
spectroscopy: A green approach. Sustainable
Chemistry and Pharmacy, 18, 100347.
Schneider, S. L., & Lim, H. W. (2019). A
review of inorganic UV filters zinc oxide and
titanium dioxide. Photodermatology,
Photoimmunology & Photomedicine, 35(6),
442-446.
Osmond, M. J., & Mccall, M. J. (2010). Zinc
oxide nanoparticles in modern sunscreens: an
analysis  of  potential  exposure  and
hazard. Nanotoxicology, 4(1), 15-41.

(2]

(3]

(4]

[5]

154

[6] Tyagi, N., Srivastava, S. K., Arora, S., Omar,
Y., ljaz, Z. M., Ahmed, A. G,, ... & Singh, S.
(2016). Comparative analysis of the relative
potential of silver, Zinc-oxide and titanium-
dioxide nanoparticles against UVB-induced
DNA damage for the prevention of skin
carcinogenesis. Cancer letters, 383(1), 53-61.
Vainio, H., Miller, A. B., & Bianchini, F.
(2000). An international evaluation of the
cancer—preventive potential of sunscreens.
Westerdahl, J., Ingvar, C., Masbdck, A, &
Olsson, H. (2000). Sunscreen wuse and
malignant melanoma. International journal of
cancer, 87(1), 145-150.

Ebrahimzadeh, M. A., Enayatifard, R., Khalili,
M., Ghaffarloo, M., Saeedi, M., & Charati, J.
Y. (2014). Correlation between sun protection
factor and antioxidant activity, phenol and
flavonoid contents of some medicinal
plants. Iranian  journal of pharmaceutical
research: IJPR, 13(3), 1041.

Clinton, S. K., Giovannucci, E. L., & Hursting,
S. D. (2020). The world cancer research
fund/American institute for cancer research
third expert report on diet, nutrition, physical
activity, and cancer: impact and future
directions. The Journal of nutrition, 150(4),
663-671.

Skin cancers. World Health Organization.
https://www.who.int/uv/publications/en/primar
yteach Date accessed: October 21, 2021

Shah, H., & Mahagjan, S. R. (2013).
Photoaging: New insights into its stimulators,
complications, biochemical changes and
therapeutic interventions. Biomedicine & Aging
Pathology, 3(3), 161-169.

Hashemi, Z., Ebrahimzadeh, M. A., & Khalili,
M. (2019). Sun protection factor, total phenol,
flavonoid contents and antioxidant activity of
medicinal plants from Iran. Tropical Journal of
Pharmaceutical Research, 18(7), 1443-1448.
de Oliweira-Junior, R. G., Souza, G. R,
Guimaraes, A. L., de Oliveira, A. P., de Souza
Aragjo, C., Silva, J. C., ... & da Silva Almeida,
J. R. G. (2015). Photoprotective, antibacterial
activity and determination of phenolic
compounds of Neoglaziovia variegata
(Bromeliaceae) by high performance liquid
chromatography-diode array detector (HPLC-
DAD) analysis. African Journal of Pharmacy
and Pharmacology, 9(22), 576-584.

Oliveira, M. B., Valentim, I. B., Santos, T. R.,
Xavier, J. A, Ferro, J. N., Barreto, E. O., ... &
Goulart, M. O. (2021). Photoprotective and
antiglycation activities of non-toxic Cocos
nucifera Linn.(Arecaceae) husk fiber ethanol
extract and its phenol chemical
composition. Industrial Crops and
Products, 162, 113246.

[16] Shukri, S. M., Pardi, F., & Sidik, N. J. (2021).

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]


https://www.who.int/uv/publications/en/primaryteach
https://www.who.int/uv/publications/en/primaryteach

Potential Application of Trachystemon orientalis L. Extract

Int. ). Adv. Eng. Pure Sci. 2022, 34(1): 147-156

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

In Vitro anti-collagenase activity and total
phenolic content of five selected herbs: a
review. Science Letters, 15(1), 117-127.
Piccinino, D., Capecchi, E., Tomaino, E.,
Gabellone, S., Gigli, V., Avitabile, D.,, &
Saladino, R. (2021). Nano-Structured Lignin as
Green  Antioxidant and UV  Shielding
Ingredient for Sunscreen
Applications. Antioxidants, 10(2), 274.

Era, B., Floris, S., Sogos, V., Porcedda, C.,
Piras, A., Medda, R., ... & Pintus, F. (2021).
Anti-Aging Potential of Extracts from
Washingtonia filifera Seeds. Plants, 10(1), 151.
Ganceviciene, R., Liakou, A. ., Theodoridis,
A., Makrantonaki, E., & Zouboulis, C. C.
(2012). Skin anti-aging strategies. Dermato-
endocrinology, 4(3), 308-319.

Nantarat, N., Mueller, M., Lin, W. C., Lue, S.
C., Viernstein, H., Chansakaow, S., .. &
Leelapornpisid, P.  (2020).  Sesaminol
diglucoside isolated from black sesame seed
cake and its antioxidant, anti-collagenase and
anti-hyaluronidase activities. Food
Bioscience, 36, 100628

Lee, J. H., & Kim, T. Y. (1999). Relationship
between constitutive skin color and ultraviolet
light sensitivity in Koreans. Photodermatology,
photoimmunology & photomedicine, 15(6),
231-235.

Chompoo, J., Upadhyay, A., Fukuta, M., &
Tawata, S. (2012). Effect of Alpinia zerumbet
components on antioxidant and skin diseases-
related enzymes. BMC complementary and
alternative medicine, 12(1), 1-9.

Deniz, F. S. S., Orhan, I. E., & Duman, H.
(2021). Profiling cosmeceutical effects of
various herbal extracts through elastase,
collagenase,  tyrosinase inhibitory  and
antioxidant assays. Phytochemistry Letters, 45,
171-183.

Ozen, T. (2010). Antioxidant activity of wild
edible plants in the Black Sea Region of
Turkey. Grasas y aceites, 61(1), 86-94.

Col Ayvaz, M. (2015). Antioxidant activity of
Trachystemon orientalis (L.) G. Don (Borage)
grown and eaten as food in Ordu,
Turkey. Herba Polonica, 61(4).

Sacan, O. (2018). Antioxidant Activity, Total
Phenol and Total Flavonoid Contents of
Trachystemon orientalis (L) G.
Don. European Journal of Biology, 77(2), 70-
75.

Ayhan, B. S., Yal¢in, E., Cavusoglu, K., &
Acar, A. (2019). Antidiabetic potential and
multi-biological activities of Trachystemon

orientalis extracts. Journal of Food
Measurement and Characterization, 13(4),
2887-2893.

Clarke, G., Ting, K. N., Wiart, C., & Fry, J.
(2013). High correlation of 2, 2-diphenyl-1-

155

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

picrylhydrazyl (DPPH) radical scavenging,
ferric reducing activity potential and total
phenolics content indicates redundancy in use
of all three assays to screen for antioxidant
activity of extracts of plants from the
Malaysian rainforest. Antioxidants, 2(1), 1-10.
Yang, Y. C., Lii, C. K, Lin, A. H., Yeh, Y. W,
Yao, H. T., Li, C. C., ... & Chen, H. W. (2011).
Induction of glutathione synthesis and heme
oxygenase 1 by the flavonoids butein and
phloretin is mediated through the ERK/Nrf2
pathway and protects against oxidative
stress. Free Radical Biology and
Medicine, 51(11), 2073-2081

Mansur, J. D. S., Breder, M. N. R., Mansur, M.
C. D A, & Azulay, R. D. (1986).
Determinacédo do fator de protegdo solar por
espectrofotometria. An. Bras. Dermatol, 121-4.
Chiari, M. E., Joray, M. B., Ruiz, G., Palacios,
S. M., & Carpinella, M. C. (2010). Tyrosinase
inhibitory activity of native plants from central
Argentina: Isolation of an active principle from
Lithrea molleoides. Food chemistry, 120(1),
10-14.

Van Wart, H. E., & Steinbrink, D. R. (1981). A
continuous  spectrophotometric  assay for
Clostridium histolyticum
collagenase. Analytical  biochemistry, 113(2),
356-365.

Kusumawati, I, & Indrayanto, G. (2013).
Natural antioxidants in cosmetics. In Studies in
natural products chemistry (Vol. 40, pp. 485-
505). Elsevier.

Demir, E. Profile of fatty acids, vitamins,
phytosterols and  phenolic  acids in
Trachystemon orientalis L. and evaluation of
their antioxidant activity. Avrupa Bilim ve
Teknoloji Dergisi, (33), 112-118.

Kizil, G., Kiz1l, M., Yavuz, M., Emen, S., &
Hakimoglu, F. (2008). Antioxidant Activities
of  Ethanol  Extracts of  Hypericum
triquetrifolium and Hypericum
scabroides. Pharmaceutical Biology, 46(4),
231-242.

Sun Protection Factor (SPF). Center for Drug
Evaluation and Research. Food and Drug
Administration https://www.fda.gov/about-
fda/center-drug-evaluation-and-research-
cder/sun-protection-factor-spf Date accessed:
October 21, 2021

Ratnasooriya, W. D., Pathirana, R. N,
Dissanayake, A. S., Samanmali, B. L. C., &
Desman, P. K. (2016). Evaluation of invitro
sun screen activities of salt marshy plants
Suaeda monoica, Suaeda maritima and

Halosarcia indica. International Journal of
Pharmaceutical Research & Allied
Sciences, 5(2)

Khazaeli, P., & Mehrabani, M. (2010).

Screening of sun protective activity of the ethyl


https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/sun-protection-factor-spf
https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/sun-protection-factor-spf
https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/sun-protection-factor-spf

Int. ). Adv. Eng. Pure Sci. 2022, 34(1): 147-156

Potential Application of Trachystemon orientalis L. Extract

[39]

[40]

[41]

[42]

[43]

[44]

some  medicinal
of Pharmaceutical

acetate  extracts  of
plants. Iranian Journal
Research, (1), 5-9.
Yasmeen, S. H. A. G. U. F. T. A,, & Gupta, P.
R.O. M. I. L. A. (2016). In vitro demonstration
of Dalbergia sissoo (Indian rosewood)
methanolic extracts as potential agents for
sunscreening and DNA nick prevention. Int J
Pharm Pharm Sci, 8(6), 175-81.

Saidi, |, Nimbarte, V. D., Schwalbe, H.,
Waffo-Téguo, P., Harrath, A. H., Mansour, L.,
. & Jannet, H. B. (2020). Anti-tyrosinase,
anti-cholinesterase and cytotoxic activities of
extracts and phytochemicals from the Tunisian
Citharexylum spinosum L.: Molecular docking
and SAR analysis. Bioorganic Chemistry, 102,
104093.

Zolghadri, S., Bahrami, A., Hassan Khan, M.
T., Munoz-Munoz, J., Garcia-Molina, F.,
Garcia-Canovas, F., & Saboury, A. A. (2019).
A comprehensive review on tyrosinase
inhibitors. Journal of enzyme inhibition and
medicinal chemistry, 34(1), 279-3009.
Chatatikun, M., Supjaroen, P., Promlat, P.,
Chantarangkul, C., Waranuntakul, S., Nawarat,
J., & Tangpong, J. (2020). Antioxidant and
Tyrosinase Inhibitory Properties of an Aqueous
Extract of Garcinia atroviridis Griff. ex. T.
Anderson  Fruit  Pericarps. Pharmacognosy
Journal, 12(1).

Bakhouche, I., Aliat, T., Boubellouta, T., Gali,
L., Sen, A., & Bellik, Y. (2021). Phenolic
contents and in vitro antioxidant, anti-
tyrosinase, and anti-inflammatory effects of
leaves and roots extracts of the halophyte
Limonium delicatulum. South African Journal
of Botany, 139, 42-49.

Chelly, S., Chelly, M., Occhiuto, C., Cimino,
F., Cristani, M., Saija, A., ... & Antonio, S.
(2021). Evaluation of antioxidant,
antinflammatory and antityrosinase potential of
extracts from different aerial parts of
Rhanterium suaveolens from

156

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Tunisia. Chemistry & Biodiversity.

Mukherjee, P. K., Biswas, R., Sharma, A,
Banerjee, S., Biswas, S., & Katiyar, C. K
(2018). Validation of medicinal herbs for anti-
tyrosinase  potential. Journal  of  herbal
medicine, 14, 1-16.

lwamoto, A., Yamauchi, R., Oogai, S., Tsuruta,
Y., Keisuke, T., Nagata, Y., & Yanagita, T.
(2022). Lotus root extract inhibits skin damage
through suppression of collagenase production
in vitro. Cytotechnology, 1-9.

llhan, M., Zengin, G., Kiipeli Akkol, E.,
Aktiimsek, A., & Sintar, 1. (2016). The
importance of Asphodeline species on enzyme
inhibition: anti-elastase, anti-hyaluronidase and
anti-collagenase potential. Turk. J. Pharm.
Sci, 13, 323-327.

Kim, S. Y., Go, K. C., Song, Y. S., Jeong, Y.
S., Kim, E. J., & Kim, B. J. (2014). Extract of
the mycelium of T. matsutake inhibits elastase
activity and TPA-induced MMP-1 expression
in human fibroblasts. International journal of
molecular medicine, 34(6), 1613-1621.
Chiocchio, I., Mandrone, M., Sanna, C., Maxia,
A., Tacchini, M., & Poli, F. J. I. C. (2018).
Screening of a hundred plant extracts as
tyrosinase and elastase inhibitors, two
enzymatic targets of cosmetic
interest. Industrial crops and products, 122,
498-505.

Gangadharan, A. (2021). Free radical
scavenging and elastase inhibitory activity of
different extracts of Leucas aspera (Willd.)
Link-An in vitro study. Indian Journal of
Natural Products and Resources
(IINPR)[Formerly Natural Product Radiance
(NPR)], 12(1), 61-67.

Uzun, E., Sariyar, G., Adsersen, A., Karakoc,
B., Otiik, G., Oktayoglu, E., & Pirildar, S.
(2004). Traditional medicine in Sakarya
province (Turkey) and antimicrobial activities
of selected species. Journal of
ethnopharmacology, 95(2-3), 287-296.



Int. ). Adv. Eng. Pure Sci. 2022, 34(1): 157-166
DOI: 10.7240/jeps.1065273

RESEARCH ARTICLE / ARASTIRMA MAKALESI

Bakar izabe Curufu Flotasyon Atigindan FeS; ilaveli Asit Kavurma, Li¢ ve
Manyetik Ayirma ile Baz Metal ve Manyetik Uriin Eldesinin
Arastirilmasi

Investigation of Base Metals and Magnetic Product Extraction from Copper Smelter Slag
Flotation Tailing by FeS, Added Acid Baking, Leaching and Magnetic Separation
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Oz

Bakir izabe curufu flotasyon atigma (CFA) daha once literatiirde ve endiistride hi¢c uygulanmamis pirit ilaveli asit kavurma
islemi sonrast li¢ ile baz metallerin ve li¢ atig1 manyetik ayirma ile manyetik {iriinlerin kazanim1 ¢aligilmistir. Calismadaki
CFA, Tirkiye’nin kuzeyinde bulunan siilfiirlii bakir madeninin izabesi sirasmda agiga ¢ikan curufun %87 bakir geri
kazanilan flotasyonu sonucu kalan fayalit (FeO-SiO2) faz ve bu faza niifuz etmis (%0,34) Cu, (%4,16) Zn ve (%0,15) Co baz
metallerini igeren ¢oziinmeyen/refrakter camsy/amorf yapidir. Piritli, pirit ilaveli asitli kavurma iglemlerinin optimizasyonu
icin sicakliklar degistirilirken (350° C-650 °C), asit miktar1 10ml H2SOs olarak ve kavurma siiresi 1s olarak sabit
tutulmustur. Asitsiz yapilan pirit kavurmada fayalit fazinin bozunmadigi, 450° C’de yapilan kavurma ile 500° C, 550° C ve
650° C sicakliklarda elde edilen kalsinlerin X 1gm1 kirmimmi desenlerinin benzer oldugu tespit edilen CFA igin 350° C,
400° C, 450° C sicakliklarda 10 ml H2SOa4 ve 1:4 pirit/CFA oraninda pirit ilavesi yapilarak FeS2 ilaveli asit kavurma iglemi
uygulanmigtir. Optimum piritli asit kavurma sicakligmm tespit edilmesi i¢in li¢ edilen kalsinlerin li¢ atiklarmm X 1sm1
kirmimi desenleri incelenmis ve ana fazlarin manyetit, vustit, hematit ve fayalit oldugu goriilmiistiir. Li¢ atiklarmm da
degerlendirilebilmesi i¢in gerekli olan manyetik iriinlerden vustit ve manyetit fazlarmin en fazla goriildiigii kosulun
400° C’de yapilan piritli asit kavurmada agiga ¢iktigi tespit edilmistir. Manyetik ayrimi gergeklestirilen li¢ atigi ile elde
edilen manyetik iiriiniin analizi sonucunda ana fazlarin manyetit oldugu goriilmiistiir.

Anahtar Kelimeler: Bakir izabe curufu, piritli kavurma, asit kavurma, baz metaller, li¢, manyetik ayirma.

Abstract

Copper smelter slag flotation tailing’s (SFT) that has not been evaluated yet pyrite additive acid baking phase transformation
and water leaching of base metals behaviour and magnetite product by magnetic seperation were investigated. The SFT in the
study consists of the residual fayalite (FeO-SiO2) phase from the flotation, with a copper recovery of 87%, of the slag
released during the smelting of the copper sulphide mine in northern Turkey, and the non-soluble glassy/amorphous structure
containing the 0.34%Cu, 4.16%2Zn and 0.15%Co base metals locked and doped to this phase. While the temperatures were
changed (350° C -650 °C) for the optimization of acid baking processes with and without pyrite, the amount of acid was kept
constant as 10ml H2SOs and the baking time as 1h. It was determined that the fayalite phase did not decompose in acid-free
pyrite roasting, and the X-ray diffraction patterns of the calcines obtained at 500° C, 550° C and 650° C temperatures by
roasting at 450° C were similar. For this reason, an acid baking process with the addition of FeS2 was applied by adding 10
ml H2SO4 and 1:4 pyrite/SFT ratio of pyrite at 350° C, 400° C, 450° C temperatures. In order to determine the optimum
pyrite acid baking temperature, the X-ray diffraction patterns of the leachates of the calcines were examined and it was
observed that the main phases were magnetite, wustite, hematite and fayalite. It has been determined that the magnetic
products required for the beneficiation of leachates, wustite and magnetite phases, are most common in pyrite acid roasting at
400° C. As a result of the analysis of the magnetic product obtained with the leachates, which was magnetic seperation, it
was seen that the main phases were magnetite.

Keywords: Copper smelter slag, roasting with pyrite, acid baking, base metals, leaching, magnetic seperation.

I. GIRIS

Diinya kaynaklarinin tiikkenmesi, endiistrinin yonii, teknolojik gelismenin yonlendirilmesi ve kurumsal degisimin
uyum i¢inde oldugu ve insan ihtiyaglarini ve isteklerini karsilayabilme potansiyelinin hem giliniimiizde hem de
gelecek i¢in korundugu dengeli bir ortamda degisimin saglanmasi olarak ortaya ¢ikan bir tanim olarak
stirdiiriilebilirlik, metalurjik atiklarin degerlendirilmesini de 6nemli kilmustir. Yerkabugunda azalan cevher
rezervlerine hali hazirda var olan alternatifler sunmak ve atiklarin gevreye verdigi olumsuz etkileri azaltmak,
bunun yaninda ekonomik biiyiimeyi kolaylagtirmak ve tesvik etmek, dogal kaynaklarin kullanimim
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stirdiiriilebilirlik = stratejisinin 6nemli bir noktasina
getirmektedir [1]. Bu stratejisi ile atiklarin
degerlendirilmesi kiiresel olarak yayginlagmustir [2].
Diinya c¢apinda yilda yaklasik 37.7 milyon ton iiretilen
bakir izabe curuflarinin potansiyel ekonomik degerleri
ve cevresel etkilerinin olumsuzlugu s6z konusu
oldugunda, bu atiklarin bertaraf edilmesinin yani sira
sifir atik startejisi ile tekrar degerlendirilmesine
odaklamilmistir [3-5]. Bakir, kobalt ve ¢inko gibi
degerli metalleri igeren bakir izabe curuflarinin ikincil
hammadde olarak kullanilmas1 atik yoénetimi igin
uygun bir secenek olarak goriilmektedir [6]. Bu
baglamda, bakir izabe curuflarin igeriginde bulunan
degerli metallerin diisiik maliyetli ve c¢evre dostu
yontemlerle geri kazanimi, hem metal tedarigi hem de
atik bertarafi sorunlarinin ¢oziilmesi igin etkili bir geri
doniisiim stratejisi olarak kabul edilmektedir [4]. Bakir
izabe curuflariin  mineralojik  bilesimi, islenen
cevherin tipi, kullanilan firin ¢esidi ve sogutma
yontemleri gibi birgok faktdre bagli olarak farklilik
gostermektedir [7]. Bu sebeple izabe curuflarindan
degerli metallerin kazaninu ¢esitli ekstraktif metalurji
yontemleri kullanilarak yapilmaktadir [3]. Bakir izabe
curuflart igerisine kagak olarak gegen metalik bakirin
ve stilflirlii bakir bilesiklerin endiistriyel olarak tekrar
kazanimi i¢in flotasyon yontemi kullanilmaktadir.
Ancak bu yontemle camsi curuf yapisi igerisine ani
kapanim ile niifuz eden baz metallerin (Co, Zn, Ni
gibi) vya da oksit formlarinin  kazanim
yapilamamaktadir [8]. Flotasyon yontemiyle metalik
bakir ve siilfiir minerallerinin %85-88'inin geri
kazanimiin ardindan fayalit (ana) ve manyetit (nadir)
fazlarinda %32-52 Fe igerikli curuf flotasyon atig
(CFA) ag1ga ¢ikmaktadir [9]. Fayalit (FeO-SiO,), Co,
Zn, Ni, Cu gibi metalleri kristal kafes yapisinda
bulunduran amorf bir yapidir [10]. Fayalit yapisinda
bulunan baz metaller amonyum kloriir [11], amonyum
stilfat [12], [13], demir siilfat [14], pirit [15] ve
stilfirik asit [8], [9], [16], [17], ilaveleriyle kavurma
islemini takip eden su li¢i yontemleriyle kazanilmustir.
Ancak bu ¢aligmalarin ¢ogu izabe curufuna direk
uygulanmug olup izabe curuf flotasyonu atigindan
kazanim ¢aligmalari nadiren goriilmektedir [8], [9].

Kalkopirit ~ cevherine  flotasyon  yontemi ile
zenginlestirme islemi uygulamasinin ardindan gang
minerali olarak acgiga c¢ikan pirit igerigindeki yiiksek
miktardaki kiiklirtten dolay1r siilfiirik asit diretimi
yapilan endiistriyel tesislerde kiikiirt kaynagi olarak
kullanilmaktadir [18]. Literatiirde, demir cevheri
rezervlerinin azalmasi ve bu cevherlere artan talep
dogrultusunda ve yiiksek demir igerigi sebebi ile
piritin  degerlendirilmesi c¢aligmalar1  yapilmig ve
kavurma ile manyetite doniistiiriilen piritten, manyetik
ayirma uygulamalari ile manyetit (FeO.Fe,O3) elde
edilmigtir [19-21]. Bu baglamda CFA ve pirit gibi
ikincil hammadde potansiyeline sahip atiklardan
katma degeri yiiksek lirlinlerin eldesi i¢in yeni nesil
yontemlerin  kullanimi;  diisitk  enerji  tiiketimi,
diinyanin sinirhi kaynaklarint koruma ve atiklarin
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gevre lzerindeki olumsuz etkilerinin azaltilmasi ile
sorumlu iretim i¢in biiyiik nem arz etmektedir.

Literatirde CFA’dan baz metallerin kazanimina ek
olarak manyetik ayirma yontemi ile manyetit eldesinin
gerceklestigi  bir calisma bulunmamaktadir. Bu
caligma kapsaminda CFA’ya asitle kavurma islemine
ek olarak atik olarak bulunan piritin de kavurma
islemine ilavesi ile baz metallerin kazanimi iizerine
calistlmigtir.  Ayrica ¢alisma kapsaminda piritin
yiksek kiikiirt/demir igerigi sebebi ile kavurmada
ihtiya¢ duyulan kiikiirte bir kaynak (kullanilan asit
miktarini fiizyon tepkimelerinin baglatict olacak kadar
en aza indirebilmek), ayn1 zamanda da kiikiirdiinden
arindirilan demirin, demir-gelik sektorii igin ayrt bir
kaynak olarak degerlendirilebilirligi de arastirilmustir.
Asit kavurma islemine yapilan pirit ilavesi, literatiirde
daha oOnce denenmemis kavurma sicakliklarinda
yapilmigtir. Kavrulan malzemelere (kalsin) uygulanan
su li¢i sonrasi kalan li¢ atiklarina manyetik ayirma
islemi uygulanarak elde edilen manyetit fazin
Ozellikleri arastirilmustir.

Il. DENEYSEL METODOLOJI

2.1. Kullanilan malzemeler ve analizler

Deneysel c¢alismalarda, Cu, Zn ve Co igerikli CFA ve
ayni cevherin flotasyonu sonrasi gang minerali olarak
aciga ¢ikan %45 Fe, % 45-50 S ve %2 SiO; icerikli
pirit kullanilmigtir. CFA’nin ve piritin kantitatif
mineralojik  analizi  X-istm1 kinmnmimt  (XRD)
kullanilarak  gergeklestirilmigtir. CFA  ve pirit
numunelerinin mineralojik analizi sirastyla Sekil 1 ve
Sekil 2°de verilmistir.

CFA numunesinin Sekil 1’de verilen XRD deseninde
baglica 17, 20, 23, 25, 31, 34, 35, 37, 39, 51, 53, 54,
57, 60 ©’daki (ref. kod. 01-087-0625) fayalit, 18, 30,
35, 43 0’daki (ref. kod. 01-075-1609) manyetit ve 25,
31, 36 0’daki (ref. kod.01-079-0208) ¢inko oksit
minerallerinden  olustugu  gOsterilmistir. ~ Ayrica
numunede 20, 26 0’da (ref. kod. 01-083-2466) silika
ve 29 6°da (ref. kod. 01-084-0209) ise az miktarda
bakir siilfir (ref. kod. 01-084-0209) minerali
bulunmaktadir. Kimyasal analizi Tablo 1’de verilen
CFA’nin elementel analizi ICP-AES kullanilarak
gergeklestirilmistir. ICP-AES analizi sonucu 38.08%
Fe, 0.35% Cu, 4.48% Zn, %0.16 Co ve %0.37 S
icerdigi tespit edilmistir. XRD analizinde diisiik
miktarda pik veren silikanin ICP-AES analizi sonucu
%32.5 silika igermesi silikanin ¢ogunlugunun fayalit
(FeO-SiOy) yapisinda bulunmasindan
kaynaklanmaktadir. Fayalitte bulunan %0.37 S ise
bakir siilfiirde bulunan kiikiirtten kaynaklanmaktadir.
XRD analizinde Fe, Si, Cu ve Zn igeren mineral
pikleri goriiliirken Co iceren serbest mineral pikine
rastlanmamigtir. Fakat Tablo 1.’de ICP-AES analizi
sonucu %0,16 Co sonucu tespit edilmesi amorf yapili
fayalitin kristal kafes yapist igerisinde bulundugu
disiincesini vurgulamaktadir [9]. Pirit numunesinin
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Sekil 2’de verilen XRD deseni incelendiginde ise
numune 28, 33, 37, 40, 47, 56, 59, 61, 64 6’da (ref.
kod. 01-071-2219) pik veren pirit ve 20 ve 26 6’da pik

veren (ref. kod. 01-083-2465) silika minerallerinden
olusmaktadir.

F: Fayalit, GO: inko Oksit, F,GO
H: Hematit, M: Manyetit, CS: Bakir Siilfiir, S: Silika
co
M
F
° F,CO
<
& F
F
F
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28()
Sekil 1. CFA’nin XRD deseni.

P: Pirit (FeS,), $:8i0,

Siddet

20(°)
Sekil 2. Piritin XRD deseni.

Tablo 1. CFA’nin minerolojik ve kimyasal bilesimi

Fe Cu Zn Co S FeOtoptam) SiO; TiO; Al,03
(%) (%) (%) (%) (%) (%) (%) (%) (%)
38.08 0.35 4.48 0.16 0.37 49.9 325 0.10 2.63
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Yapilan asit kavurma ve su li¢i deneylerinde Merck
kalite H,SO4 (%96, d: 1.84 g/cm®) ve de-iyonize su
kullanilmustir. Deneysel ¢alismalarda kullanilan CFA
kalsinlerinin ve li¢ atiklarinin minerolojik yapilari
XRD analiziyle tespit edilmistir.

2.2. Yontem

Deneysel c¢alismada, asit kavurma deneyleri 24 saat
boyunca 105 °C  sicaklikta  fiziksel  suyu
uzaklagtirilmug ve vakumlu kaplarda saklannmus ve
kavurma iglemi kat1 beslemesinin pirit/CFA oran1 0.25
olacak sekilde ayarlanmigtir. Uzun Kart [9], CFA’ya,
350-650 ° C sicaklik araliginda 6, 8, 10 ml H,SO4
ilaveleriyle yapilan asit kavurma uygulamasinin
ardindan artan sicaklik ve H»SOs miktart ile metal
kazanim verimlerinin arttigini gozlemlemistir. Timen
ve Bailey [15], 400-750 ° C sicaklik araliginda farklt
oranlarda pirit ilavesi yaparak kavurma islemi
uyguladigi bakir izabe curuflarindan, 0.25 pirit/CFA
iizerindeki oranlarda pirit ilavesinin metal kazanim
verimlerinde biiyiikk bir degisim gostermedigini
vurgulamustir. Literatiirde pirit ve CFA’da bulunan
demirin  asitle kavrulmasi sonrasinda yiiksek
sicakliklarda hematite doniigsmesi ve manyetik ayirma
islemi i¢in uygun olmadig1 vurgulanmistir. Bu sebeple

metallerin  siilfatlasma  davranimunin  incelenmesi
amaciyla 350, 400 ve 450 ° C sicakliklarda
gerceklestirilmistir. Yiiksek baz metal kazanim ve
manyetik {iriin eldesinin amaclandigi bu c¢aligmada
H,SO,4 miktar1, pirit miktar1 ve kavurma siiresi sabit
tutularak (10 ml H,SO,, 0.25 pirit/CFA, 1saat) 350,
400 ve 450 ° C sicakliklarda kavurma yapilarak
kalsinler elde edilmistir.

CFA kalsinlerin ¢6ziinme ve manyetik ayirma
davraniminin incelenmesi igin 10 g kalsin 50 ° C
sicaklikta, de-iyonize su kullanilarak 1/10 (k/s) kati-
sivi oraninda 1 saat siireyle atmosferik kosullarda su
ligine tabi  tutulmustur. Lic  deneylerinin
tamamlanmasinin ardindan, vakum filtre yardimuyla
filtrasyon islemi gerceklestirilerek kati atik ve yiiklii
cozelti elde edilmistir. Elde edilen yiiklii ¢dzelti balon
joje icerisinde muhafaza edilirken, yikanmus kati atik
65 °C’de 24 saat siireyle kurutulmus ve neminden
tamamen uzaklastilmustir. Kurutma isleminden
ardindan  kati atiklarin = manyetik  davranimin
incelenmesi amaciyla kuru manyetik ayirma islemi
yapilmistir. Deneysel calismanin akim semas: Sekil
3’te ve deneysel ¢alismanin asit kavurma kosullari ise
Tablo 2°de verilmistir.

pirit ilaveli asit kawurma fayalitte bulunan baz
Tablo 2. Deney kosullari.
Pirit Miktari Sicaklik (° C) H>SO4 miktart (ml) Siire (dk)
%100 450 0 60
450
0 500
(Piritsiz) 550 10 60
650
350
%0,25 400 10 60
450
III. DENEYSEL SONUCLAR VE isleminin 500 ° C’nin altindaki sicakliklarda
TARTISMA yapilabilirliginin ~ gésterilmesi  enerji  tiiketiminin

Fayalitin kristal kafes yapisinda bulunan Cu, Zn ve Co
gibi metaller, kiikiirt iceren bir asit ve katki
maddeleriyle asit kavurma islemi uygulanmasinin
ardindan  suda  ¢Oziinebilen metal tuzlarina
donitistiiriilerek geri  kazanilabilmektedir. Yapilan
caligmalar incelendiginde fayalitin silikat refrakter
yapist, amonyum kloriir [11], amonyum siilfat [12],
[13], demir siilfat [14], pirit [15] ve siilfiirik asit [8],
[9], [16], [17] gibi ¢esitli siilfat kaynaklariyla
bozundurulup, metal kazanimlart ger¢eklestirilmistir.
Bu c¢aligma kapsaminda CFA’dan baz metallerin
kazanimiin gergeklestirilebilmesi igin siilfat kaynag
olarak FeS,-H,SO, tercih edilmistir. FeS,-H,SO4%lin
birlikte kullanildigi bu calisma, H;SO4’lin kimyasal
fiizyon ile fayalit yapisini bozundurmast ve buna ek
olarak piritin yapisinda bulunan kikiirtiin SO’ye
yiikseltgenmesiyle bozunmus fayalitin igerdigi baz
metalleri daha diigiik sicakliklarda siilfat bilesiklerine
doniistliriilmesi amaciyla yapilmustir. Asit kavurma

azaltilmas1 agisindan 6nem arz etmektedir [22]. Ayrica
yapilan ¢aligmalar incelendiginde pirite uygulanan 1sil
islem ile manyetit olusumunun gergeklestigi ve
manyetitlerin, manyetik ayirma yoluyla ayrilabildigi
vurgulanmustir [20], [21]. Waters vd., [21], pirite 200
9 C’de 1s1l islem uyguladiginda yaklagik %20 verimle
manyetik ayirma yapmigtir ve sicaklik 400 © C’ye
cikarilldiginda manyetik ayirma veriminin yaklasik
%80'e yiikseldigini vurgulamustir. Schorr ve Everhart
[23], ise pirite uyguladigr 1s1l islem sonrasi 420°C ve
tizerindeki sicakliklarda piritin hematit doniistimiiniin
gergeklestigini  vurgulamustir. Tiim bunlar dikkate
alindiginda diisiik sicakliklarda baz metal kazaniminin
haricinde li¢ iglemi sonrasi c¢oziinmeyen Kkatiya
manyetik ayirma islemi uygulanmasi da bu calisma
kapmasinda aragtirilmigtir.

Tiimen ve Bailey [15], bakir izabe curuflarina 400-750
9 C sicaklik araliginda farkli oranlarda pirit ilavesi
yaparak 550° C, 1:4pirit/bakir izabe curuf oraninda
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maksimum baz metal kazanimi elde etmistir. Uzun
Kart [9], CFA’ya 350-650° C sicaklik araliginda asit
kavurma iglemi uygulayarak; 650° C sicaklikta 10 ml
H,SO;, ilavesiyle maksimum baz metal kazanim elde
etmistir. Uzun Kart vd., [8], ise CFA’ya uyguladig
asit kavurma sonrast 650 ° C iizerindeki sicakliklarda

sicakliklarda pirit ve CFA’da hematit olusumunun
manyetik ayirma verimini diisiirmesi sebebi ile CFA
350° C, 400° C, 450 ° C sicakliklarda 10 ml H,SO4
ve 1:4pirit/CFA oraninda pirit ilavesi yapilarak asit
kavurma islemine tabi tutulmustur.

hematitlesmenin arttigin1 ~ vurgulamustir.  Yiiksek
Analiz: Bakur Izabe Ciiruf

XRD, ICP Flotasyon Atig

% Asit Kavarma

HSO4—— (350-400-450 °C,

Analiz: 10 ml H>SOy, 0.25 pirit/CFA, 1
-« R —
XRD, ICP Pirit saat)

Lic

(50°C, 1 saat, 1/10 k/s)

Katy/Sivi Ayrim

Kati Auk
AGE @ Manyetik
l ayirma
Analiz: l
XRD Manyetik Uriin

|

Analiz
XRD

Cu, Co, Zn, Fe
Yiiklii ¢ozelti

Sekil 3. Deneysel ¢alismanin genel akim semasi

3.1. CFA kalsinlerinin mineralojik analizi

CFA’ya asitsiz, yalnizca pirit kavurmasi yapildiktan
sonra (1:4 pirit/CFA, 450 ° C, 1 s) elde edilen kalsin
icin XRD deseni ¢ikartilms, islem gormemis CFA ve
islem gormemis pirit XRD deseni ile Sekil 4’te
kiyaslamali bir sekilde verilmistir. XRD desenleri
incelendiginde 450 ° C’de yapilan asitsiz pirit
kavurmasi ile elde edilen kalsin, CFA ve pirit ile
kiyaslandiginda ozellikle; 17, 20, 23, 25, 31, 34, 35,
37, 39, 51, 53, 54, 57, 60 O (ref. kod. 01-087-
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0625)’daki  fayalit fazinin  bozunmadigi  yani
doniisiime ugramadigi tespit edilmistir. Yine ayni
desenlerde, kawvurma ile elde edilen kalsinde pirit
piklerinin kaybolmasi, piritin yerine 33 6’da hematitin
(Fex03) (ref. kod. 00-039-1346), 37 6’da manyetitin
(FesOq) (ref. kod 01-075-1609) goriilmesi, kiikiirtiin
bu sicaklikta uzaklastigini ve piritin oksitlendigini
gostermektedir. Ancak bu XRD desenlerinde herhangi
bir siilfatli metal pikine rastlanmanustir. Bu da 450° C
yalnizca  pirit  ile  kavurmanin  silfatlagmayi
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baglatamadiginin tespiti olmustur. Kavurma sirasinda
meydana gelen hematit ve manyetit olusum
reaksiyonlari agagida verilmistir (Esitlik 1-2) [18]:

FeS»+11:405—1/2Fe;03+2S04( 1)

@

Literatiirde piritin 420°C ve iizerindeki sicakliklarda
hematite dondsiimi, 450 °© C’de yapilan kavurma
sonrast hematit olusumu ile uyumludur [23]. Bu
sebeple 450 ° C’de 1:4pirit/CFA oraninda yapilan
kavurma igleminin ardindan piritte bulunan kiikiirtiin
oksidasyonuyla olusan SO’ nin fayalit yapisindaki baz
metallerin siilfat tuzlarina doniisiimii igin yeterli
olmadig tespit edilmistir. Sicakligin yetersiz oldugu
diistiniilerek 450 ° C haricinde 500, 550 ve 650° C
sicakliklarda kavurma islemi gergeklestirilmistir. 500,
550 ve 650° C sicakliklarda yapilan kavurma iglemi
ile 450° C’de yapilan kavurma islemi kalsinlerinde
hemen hemen ayni minerolojik doniisiimler meydana
gelmigtir. Bu sebeple 450 ° C’de yapilan kavurma
isleminin bu ¢alisma kapsaminda incelenmesi yeterli

FeS,+8/30g— 1/3Fe304+2S04(

gorilmiistir. Bu  durumda fayalit yapisinin
bozundurulmas1 i¢in kimyasal flizyon etkisini
baglatacak bir ajana yani H;SO; kullaniminin

gerekliligine karar verilmistir. Asit kavurma sirasinda
meydana gelen tepkimeler asagida verilmistir (Esitlik
3-4) [14]:

MO+ SO3 —MSO4 (3)

2MO-Si0; + 2H,S0, — 2MSO, + H,Si0,, (M: Fe, Co, Cu, Zn) (4)

CFA 350° C, 400° C, 450° C sicakliklarda 10 ml
H,SOs ve 1:4 pirit/CFA oraninda pirit ilavesi
yapilarak FeS; ilaveli asit kavurma islemine tabi
tutulmustur. Uygulanan kavurma islemleri sonrasi
elde edilen kalsinlerin XRD desenleri Sekil 5°te
verilmistir. XRD desenleri FeS; ilaveli asit kavurma

nedeniyle fayalitin baz metal siilfatlara, demir siilfata
ve manyetitten hematite, ¢inko oksitten ¢inko siilfata,
bakir  siilfirden  bakir  siilfata  doniisiimiini
gostermektedir. 350° C’de yapilan kavurma XRD
deseni incelendiginde, fayalitin kristal kafes yapisinda
bulunan fakat XRD deseninde (Sekil 1) pik vermeyen
kobalt metali, fayalit yapisinin bozunmasiyla camsi
yapidan ayrilarak 21, 30 6’da (ref. kod. 01-072-1454)
kobalt siilfat (CoSO4) olarak pik vermistir. CFA nin
XRD deseninde (Sekil 1) 29 6°da bulunan bakir siilfiir
(CuS), 28 0°da (ref. kod. 01-072-0090) bakir siilfata
(CuSO0y); 25 ve 36 0°da serbest halde bulunan ¢inko
oksitin (ZnO) ise 24, 36 0’da (ref. kod. 36 01-080-
2210) c¢inko siilfata (ZnSO4) dOniistiigh tespit
edilmigtir. Fakat 350° C’de 25 ve 37 0’da fayalit
piklerinin bulunmas1 fayalit yapilarinin tamamen
bozunmadigini ve kismi bir bozunma gergeklestigini
gostermektedir [9]. 350° C’de bulunan 28 ve 33 6’da
bulunan piritin, 400 ° C’de yapilan kavurmanin
ardindan 33 6’da (ref. kod. 01-080-1028) FeS’ye ve
37 ©’da ise manyetite dontstiigii (Esitlik 2) tespit
edilmistir. Piritin FeS ve manyetite doniisim,
ortamdaki SO, miktarinin artmasina sebep olacaktir
[18]. Bu sebeple 400° C’de yapilan asit kavurma
isleminin XRD deseni incelendiginde, sicaklik arttik¢a
25 ve 37 0’da bulunan fayalit piklerinin de sirasiyla
kobalt siilfat ve ¢inko siilfata doniisiimii piritin
ortamdaki SO, miktarin1 arttirmasinin bir sonucu
olarak vurgulanmustir [9], [10]. Ayrica 25 0’da
silikanin olusumu fayalitin bozunmasiyla silikanin
yapidan ayrilmasindan kaynaklanmaktadir. 450° C’de
30 ve 35 6’da bulunan manyetitin ve 33 6’da bulunan
FeS’in  hematite  donisimii  gergeklesmektedir.
Manyetit ve FeS’in hematite donlisiimii sirasinda
meydana gelen tepkimeler asagida verilmistir (Esitlik
5-6) [18]:

Fe304+1:402(g)—>3/2Fe203 (5)

FeS + 7/4 05  — 1/2 Fe;05 + SO ©

F: Fayalit, CO: Ginko Oksit,
H: Hematit, M: Manyetit, P: Pirit,
BSD: Bakir Siilfit, S: Silika

Siddet

..

YT U WA YO »

450 °C
KAVURMA

10 20 30

20

40

)

Sekil 4. 450 ° C’de yapilan kavurma islemi sonrasi elde edilen kalsinin XRD deseni.
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3.2.Lic ve manyetik ayirma davraniminin
incelenmesi

Farkli sicakliklarda FeS, ilaveli asit kawurma

uygulanan CFA’nin = minerolojik  dontisiimleri

gerceklestikten sonra ¢dziinme ve manyetik ayirma
davraniminin incelenmesi amaciyla kalsinlere, 10 g
kalsin, de-iyonize su kullanilarak 50 ° C’de 1:10
kati/sivi  oraninda 1 saat stireyle li¢ islemi
uygulanmustir. Li¢ islemi sonrasi ¢oziinmeden kalan
kat1 atiklarin XRD desenleri Sekil 6’da verilmistir.
FeS, ilaveli asit kavurma sonras1 metal siilfat tuzlari
lig islemi ile ¢ozeltiye alindiktan sonra kalan kat1 atiga
manyetik ayirma uygulanabilmesi igin asit kavurma
sonrasi manyetit doniigiimlerinin  gerceklesmesi
gerekmektedir. Bu sebeple 350 ° C’de yapilan asit
kavurma iglemi sonrasi kalan kati atigin XRD deseni
incelendiginde 30, 35 43, 53, 57, 63 6°da (ref. kod 01-
075-1609) manyetit pikleri gozlenmistir. Fakat 25, 37
0’da fayalit piklerinin bulunmasi fayalitin kismi
bozunmaya ugradigint ve bu durumda ¢ozeltiye gecen
baz metal miktarinin diisiik olacagini ifade etmektedir
[8]. Ayrica fayalit, SiO2’nin vustit (FeO) ve manyetit
(FeO-Fe;O3) ile kompleks olusturmast nedeniyle
manyetik 6zellige sahiptir [24]. Bu sebeple fayalit ve
32 0’da bulunan FeO, manyetik ozellikleri sebebiyle
manyetik ayrim sirasinda manyetit ile birlikte

ayrilabilmektedir [25]. 400° C’de yapilan kavurma
islemi sonrasi kalan kat1 atigin XRD deseninde 37 ve
47 0’da manyetit pikleri piritin kavurma sirasinda
doniistimiinden kaynaklanmaktadir (Esitlik 2) [18].

Bu donilisim manyetitlesmenin  kavurma sonrasi
sicakligin etkisiyle arttigin1 vurgulamaktadir. 450
9 C’de yapilan asit kavurma iglemi sonrasi ¢ikan kati
atikta ise 47 0’da manyetit pikinin yogunluk
degerindeki azalma ve 30, 35 ve 37 0’da hematit
piklerinin  varligt hematitlesmenin arttigim  ifade
etmektedir. Bu sebeple manyetitlesmenin en yiiksek
oldugu sicaklik 400 °© C’de olarak tespit edilmistir.
400° C’de yapilan kavurma islemi sonrasi kalan kati
atiga manyetik ayrim uygulanarak elde edilen
manyetik iiriine analiz yapilmis ve XRD deseni Sekil
7’de verilmistir. XRD deseni incelendiginde ana fazin
30, 35, 43, 53, 57 ve 62 0 ’da (ref. kod. 01-075-1609)
bulunan manyetit oldugu gdzlenmistir. Ayrica
manyetik triinde 22, 25, 26 6’da (ref. kod. 01-083-
2471) bulunan silika ve 32 6’da (ref. kod.01-079-
0208) bulunan ¢inko oksit fazlar1 da mevcuttur. Bu
durumda ana fazin manyetit olmasi sebebiyle 400
%C’de yapilan asit kavurma igleminin manyetik ayrim
yapilabilmesi i¢in uygun oldugu teyitlenmistir.

K0S, CS,

Siddet
Fea(SOu)

F: Fayalit, CO: Ginko Oksit, H: Hematit, M: Manyetit, P: Pirit, CuS: Bakir Siilfiir, S: Silika KoS: Kobalt siilfat, BS: Bakir Siilfat, DS: Demir Siilfat, ¢S:Cinko Siilfat
FeO: Viistit, Fe,(SO,), :Demir(ll) siilfat

Pirit

29 (o) 40

70

Sekil 5. CFA’ya farkli sicakliklarda uygulanan FeS; ilaveli H,SO, kavurma ile elde edilen kalsinlerin XRD
desenleri.
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siddet

M: Manyetit, H: Hematit, S: Silika, FeO:Viistit,
CO: Cinko oksit, P: Pirit, FeS: Demir siilfur

450°C

20 30

40

50 60 70

26(°)

Sekil 6. Kalsinlere uygulanan li¢ islemi sonrasi | kati atiklarin XRD deseni.

M

Siddet

o

10

20

30

40
26 (°)

50 60 70

Sekil 7. Li¢ atigina uygulanan manyetik ayirma sonucu elde edilen manyetik iirtiniin XRD deseni.

IV. SONUC

Flotasyon ile tekrar bakir kaynag olarak kullanilmis
curufun atigindaki biiyiik bir kismu fayalit yap1 i¢inde
hapsolmus baz metallerin  (Cu:0,34%, Zn:4,16%,
Co0:0,15%) kazanimu igin FeS, ilaveli asitli kavurma,
atmosferik su lici ve manyetit konsantre eldesi i¢in
manyetik ayirma deneyleri yapilmistir.  Oncelikli
olarak ¢oOziinmeyen camsi yapili curuf igerisine
hapsolmus baz metallerin siilfatlagmas1 igin 0.25
pirit/CFA oraninda 10ml H,SO, ilavesi ile 1 saat
stireyle 350, 400 ve 450° C sicakliklarda FeS, ilaveli
asitli kavurma iglemi uygulannmustir. 450° C’de
yapilan asitsiz pirit kavurmasi ile elde edilen
kalsindeki fayalit fazinin bozunmadig1 yani doniigiime
ugramadigi ancak hematit ve manyetit piklerinin
varlig1 tespit edilmis ve piritteki kiikiirtiin uzaklastig
ancak fayalit yapisi bozunmadigi i¢in baz metallerle
stilfat olusturamadig1 goriilmiistiir. Bu sebeple fayalit
yapisinin  bozundurabilmesi i¢in kimyasal fiizyon

164

etkisini baglatacak olan H;SO, ajani kullanilarak 0.25
pirit/CFA oraninda 350, 400 ve 450° C sicakliklarda
asit kavurma iglemi gerceklestirilmistir. 350° C
sicaklikta fayalitin kismi bozunmasiyla baz metal
siilfat, demir siilfat doniisiimleri gergeklesmis fakat
fayalit yapilarinin tamamen bozunmasi, piritin de FeS
ve manyetite doniisiimiiniin etkisiyle (ortamdaki SO,
miktarinin  arttirmasi  sebebiyle) 400° C sicaklikta
gerceklesmistir. Sicaklik 450° C’ye ulastiginda fayalit
yapisinin tamamen bozunmasina ek olarak, manyetit
ve FeS’nin, hematite doniisiimii gergeklesmistir.
350° C’de baz metal kazanimmin fayalitin kismi
bozunmasindan kaynakli olarak diigiik olmasi ve
450°C’de manyetitlerin hematite doniigiimii, asit
kavurma deneylerinin ardirdan manyetit konsantre
eldesi i¢in uygun goriilmemistir. Bu sebeple manyetit
doniistimlerinin en yiiksek oldugu asit kavurma
sicakligi 400° C olarak tespit edilmis ve bu sicaklikta
elde elde edilen kalsinin li¢ atigina kuru manyetik
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ayirma islemi uygulanmustir. Li¢ atifina uygulanan
kuru manyetik ayirma sonrasi ana fazi manyetit olan
manyetik iiriin eldesi gercektestirilmistir.

Sonug olarak; diisiik sicakliklarda yiiksek baz metal
kazanimi ve manyetit konsantre eldesinin arastirildig
bu c¢alisma kapsaminda, asit kavurma islemi sonrasi
fayalit yapilarinin tamammin bozundugu ve yiiksek
oranda  manyetit doniisiimlerinin  gerceklestigi
optimum deney kosullarinin 0.25 pirit/CFA oraninda,
10ml H,SO; ilavesi ile 1 saat siireyle 400 °© C sicaklik
oldugu tespit edilmistir.

Kisaltmalar ve Semboller

CFA: Curuf flotasyon atig1
XRD: X-Ismi Kirinim
Cu: Bakir

Zn: Cinko

Fe: Demir

Al Aluminyum

®: Teta
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Abstract

In this study, changes in temperature and precipitation climatology and extreme weather events over the Mediterranean Basin
including Turkey were investigated using HIRHAMS driven by global climate models such as EC-EARTH, HadGEM2-ES,
and NorESM1-M for 2011-2100 compared to 1971-2000. RCP4.5 and RCP8.5 scenario outputs of global climate models
were used as forcing data. Daily mean temperature and precipitation variables are used to compute extreme indices. Extreme
indices were calculated for the period of 2071-2100 compared to the reference period. According to the results, the severity
of temperature- and precipitation-based indices will be expected to increase throughout the century with increasing radiative
forcing. Minimum of minimum temperatures will increase more pronounced over the northern Mediterranean, which is
referred to as climate change hot spots, whereas the increase in a maximum of maximum temperatures is moderate over land
areas. A decrease in total wet-day precipitation is expected while the number of dry days is expected to increase. Therefore,
the Mediterranean Basin and Turkey will have warmer and drier conditions compared to present climate conditions.
Keywords: Climate change, Extreme weather events, HIRHAMS5, Regional climate modeling, The Mediterranean Basin,
Turkey.

Oz

Bu ¢aligmada, 1971-2000 referans dénemine gére 2011-2100 gelecek dénemi i¢in Tiirkiye'nin de dahil oldugu Akdeniz
Havzas1 lizerinde sicaklik ve yagis klimatolojilerinde ve asir1 hava olaylarmmdaki 6ngériilen degisiklikler, EC-EARTH,
HadGEMZ2-ES ve NorESM1-M olmak iizere ii¢ kiiresel iklim modeli ¢iktilariyla kosulan HIRHAMS bolgesel iklim modeli
benzetimleri kullanilarak degerlendirildi. Kiiresel iklim modellerinin RCP4.5 ve RCP8.5 senaryo ¢iktilar1 kullanildi. Ekstrem
iklim indekslerini hesaplamak i¢in sicaklik ve yagis degiskenlerinin giinlik ortalamalar1 kullanildi. Ekstrem iklim
indekslerindeki degisim ylizyilm sonu olan 2071-2100 yillarinda 1971-2000 referans dénemine gore hesaplandi. Sonuglara
gore, artan 1gmimsal zorlamayla birlikte ylizy1l boyunca sicaklik ve yagis temelli ekstrem hava olaylarinin daha siddetlenmesi
beklenmektedir. Minimum sicakliklardaki artis, iklim degisikliginin en Snemli sicak noktalarindan biri olmasi beklenen
Akdeniz Havzasinin kuzey kesiminde daha belirginken, maksimum sicakliklardaki artis ise karalar iizerinde ilimlidir. Art
arda gelen kurak giinlerin sayisindaki artigla birlikte toplam yagish giin sayilarinda azalma beklenmektedir. Bu nedenle,
Akdeniz Havzasi ve Tiirkiye iizerindeki iklim kosullarmin daha sicak ve daha kurak olmasi dngériilmektedir.

Anahtar Kelimeler: Akdeniz Havzasi, Asir1 Hava Olaylari, Bolgesel Iklim Modellemesi, HIRHAMS, Iklim Degisikligi,
Turkiye.

I. INTRODUCTION

Climate change is a major problem for human beings in this century. Climate change, which has a different
impact in different regions of the world, affects many different areas such as human health, agriculture and food
supply, freshwater resources, and sea-level rise and it threatens not only human beings but also all living
organisms. Additionally, changes in the frequency and intensity of extreme events have been observed.
According to the latest report of the Intergovernmental Panel on Climate Change (ARG), it is certain that human
influence warms the atmosphere, ocean, and soil. Widespread and rapid changes have occurred in the
atmosphere, ocean, cryosphere, and biosphere, and human influence has warmed the climate at an unprecedented
rate in at least the last 2,000 years and those changes are unprecedented for centuries and millennia. Each of the
last 4 decades since 1850 has been warmer than the decade that preceded it [1].

Results of the climate model projections show that the larger Mediterranean Basin including Turkey has been
specified as the climate change hot spot by previous studies [2-7]. According to the model results, warming will
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be expected to occur over the Mediterranean in this
century [8-15]. Interannual temperature variability is
also projected to increase in summer [5][8]. Because
of an increase in temperature variability with the
strong mean warming, the severity of extreme
temperatures and the frequency of heatwaves are
expected to increase [16]. Model projections agree
that in the Mediterranean region, the increase in
temperature will be 20% warmer than the global
temperature change, and a higher increase is expected
to occur in summer. Temperatures in the day are
anticipated to increase more than temperatures in the
night, indicating an increase in the magnitude of the
diurnal range [7].

There will also be an escalation of heat stress in the
Mediterranean Basin and the frequency and severity of
heatwave days will increase because of projected
changes in extreme climate indices for temperature
[17-24]. Heat stress is expected to intensify due to
right-skewed temperature distribution. According to
the projections, larger increases are anticipated in the
95th percentile maximum and minimum temperatures
than that of the 75th percentile [18]. The number of
occurrences of a heatwave is projected to highly
increase in the Mediterranean region changing from
about 2 days per summer for the reference period of
1961-1990 to around 6-24 days in 2021-2050 and
27-67 days in 2071-2100 [21]. According to the
projections based on CMIP5 multi-model ensembles
under RCP8.5, for the Mediterranean region, the
highest temperatures are found to increase about 7 °C
in summer which is among the greatest across all
subregions around the world. Tropical nights will also
increase by approximately 80 days in the
Mediterranean under RCP8.5 [22].

Turkey is also a wulnerable region to climate change
since it is one of the Mediterranean countries. Studies
on climate change and variability for the
Mediterranean Basin by simulating global and
regional climate models based on both observation
data and various greenhouse gas emission scenarios
show that the Mediterranean Basin will be adversely
affected by climate change in the future [25-30].
Accordingly, an increase in the number of extremely
hot days, the frequency and continuity of heatwaves is
expected in the Mediterranean Region [31-37]. There
are not many climate model projection studies over
Turkey and surrounding regions. Almost all studies
were based on results of the regional climate model,
RegCM [38-53]. Results based on RegCM driven by
different global climate models show warming and
drying over Turkey. The temperature will increase
from on average 1 °C up to 4 °C for the period of
2020-2050. According to the results of RegCM driven
by HadGEM2-ES under RCP4.5, there will be a 4.0
°C increase in temperature for summer in all parts of
the region and a 2.0 °C increase in temperature for
winter. According to the model results except ones
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driven by HadGEM2-ES under RCP 8.5, precipitation
will decrease almost all over the domain which is
already dry [54].

Studies of regional climate projections based only on
one regional climate model (RegCM) for Turkey and
surrounding regions are not adequate. The ensemble
approach which is based on the ensemble mean of
multi-model results has been an approved technique
for several years in the regional modeling community.
This leads to international projects involving many
model working groups such as PRUDENCE [55-56],
ENSEMBLES [57-58] and CORDEX [59-60],
providing an opportunity for a better understanding of
the change in future climate. The most important
reason for the lack of literature in this regard over
Turkey is that the regional climate models are not
open source and are mostly used by developing
centers. HIRHAMS (a model developed by the Danish
Meteorological Institute) was used in this study to
obtain 12.5 km simulations [61]. HIRHAMS5 has been
effectively used as a regional model and applied to the
EURO-CORDEX domain including the
Mediterranean  Basin [62-66]. Simulations are
performed by driving the model with EC-EARTH,
HadGEM2-ES, NorESM1-M global climate model
which has medium, high and low climate sensitivity
respectively, under RCP4.5 and RCP8.5. Monthly
mean values of temperature and precipitation were
used to investigate the change in climatology for
2011-2100 relative to the base period of 1971-2000.
Daily minimum, maximum temperature, and
precipitation fields were also used to calculate climate
indices defined by ETCCDI. Results of HIRHAMS5
were also compared with the results of a different
model, RegCM [67-68].

Il. MATERIALS AND METHOD

In this study, HIRHAM5 was used to project
temperature and precipitation climatology over the
Mediterranean and Turkey. The HIRHAM is a
regional atmospheric climate model based on the
HIRLAM [69] and ECHAM models [70], combining
the dynamics of the former model with the physical
parameterization schemes of the latter. The HIRLAM
model — High-Resolution Limited Area Model - is a
numerical short-range weather forecasting system
(http://hirlam.org) and has been used for routine
weather forecasting at various meteorological
institutes, i.e. DMI (Denmark), FMI (Finland), IMS
(Iceland), KNMI (The Netherlands), met.no (Norway),
INM (Spain), and SMHI (Sweden). Results of the
model were compared with ERA-interim [71]
reanalysis datasets and CRU observational datasets to
test its performance [72]. EC-EARTH, HadGEM2-ES,
and NorESM1-M global climate models were used as
forcing data for future simulations under two RCPs
[73-75]. In this study, climate variables for the
Mediterranean region and Turkey were simulated via
HIRHAMS under the two different RCPs [75].
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RCP4.5, which is a medium-low emission scenario,
stabilizes after 2100 at 4.5 W/m® without overshoot
pathway, while RCP8.5 is the highest of the four
reaches at 8.5 W/m? in 2100 on a rising trajectory.

The spatial changes in lowest of minimum
temperatures (TNn) and highest of maximum
temperatures (TXx), the temporal evolution of cold
days, cold nights, warm days, and warm nights, and
spatial patterns of change in total wet day precipitation
and consecutive dry days (CDD) were computed for
all datasets and scenario outputs [76-78]. The
percentile indices are presented as the percentage of
days that exceed the thresholds calculated as
percentiles of the 1971-2000 base period. Cold nights,
cold days and warm nights, and warm days, which are
represented as the percentage of days where TN or TX
is less than the 10th or more than the 90th percentile,
respectively were considered. In the warm spell
duration index (WSDI), the number of days of a year
when the daily maximum temperature is more than the
90th percentile for at least six consecutive days were
counted. CDD is described by the duration of the
longest period of dry days occurred consecutively in a
year. Extreme weather indices were calculated for the
future period of 2071-2100 compared to the period of
1971-2000.

Table 1. Extreme Climate Indices recommended by
ETCCDI.

Label Index Name Definition Unit

Annual minimum of

TNn minimum temperature

Min TN °C

Max TX Annual maximum of oc

TXX -
maximum temperature

The percentage of days
in a year is determined
where TN < 10" %
percentile of minimum
temperature

TN10p Cold Nights

The percentage of days
in a year is determined
where TX < 10" %
percentile of maximum
temperature.

TX10p Cold Days

The percentage of days
in a year is determined
where TN > 90" %
percentile of minimum
temperature.

TNO9O0p Warm Nights

The percentage of days
in a year is determined
where TX > 90" %
percentile of maximum
temperature.

TX90p Warm Days

Annual count of days
with at least 6
consecutive days when
TX > 90" percentile of
maximum temperature.

Warm Spell

WSDI Duration

days

Annual total
precipitation in wet mm
days.

Total wet-day

PRCPTOT L
precipitation

The largest number of
consecutive days where
PR<1 mm.

Consecutive

coD Dry Days

days

I11. RESULTS AND DISCUSSIONS

3.1. Model Performance for Temperature

RCM’s performance in simulating present climate
conditions was investigated by comparing model
results with ERA-interim and CRU for 1971-2000.
Results of ERA-Interim are given for 1980-2000 due
to the awvailability of data. Outputs of HIRHAMDS,
driven by EC-EARTH, HadGEM2-ES, and
NorESM1-M are represented in Figure 1-3 together
with ERA-interim and CRU respectively. The
climatology of model results was calculated for a
period of 1971-2000. The results of the model show a
much more detailed temperature distribution due to
higher resolution (0.11°-12.5 km) compared to ERA-
interim (0.75°) and CRU (0.5°) dataset. Comparisons
with the observational dataset (CRU) were also given
as statistics including bias, Root Mean Square Error
(RMSE), and correlation coefficient for mean
temperature, maximum and minimum temperature,
and precipitation weighted over the domain for each
season (Table 2-5). Regional climate model,
HIRHAM forced by all three global climate models
simulates the spatial and temporal (seasonal)
distribution of temperature over the domain. All three
model outputs show similar temperature distribution
throughout the region except HadGEM2-ES shows
warmer temperatures over the Mediterranean Sea and
North Africa could be due to high equilibrium climate
sensitivity of global climate model HadGEM2-ES.
Results of each model produce colder temperatures
compared to reanalysis and observational dataset
around high topographical regions of the domain like
the Alpine region and southeastern Turkey. We also
observed this cold bias in outputs of RegCM. This
might be because of error in measurements at the
stations which were generally built-in valleys of
mountains of the region [53]. Excluding the
mountainous parts of the domain, HIRHAMS5 gives
similar results with reanalysis data and observation.

Spatial statistics for seasonal mean temperature were
given in Table 1. Results of the ERA-interim dataset
and the HIRHAMS model were compared with the
CRU observational datasets. The performance of the
reanalysis dataset is better compared to the regional
model as expected. A cold bias is seen in the results of
EC-EARTH driven HIRHAMS for every season
whereas warm bias is seen in HadGEM2-ES and
NorESM1-M driven HIRHAMS except for summer in
NorESM1-M driven HIRHAMS. Even though the
results of HIRHAMS driven by different GCMs are
quite similar in magnitude, HadGEM2-ES driven
HIRHAMS5 model results show better performance
compared to other models except for winter if we look
at the RMSE values. Winter has larger RMSE values
than the other seasons likely due to cold bias around
the mountainous region. It is also shown that model
results are highly correlated with the observational
dataset. Maximum and minimum temperature results
of HIRHAMS driven by three GCMs were also given
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in Table 3 and Table 4, respectively. Each model
result has cold biases for every season regardless of
driven GCM for maximum temperature. This could be
indicating that future changes in maximum

temperature are underestimated by model results.
RMSEs are higher than that of mean temperature
which is anticipated since the magnitude of maximum
temperature is larger than mean temperature. Summer
values of RMSE are larger than other seasons in which

stronger magnitudes are observed. On the other hand,
minimum temperatures are overestimated by the
model (Table 4). EC-EARTH driven HIRHAMS5 has
the highest performance out of the three models
according to RMSE values. Both maximum and
minimum temperature results are found to be highly
correlated with the observational values.
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Figure 1. Average temperatures (°C) by HIRHAMS5 with EC-EARTH dataset for 1971-2000 (1% column), by
ERA-Interim dataset for 1980—2000 (2™ column) and CRU observational temperature dataset for 19712000 (3"
column) for winter (a-c), spring (d-f), summer (g-i), autumn (j-I).
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Figure 2. Average temperatures (°C) by HIRHAMS with HadGEM2-ES dataset for 1971-2000 (1 column), by
ERA-Interim dataset for 1980—2000 (2™ column) and CRU observational temperature dataset for 19712000 (3"
column) for winter (a-c), spring (d-f), summer (g-i), autumn (j-I).
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Figure 3. Average temperatures (°C) bdy HIRHAMS with NorESM1-M dataset for 19712000 (1* column), by
ERA-Interim dataset for 1980-2000 (2" column) and CRU observational temperature dataset for 1971-2000 (3"
column) for winter (a-c), spring (d-f), summer (g-i), autumn (j-I).

Table 2. Statistics for seasonal mean temperature (°C) weighted over the whole domain for the period of 1980-
2000 for ERA-interim, and 1971-2000 for HIRHAMS driven by three global climate models compared to CRU
observational dataset.

ERA-interim EC-EARTH- HadGEM2-ES- | NorESM1-M-
HIRHAM HIRHAM HIRHAM
Bias 0.448 -0.321 0.114 1.301
DJF RMSE 1.244 2.490 2.593 2.882
Correlation 0.975 0.900 0.881 0.877
Bias 0.424 -0.624 0.504 0.857
MAM RMSE 1.042 1.606 1.553 1.777
Correlation 0.977 0.958 0.955 0.951
Bias 0.482 -1.700 0.500 -0.660
JIA RMSE 1.231 2.548 1.809 2.217
Correlation 0.970 0.944 0.937 0.928
Bias 0.535 -1.160 0.288 0.163
SON RMSE 1.068 2.087 1.847 1.835
Correlation 0.982 0.944 0.937 0.931

Table 3. Statistics for seasonal mean maximum temperature (°C) weighted over the whole domain for the period
of 1971-2000 for HIRHAMS driven by three global climate models compared to CRU observational dataset.

EC-EARTH- HadGEM2-ES- | NorESM1-M-
HIRHAM HIRHAM HIRHAM
Bias -1.776 -1.370 -0.329
DJF RMSE 2.922 2.880 2.642
Correlation 0.921 0.907 0.901
Bias -2.517 -1.322 -1.079
MAM RMSE 3.110 2.366 2.388
Correlation 0.940 0.930 0.920
Bias -4.046 -1.896 -3.023
JIA RMSE 4.848 3.211 4,210
Correlation 0.901 0.885 0.880
Bias -3.303 -1.876 -2.043
SON RMSE 3.719 2.608 2.829
Correlation 0.950 0.944 0.935
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Table 4. Statistics for seasonal mean minimum temperature (°C) weighted over the whole domain for the period
of 1971-2000 for HIRHAMS driven by three global climate models compared to CRU observational dataset.

EC-EARTH- HadGEM2-ES- NorESM1-M-
HIRHAM HIRHAM HIRHAM
Bias 1.389 1.881 3.148
DJF RMSE 3.230 3.448 4.197
Correlation 0.895 0.879 0.874
Bias 1.393 2.448 2.916
MAM RMSE 2.468 3.120 3.454
Correlation 0.937 0.938 0.940
Bias 0.857 3.053 1.883
JIA RMSE 2.209 3.569 2.836
Correlation 0.938 0.935 0.925
Bias 1.282 2.727 2.624
SON RMSE 2.583 3.553 3.429
Correlation 0.924 0.917 0.914

3.2. Model Performance for Precipitation

Average precipitation obtained from the HIRHAMDS,
driven by EC-EARTH, HadGEM2-ES, and
NorESM1-M global dataset, together with ERA-
interim and the CRU, is presented in Figure 4-6
respectively. Results give very similar values for each
HIRHAMS output driven by three different global
models. We observe slightly more precipitation in the
spring season over the Mediterranean Sea for
HIRHAM5 driven by EC-EARTH model data than
other model results (Figure 4d). Even though the
regional climate model reproduces seasonal variability
reasonably  well, it overestimates precipitation
compared to the observation, especially over high
plateau regions during the spring, autumn, and winter
seasons. Overestimation is independent of the global
climate model used to drive the regional climate
model, HIRHAMS. This wet bias is also observed in
outputs of regional climate model RegCM. It might be
because of the bias in the observational dataset as we
observed it in temperature outputs as well. However,
model outputs agree with reanalysis and observations
for summer over Turkey where precipitation amounts
have already low values.

Model performance for precipitation was also
investigated by looking at spatial statistics over the
whole domain given by Table 5. Results were
compared with the CRU observational dataset for
mean precipitation as well. Negative bias is seen in the
ERA-interim results for every season. Model results
differ in direction of bias except for negative bias in
summer. There is a positive bias for winter in all
outputs of HIRHAMS indicating that it overestimates
the precipitation. Bias and RMSE values are smaller
for summer since this season is drier compared to
other seasons in the region. Winter has higher values
of RMSE even if the bias is small possibly because of
an overestimation of precipitation values. EC-EARTH
driven HIRHAMS has the lowest RMSE for winter
and autumn when the region takes more precipitation
compared to other seasons. Even though it is less than
temperature, precipitation values are also correlated
with the observation.
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3.3. Changes in Temperature

Projections of temperature obtained from HIRHAMS5
forced by EC-EARTH, HadGEMZ2-ES, and
NorESM1-M based on the RCP4.5 scenario are
presented in Figure 7, Figure 9, and Figure 11.
Outputs based on RCP8.5 scenarios are also presented
in Figure 8, Figure 10, and Figure 12. First, general
warming is projected over all parts of the domain
throughout the century. Projected warming is
increasing and becoming stronger with time and
strongest warming is expected in the end-century
period. The outputs of all three global model datasets
show similar changes with each other. However, the
HadGEM2-ES global model has more severe results
than EC-EARTH and NorESM1-M especially under
RCP8.5 for 2071-2100 very likely due to high climate
sensitivity (Figure 12). According to RCP8.5 model
scenario results of EC-EARTH and NorESM1-M, the
highest warming of 5 °C is found to be in southeast
Europe, Turkey, Morocco, Algeria, and the Iberian
Peninsula, in summer (Figure 12-g, i) for end century
period. HadGEM2-ES model gives more than 6 °C
increase over all parts of the domain for summer
(Figure 12-h). More warming in Central Europe and
North Africa will be observed in winter (Figure 12-a,
b). Temperatures will be expected to increase from 3.5
up to 5 °C for spring and autumn (Figure 12-d,e,f and
j,k,1). According to RCP4.5 results, warming will be
expected to be between 1.5 °C and 5 °C for the period
of 2071-2100 (Figure 11). The maximum temperature
increase is projected in summer mainly over the
regions including Morocco, Algeria, and the Iberian
Peninsula (Figure 11-g,h,i). The warming temperature
pattern is similar for both scenarios and all periods
with summer being the warmest and winter less warm
season. Therefore, it is anticipated that the change in
temperature over the region will be towards warmer
temperatures as time passes. Moreover, the changes
will be more severe for RCP8.5 compared to RCP4.5.
The regional climate model results of temperature are
generally in line with ARG [1, 29].
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Table 5. Statistics for seasonal mean precipitation (mm/day) weighted over the whole domain for the period of
1980-2000 for ERA-interim, and 1971-2000 for HIRHAMD5 driven by three global climate models compared to
CRU observational dataset.

ERA-interim EC-EARTH- HadGEM2-ES- | NorESM1-M-
HIRHAM HIRHAM HIRHAM
Bias -0.362 0.368 0.380 0.583
DJF RMSE 0.650 1.768 1.949 2.286
Correlation 0.877 0.652 0.614 0.631
Bias -0.201 0.268 -0.093 0.089
MAM RMSE 0.451 1.334 1.089 1.362
Correlation 0.902 0.716 0.711 0.716
Bias -0.156 -0.015 -0.241 -0.197
JIA RMSE 0.423 0.850 0.712 0.809
Correlation 0.935 0.812 0.812 0.797
Bias -0.314 0.171 0.267 0.206
SON RMSE 0.548 1.145 1.245 1.301
Correlation 0.920 0.744 0.731 0.722
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Figure 8. Spatial changes in temperatures (°C) obtained from HIRHAMS, forced by EC-EARTH, HADGEM2-
ES, and NORESM1-M with RCP8.5 for 20112040, with respect to 1971-2000: (a-c) winter, (d-f) spring, (g-i)
summer, (j-1) autumn, respectively.
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Figure 12. Spatial changes in temperatures (°C) obtained from HIRHAMS5, forced by EC-EARTH, HADGEM?2-
ES, and NORESM1-M with RCP8.5 for 2071-2100, with respect to 1971-2000: (a-c) winter, (d-f) spring, (g-i)
summer, (j-1) autumn, respectively.
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3.4. Changes in Precipitation

The projection of precipitation changes based on the
RCP4.5 is presented in Figures 13, 15, and 17
respectively. Outputs based on RCP8.5 scenarios are
also presented in Figure 14, Figure 16, and Figure 18.
Even though no pronounced change in the amount of
precipitation will be expected over the domain,
especially for the near-future period of 2011-2040, the
direction of the change is negative except slight
increase given by HadGEM2-ES results for the winter
over southern Europe and the lberian Peninsula for
both emission scenarios RCP4.5 and RCP8.5 (Figures
13 and 14). The magnitude of decrease in precipitation
is projected to be larger for the mid-future period
especially over the Iberian Peninsula, and the Alpine
region in autumn with a strong decrease simulated by
HadGEM2-ES driven HIRHAM (Figure 15 and 16). A
decrease in precipitation in the southwest coasts of
Turkey will be expected much in the winter for the
end-century period (Figure 18-a,b,c). However,
models give an increase of precipitation in the north
part of Turkey and the Alpine region for winter. Drier
conditions will be expected to occur for Turkey for all
seasons except winter. Model outputs of RCP8.5 show
more intense values than RCP4.5 output. A decrease
in precipitation amounts in the Mediterranean Basin
will be expected for summer and autumn. This
decrease will occur over the north part of the
Mediterranean region including the Balkans, France,
Italy, and Caucasia. These results are also in line with
ARG, stating that South Europe and the Mediterranean
Basin will receive a less amount of average
precipitation [1, 29].

3.5. Future Changes in Extreme Indices

3.5.1. Absolute temperature indices

Future changes in TXx and TNn for 2071-2100
relative to 1971-2000 for two RCPs are presented in
Figures 19 and 20, respectively. The projected
changes in TNn and TXx differ from each other
spatially. The increase in TNn is higher in northern
parts of the region such as central and southern
Europe. The highest increase in TNn, up to 12 °C, is
projected in RCP8.5 in regions such as the south
Balkans and especially the southeastern part of Turkey
(Figure 20). Larger changes in TNn in high
topographical regions might be associated with snow
cover retreatment. Changes in TXx are only moderate
over land. The increase in TXx over the Iberian
Peninsula is remarkable compared to other land areas,
especially for regional climate model outputs driven
by the HadGEM2-ES global model. HadGEM2-ES
has more severe results than other models for TXx and
TNn as well in both RCPs. Nevertheless, TXx
warming over the Mediterranean is about 7 °C.
Therefore, summer extreme temperatures will be
pronouncedly increasing over the region.
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3.5.2 Duration temperature index

Projected changes in the warm spell duration over the
period of 2071-2100 relative to the base period of
1971-2000 for two RCPs are presented in Figure 21.
Consistent with the changes in extreme temperatures,
WSDI is expected to increase in both RCPs. Changes
in RCP8.5 are again stronger for all simulation results.
The greatest increase in WSDI occurs in the
Mediterranean Sea and this might be related to WSDI
being sensitive to temperature variability which is
small in the Mediterranean Sea surface [22]. Results
indicate that the duration of warm spell will be more
than 100 days longer for the worst-case scenario at the
end of the century. This increase will be more in the
south part of the Iberian Peninsula and Northern
African countries. The southeastern part of Turkey
will have around 180 days longer warm spell
according to the projections.

3.5.3. Percentile temperature indices

The percentile indices are represented as a percentage
of days relative to 1971-2000 (Figure 22). A decrease
in the number of cold nights and cold days is projected
from the 1970s throughout the century in all model
results. The decrease is generally more pronounced in
HadGEM2-ES results starting from 2010 (red line).
The responses for RCP8.5 are showing a very strong
decrease in TN10p and TX10p from about 12% to
0.3%, throughout the century. These results show that
almost no cold nights or cold days will occur by the
end of the century. Warm nights and days will be
expected to increase throughout the 21st century
(Figure 22a, b). The increase is again higher in
HadGEM2-ES results than the results of other models.
The positive change in the number of warm nights and
days for RCP8.5 scenarios is from about 10% in
1971-2000 to 84.6%, 76.4%, and 74.9% by 2100 for
HadGEM2-ES, EC-EARTH, and NorESM1-M model
results, respectively. Results show that more than 75%
of the days and nights will be warmer than the 90"
percentile of 1971-2000 by the end of the century.

3.5.4. Precipitation indices

Total wet-day precipitation is defined by the amount
of precipitation on the day whose precipitation is at
least 1 mm. Results are given for the period of 2071-
2100 relative to the base period 1971-2000 in % for
both scenario outputs in Figure 23. Projected change
in CDD is shown in Figure 24. For the end of the
century, total wet-day precipitation decreases
significantly over southern parts of the region in both
RCPs relative to 1971-2000. There is also a slight
increase in total wet-day precipitation over southern
Europe. Regions in which decreases in total wet-day
precipitation are projected will also observe a
pronounced increase in CDD. Pronounced increases of
CDD occur particularly in northern Africa, the Iberian
Peninsula, and the inner regions of Turkey (Figure
24). Slight decreases in CDD are also expected to
occur in the Alpine region.
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Figure 16. Spatial changes in precipitation (mm/day) obtained from HIRHAMD5, forced by EC-EARTH,
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Figure 19. The temporally averaged changes in the TXx (°C) for 2071-2100 presented as differences compared
to 1971-2000 under RCP4.5 (1% column), and RCP8.5 (2™ column) by using outputs of HIRHAMS5 driven EC-
EARTH (the first row), HadGEM2-ES (the second row) and NorESM1-M (the third row).
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Figure 20. The temporally averaged changes in the TNn (°C) for 2071-2100 presented as differences compared

to 1971-2000 under RCP4.5 (1% column), and RCP8.5 (2™ column) by using outputs of HIRHAMS driven EC-
EARTH (the first row), HadGEM2-ES (the second row) and NorESM1-M (the third row).

182



Mediterranean climate

Int. J. Adv. Eng. Pure Sci. 2022, 34(1): 167-189

10°E 20°E

0° 10°E 20°E 30°E

0 30 60 90 120150180210240270300330
Figure 21. The temporally averaged changes in the WSDI (in days) for 2071-2100 presented as differences

compared to 1971-2000 under RCP4.5 (1% column), and RCP8.5 (2™ column) by using outputs of HIRHAM5
driven EC-EARTH (the first row), HadGEM2-ES (the second row) and NorESM1-M (the third row).

40°E

LONNEREEO

48°N
42°N
38°N
34°N
30°N

46°N
42°N
38°N
34°N
30°N

48°N
42°N
38°N
34°N
30°N

RCP8.5 - Warm Spell Duration (WSDI

days

L)
0° 10°E

days

2) Cold Nights (TN10p) b) Cold Days (TX10p)

14 14

12 —§ 12
AT 2 hA
g 1o % ——EARRF g 10— m ——EARRF
] \ W‘\’ ——EARRCPS.5 =8 W —EARRCPS.S
12 o
El Y ——HG RF 56 ey ——HG RF
2 \ \ ——HG RCPBS 3 |\ —HGRCPES
g4 s : g4 b b :
g "’\-\_‘\A' ——NOR RF 2, r.\Mv ——NOR RF

\M;:_‘ NOR RCP85 V\\:;\\ NOR RCP85
0 0 P——
1671 1981 1991 2001 2011 2021 2031 2041 2051 2061 2071 2081 2091 1971 1981 1991 2001 2011 2021 2031 2041 2051 2061 2071 2081 2091
Year Year

) Warm Nights (TN90p) d) Warm Days (TX90p)

%0 %0

£ 80
e S~

- - 4

e / 7 ——EARRF e P EARRE
5 \ f'/ / ——EARRCPS.S 5 =4 —
g 50 / \/ /\/ . 350 Vs vl EARRCPS.5
240 g ——HG RF a0 7 ——HGRF
g 30 7 /:,:J/ﬂ ——HG RCP8S bR 7~ ,,.-/N/ ——HG RCP85
S0 J"‘/ ——NORRF E 2 MJ_,/ ——NORRF

10 e NOR RCP8S 0 T NOR RCPS5

0

1971 1981 1991 2001 2011 2021 2031 2041 2051 2061 2071 2081 2091
Year

0

1971 1981 1991 2001 2011 2021 2031 2041 2051 2061 2071 2081 2091
Year
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Figure 23. The temporally averaged changes in total wet-day precipitation for 20712100 displayed (in %)
compared to 19712000 for RCP4.5 (1% column), and RCP8.5 (2™ column) by using outputs of HIRHAMS5
driven EC-EARTH (the first row), HadGEM2-ES (the second row) and NorESM1-M (the third row).
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IV. CONCLUSION

In this study, future change in temperature and
precipitation climatology and extreme climate indices
over the Mediterranean Basin including Turkey were
investigated using HIRHAMD5 forced by EC-EARTH,
HadGEM2-ES, and NorESM1-M global climate
models for three future periods of 2011 2040, 2041
2070, and 2071-2100. First, the ability of the
HIRHAMS in reproducing the observed conditions
was investigated for 1971-2000 compared to ERA-
interim and CRU datasets. Performance of HIRHAM5
is reasonable except cold bias around mountainous
regions and wet bias has already been observed in the
RegCM result. According to results, an increase in
temperatures over all parts of the domain with
stronger warming for summer will be expected.
Results of the HadGEM2-ES global climate model
mostly show more warming than the results of EC-
EARTH and NorESM1-M global model projections.
This result could be very likely because of the high
response of HadGEM2-ES to the doubling of CO2
concentrations in the atmosphere. It is important to see
all range of changes in future climate over the region.
A decrease in precipitation will likely occur in almost
all parts of the region except in winter. Most of the
drier weather conditions will be expected especially in
winter over western and southern Turkey. This result
is essential because those parts of Turkey usually get
most of its precipitation in the winter. A relative
decrease in the precipitation is not severe in the model
outputs since the region is already arid and semi-arid
in the summer months.

Projected changes in extreme climate indices defined
by ETCCDI were also investigated by using outputs of
HIRHAMS. Results show that an intensification of
extreme weather events will be expected with
increasing radiative forcing. Increase TNn are more
pronounced particularly over the northern part of the
Mediterranean Basin. On the other hand, increases in
TXx are moderate over land areas. Stronger increases
will be observed in summer over the region. The
temporal evolutions of extreme climate indices show
that changes will be stronger with the time and will be
the strongest at the end of the century. According to
the results, a decrease in total wet-day precipitation is
anticipated. Longer dry spells are projected to occur as
indicated by CDD results.

Model results are also in line with regional climate
model RegCM driven by HadGEMZ2-ES which
simulates an increase of between 3 °C and 7 °C in
mean air temperatures of Turkey depending on the
scenario. This warming will be more severe in warm
seasons than in cold seasons [30]. The results obtained
in this study show that Turkey and the Mediterranean
region will be greatly affected by climate change due
to generally increasing air temperatures and
decreasing precipitation. The southern and mid-south
regions of Turkey which have already low
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precipitation and very hot climate will be expected to
have drier and warmer weather conditions. All these
results also clearly reveal that Turkey’s level of
vulnerability to future human-induced climate change
and to its possible consequences is very high.
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