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ABSTRACT: In this study, the cost analysis is used to determine the capital cost flow of
two different solar power plants. PV panels at one of these solar power plants are located
at fixed collector angle, whereas the other one with the same operating conditions has a
solar tracking system. Although both PV solar power plants operate under similar
conditions, there are many differences in terms of economic parameters. These
parameters can be used for the economic feasibility of solar power plant for investors.
Some of these parameters are capital cost flow, operation and maintenance cost, total
capital investment, present value factor, annual capital cost, salvage value. The results
obtained from both economic analyzes were compared according to the parameters
considered.
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INTRODUCTION

The investment costs of the solar power plant are very important for investors. However,
studies about economic analysis of solar power plants are very rare and investments in
solar power plants are increasing in many parts of the world. Generally, economic
analysis about solar power plant based on the PV module is carried out by big
organizations, councils and intuitions. One of those reports about economic analysis
worldwide is published by The World Energy Council. That organization publishes very
detail report on solar energy in every year. In that report, many parameters are
considered such as solar energy, information about the sector, the latest economic data
and so on (Khetarpal, 2016). In the same perspective, The European Union is also
publishing a similar report. In that report, up-to-date information on the solar energy
sector in the European Union member countries is shared. Also, evaluation of policies of
the other countries on solar energy can be found in that report (Jager-waldau, 2016).
Reports of national institutes on the solar energy sector can be found in the literature.
Those reports are handled mainly economic data and policies of investors, governments
and producers. One of those national institutes is the National Renewable Energy
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Laboratory. That institute has shared the latest technological developments, studies
about the solar cell, economic data and recent investments on a national basis (National
Renewable Energy Laboratory, 2018). However, those institutions and councils are not
considering specific economic data. For example, levelized cost analysis is used for
determining capital cost flows of two different solar power plants. In the previous study,
one of these solar power plants was designed as PV panels placed at fixed collector angle
(Giirttirk, 2019). The other solar energy plant considered in this study is designed with a
solar tracking system. In the literature, many studies about the solar tracking system can
be found (Mousazadeh et al., 2009). Those studies are about novel solar tracking system
design, tracking the sun at low error rates, advantages and disadvantages of solar
tracking systems and so on. For example, researchers have studied on passive solar
tracking (Clifford & Eastwood, 2004) and they said that azimuth-elevation and tilt-roll
tracking mechanism method have been most used (Chong & Wong, 2009). As can be seen,
any study about economic advantages and disadvantages of solar tracking systems
cannot be found in the literature. However, very limited analysis which was about the
economic benefits of solar tracking system has been carried out in the literature (Bhagat,
2016).

MATERIAL AND METHODS

The levelized cost analysis considers many economic parameters. These parameters show
capital cost flow, cost of operating and maintenance, total capital investment, present
value factor, annual capital cost, salvage value. These parameters are calculated as
follows,

Ais the capital cost flow (Bejan, Tsatsaronis, & Moran, 1996; Gurtiirk, 2019; Girturk,
Oztop, & Hepbasli, 2015).

Bz 1)
where 2 is the hourly levelized cost of capital investment. 2" is the hourly levelized
cost of operating and maintenance of the solar power plant.

ao A @

Hourly levelized operating and maintenance cost (2*) is calculated by using Eq. (3)
(Bejan et al., 1996; Giirtiirk, 2019; Giirtiirk & Oztop, 2016; Giirttirk et al., 2015).

A N (3)

Many parameters are considered for the levelized cost analysis and these parameters are
shown in Table 1 (Gurttirk, 2019).

Table 1. Economical parameters of solar power plants with and without a solar tracking
system for 1 MW power (US$) (Giirttirk, 2019)

Without a solar tracking system With a solar tracking system
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Parameters
PV modules (270 W) 594,000.00 594,000.00
Inverter 98,600.00 98,600.00
Other system components 237,726.00 237,726.00
226,437.00 226,437.00
Other costs
Solar tracking system - 115,676.33
TOTAL COST 1,156,763.34 1,272,439.67

These costs parameters considered in the study may vary. For example, land structure,
panel type used and transportation costs may affect initial investment costs. At the same
time, the variability of global economic parameters should be considered. Especially
when macroeconomic parameters are considered, their effects on costs may vary. In
summary, it should be noted that the values in table 1 are not constant and depend on
the reasons explained above.

RESULTS AND DISCUSSION

In this study, a levelized cost analysis was carried out for determining capital cost flows
of two different solar power plants which are designed as PV panels placed at fixed
collector angle and with solar tracking system. Considering the data in Turkey, foreign
currency loan interest rates for both system are taken into consideration as 6%. Results
obtained from the economic analysis shows in Table 2.

Table 2. Results obtained from the economic analysis (US$)

Without a  solar With a solar tracking

Parameters tracking system system
Present worth 1,130,855.909 1,272,439.67
Salvage value 115,676.344 127,243.96
Present value factor 2.28E-08 2.28E-08
Effective discount rate 6% 6%

Annual capital cost 89,878.39 98,866.22
Capital recovery factor 0.079 0.079
Hourly levelized cost of

capital investment 10.26 (US$/h) 11.28 (US$/h)
Hourly levelized cost of

operating and maintenance  5.79 (US$/h) 7.84 (US$/h)

Capital cost flow 16.05 (US$/h) 19.13 (US$/h)
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It can be said that the initial investment cost is high for both systems. However, it is seen
that the initial investment cost of a solar energy plant which has a solar tracking system,
is higher. Many published reports indicate that prices are still high due to the need for
raw materials in the production of photovoltaic panels. Although the initial investment
cost of solar power plants is high, the cost of a power plant with a solar tracking system
seems to be the most important barrier. Also, the costs of operating and maintenance of
the solar tracking systems are high too. It is observed that the solar tracking systems
increase the total power output at a rate between 20 - 40% (Samsamoddin Naghavi
Chalehtori & M. Funde, 2015). When solar power plants are considered according to
economic values, the most important parameter is the first investment cost. The investors
want to decrease this parameter, and they chose solar power plants which are designed
as PV panels placed at fixed collector angle. Results obtained from the analysis show that
capital cost flow of the solar power plant which is designed as PV collectors placed at
fixed collector angle is 16.05 (US$/h). The capital cost flow of the other system which is
designed solar tracking system is 19.13 (US$/h). When costs of operating and
maintenance of both systems are compared, cost of operating and maintenance of the
solar power plant which is designed solar tracking system is higher. Costs of operating
and maintenance of both systems were calculated as 5.79 (US$/h) for the fixed system
(Gurttirk, 2019) and 7.84 (US$/h) with a solar tracking system. When present worthies of
both systems are compared, it was calculated as 1,130,855.909 (US$) for the fixed system
and 1,272,439.67 (US$) with the solar tracking system. Actually, there is no significant
difference between the two values. If a solar tracking system is used in the solar power
plant, increasing 19% at capital cost flow of the system and increasing 35.4% at an hourly
levelized cost of operating and maintenance occurs.

More detailed analysis can be found in the literature. According to the cost situation, the
level of investment feasibility was determined by using different methods. There is no
significant difference between the systems where PV panels are fixed and combined with
a single axis solar tracking system. However, dual-axis solar tracking systems cause
significant differences (Honrubia-Escribano et al., 2018). The effect of these differences on
initial investment cost and maintenance operating costs was clearly seen in this study.
However, the investability of PV power plants integrated with fixed and dual-axis solar
tracking systems varies depending on the capacity. The location where the power plant
will be installed has a great impact on these parameters. When the installed capacity of
the solar power plant increases, the investment viability of the solar tracking system
increases. S If this factor is taken into consideration, preferring solar tracking system in
solar power plants with an installed capacity of 1 MW will provide significant
advantages. However, in developing countries, solar tracking systems are generally not
preferred due to efforts to reduce initial investment costs and lack of incentives for solar
tracking systems.
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CONCLUSIONS

In this study, levelized cost analysis is used for determining capital cost flows of two
different solar power plants and conclusion obtained from this study are illustrated
following,

* Solar tracking system causes a significant increase at an hourly levelized cost of
operating and maintenance. This increasing is 35.4%.

* The capital cost flow of the solar power plant which is designed solar tracking system
is calculated as 19.13 (US$/h).

* The annual capital cost of the solar power plant which is designed solar tracking system
is 98,866.22 (US$).

* When present worthies of both systems are compared, there is no significant difference
between the values. The solar power plant which is designed solar tracking system is
1,272,439.67 (US$). This study can be combined with any solar radiation forecasting
methods for determining net profit and costs of both systems.
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ABSTRACT: Greenhouse gases emissions have been increased, in recent years. One of
the greenhouse gases emission resources is the industrial wastewater treatment plants.
Dissolved air flotation process is implemented for fats, oil and grease and organic
material removal from industrial wastewater. Dissolved air flotation tank is one of the
main greenhouse gas emitter units in a dairy industry wastewater treatment plant. In this
study, the off-site greenhouse gas emissions of a DAF tank located in a dairy wastewater
treatment plant were estimated. The off-site emission was estimated from chemical
consumption and electricity consumption. This paper aims to determine the off-site
emissions for dissolved air flotation process in a dairy wastewater treatment plant. The
results revealed that electricity consumption was the major source of the off-site
greenhouse gas emission in the tank with the value of 3752.35 kg COze/d. The off-site
emission due to the chemical use was 119.51 kg COze/d. Total off-site emission was
3871.86 kg COze/d.

Key words: greenhouse gas, wastewater treatment plant, DAF, off-site emission.

INTRODUCTION

Greenhouse gases emissions have been increasing in the atmosphere because of the
industrial, domestic and anthropogenic activities in last decades (Kyung et al., 2015).
Wastewater treatment plants have been regarded as one of the greenhouse gases
emissions resources in recent year (Kyung et al., 2015; Corominas et al., 2012; Yerushalmi
etal., 2013; Yapicioglu, 2018). Carbon dioxide (CO2) and methane (CH4) and nitrous oxide
(N20) are the main greenhouse gases emitting from wastewater treatment plants due to
the applying treatment process (biological, chemical or biochemical processes etc), sludge
dewatering and stabilization process (incineration, anaerobic digestion, composting etc.),
chemical use (added chemical materials for wastewater and sludge treatment process
(coagulants, flocculants), for nitrification and denitrification (methanol, etc.), for
alkalinity and pH adjustment), energy consumption (electricity consumption, air
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consumption, etc.), and maintenance and transport activities (Kyung et al., 2015; Metcalf
and Eddy, 2014; Yapicoglu, 2018).

Greenhouse gases emissions can be categorized as the on-site emissions and the off-site
emissions (Parravicini et al., 2016; Yapicioglu, 2018). The on-site emissions in the plants
are the emitting emissions in the sewage collection system, the emissions in the result of
the existing treatment processes and the emissions in the discharge point of the treated
water. The off-site GHGs emissions are formed by the electricity consumption, air
consumption, transportation, chemical use and sludge stabilization and disposal process
(Parravicini et al., 2016; Yapicioglu, 2018). In particular, the industrial wastewater plants
emit the large amounts of greenhouse gas emissions because of highly organic
wastewater content and applying treatment processes. The dairy industry is one of them.

The dairy industry is one of the most pollutant plants due to the wastewater generated
and discharging highly organic wastewaters (Ozturk et al., 2003; Demirel et al., 2005).
Chemical oxygen demand (COD), fats, oil and grease (FOG) and total suspended solids
(TSS) are the major pollution indicators of the dairy wastewaters. (Speece, 1996;
Yapicioglu &Filibeli, 2017). The dairy wastewater has a highly organic content and fats
oil and grease concentration. Dissolved Air flotation (DAF) is widely used for FOG
removal from dairy wastewater. Falletti et al., 2014; Pereira et al., 2018). DAF process is
applied before the secondary treatment which generally tends to be anaerobic treatment
configurations (Castillo et al., 2017). Dissolved air flotation process is a type of flotation
process that separates fats, oils and grease and other organic substances from wastewater
(Behin & Bahrami, 2012; Chung et al., 2000). The most significant parameters in order to
obtain high treatment efficiencies in DAF involve determining the volume of
microbubbles occurring in the DAF tank and the coagulation and flocculation processes
that depend on the pH of the media, the doses and the types of coagulants and flocculants
(alum, ferric chloride etc.) used (Pereira et al., 2018; Edzwald, 2010).

In this study, the off-site greenhouse gas emissions of a DAF tank located in a dairy
wastewater treatment plant were estimated. The off-site emission was estimated from
chemical consumption and electricity consumption. The main aim of this study is to
estimate the off-site emissions for dissolved air flotation process in a dairy wastewater
treatment plant.

METHODS

Description of the Dairy Industry
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The dairy industry is located in an organized industrial zone in Turkey. The main
products are drinking milk, fruit juice, cream, milk powder, yoghurt and butter. The
wastewater characterization of the dairy industry is given in Table 1. The wastewater

analysis results were obtained using Standard Methods (APHA 1999). The wastewater
treatment plant is a full-scale plant.

Figure 1 demonstrates the wastewater treatment process flow scheme in the plant. In
DAF process, fats, oil, grease and suspended organic materials removal have been
obtained. After wastewater is treated, then the effluent is discharged to the Organized
Industrial Zone Central Sewage System.

Table 1. Influent Dairy Wastewater Characterization

Parameter Value
COD (mg/L) 12000
FOG (mg/L) 350
TSS (mg/L) 350
pH 6

Flow Rate (Q) (m3/d) 2100
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Figure 1. Wastewater Flow Scheme of the Dairy Industry WWT

Dissolved Air Flotation Process
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DAF systems are designed and planned to remove suspended solids, carbonaceous
materials, and fats, oil and grease from a wastewater mass. Pollutant substances are
treated with the use of dissolved air in a wastewater system generated by injecting air
under high pressure into a recycle stream of clarified DAF effluent by a blower. This
recycle stream is then mixed with the inlet in an internal contact tank where the dissolved
air comes out in the form of the bubbles that attach to the pollutants (Metcalf & Eddy,
1991). The bubbles and organic materials rise to the tank surface and form a floating bed
of material that is removed by a surface skimmer. The principles of dissolved air flotation
(DAF) are bubble formation and size, bubble-particle interactions, measures of supplied
air, and modeling of the reaction and clarification zones of the flotation tank (Edzwald,
2010). The feed wastewater of the DAF tank is often supported with a coagulant such as
ferric chloride or aluminum sulfate, polyaluminum chloride (PAC) etc. to agglomerate
the colloidal particles, and a flocculant (polyelectrolyte etc.) to conglomerate the particles
into heavier flocks.

In this study, a DAF tank was continually operated in a full-scale wastewater treatment
plant under specific varying conditions to achieve the highest treatment efficiency. DAF
unit is a type of cross-flow plate pack tank. In the DAF system, the ferric chloride was
used as the coagulant. Table 2 shows the data used to estimate greenhouse gas emissions
corresponded to the DAF tank.

Table 2. Data Set of DAF Tank

Parameter Value
Ferric chloride dose (D, mg/L) 21
Electricity consumption ( CE,

KWh) 7550

Estimation of Off-site Greenhouse Gas Emissions

In this study, there are two components of off-site greenhouse gas emissions were
considered. Electricity consumption for the operation of DAF tank in the WWTP was
used to estimate the off-site GHG emissions. The other component is the emission from
chemical use.

The off-site emission corresponded to the electricity consumption was figured out by
multiplying electricity consumption (CE) (kWh) of the DAF tank and the emission factor
(EFelectricity) of the electricity consumption related to Turkey (kg CO2e/kWh). Electricity
demand of the DAF tank was ensured from the electricity bills and the electricity meter
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in the plant. EFelectricity is 0.497 kg COze/kWh (IEA, 2016). The calculation model is given
in Eq.1.

Poft-site ,electricity = CE x EFelectricity (Eq 1) (Kyung et al., 2015)

The other off-site emission was resulted from chemical use in DAF tank. It can be
estimated by means of daily chemical consumption (Mchemical) (kg/d) and the emission
factor of chemical substance (EFchemical) (Kyung et al., 2015). The off-site emission can be
ensured by multiplying chemical consumption and the emission factor. The emission
factor of ferric chloride is 2.71 kgCO2e/kg ferric chloride (Ashrafi et al., 2013, Kyung et
al., 2015, Yerushalmi et al., 2013). The off-site emission of the chemical use can be
calculated via Eq.2 and Eq.3.

Poft-site ,chemical= Mchemical X EFChemical (Eq. 2) (Kyung et al., 2015)

Mchemicai=Q x D (Eq3)
Total off-site emission is the sum of off-site emissions from electricity and chemical
consumption. Eq.4 shows the calculation tool.

Poff-site= Poff-site selectricity + Poff-site ,chemical

RESULTS AND FINDINGS

The results reveled that off-site emission due to electricity consumption was higher than
chemical use. It can be originated from using the blower to obtain air to operate the DAF
tank. This process consumes huge amounts of electricity. The off-site emission
corresponds to the electricity consumption is 96.9% of the total off-site emission.
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Figure 2. Off-site Emissions from DAF tank

The electricity consumption was the major source of the off-site emissions in DAF tank
with the value of 3752.35 kg COze/d. The off-site emission due to the chemical use was
119.51 kg COze/ d. Total off-site emission was 3871.86 kg COze/d from DAF tank. Figure
2 shows the comparison of the emissions.

Kyung et al. (2015) performed a similar study for a municipal plant. They oppositely
reported that chemical use is the major source of off-site emissions in the hybrid plant
(2.698 + 336 kg CO2e/d), and that this amounts to 58.8% of total off-site emissions (4,591
+ 576 kg COze/d). It can be said that dissolved air process can have lower off-site
emissions than a municipal wastewater treatment plant.

CONCLUSION

Dissolved air flotation tank is a unit that emits greenhouse gas emissions in a dairy
industry wastewater treatment plant. Electricity consumption and chemical use cause the
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off-site emissions in a DAF tank. Electricity consumption leads to the maximum off-site
emissions with the value of 3752.35 kg COze/d .The off-site emission due to the chemical
use was 119.51 kg COze/ d. Total off-site emission was 3871.86 kg COze/d from DAF tank.
Electricity consumption is the major resource of off-site emissions from DAF tank. It can
be originated from using air blower in DAF tank. Electricity consumption should take
under control to decrease the emissions from DAF tank.

RECOMMENDATIONS

In the literature, the researches related to greenhouse gas emissions from dissolved air
flotation process are limited. These researches on this topic should be increased.
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ABSTRACT: Wastewater treatment plants are operated in order to minimize hazardous
organic materials discharges to the receiving bodies. These plants can be considered as
one of the major energy consumers by municipalities and authorities. Energy demand of
a plant is based mainly on the treated wastewater volume and organic loading. In this
study, the effects of organic loading on energy cost for a meat processing wastewater
treatment plant were investigated. The aim of the study is to reveal the role of design
parameters in terms of organic loading on energy management. Energy cost indicator has
been calculated for the assessment. This indicator was figured out for both design organic
loading and operational organic loading. The results revealed that energy cost indicator
of operational organic loading was higher than the design one. Their values were 6.88 x
103 and 8.06x 10+, respectively. If plants are operated in design parameters, energy cost
of the plant can be minimized.

Key words: energy cost, meat processing wastewater, BOD, organic loading.

INTRODUCTION

Wastewater treatment plants are operated in order to protect the water bodies from
harmful wastewater discharges (Metcalf &Eddy, 1991; Metcalf & eddy, 2014). These
facilities are regarded as one of the major energy consumers by the municipalities and
authorities (Castellet-Viciano et al., 2018). Electricity consumption causes to the
greenhouse gases emissions in the wastewater treatment plants (Kyung et al., 2015,
Yapicioglu, 2018a, Parravicini et al., 2016). Electricity and air consumption in a plant leads
to the off-site greenhouse gases emissions therefor electricity consumption should take
under control for the minimization of greenhouse gas emissions to the atmosphere
(Kyung et al., 2015, Yapicioglu, 2018a). Also, energy cost locates in the top of the
wastewater treatment plant’s operations costs list.
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Energy demand mainly depends on the wastewater volume and organic loading in a
wastewater treatment plant (Metcalf & Eddy, 1991). These two operational parameters
detect the energy requirement and energy costs of a plant. Operational parameters of the
wastewater treatment plants do not match with the design parameters for many times. It
can be originated from production capacity variations for the industrial wastewater
treatment plants. This mismatch has a negative effect on the performance of the plants
and their energy costs. Organic loading varies due to the production capacity and
amount and the variation of products types. Meat processing industry is the facilities
that have high organic wastewater loadings (Yapicioglu, 2018b).

This paper aims to reveal the role of design parameters in terms of organic loading on
energy management. The impact of design organic loading for a meat processing
wastewater treatment plant on energy cost were researched and benchmarked with the
operational organic loading.

METHODS
Description of the Meat Processing Industry

The meat industry is located in an organized industrial zone in Turkey. The main
products being processed are sujuk, sausage, meatball, raw meat, doner and jambon. The
main wastewater generating points of the industry are the slaughterhouse, rendering
unit, and intestinal washing process. The data set of this industry is given in Table 1. The
wastewater analysis results were performed using Standard Methods (APHA 1998).

Figure 1 shows the existing wastewater treatment process in the plant. Biological
treatment method is used as extended aeration activated sludge system to remove
organic and suspended materials from the wastewater.

Table 1. Data Set of Meat Processing Industry

Parameter Value
BOD, operational (g/ m3) 2.554
BOD, desjgn (g/m3) 3.025
Operational Flow Rate (Q)

(m?/d) 2800

Design Flow Rate (q) (m3/d) 4000
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Figure 1. Wastewater Flow Diagram of the Meat Processing Industry Wastewater
Treatment Plant

Energy Cost Indicator (ECI) Term

Energy cost assessment depends on the model developed by Hernandez-Sancho et al.
(2011a). In this methodology, the performance index (Z) and energy cost indicator (ECI)
which is derived from “Z” have been figured out.

The performance index (Z) comprises operational flow rate (Q) (m3/d) and the design
flow of the plant (q) (m3/d). Eq. 1 indicates the calculation of the performance index
(Castellet-Viciano et al., 2018).

Z=[(q-Q) / QI x 100 (Eq.1) Q)

Energy cost indicator (ECI) has been derived from the performance index, the tool
contains the volume of wastewater treated per year (V) (m3/year) and biological oxygen
demand (BOD) (g/m3). In this study, ECI values related to design organic loading (ECI
organic loading, design) and Opel‘atiOI‘lal OrganiC loading (ECI organic loading, operational) were
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calculated and benchmarked. In this term, variable parameter is BOD that means to the
required oxygen amount for the stabilization of organic materials in the wastewater. It
also corresponds to the organic loading. In Eq. 2, the calculation model of ECI for small
scale WWTDPs was given (Castellet-Viciano et al., 2018; Hernandez-Sancho et al. , 2011a).
ECI=1983.106 V 0717 ¢ (-14.327 BOD+0.660Z) (Eq.2) )

RESULTS AND FINDINGS

The results showed that energy cost indicator of operational organic loading was higher
than the design one whose values were 6.88 x 10-3 and 8.06x 10, respectively. Figure 2
demonstrates the comparison of the indicators.

0.007
0,006 L
0.005 }'
0001 SN0
0.003 1

0.002 4
0.001

ECT organic loading, design S 4
ECI organsc loading.
operationi

Figure 2. Energy Cost Indicators of Meat Processing Industry

BOD is the meaning of biological oxygen demand for the stabilization of the organic
materials. It is an indicator parameter of organic loading in a wastewater sample.
According to the model, if organic loading is lower, the cost indicator is higher,
oppositely. So if the plants are operated under the design parameters, energy cost
indicator would be lower.

There are many study corresponds to this topic. The use of cost functions has been
applied in general in the literature. Most of developed models for the wastewater
treatment process have been applied to estimate the operational and maintenance cost of
the process. Hernandez-Sancho et al. (2011b) studied a cost modelling methodology
using statistical information from a sample of 341 wastewater treatment plants in Spain.
Castellet-Viciano et al. (2018) researched the effect of design flow as the design
parameters on energy costs for small, middle and large scale of WWTPs. They reported
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that Z was 0.20, 0.40, 0.60 and 0.80 for small-scale plants. Similarly, Z value was 0.428 for
a small scale wastewater treatment plant, in this study. Molinos-Senante et al. (2013)
applied a cost function model to estimate the cost of the sludge and waste management.
Similarly, cost functions for extended aeration and activated sludge also contain the
volume of wastewater treated and the biological oxygen demand removal efficiency in
%. Plumlee et al. (2014) estimated the cost of the advanced treatment, and in near future

Yumin et al. (2016) estimated the operational cost of WWTPs in rural areas.
CONCLUSION

This study shows that energy cost indicator and the performance index can be used as an
approach tool to evaluate the energy costs of a wastewater treatment plant.

The results demonstrate that energy cost indicator of operational organic loading was
higher than the design one. Their values were 6.88 x 10-3 and 8.06x 10-¢, respectively.

If organic loading that is closed with BOD parameter is lower, the energy cost indicator
is higher, oppositely. So if the plants are operated under the design parameters, energy
cost indicator would be lower.

RECOMMENDATIONS

There are limited studies to this topic in the literature. The energy cost assessments of the
meat processing industry wastewater treatment plants should be increased.
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ABSTRACT: Greenhouse gases emissions have been increasing, in the recent times. One
of the greenhouse gases emission resources is the meat processing industrial wastewater
treatment plants. Extended aeration activated sludge process is applied for organic
materials removal from industrial wastewater. Extended aeration activated sludge
system consists of an aeration tank and a sedimentation tank. Aeration tank is the main
greenhouse gas emitter units in a meat processing industry wastewater treatment plant.
In this study, the off-site greenhouse gas emissions of extended aeration activated sludge
process in a meat processing wastewater treatment plant were estimated. The off-site
emission was estimated from electricity consumption and chemical use. This paper aims
to determine the off-site emissions for extended aeration process in a meat processing
wastewater treatment plant. The results revealed that electricity consumption was the
major source of the off-site greenhouse gas emission for this process with the value of
4014.77 kg COze/ d. The off-site emission due to the chemical use was 100.87 kg COze/d.
Total off-site emission was 4115.64 kg COze/d.

Key words: greenhouse gas, meat processing industry, wastewater treatment plant,
extended aeration process, off-site emission.

INTRODUCTION

Greenhouse gas emissions have increased in the atmosphere due to the industrial,
domestic and anthropogenic activities in last decades (Kyung et al., 2015). Wastewater
treatment plants have been considered as one of the greenhouse gases emissions
resources recently (Kyung et al., 2015; Corominas et al., 2012; Yerushalmi et al., 2013;
Yapicioglu, 2018). Carbon dioxide (COz), methane (CHai) and nitrous oxide (N20) are the
main greenhouse gases which emits from wastewater treatment plants to the atmosphere
due to applying treatment process (biological, chemical or biochemical processes etc),
sludge dewatering and disposal process (anaerobic digestion, incineration etc.), chemical
use (added chemical materials for wastewater and sludge treatment process (coagulants,
flocculants), for nitrification and denitrification (methanol, etc.), for alkalinity and pH
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adjustment), energy consumption (electricity consumption, air consumption, etc.), and
maintenance and transport (Kyung et al., 2015; Metcalf and Eddy, 2014; Yapicoglu, 2018).

Greenhouse gases emissions can be classified as the on-site emissions and the off-site
emissions (Parravicini et al., 2016; Yapicioglu, 2018a). The on-site emissions in the plants
are the emitting emissions in the wastewater collection system, the emissions originated
from the existing treatment processes and the emissions in the discharge point of the
treated water. The off-site GHGs emissions comprise from the electricity consumption,
air consumption, transportation, chemical use and sludge stabilization and disposal
process (Parravicini et al., 2016; Yapicioglu, 2018a). Especially, the industrial wastewater
plants emit the huge amounts of greenhouse gas emissions due to highly organic
wastewater content and existing treatment processes. The meat processing industry is
one of them.

The meat processing industry discharges large volumes of wastewater in many countries
that is in need of considerable treatment if its release to the environment is to be
sustainable (Johns 1995, Yapicioglu 2018b). The organic materials and total suspended
solids concentration is very high and has a highly contaminating effect in the meat
processing wastewater (Ruiz et al. 1997; Yapicioglu 2018b). The wastewater majorly
includes organics, pathogenic and non-pathogenic viruses and bacteria, and detergents
and disinfectants (Debik & Coskun 2009; Lecompte & Mehrvar 2014). There are several
methods for the treatment of meat processing wastewater, with most focusing on
biological processes such as activated sludge, stabilization ponds and aerobic reactors
(Davarnejad & Nasiri 2017). The common treatment method is extended aeration
activated sludge process for meat processing wastewater. In this process carbon and
nitrogen removal can be ensured (Metcalf & Eddy, 2014).

In this study, the off-site greenhouse gas emissions of aeration tank in extended aeration
activated sludge process applied in meat processing wastewater treatment plant were
estimated. The off-site emission was estimated from chemical consumption (added
methanol for denitrification) and electricity consumption in the aeration tank. The main
aim of this study is to estimate the off-site emissions for extended aeration tank in a meat
processing industry wastewater treatment plant.

METHODS

Description of the Meat Processing Industry
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The meat industry is located in an organized industrial zone in Turkey. The main
products being processed are sujuk, sausage, meatball, raw meat, doner and jambon. The
main wastewater generating points of the industry are the slaughterhouse, rendering
unit, and intestinal washing process. The wastewater characterization of this plant is

given in Table 1. The wastewater analysis results were performed using Standard
Methods (APHA 1998).

Figure 1 demonstrates the existing wastewater treatment process in the plant. Biological
treatment method is applied as extended aeration activated sludge system to remove
organic and suspended materials from the wastewater.

Table 1. Influent Wastewater Characteristics of the Meat Industry

Parameter Value
COD (mg/L) 5293
BOD (mg/L) 2554
TSS (mg/L) 2122
FOG (mg/L) 329
pH 7.29
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Figure 1. Wastewater Flow Diagram of the Meat Processing Industry Wastewater
Treatment Plant
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Extended Aeration Activated Sludge Process

Extended aeration activated sludge process is a type of biological treatment. It consists of
an aeration tank and sedimentation tank. The wastewater hydraulic retention time is in
the range of 18-24 hours. Organic materials are removed with the help of microorganisms
in the aeration tank. Air is pumped in to the aeration tank for the respiration of the
microbial mass (Metcalf &Eddy, 1991).

In this study, the hydraulic retention time in the aeration tank is 24 hours. Carbon and
nitrogen (nutrient) removal can be ensured with this process. For denitrification,
methanol is added to the aeration tank. Table 2 shows the data used to estimate
greenhouse gas emissions corresponded to the aeration tank.

Table 2. Data Set of Aeration Tank

Parameter

Value
Methanol dose (kg/d) 65.5
Electricity consumption ( CE,
KWh) 8078

Estimation of Off-site Greenhouse Gas Emissions

In this study, there are two components of off-site greenhouse gas emissions were
considered. Electricity consumption for the operation of aeration tank in the plant was
used to estimate the off-site emissions. The other component is the emission from
methanol (chemical) use for denitrification.

The off-site emission corresponded to the electricity consumption was figured out by
multiplying electricity consumption (CE) (kWh) of the aeration tank and the emission
factor (EFelectricity) of the electricity consumption related to Turkey (kg COze/kWh).
Electricity demand of the aeration tank was ensured from the electricity bills and the
electricity meter in the plant. EFelectricity is 0.497 kg COze/kWh (IEA, 2016). The calculation
model is given in Eq.1 (Kyung et al., 2015)

Poft-site Jelectricity ™ CE x EFelectriCity (Eq 1)



‘\ UEMK 2019 Proceedings Book f" "'";5 486
(.' ’ : 24/25 October 2019 Gaziantep University, TURKEY Y 4

The other off-site emission was resulted from methanol use for denitrification to ensure
nitrogen removal in aeration tank. It can be estimated by means of daily chemical
consumption (Mchemical) (kg/d) and the emission factor of chemical substance (EFchemical)
(Kyung et al., 2015). The off-site emission can be ensured by multiplying chemical
consumption and the emission factor. The emission factor of methanol is 1,54 kgCO-e/kg
methanol (Ashrafi et al., 2013, Kyung et al., 2015, Yerushalmi et al., 2013). The off-site
emission of the chemical use can be calculated with the help of Eq.2 (Kyung et al., 2015).

Poft-site ,chemical™= Mchemical X EFChemical (Eq 2)

Total off-site emission is the sum of off-site emissions from electricity and chemical
consumption. Eq.3 shows the calculation tool.

Poff-site= Poff-site selectricity + Poff-site ,chemical (Eq3)

RESULTS AND FINDINGS

The results show that the off-site emission due to electricity consumption was higher than
chemical use. It can be originated from using blower to obtain air to operate the aeration
tank. This process consumes huge amounts of electricity to ensure air for the respiration
of microorganisms. The off-site emission corresponds to the electricity consumption is
97.5% of the total off-site emission.
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Figure 2. Off-site Emissions from aeration tank

The electricity consumption was the major source of the off-site emissions in the aeration
tank with the value of 4014.77 kg COze/d. The off-site emission due to the chemical use
was 100.87 kg COze/d. Total off-site emission was 4115.64 kg COze/d from the aeration
tank. Figure 2 indicates the comparison of the emissions.

Kyung et al. (2015) performed a similar study for a municipal plant. They oppositely
reported that chemical use is the major source of off-site emissions in the hybrid plant
(2.698 £ 336 kg CO2e/d), and that this amounts to 58.8% of total off-site emissions (4,591
+ 576 kg COze/d). It can be said that extended aeration process can have similar off-site
emissions with a hybrid municipal wastewater treatment plant. It is originated from
nutrient removal for both processes.

CONCLUSION

Extended aeration activated sludge process is the biological treatment method that
releases greenhouse gases to the atmosphere in a meat processing industry wastewater
treatment plant. Aeration tank is a unit that emits greenhouse gas emissions in a meat

UEMK 2019 Proceedings Book @
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processing industry wastewater treatment plant. Electricity consumption and chemical
use cause the off-site emissions in the aeration tank.

Electricity consumption causes to the highest off-site emissions with the value of 4014.77
kg COze/d .The off-site emission due to the chemical use was 100.87 kg COze/d. Total
off-site emission was 4115.64 kg COze/d from the aeration tank.

Electricity consumption is the major source of the off-site emissions from the aeration
tank. It can be originated from using air blower for the respiration of the microbial
committee that is responsible for the stabilization of the organic materials. Electricity
consumption should take under control to decrease the emissions from the aeration tank.

RECOMMENDATIONS

In the literature, the studies related to greenhouse gases emissions from meat processing
industry are limited. These researches on this topic should be increased.
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ABSTRACT: An unmanned aerial vehicle (UAV) is an aircraft system that is controlled
autonomously or by a pilot on the ground. The use of UAVs has started in military
operations and transferred to the commercial use in numerous industries. In these
industries, UAVs were usually utilized in mapping applications, environmental change
monitoring, disaster prevention response, resource exploration, etc. Despite their many
advantages, the construction industry incorporates with this technology slowly.
However, the technological development of UAVs leads the construction industry to
adapt these devices in order to provide time and cost savings during the execution
process of construction activities. It was known that some civil engineering works, such
as management of river facilities, monitoring for bridge degradation, and quality
inspections, were conducted using UAVs. This is because UAVs simplify and improve
the execution process in construction. Moreover, efficient monitoring and reviewing
activities in construction projects may be beneficial to save time and money for
contractors. Therefore, the aim of this study was to investigate UAVs and their related
usage areas in the construction industry. For this purpose, a detailed literature review
was presented and the existing UAV practices in the construction industry were
examined. The obtained results may help both researchers and practitioners be aware of
the current situation of UAVs and determine future expectations from UAVs in the
construction industry.

Key words: construction industry, unmanned aerial vehicle
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INTRODUCTION

An unmanned aerial vehicle (UAV) is an aircraft system that is controlled autonomously
or by a pilot on the ground (Liu et al., 2014). This vehicle is also known as an unmanned
aerial system, a remotely piloted vehicle, or a drone in the literature (Siebert & Teizer,
2014). The use of UAVs has started in military operations and transferred to the
commercial use in numerous industries (Dupont, Chua, Tashrif, & Abbott, 2017). In these
industries, UAVs were usually utilized in mapping applications, environmental change
monitoring, disaster prevention response, resource exploration, etc. (Liu et al., 2014). The
technological development of UAVs leads the construction industry to adapt these
devices in order to provide time and cost savings during the execution process of
construction activities (Herrmann, 2018). Despite their many advantages, the
construction industry incorporates with this technology slowly (Holt, Benham, &
Bigelow, 2015). It was known that some civil engineering works, such as management of
river facilities, monitoring for bridge degradation, and quality inspections, were
conducted using UAVs. This is because UAVs simplify and improve the execution
process in construction. Moreover, efficient monitoring and reviewing activities in
construction projects may be beneficial to save time and money for contractors. Therefore,
the aim of this study was to investigate UAVs and their related usage areas in the
construction industry. For this purpose, a detailed literature review was presented and
the existing UAV practices in the construction industry were examined.

UAV SYSTEM AND DESIGN

There are four different types of UAVs, namely, multirotor, fixed-wing, single-rotor, and
fixed-wing hybrid (Figure 1). The application area of multirotor UAVs which have more
than two rotors is larger than any other kinds. Especially quadcopters (Figure 2) have
advantageous features such as robustness, high maneuverability, and low purchase and
maintenance costs (Li & Liu, 2019). In addition, UAVs’" hardware and software
components can be designed in accordance with their purpose of usage. In this context,
their system design, system implementation, control mechanism, and software properties
become crucial (Liu et al., 2014). However, the most significant disadvantages of UAVs
are insufficient battery life and low wind resistance (Cajzek & Klansek, 2016).
Considering advantages, disadvantages, design condition, terms of use, and capabilities
of UAVs, this technology may provide new opportunities for the construction industry.
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RESEARCH METHOD

In this study, the investigation and examination process of current practices of UAVs in
the construction industry was carried out by utilizing past studies. During the process of
evaluation of past studies, a systematic review of construction-related UAV studies was
conducted. The UAV technology is regarded as a new concept in the construction
industry. Therefore, the number of studies considering UAV in the construction industry
is relatively low, indeed. Consequently, all of the gathered research papers were
analyzed, categorized, and explained in the next section.
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The construction industry is known with its slower adaptation of the emerging
technologies (Holt et al., 2015). From this perspective, research efforts on the UAV
technology can be described as new. Table 1 presents past studies considering UAV
applications in the construction industry. In Table 1, studies were categorized and listed
in accordance with their authors, publication dates, and areas of usage of UAVs.

Table 1. Past Studies on UAVs in the Construction Industry

Author and Date Area of Usage

Siebert & Teizer (2014) Earth-moving Operations
Gheisari, Irizzarry, & Walker (2014) Health and Safety

Wen & Kang (2014) Quality Control

Morgenthal & Hallermann (2014)
Hubbard et al. (2015)

Lin, Han, & Golparvar-Fard (2015)
Tuttas, Braun, Borrmann, & Stilla
(2015)

Fernandez Galarreta, Kerle, & Gerke
(2015)

Vacanas et al. (2016)

Wang, Chen, & Yin (2016)

Meouche et al. (2016)
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Kim, Park, Cho, & Kang (2019)
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Quality Control
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Quality Control
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Quality Control

Quality Control

Health and Safety
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Mahami (2019) Quality Control

Liu, Chen, Hu, & Zhang (2019) Health and Safety

Kim, Liu, Lee, & Kamat (2019) Health and Safety

Moon, Chung, Kwon, Seo, & Shin Equioment Planmin

(2019) quip &

Kang, Park, & Suh (2019) Material Tracking

Julge, Ellmann, & Kook (2019) Earth-moving Operations

The number of UAV studies in the construction industry tends to increase in recent years.
Especially in 2019, a significant effort was shown in order to determine or evaluate the
performance of UAVs in construction practices. Past studies can be categorized
considering the area of usage of UAVs, such as (i) earth-moving operations, (ii) health
and safety, (iii) quality control, (iv) material tracking, (v) structural damage assessment,
(vi) on-site data collection, (vii) vehicle detecting and tracking, (viii) land surveying, (ix)
productivity, (x) human performance, and lastly, (xi) equipment planning. Among these
publications, three (i.e., quality control, health and safety issues, and on-site data
collection) are the most common topics that researchers have had concerned.

Several authors in the literature discussed the usage of UAVs in quality control works in
the construction industry. Wen & Kang (2014) presented an ongoing study that aims to
increase the possibility of discovering the unfound problem on construction projects by
the help of UAVs. Morgenthal & Hallermann (2014) investigated the application of UAVs
for the visual inspection and damage detection on civil structures. Lin, Han, & Golparvar-
Fard (2015) suggested a framework for the automated monitoring process that utilizes
UAVs in construction projects. Tuttas, Braun, Borrmann, & Stilla (2015) introduced an
approach that uses UAVs and BIM to compare as-planned and as-built situation of
buildings. Liu, Jennesse, & Holley, (2016) proposed to use UAVs to reduce the total cost,
minimize the planned time, and mitigate the risk of adverse safety conditions in order to
inspect a portion of curtain walls to validate the efficacy of a building. Yasin, Zaidi, &
Nawi (2016) intended to explore the viability of the UAV application for the building
inspection with the advantage it has especially in inspecting and collecting the data at
difficult to reach some areas such as roof, ceiling, gutter, and in recording the data for
large building projects. McCabe et al. (2017) examined the potential of using UAVs to
monitor indoor construction sites. Hamledari, McCabe, & Davari (2017) tried to
automatically detect components of an interior partition using three image databases
including an UAV, a smartphone, and publically available sources on the internet. Moeini
et al. (2017) examined the application and integration of BIM and UAV throughout the
monitoring process of construction projects. Mahami (2019) targeted to develop an
automatic imaging network design which uses UAVs to improve the efficiency and
accuracy of the automated construction progress monitoring.

From the perspective of health and safety issues, UAVs can reveal a solution for
construction projects. Gheisari, Irizzarry, & Walker (2014) conducted a research to
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determine (1) the effectiveness and frequency of using UAVs in improving safety
operations or hazardous situations, (2) ideal UAV technical features, and (3) enablers and
barriers for using UAVs to monitor and control on-site construction activities. Howard,
Murashov, & Branche (2018) described UAVs according to their use in construction,
potential risks for workers, the effect for the risk mitigation, and the impact on health and
safety professionals. Liu, Chen, Hu, & Zhang (2019) introduced a safety inspection
method that integrates UAV and BIM. Kim, Liu, Lee, & Kamat (2019) presented an UAV-
assisted visual monitoring method to prevent struck-by accidents in construction
projects.

In order to have a good construction management performance, collecting data from a
construction site may be considered as a vital aspect. Vacanas et al. (2016) explored the
combined use of BIM and UAV technologies in order to achieve efficient and accurate as-
built data from a construction site. Bang, Kim, & Kim (2017) proposed a method to
generate a panorama of a construction site by using UAVs. Kim, Park, Cho, & Kang (2019)
discussed enabling UAVs to gather data in a time-efficient manner in construction
activities. Ham & Kamari (2019) aimed to use UAVs to create a new method which
automatically retrieves photo-worthy frames containing construction-related contents in
order to have the data from construction sites.

The earth-moving operations topic is a major issue in the construction industry. Siebert
& Teizer (2014) evaluated the performance of UAV systems in large excavation and earth
moving construction sites. Fleming et al. (2016) presented a novel imaging and software
application that utilizes UAVs, and used this application in an excavation project in
downtown San Francisco. Julge, Ellmann, & Kook (2019) carried out a study to develop
a method to monitor road construction earthworks. In their work, UAVs were utilized as
a surveying technique that enables generating point clouds, 3D surface models, and
orthophoto mosaics. Land surveying is also a critical issue for construction excavation
works. Meouche et al. (2016) aimed to extract a vectorized plan utilizing an UAV for a
small site and to investigate the possibility of an official land surveyor exploiting and
certificating it. Moreover, Moon, Chung, Kwon, Seo, & Shin (2019) indicate that
inaccurate information regarding the terrain in construction projects represents a major
challenge to the earthwork process. In this regard, they proposed a method for generating
and merging hybrid point cloud data acquired from laser scanning and UAV-based
image processing to conduct a better equipment management process in construction
works.

In terms of supply chain and total quality management in construction, material tracking
emerges as a successful technology to provide the identification of materials. Hubbard et
al. (2015) revealed findings of an initial feasibility study on combining RFID technologies
with UAV technologies to improve supply chain management in construction. Fang,
Chen, Cho, & Zhang (2016) introduced a point cloud-vision hybrid approach to track
mobile assets on construction sites. Kang, Park, & Suh (2019) proposed an UAV-based



.\ UEMK 2019 Proceedings Book f‘ﬁﬁ 496
(.‘ ’ - 24/25 October 2019 Gaziantep University, TURKEY <

system that carries an RFID reader in the air for locating RFID tags attached to materials
on the ground. Similarly, Wang, Chen, & Yin (2016) states that using UAVs as devices for
the traffic data collection exhibits many advantages in collecting traffic information. From
this point of view, they proposed a new vehicle detecting and tracking system based on
image data collected by an UAV.

A natural disaster can have a great impact on buildings. Therefore, a structural damage
assessment is a critical process and should be handled carefully. Fernandez Galarreta,
Kerle, & Gerke (2015) benefitted from UAVs to conduct a damage assessment based on
multi-perspective, overlapping, and very high-resolution oblique images.

Dupont et al. (2017) approached UAVs from a different perspective. In their study, the
potential of UAVs in linking BIM to the real world to improve the productivity was
explored. In addition, they presented a technical review of main challenges of using
UAVs in the construction sector. Moreover, Kim & Irizarry (2019) evaluated UAV
operators’ performance and identified the relationship between their performance and
experience in the construction industry.

DISCUSSION AND CONCLUSION

UAY technologies have undergone an exponential growth and have become much more
affordable (Goessens, Mueller, & Latteur, 2018). With the increasing availability of
camera-equipped devices of UAVs, large numbers of high-quality images or video
footages are constantly collected to document as-is status of construction job sites (Ham
& Kamari, 2019). Thus, the application of the UAV technology in the construction
industry tends to increase in recent years. However, there is still much to do to
investigate, examine, and evaluate advantages and disadvantages of the application of
UAVs in the construction industry. From this perspective, past studies concerning the
UAYV application in the construction industry were reviewed in this study through a
detailed classification.

According to aforementioned studies, researchers have tried to utilize UAVs in quality
control works particularly. In addition, health and safety and on-site data collection are
the other major issues for researchers. However, all of these research efforts have
potential to be investigated in a detailed manner. This is because new technology
concepts have always potential to improve the performance of construction firms.
Consequently, the UAV technology has been found to be beneficial and useful in the
construction industry. Therefore, it can easily be asserted that the number of
construction-related UAV studies has a serious potential to increase in the near future.
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ABSTRACT: In recent years, a new technology concept, Internet of Things (IoT), has
drawn a great interest. This technology aims to share information across platforms
enabling innovative applications. Moreover, it can be considered as a network of sensors,
actuators, or machines to facilitate real-time communications between these items in the
environment of computer applications. Several industries, such as telecommunication,
automotive, healthcare, and logistics, have experienced its advantages and IoT is
nowadays beginning to attract attention of the construction industry. Studies on IoT in
the construction industry are relatively new. However, there are a few examples of the
IoT usage in the construction industry, such as the communication of machines for the
optimization of construction works, the coordination of project partners to share
information, risk management applications, smart cities, and so on. Therefore, the
purpose of this research is to analyze the IoT technology and its practical implications in
the construction industry. To this aim, a detailed literature review was conducted and
current loT applications were investigated in detail.

Key words: construction industry, internet of things

INTRODUCTION

The construction industry is known as one of the largest industries in the world.
However, it can also be considered as one of the most conservative industry in terms of
the adaptation of new methods or technologies. The developing technologies force the
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construction industry to utilize novel approaches to overcome cost and time overruns of
construction projects (Louis & Dunston, 2018). Internet of Things (IoT), an example of
these approaches, is one of the most recent technologies that has drawn a great interest
in several industries, such as telecommunication, automotive, healthcare, and logistics,
and is nowadays beginning to attract attention of the construction industry (Niu,
Anumba, & Lu, 2019). IoT can be described as the interconnection of sensing and
actuating devices providing the ability to share information across platforms through a
unified framework, developing a common operating picture for enabling innovative
applications (Gubbi, Buyya, Marusic, & Palaniswami, 2013). Moreover, it can be
considered as a network of sensors, actuators, or machines to facilitate real-time
communications between these items in the environment of computer applications
(Shahinmoghadam & Motamedi, 2019). Scientific studies on IoT in the construction
industry are relatively new. However, there are a few examples of the IoT usage in the
construction industry, such as the communication of machines for the optimization of
construction works, the coordination of project partners to share information, risk
management applications, smart cities, and so on. Therefore, the purpose of this research
is to analyze the IoT technology and its practical implications in the construction
industry. To this aim, a detailed literature review was conducted and current IoT
applications were investigated in detail.

IoT CONCEPT AND DEFINITION

IoT was first introduced by Kevin Ashton in 1998 and has gained increasingly more
attention in the academia and industry (Santucci, 2009). The concept of IoT is the
environment of things or objects which can interact with each other and corporate with
their neighbors via radio-frequency identification (RFID) tags, sensors, actuators, mobile
phones, etc., for pre-determined objectives (Giusto, lera, Morabito, & Atzori, 2010). There
are numerous definitions for IoT in the literature, but from a broader perspective, it is a
“world-wide network of interconnected objects uniquely addressable, based on standard
communication protocols” (Bandyopadhyay & Sen, 2011). The IoT concept is the
convergence of three different visions such as (i) things oriented vision, (ii) internet
oriented vision, and (iii) semantic oriented vision (Atzori, lera, & Morabito, 2010). The
things oriented vision represents how to integrate generic objects into a common
framework. From this perspective, IoT can be evaluated as a tool for autonomous data
capture, event transfer, network connectivity and interoperability. The perspective of
internet oriented vision directs a network-oriented definition, which enables to connect a
large number of communicating devices. Lastly, the semantic oriented vision has a key
role to overcome the problem of dealing with the huge information generated by IoT due
to the extremely high number of items involved in the future internet (Bandyopadhyay
& Sen, 2011). The general concept of the IoT technology that includes main concepts,
technologies, and standards was presented in Figure 1, and more detailed information
can be found in the study of Atzori et al. (2010).
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Figure 3. General Concept of IoT (Atzori et al., 2010)

Application of IoT

The IoT technology has a great potential to affect and direct future perspectives of
numerous industries. Up to date, some industries (i.e., aerospace and aviation,
automotive, telecommunications, medical and healthcare, independent living,
pharmaceutical, retail, logistics and supply chain management, manufacturing,
environment monitoring, transportation, agriculture and breeding, media,
entertainment, insurance, and recycling) have benefitted from IoT (Atzori et al., 2010,
Bandyopadhyay & Sen, 2011). From the perspective of the construction industry, IoT is a
relatively new and unknown concept. However, in the past decade, some research efforts
were shown in terms of smart buildings, communities, cities, and infrastructures. Several
researchers have also tried to utilize IoT to overcome health and safety problems in the
construction industry. Moreover, many other researchers have paid significant attention
on the IoT technology for a better project or construction management performance. In
this respect, practical applications of IoT in the construction industry was investigated
through a literature review in the following section.

LITERATURE REVIEW
In this section, past studies regarding applications of IoT in the construction industry

were reviewed and explained to reveal the current situation of IoT researches in the
construction industry. For this purpose, academic databases were utilized to search
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relevant studies. After that, these researches were analyzed and then sorted
chronologically.

Kortuem et al. (2010) worked on an alternative architectural model for IoT as a system of
smart objects or autonomous physical/digital objects augmented with sensing,
processing, and network capabilities. From their point of views, there are three smart
object types such as (i) activity-aware objects, (ii) policy-aware objects, and lastly, (iii)
process-aware objects. They believe that these types represent fundamental design and
architectural principles of smart objects and can be integrated into the IoT technology. As
a result, they claimed that smart objects that were made into building blocks could
cooperate with and form IoT.

Ghimire et al. (2017) state that the interaction between internet and real world objects
have a significant potential to become an issue of major importance in business. In this
regard, they claim that the IoT technology can be utilized in order to optimize the
systematic process of business. Therefore, a framework was provided to decrease the
time for decision-making and thus to have a better project management performance in
construction industry. In conclusion, the new generation of loT-based situational-aware
computing applications were found to be beneficial to solve communication problems in
dynamic site conditions.

Park et al. (2017) studied to clarify the user experience and motivations of IoT
technologies, considering a smart home environment. In this context, they proposed a
research model in which there are five potential user factors and a technology acceptance
model. For this purpose, a questionnaire survey was conducted with 40 smart home
users. The findings reveal that users’ attitude toward IoT technologies is the greatest
predictor of their intention to use. In addition, the perceived compatibility and cost
showed notable impacts on the use intention.

Teizer et al. (2017) presented the concept of the integration of IoT and environmental and
localization data in a cloud-based BIM platform. They exhibited the usage of the IoT
technology and a lean and injury-free construction management approach. In this task, it
was aimed to facilitate higher quality, on-time project delivery, and safe value creation
processes. Toward this aim, they conducted two case studies. In the first case study, a test
of the developed IoT concept focused on tracking several trades in a building
construction project was run. In the second one, the developed IoT concept focused on
measuring the brightness level at work stations was tested. Finally, the possibility to
collect and visualize actual project data in real-time and the potential for the
implementation of connected, digital, and smart technologies in construction
management were revealed.
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Zhou and Ding (2017) aimed to present an IoT-based safety barrier warning system for a
better health and safety performance in underground construction projects. To this aim,
they investigated hazard energies and their coupling mechanisms and analyzed scenarios
for avoiding unsafe behaviors and unsafe status of construction equipment and workers’
environment. The proposed system was implemented in a metro tunnel construction in
China and the obtained results showed that the safety performance was improved and
that the occurrence of accidents caused by the hazard energy on site could be prevented.

Zhong et al. (2017) introduced a multi-dimensional IoT-enabled Building Information
Modelling (BIM) platform (MITBIMP) to achieve real-time visibility and traceability in
the prefabricated construction. BIM is a powerful tool for the digital presentation and
currently supports the planning, design, construction, operation, and maintenance of
most physical infrastructures. Therefore it is very useful in the prefabrication-based
construction (Azhar, 2011). However, they identified several challenges (i.e., incomplete,
inaccurate, and inadequate data, confined data sharing, poor visibility and traceability of
the construction process) when using BIM in Hong Kong. To overcome these challenges,
they implemented the IoT technology to BIM applications and presented MITBMIP. The
results have some significant contributions. First of all, smart construction objects which
can collaborate with IoT to ease operations were presented. Second, a multi-dimensional
BIM platform was created in order to provide opportunities to stakeholders to share
information. Third, through the proposed platform, a better monitoring process was
provided for end users. Lastly, traditional 3D BIM applications were extended by
utilizing IoT in the process of prefabrication.

Ding et al. (2018) discussed to use BIM and IoT together in order to deal with the
uncontrollability and inefficiency problem of the construction progress, quality, and cost
in traditional steel bridge construction projects. They state that the collaboration and
information sharing among designer, fabricator, constructor, and maintainer is in a
dynamic manner during the lifecycle of steel bridges. Therefore, better information and
communication technologies should be implemented to overcome the existing problems.
To do so, they decided to utilize BIM and IoT together during steel bridge lifecycle
activities. A steel construction in which IoT and BIM technology was utilized together is
called as the smart steel bridge construction. The smart steel bridge construction was
considered in three smart components, namely, smart steel bridge, smart construction
site, and smart construction process. These components and participating parties of the
smart steel bridge construction conduct a comprehensive process in order to build a
smart environment using several instruments. Thus, an opportunity for an efficient
digital collaboration throughout the construction lifecycle of a steel bridge was provided.

Kanan et al. (2018) aimed to design an autonomous system based on IoT that monitors,
localizes, and warns site laborers who avail within danger zones. For a better health and
safety performance, the proposed design considers (i) the real-time alerting of potential
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hazards, (ii) indexing of potential hazards for analysis and for the overall improvement
of site safety, (iii) the seamless integration of heterogeneous sensors in a middleware IoT
platform, and (iv) the introduction of a reliable low-cost and low-power energy
harvesting scheme. Then, two IoT-based autonomous, power saving, and real-time
sensing systems were determined. These were (i) the back over accidents prevention
system (ii) the smart alerting system for potential hazard avoidance. Consequently, it was
revealed that the proposed design has a potential to reduce the risk of construction site
accidents with low capital and operational costs.

Louis and Dunston (2018) intended to build a framework using the IoT technology to
assist the real-time decision-making on the construction site. A practical and sensor-
agnostic implementation of operation-level decision-making by utilizing IoT networks
was then introduced. From their perspective, the developed framework has potential to
improve the operation performance for earthmoving operations in construction. This is
because the framework utilizes the IoT infrastructure to first determine equipment state
of entities that perform the construction process and to communicate with the same to a
discrete-event model of the operation. Consequently, it was stated that the provided
framework may help decision makers in the process of decision-making and can increase
scientific planning and control methods in the domain of construction project
management.

Xu et al. (2018) proposed an integrated cloud-based IoT platform for prefabricated
construction works through exploiting the concept of cloud asset. This platform was
designed to operate to enable small and medium enterprises to adopt IoT technologies
economically and flexibly. For this purpose, they explained the working principle of the
cloud-based IoT system firstly. They then adopted the model in a real time prefabricated
construction project in Hong Kong. In conclusion, it is believed that the proposed
compatible and scalable cloud-based IoT platform may improve the current information
and automation level in the construction industry.

Reja and Varghese (2019) targeted to identify the potential usage of the IoT technology
for various construction projects and to discuss the potential of 5G technology in order to
improve the performance of the IoT technology in terms of construction management
issues. In accordance with this target, they carried out a comparative study of current IoT
applications in the construction industry and analyzed advantages and shortcoming of
IoT in construction. They concluded that the effective use of IoT in the construction
environment is not an easy task and that the continuous improvement of IoT is needed
in the near future for better applications.

Park et al. (2019) implemented an IoT-based system to prevent the dangerous situation
of construction works on job sites. This system works in accordance with sensors and a
deep learning system in order to solve the falling problems of construction workers. From
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their point of views, this system is suitable for construction sites with various radio
interference factors. Based on the findings, they believe that an objective safety guideline
could be established for workers at the construction site using the IoT technology.

Table 1. Past Studies on IoT in the Construction Industry
Author and Date Approach
Kortuem et al. (2010) Smart Objects
Ghimire et al. (2017) Decision-making
Park et al. (2017) Smart Home

Teizer et al. (2017)

Zhou and Ding (2017)

Zhong et al. (2017)
Ding et al. (2018)
Kanan et al. (2018)

BIM Integration
Health and Safety
BIM Integration
BIM Integration
Health and Safety

Louis and Dunston
(2018)

Xu et al. (2018)

Decision-making

Prefabricated
Construction
Reja and Varghese
(2019)

Park et al. (2019)
Mehata et al. (2019)

5G Integration

Health and Safety
Health and Safety

Mehata et al. (2019) utilized smart wearable devices using the IoT technology in detecting
the fall of workers and in sending the notification in case of a need for an immediate aid.
To do so, they developed a system which monitors the hearth rate and temperatures of
workers and thereby warns regarding abnormal health conditions. They tested their
system in two different cases, namely, (i) heart beat and temperature sensor and (ii) fall
detection. As a result, the proposed system ensures the good health monitoring and fall
detection for construction workers.

According to these thirteen past studies concerning the use of IoT in the construction
industry, the number and extent of studies seem to be scarce. In Table 1, these studies
were categorized in accordance with their approaches of the IoT technology
chronologically.

DISCUSSION AND CONCLUSION

The IoT technology has a huge application area when it is used in other technologies such
as sensing, identification and recognition, hardware, software and cloud platforms,
communication and networks, software and algorithms, positioning, data processing
solutions, power and energy storage, security mechanisms, etc. (Colakovié & Hadzialié,
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2018). This technology utilizes advantages of intelligent devices, smart mobile devices,
single board computers, and different types of sensors and actuators (Dehury & Sahoo,
2016). From this perspective, the awareness about benefits of IoT is rapidly increasing
due to the current technology trend in the construction industry (Kanan et al., 2018).
Therefore, the IoT technology has a great potential to become more popular in the future.

Aforementioned past studies reveal that IoT has a potential to be utilized in order to solve
decision-making and health and safety problems in the construction industry. For this
purpose, especially sensors and monitoring systems can be used or developed by
construction companies. Considering the poor health and safety performance of
construction firms, minimizing or eliminating construction incidents may be possible by
using such a new technology in construction sites. In this respect, the help of IoT
applications may decrease the number of occupational accidents caused by construction
machines. Similarly, using IoT-based technologies may improve the monitoring activities
for construction workers in construction sites.

In addition to decision-making and health and safety problems, the IoT technology can
also be used to improve the construction management performance. In this context, it
was shown that IoT has a potential to provide time and money savings and better quality
in construction works. The application of BIM in construction projects has had a great
impact on construction management practices. Furthermore, the integration of IoT and
BIM may increase the positive effect of technologic developments in the construction
industry. Similarly, the IoT technology enabled the emergence of smart objects and smart
homes. Thus, construction firms have a chance to enhance their performance in terms of
economic, sustainable, and environmentally-friendly practices. Lastly, the 5G
technology, which is expected to arise in the near future, may be integrated with the IoT
technology in order to expand application opportunities of this technology.

Consequently, IoT is a novel technology and has a potential to be used in the construction
industry to improve several issues under the construction management topic. By
applying the IoT technology, the construction industry may benefit from its application
practices in a positive manner. The system of IoT can be integrated with different
applications which are already in use in construction. For future studies, additional
research efforts can be carried out in order to improve the performance of smart or
intelligent building, smart objects, health and safety precautions, monitoring systems,
quality control, etc.
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ABSTRACT: While energy directly affects the growth of a country's economy, it also
contributes to the social and cultural development of societies. In order to revive and
grow the economy, local resources should be included in energy production and cleaner
energy production methods should be preferred. In this way, it is possible to produce
energy by using processes that have less impact on the environment by using local
resources. High humidity, high ash content and low calorific value are the major
disadvantages of using the low-grade coal without any pre-treatment. Particularly, high
moisture and high volatile content make it disadvantageous to use the biomass resources.
Hydrothermal treatment which is an effective thermochemical pre-treatment method,
which can be applied to fuels to enhance their fuel properties. This study mainly
investigates the production of coal-biomass hydrochars and discusses the benefits of
applying hydrothermal treatment to lignite, biomass and their blend. In the experimental
study Soma lignite, wood sawdust (obtained from poplar tree) and their blend (50%,
wt.%) were hydrothermally treated at 230 °C for 90 min. Fuel properties of Soma lignite,
poplar sawdust and their blend and their corresponding hydrochars were evaluated in
terms of heating value, ultimate analysis, proximate analysis and combustion properties.
It was observed that hydrothermal process caused changes in moisture, fixed carbon and
ash contents of both the blend. As fuels, all hydrochars had higher fixed carbon content
and higher heating values compared to their original samples. When coal-biomass blend
was compared with its hydrochar, it was observed that fixed carbon content increased by
85% and heating value increased by 12%. Ignition temperatures and burnout
temperatures of all hydrochars showed higher values when compared their raw samples,
except the coal-biomass blend. The hydrochar of the blend showed lower ignition
temperature (293.6 °C) and lower burnout temperature (707.7 °C) when compared to raw
blend (315.4 °C and 715.4 °C respectively).

Key words: hydrothermal treatment, coal-biomass blends, hydrochar, fuel properties.
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ABSTRACT: Epilepsy is a neurological disease characterized by recurrent seizures.
Electroencephalogram (EEG) is an indispensable tool in the diagnosis of epilepsy because
it contains valuable information about different physiological conditions of the brain. The
resulting detect these signals are integrated with epilepsy models are made to the local
health system aims to develop a lot of work. Proposed in this study, the effects of the
features obtained by using Multisignal Wavelet Packet and Recurrence Quantification
Analysis methods in the differentiation of epileptic EEG signals were observed.
Attributes obtained from the methods were classified with Extreme Learning Machine,
Support Vector Machines, K-Nearest Neighbors algorithm and Decision Trees. In
addition, for the system with the best performance results, the Receiver Operating
Characteristic curve which is commonly used in the classification assessment in medical
diagnostic tests was analysed and the performance of the classifier was made. Finally, it
was compared with the studies using the same data set in the literature.

Key words: Multisignal Wavelet Packet, Recurrence Quantification Analysis,
Electroencephalogram (EEG) signals, Epilepsy
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COKLU DALGACIK DONUSUMU VE TEKRARLILIK OLCUM ANALIZI
YONTEMLERI KULLANILARAK EPILEPTIK EEG SINYALLERININ SAPTANMASI

OZET: Epilepsi tekrarlayan nobetlerle karakterize edilen bir nérolojik hastaliktir.
Elektroensefalogram (EEG) beynin farkli fizyolojik durumlar ile ilgili degerli bilgiler
icermesinden dolay1 epilepsi tanisinda vazgecilmez bir aragtir. Bundan dolay: epilepsi
tespitinde yerel saglik sistemlerine entegre modeller gelistirmeyi amaclayan calismalar
yapilmaktadir. Onerilen bu galismada Coklu Dalgacik Doniistimii (CDD) ve Tekrarlilik
Olctim Analizi (TOA) yontemleri kullamilarak elde edilen dzniteliklerin epileptik EEG
sinyallerinin ayirt edilmesindeki etkileri, performanslar1 gozlemlenmistir. Yontemlerden
elde edilen dznitelikler Agir1 Ogrenme Makinesi (AOM), Destek Vektér Makinesi (DVM),
En Yakin K-Komsu Algoritmas: (KNN) ve Karar Agaclar1 (KA) ile smiflandirilmistir.
Ayrica en iyi basarim sonuglar: elde edilen sistem igin tipta tani testlerinde siiflandirma
degerlendirmesinde yaygin olarak kullanilan Alict islem Karakteristikleri (ROC) egrisi
ile analizleri yapilarak simiflandiricinin performans degerlendirmesi yapilmistir. Son
olarak da literatiirdeki ayn veri seti kullanilarak yapilan ¢alismalar ile karsilastirilmistir.

Anahtar sozciikler: Coklu Dalgacik Dontisiimii (CDD), Tekrarlilik Olgiim Analizi (TOA),
Elektroensefalogram (EEG) sinyali, Epilepsi

GIRIS

Kiresel hastalik yiukiintin %0.6'sm1 olusturan epilepsi, beyindeki binlerce veya
milyonlarca néronun ani elektrik bosalmasi sonucu olusan norolojik bir bozukluktur. Bu
rahatsizlik kisa stireli istemsiz hareketlerin olusturdugu tekrarlayan nobetlerle
karakterize edilmektedir. Diinya Saglik Orgiitiiniin (WHO) yaptig1 analizlere gore diisiik
ve orta gelirli tilkelerde her 1000 kiside 7 ile 14 arasinda epilepsi hastast oldugu tespit
edilmistir [1].

Elektroensefalogram (EEG), klinik ortamda beyin hastaliklarini teshis etmek ve
elektriksel aktivitesini incelemek i¢in non-invaziv, diistik maliyetli ve etkili bir tekniktir
[2]. Uzmanlar tarafindan EEG cihazi yardimiyla beyindeki elektriksel faaliyetlerin
izlenmesi genellikle 24 saat gibi uzun stireli bir zamana ihtiya¢ duyulmaktadir. Ancak
sinyallerin igerisinde bulunan gézlem noktalarmin timi karar verme konusunda katk:
saglamamaktadir [3]. Ozellikle ¢cok sayida hasta g6z oniinde bulundurularak uzmanlar
i¢in epilepsi tespiti hem zaman alici hem de yaniltic1 bir siire¢ olusturabilmektedir [4].
Ayn1 zamanda EEG sinyallerinin gorsel analizi ¢cok objektif bir islem degildir. Ayn1 EEG
sinyalleri igin farkli uzmanlar cgeliskili teshisler verebilmektedir. Yapilan son bir
arastirmada dort egitimli uzmanlar aras: duyarliligin yalnizca % 92'sinin elde edildigini
gostermistir [5]. Bu nedenle, epilepsinin otomatik tespiti igin biiytik bir talep vardir ve bu
durum teshis i¢in gereken zamamn biiytik 6l¢tide azaltabilir.
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Otomatik tani tespit sistemlerine ihtiya¢ dogrultusunda bilimsel arastirmalar 1970 yilinin
baslarinda EEG ve Beyin Bilgisayar Araytiz (BBA) sistemleri ile insanin yasam kalitesini
etkileyen epilepsi hastaliginin tespiti {izerine de calismalar baslamistir. Epileptik
nobetleri saptamak amaciyla bircok EEG sinyal analizi ve isleme teknigi ortaya cikmustir.
Genel olarak bu yontemler temelde smiflandirilma asamasi icin Oznitelik ¢ikarma
yontemleri ile sinyalin cesitli 6zelliklerine odaklamilir. Literatiirde bu sorunu ele alan
gesitli yontemler sunulmustur. Yapilan ¢alismalarin biiytik bir cogunlugunda Kaliforniya
Bonn Universitesi Epileptoloji Boliimiinde erisime agik EEG epileptik veri seti
kullanilmustir.  Andrzejak ve ark. deterministik kaos teorisi ile lineer olmayanhgm,
karmasik zamansal davranisa yol acti1 basit deterministik dinamikleri ele almaktadur.
Epileptojenik bolgelerden gelen EEG sinyallerinin diger bolgelerdeki EEG sinyallere
oranla lineer olmayan analizlerin faydali nobet tespit bilgisini saglayabilecegini gosteren
lineer stokastik dinamiklere dikkat ¢cekmistir [6]. Acharya ve ark. normal, iktal ve preiktal
EEG sinyallerini simiflandirmak igin Hurst iissti, en biiytik Lyapunov {issti, fraktal boyut
ve yaklasik entropi gibi kaotik ozellikleri kullanmislardir. Smiflandirma algoritmas:
olarak DVM ve Gaussian Karma Modeli (GKM) algoritmalarmmn kullanildigi bu
calismada GKM ile daha iyi sonuglar elde edildigi tespit edilmistir [7]. Srinivasan ve ark.
EEG sinyallerinden ¢zelliklerin ¢ikarilmasinda, zaman ve frekansa dayali bes 6znitelik
kullanmislardir. Elman tekrarlayan sinir aglarinin smiflayici olarak kullanildig: sistemde
yiiksek dogruluk oranlar: elde edilmistir [8]. Kannathal ve ark. farkli entropi degerleri ve
uyarlanabilir bir noro-bulanik ¢ikarim algoritmas: tabanli bir calisma gergeklestirmistir
[9]. Polat ve Giines KA algoritmalar1 ve hizli bir Fourier dontisiim tabani igeren bir hibrit
model 6nerdiler [10]. Chua ve ark. normal, iktal ve preiktal EEG sinyallerini ayirt etmek
icin gesitli daha yiiksek dereceli spektral ozellikler kullandilar ve ayrica ytiksek
konsantrasyon seviyesine sahip cesitli smiflar icin ¢ikarilan 6zniteliklerin ayirt edici
araliklar oldugunu gosterdiler [11]. Tzallas ve ark. epilepsi tanisi igin yapay sinir aglar1
ile birlikte zaman-frekans dontistim ozelliklerine sahip Wigner-Ville dontisimuni
onermiglerdir [12]. Acharya ve arkadaglar1 TOA yénteminin sinyal hakkinda dogru bilgi
edinilecegi tizerine dikkat cekmistir. TOA ile elde edilen 6znitelikler normal ve iktal EEG
sinyallerinin ay1rt edilmesi tizerine DVM tabanl: bir sistem ¢nermislerdir [13]. Onay ve
arkadasi epileptik EEG sinyallerinin tespitinde Hilbert-Huang dontistimdi ile elde edilen
fonksiyonlarmin tekrarlilik grafiginden faydalanmistir. Elde edilen 6zniteliklerin DVM
ile siniflandirilmasi tizerine bir calisma gerceklestirmislerdir [14]. Orhan ve arkadaslari
Ayrik Dalgacik Dontisumii (ADD) ile elde ettikleri 6znitelikleri KNN algoritmasi ile
kiimeleyerek cok katmanli sinir ag1 giris olarak kullanip daha iyi sonuclar elde etmeye
calismislardir [15]. Liang ve arkadaslar1 epileptik EEG sinyallerinin simiflandirilmasi i¢in
yaklasik entropi Ozniteliklerini kullanmuslardir. Ayrica hizli bir Fourier Dontisumii
kullanilarak hesaplanan EEG gti¢ spektrumlar: eklenerek performansin arttirilmasi
amaclanmustir. Elde edilen bu 6znitelikler Temel Bilesen Analizi ile en iyi 6zellikler

secilerek cesitli dogrusal ve dogrusal olmayan yontemler tarafindan smiflandirilmistir
[16].
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Literattirdeki calismalarda o©znitelik ¢ikarimi asamasinda ayarlanabilir pencere
yapisindan dolay1 diisiik ve yiiksek frekansli bilesenler agisindan iyi bir frekans
cozunurlik saglandig: icin dalgacik dontisumi temelli bircok calismada mevcuttur.
Subasit normal ve epileptik EEG sinyallerini tespit etmek amaciyla ADD kullanilarak
frekans alt bantlarma ayristirildi. Daha sonra bu alt-bant frekanslarinin mutlak
degerlerinin ortalamasi, ortalama giicti, standart sapma ve bitisik alt bandin mutlak
deger otalamalarindan olusan 4 adet 6znitelik elde edilmis olup hibrit bir sistem ile
simiflandirilmistir [17]. Swami ve ark. ADD kullanarak shanon entropy ve standart
sapmalarmin hesaplanmasi ile elde edilen 6znitelikler DVM ile simiflandirilmasi tizerine
bir calisma gerceklestirmislerdir [18]. Wang ve ark. epileptik ndbet tespiti icin ti¢ asamal1
hiyerarsik bir elektroensefalogram (EEG) smiflandirma sistemi onerilmistir. En iyi bazh
dalgacik paket entropisi yontemini kullanarak elde edilen 6znitelikler ikinci asamada
KNN  smiflandirici  ile hiyerarsik bilgi tabanina yonelik egitim asamasi
gerceklestirmislerdir. Son olarak smiflandiricitnin en tst diizey ayrimcr kurallar:
kullanarak smiflandirma asamasi test edilmistir [19]. Guo ve ark. EEG sinyallerinden
ADD ile dtisiik ve orta frekans goreceli bir dalgacik enerjisi algoritmasi ile iki adet
Oznitelik elde etmislerdir. Daha sonrasinda elde edilen bu 6zniteliklerin ti¢ katmanli ileri
beslemeli bir sinir ag1 mimarisi ile siniflandirilmasi tizerine bir sistem 6nerdiler [20]. Bir
baska calismada ise Guo ve ark. CDD yontemine dikkat ¢ekmistir. CDD kullanarak elde
edilen frekans alt bantlarinin yaklasik entropi 6zniteliklerini kullanarak yapay sinir aglari
ile smiflandirmislardir [21]. Peker ve arkadaslar1 calismalarinda karmasik
siniflandiricilara dayanan EEG sinyallerinden epilepsi tanmisi igin yeni bir yontem
onermektedir. Cift agach karmasik dalgacik dontisimii kullanilarak elde edilen EEG
frekans alt bantlarindan istatistiksel oOlgtimlere dayanarak maksimum, minimum,
aritmetik ortalama, standart sapma, ortanca deger olmak {iizere bes Oznitelik elde
etmislerdir. Son olarak bu 6znitelikler karmasik degerli sinir aglarina girdi boyutu olarak
sunulmustur [24].

Bu calismada, literatiirde bahsedilen calismalarla benzer olarak Kaliforniya Bonn
Universitesi Epileptoloji Béliimiinde erisime acik EEG epileptik veri seti kullanilmistir.
CDD ve TOA temelli bir yaklasim onerilmistir. CDD kullamilarak EEG sinyallerinin
sadece yakinsama katsayilarini degil, aynm1 zamanda detay katsayilarin1 da ayristirmak
amaglanmistir. Onerilen yonteme ek olarak daha yiiksek bir performans saglamast icin
kisa ve duragan olmayan verileri analiz etmek i¢in uygun TOA yéntemi kullamlmustir.
Onerilen iki yaklagimdan elde edilen 6znitelikler ayr1 ayr1 ve birlikte AOM, DVM, KNN,
KA ile smiflandirilmistir. En iyi basarim elde edilen sistemin literatiirdeki calismalar ile
karsilastirllmasi  yapilmustir. Ayrica tipta tam testlerinde smiflandirma
degerlendirmesinde yaygin olarak kullanilan ROC egrisi ile yapilan calismalarda en iyi
basarim sonugclar: elde edilen sistemin smiflandirma performansi gosterilmistir.
Calismanin ikinci boltimiinde uygulama adimlari, veri seti ve teorik bilgiler anlatilmustir.
Uctinci  boliimde deneysel sonuglar analiz edilerek literatiirdeki calismalar ile
karsilastirilmasi sunulmustur. Son boliimde ise calismanin sonug kismina yer verilmistir.
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YONTEM

Onerilen calisma 6znitelik cikarma ve siniflandirma olmak tizere iki ana asamadan
olusmaktadir. Ilk asamada TOA ve CDD metotlar: kullanilarak EEG sinyallerini temsil
eden oznitelikler elde edilmistir. Oznitelik cikarma agamasi bir sinyalin karakteristik
ozelliklerini ortaya cikarma acisindan en énemli adimlardan bir tanesidir. Ikinci asamada
ise sinyallerden olusturulan ikili gruplarda 6zniteliklerin makine 6grenmesi yontemleri
tizerindeki basarimlar: irdelenmistir. Sonug olarak en iyi basarim sonucu elde edilen
smiflandiricinin ayrica ROC analizi ile performansi gozlemlenmistir. Sekil 1’de 6nerilen
metodun kisa bir diyagrami gosterilmistir.

EEG Sinyali Coklu Dalgacik
Donugumu (dbs) Siniflandirma Sonug
Tekrarl|l|k Olgiim (KNN, KA, DVM, AGM)
Analizi

En iyi basarim elde edilen
siniflandiricinin ROC analizi

Sekil 1. Onerilen Metot Diyagram1

Veri Seti

Bu calismada veri kiimesi olarak kullanilan EEG sinyalleri, Bonn Universitesi Epileptoloji
Boliimii veritabanindan elde edilmistir. Tiim veriler A, B, C, D ve E olarak adlandirilan
23.6 sn tek kanalli bes kiimeden olusmakla birlikte her bir kiime 100 adet sinyal
icermektedir. Tasarimlar, 12 bitlik bir analog dijital dontistiirticii ile donustiirtildikten
sonra 173.61-Hz o©rnekleme frekansiyla (toplam 4097 ornek) bir dijital ortama
aktarilmistir. A ve B kiimeleri, sirasiyla saglikli gontilliilerden alinan ve sirasiyla gozler
acik ve kapali olan EEG kayitlarindan olusmaktadir. C kiimesi nobetten 6nce beynin
hipokampal karsit hemisferinden elde edilen EEG kayitlarindan olusur. D kiimesi nobet
oncesi epileptojenik bolgeden elde edilen ve E kiimesi ise hasta nobet anindayken elde
edilen EEG kayitlarindan olusmaktadir [25].

Coklu Dalgacik Doniisiimii
A Coifman ve arkadaslar1 cogullastirma yaklasimlar: ve dalgacik arasindaki baglantiy:

genellestirerek Cok Boyutlu Dalgacik Dontistiimii (CDD) olarak adlandirilan bir yontem
onermislerdir [26]. CDD, 1-D dalgacik ayrismasinin genellestirilmesini temsil etmektedir.
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Orijinal sinyal uzay1 £, yani agacin kokiinii temsil ettigini varsayarsak, CDD bir alt
uzay dal olarak diistiniilebilir. Genel bir gosterimde diigtim Q; , olarak ifade edildiginde
buradaki j olcegi ve k olcek igindeki alt bant endeksini ifade etmektedir. Dalgacik
dontisimi ile yakl_a§1m uzayl Qi = Qjyq2k, {¢j+1(t-2]+1k}kezve ayrinti uzayi {;; —
Qjs1,2k+1s {L|Jj+1(t-2]+1k}kez olmak {izere iki ortogonal alt uzay1 olarak ayristirilir.

Denklem (1)’de yaklasim uzayi, Denklem (2)'de de ayrint1 uzayr matematiksel olarak su
sekilde ifade edilmektedir:

@ (1) = = (2% (1)

] 2J
[2]]

P = = (525 @

127

Burada @;,(t), ¥;(t) dalgacik ve olgeklendirme fonksiyonlari, j olgegi, k alt bant
endeksini ve 2/ ise 6lcekleme parametresi olarak bilinmektedir [27].

A CDD’'niin, dalgacik dontistimii arasindaki fark sonraki ayriklastirma seviyeleri igin
CDD sadece yakinsama katsayilarim1 degil, aym1 zamanda detay katsayilarini da
ayristirmaktadir. Bu islem | kere tekrarlamaktadir. Bu tekrarlanma N adet orijinal
sinyaldeki ornek sayisinda ] < log,N olacak sekilde sarti saglamasi gerekmektedir.
Tekrarlama isleminin sonucunda JxN boyutunda bir katsayr matrisi elde edilir.
Boylecej =1,2,...,] ¢ozlintrliuk seviyesinde N adet 6rnek sayisina sahip bir sinyalden
katsayilar 2/’lik bir 6lgeklendirme ile bloklara boliinmiistiir. Bu tekrarlamali siireg, bir
ikili dalgacik paket dontistimii benzeri bir yap1 olusturmaktadir. Agacin diigtimleri farkl
frekans ozelliklerine sahip alt uzaylar1 temsil etmektedir [27]. CDD’'ne 6rnek Sekil 2’'de
i ayrisma seviyesi ile sematik olarak gosterilmistir.
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Sekil 2. j=3 Icin Alt Uzaylara Ayrisma Semasi

Tekrarlilik Ol¢iim Analizi

Zaman serisi dinamiginin temsili faz uzayimin yeniden olusturulmasini saglar. Tekrarlilik
durumlarinin zamana bagh davramsimi gostermek icin Tekrarlilik Noktalarinin (TN)
olusturdugu NxN’lik grafigin temel adimlari su sekildedir;

Ri,j = 9(8—(||XL—X]||) i,j=1,...,N

(3) 3

Burada; €: Onceden tanimlanmis bir kesme mesafesi,

|| - | |: Oklid formu,

N: Toplamda bulunan nokta sayisi,

6: Bir yogunluk fonksiyonudur.

X;'ninci nokta X;'ninci nokta arasindaki uzaklik bir ¢ esik degerinin altina ise R; ;=1 yani
nokta olan X; merkezli bir kiire tanimlanir. Aksi takdirde R; ;=0 olur.

Tekrarlilik Olgiim Analizi (TOA) teknigi, tekrarlilik grafiginin karakteristik yapilarinin
niceliksel analizine izin veren yontemdir. Elde edilen tekrarlilik grafiklerinden asagidaki
karakteristik parametreleri dikkate alinmistir [28]:

Tekrarlilik Noktolart (RR)

Tekrarlilhik grafiginde tekrarlama noktalarini karakterize eden genel gostergedir.
Tekrarlama noktalarinin yogunlugunu gosterir [29].

Belirlilik (DET)

Kosegen cizgiler tizerinde konumlanmis tekrar noktalarinin ytizdesidir. Bu cizgiler,
sistemin durumlarinin benzer evrim zamanlarini temsil etmektedir [30].

Ortalama kosegen ¢izgi uzunlugu (L)

Bu parametre, sistemin farklilasmasimin ortalama 6ngorme stiresini veya tersini belirtir
[30].

Entropi (ENTR)

Capraz hatlarin uzakliklarmin olasiliksal dagilim degerleridir [30]. Kullanilan niceliksel
parametrelerin denklemleri Tablo 1’de gosterilmistir.

Tablo 1. TOA Parametreleri
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Parametre Denklemi
N
1
RR Nz Z Ry; (4
i,j=0
N, P
DET Sizlmin =~ V7 (5)
20 R
N, P
L i=lmin (6)
NPl
N
ENTR - z P(DInP) (7)
I=lnin

Tablodaki denklemlerde bulunan [,;;, minimum koésegen c¢izgi uzunlugu, P(l) [
uzunluklu kosegen cizgilerin histogramini temsil etmektedir.

Asir1 Ogrenme Makinesi

Asirt Ogrenme Makinesi (AOM), sinir ag1 yapilar1 arasinda basit bir mimariye sahip
model olan Tek Gizli Katmanl leri Beslemeli TGKIB ag yapisi igin basit bir 6grenme
yontemidir [31]. Gradyan temelli geri yayilimh algoritmalarda 6grenme siirecinde iteratif
islemler ile agirliklar ve esik degerlerinin en uygun degerini buluncaya kadar
degismektedir [32]. AOM ise uygulama siirecinde rastgele olusturulmus girdi
agirliklarini ve esik degerlerini kullanarak ¢iktr agirhiklarinmi en kiigiik kareler yontemi ile
hesaplayarak egitimini tamamlamus olur. Bu sayede AOM hizli bir 6grenme ve genelleme
performansi avantajlariyla benzersiz bir optimal ¢6ztim tiretir [33].

Girigler X; = [Xy, Xy, ... XN]T€ RN vektorii ve karsilik gelen istenen cikiglar ise Y; =
[Y1, Yy, .. YN]T€ RN vektorii ile gosterilmistir. Gizli katmanda M adet nérona ve g,
aktivasyon fonksiyonuna sahip TGKIB ag icin matematiksel gosterim asagidaki gibi ifade
edilmektedir.

M, Big(Wik; + b)) = Q;,=12,..,N ®)
N adet néron sayisina sahip TGKIB ag yapisinda w; = [wi;, Wiy, ..., Wi ]T gizli néron ile
giris néronlari birbirine baglayan giris agirlik vektord, Bi = [Biy, Biz, -, Bim]” gizli néron
ile ¢ikis noéronlarmi birbirine baglayan cikis agirlik vektorti, b; eklenen esik degerini ve
Qj = [Q1,Qz -, Qj]T ise beklenen cikisi ifade etmektedir. TGKIB ag yapisinda Q; ve Y;
arasindaki hatay1 en aza indirmeyi hedeflemektedir. Beklenen ¢ikis ile olmasi istenilen
¢ikis iliskisi arasinda;

1Lallgy =¥l =0 )
Seklinde matematiksel olarak ifade edilmektedir. Hatanin sifira yaklastig1 varsayilirsa
TGKIB ag yapist igin matematiksel gosterim de olmast istenilen cikis esitligi ile mevcut
Bi, w; ve b; icin (8) esitligi;
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L1Big(WiX; + b)) =Y ,j=12,..N (10)

Seklinde tanimlanabilir. Burada tiim parametrelerinin ayarlanmas: gerektigine dair
geleneksel sinir ag1 yapilarindan farkl olarak 6grenme asamasinda giris agirhiklar: ve
gizli katman esik degeri rastgele secilerek H gizli katman ¢ikis matrisi elde edilmektedir.

gWiXs+by) - gWyX; + by)

H= (1)

gWiXy +by) - g(WyXy + by) NxM

Seklinde yazilabilir [34, 35]. Esitlik (10)’daki matematiksel ifadeden yola cikilarak N adet
denklemin daha sade bir halde gosterimi;

Hp=Y (12)

Esitlik (12)'deki dogrusal bir denklemi tek seferde ¢oziimleyip £ cikis agirliklarmin elde
edilerek egitimini tamamlamasi icin;

B =HTY (13)

H NxN'lik bir kare matris ise tersi alinabilir ve HY = H™! esitligi yazilabilmektedir. Fakat
genellikle gizli néron sayis1 M, farkli egitim 6rnek sayis1t N'den (M<<N ) ¢ok daha azdr.
Bu ytizden H matrisi kare matris olmayabilir. § degerini elde etmek i¢cin H matrisinin
Moore-Penrose Genellestirilmis Tersi yontemi kullanilmaktadir. En kiictik kareler
yontemlerinden biri kullanilarak onerilen 6grenme algoritmas: sadece en kiigiik egitim
hatasin1 degil, ayn1 zamanda en kiictik agirlik seviyesine ulasma egilimindedir. Ctinki
agirliklar ne kadar kiictik olursa agmn genel performans: da dogru orantili olarak iyi
olmaktadir [36].

Destek Vektor Makineleri

Destek vektor makineleri (DVM) ilk olarak 1995'te Cortes ve Vapnik tarafindan
smiflandirma ve regresyon i¢in kullanilan, danismanli 6grenme yaklasimiyla calisan bir
ogrenme algoritmasi olarak onerilmistir. Genel olarak DVM'nin calisma prensibi smnif
etiketleri bilinen iki smifa ait 6rneklerin, egitim ve test verileri olmak tizere iki gruba
ayrilip; egitim verisi sonucu elde edilen bir karar fonksiyonu sayesinde test verilerinin
siniflandirilmasi islemidir [37].

Karar Agaclar1

Bir sartin kendisinden baska bir sarta bagli oldugu sezgisel bir yontem olarak
Onerilmistir. Tiimevarim yontemi ile benzer oriintiileri bulmak icin kullanilabilecek bir
denetimli 6grenme algoritmasidir. Dogru tahmin elde etmek icin pek cok if-then
yapisina tabi tutarak en iyi siray1 bulmaya calisir [38].

En Yakin K-Komsu Algoritmasi

Siif etiketleri belirli olan bir egitim 6rnegi kiimesine dahil edilecek yeni bir drnegin
hangi sinifa ait olacagini mesafeye dayali olarak smiflandirma yapan denetimli bir
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ogrenme algoritmasidir. S6z konusu bu yontemin calisma prensibi dahil edilecek
ornegin, belirlenen bir k degerinde egitim o©rnekleri arasindaki wuzakliklar
hesaplanmaktadir. Genel olarak baskin sinifa dahil olmaktadir. Denetimli bir 6grenme
oldugundan dolay1 giiriiltii parametrelerin varliginda sorun yaratabilmektedir [39].

Alic1 Islem Karakteristikleri (ROC) Egrisi

Tespit sistemlerinin bilimsel arastirma alaninda 6nemli bir hale gelmesinden dolay1
performans degerlendirmesinde ROC analizinin kullanim1 giderek yayginlasmaktadir.
Dogru pozitiflerin yanhs pozitiflere olan kesri olarak ifade edilebilir. Bir ROC egrisi,
farkl esik degerleri icin dikey eksen tizerinde dogru pozitifler (duyarlilik) ve yatay eksen
tizerinde yanlis pozitiflerin (1-6zgtilliik) oranlarinin yer aldig: bir egridir [40]. ROC uzay1
grafigi Sekil 3’te gosterilmistir.

Duvarklk
\

1- Ougiiik
Sekil 3. ROC Uzay Grafigi
ROC egrisi altinda kalan alan ise sistemin dogrulugunu belirtmektedir. ROC uzay1
grafiginde iyi bir performansta sirasiyla (0.0), (0.1) ve (1.1) noktalarindan gecen bir egri
olusturmaktadair.

BULGULAR

Deneysel calisma EEG veri seti epilepsi krizi var veya yok olacak sekilde 7 farkh
durumun siniflandirma problemine yonelik yapilmigtir. Onerilen yontemde, coklu
dalgacik dontistimii ve tekrarliik ol¢tim analizi yontemi kullanilarak o6znitelikler
cikarilmistir. Elde edilen bu 6znitelik ¢cikarma yontemlerinin etkisi ayr1 ayr1 ve birlikte 7
farkli durumda test edilmesi icin AOM, KA, DVM ve KNN makine ogrenmesi yontemleri
kullanilmistir.

Calismada ilk olarak CDD'nde j=5 alinarak her bir sinyale ait 5x63 liik bir 6znitelik
matrisi elde edildi. Her bir 6zellige ait 5 adet parametrenin ortalamasi alinarak bir sinyale
ait 1x63 adet 6znitelik cikarilmistir. Elde edilen 6znitelikler KA, DVM, KNN ve AOM
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(I 1 3
\)
(gizli katman noron sayis1 2000 ve aktivasyon fonksiyonu sigmoid) ile siniflandirilmistir.
Onerilen ozniteliklerinin smiflandiricilar {izerindeki basarim sonuclar1 Tablo 2'de

verilmistir.

Tablo 2. CDD Ozniteliklerinin Basarim Sonuclar:

Siniflandiric1  Dogruluk (%)
AE AB- CD- A- ACD- AB- ABCD-
E E CDE E CDE E
KA 99.50 99.30 96 98 9730 97 98
DVM 99.50 100 98  99.30 99 99.20 98.60
KNN 99.50 99.70 98  99.30 98.80 98.80 99
AOM 100  99.67 99  99.75 99.25 99.80 99.40

Calismada ikinci olarak TOA ile elde edilen 6zniteliklerden RR, DET, L ve ENTR den
olusan 4 adet 6znitelik kullanilmistir. Her bir sinyale ait elde edilen bu 4 adet 6znitelik
KA, DVM, KNN ve AOM (gizli katman néron sayist 1000 ve aktivasyon fonksiyonu
tribas) ile siniflandirilmistir. Onerilen 6zniteliklerinin siniflandiricilar tizerindeki basarim
sonuclar1 Tablo 3’te verilmistir.

Tablo 3. TOA Ozniteliklerinin Basarim Sonuclar1

Siniflandiric1  Dogruluk (%)
AE AB- CD- A- ACD- AB- ABCD-
E E CDE E CDE E
KA 95 96.30 81 9530 86.80 93.80 87.80
DVM 97.50 96.70 87 95.80 91 96.20 89.40
KNN 98 96.70 85.30 95.30 89 94.40 99
AOM 99 98.33 87 9725 89.25 97.40 90.20

Deneysel calismada son olarak da ¢nerilen yontem, CDD ve TOA ile elde edilen
Oznitelikler birlestirilerek 67 adet 6znitelik elde edilmistir. Bu 6znitelikler KA, DVM,
KNN ve AOM ile smiflandirilmistir. Onerilen yaklasim bagsarim sonuglart Tablo 4'te
verilmistir.

Tablo 4. CDD + TOA Ozniteliklerinin Basarim Sonuclar1

Siniflandiric1  Dogruluk (%)
A-E AB- CD- A- ACD- AB- ABCD-
E E CDE E CDE E
KA 100 99.30 95 97.80 97 98 97.80
DVM 100 99.70 98 99.30 98.80  99.60 98.40
KNN 100 99.70 98 100 98.50  99.60 98.40
AOM 100 100 99.33 100 99.50  99.80 99.40
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Oznitelik ¢ikarma yontemlerinin ayr1 ayri ve birlikte kullanilarak elde edilen basarim
oranlar1 kargilagtirma yapildiginda, CDD ve TOA birlikte kullanilmasi ile daha iyi
sonuglar elde edilmistir. Ayrica CDD ve TOA yontemleri birlikte kullanilarak elde edilen
ozniteliklerin Tablo 4’e bakildiginda AOM diger simiflandiricilara kiyasla daha iyi bir
performans yakaladig1 kaydedilen basarim sonuclarindan gozlemlenmektedir.

Onerilen yaklasimda CDD ve TOA tabanlhh EEG sinyallerinin AOM ile
siniflandirilmasinda, siniflandiricinin gizli katman noéron sayisi 2000 ve gizli katmanda
sigmoid aktivasyon fonksiyonu ampirik yontemlerle segilmistir. Olusturulan 7 durumda
da yapilan testin hatasini daha iyi tahmin edebilmek icin 10 kat ¢aprazlama kullanilarak
dogruluk, duyarlilik ve 6zgiilliik oran1 Tablo 5'te gosterilmistir.

Tablo 5. Onerilen (CDD+TOA) Ozniteliklerin AOM Uzerindeki Basarim Sonuclar1

Durum Dogruluk (%) Duyarlilik (%) Ozgiilliik (%)
A-E 100 100 100
AB-E 100 100 100
CD-E 99.33 99.05 100
A-CDE 100 100 100
ACD-E 99.50 99.34 100
AB-CDE 99.80 99.51 100
ABCD-E 99.40 99.26 100

Tablo 5’e bakildiginda en yiiksek basarim oran1 A-E, AB-E, A-CDE durumlari icin %100
ve en diisiik basarim oraniise %99.33 olarak CD-E durumunda elde edilmistir. AOM’nin
tim durumlar icin ROC egrileri sirastyla Tablo 6’da verilmistir.

Tablo 6. Onerilen Yoéntemin 7 Durum I¢in ROC Egrisi
|Al-]E| ' |AB|-|E]

ROC. Ama St ROC, Alarc), 9140
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ROC egrilerinde simiflandiricinin iyi bir performans gostermesi icin koordinat olarak
sirasiyla (0.0), (0.1) ve (1,1) noktasma yakin ge¢mesi istenmektedir. Tablo 6'da analiz
sonuglar: incelendiginde smiflandiricinin 6nerilen 6znitelik ¢ikarma yontemleri ile ikili
gruplari iyi bir sekilde ayir ettigi gozlemlenmektedir. Ayrica deneysel calismadan elde
edilen sonuglar literattirde ayni veri setini ve ayni durumlari dikkate alan calismalarla da
karsilastirilmistir. Karsilastirmali sonuglar ABCD-E ve A-E durumlari i¢in sirasiyla Tablo

7’de verilmistir.
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Yazar Yontem Duru Ver-i . Dogru
m Secimi luk
Wigner-Ville Dontistimii+ ABCD %030
Tzallas ve ark. [12] Yapay Sinir At E egitim, %97.73
Y 5 %50 test
. . .. ABCD %;?0.
Orhan ve ark. [15] ADD+ Cok Katmanl Sinir Ag1 E egitim, %99.60
%50 test
ADD-Yaklasik Entropi+ ABCD %60
Liang ve ark. [16] Dogrusal = veya  Dogrusal E egitim, %98.51
Olmayan Siniflandiric %40 test
. %50
Guo ve ark. [21] Eig;zﬁ 1;123113( Alé?tropﬁ ok iA]‘EBCD egitim, %98.27
5 %50 test
Cift Agach Karmasik Dalgacik ABCD 10 kat
Peker ve ark. [24]  Dontistimii +Karmasik Degerli E caprazla  %99.15
Sinir Ag1 ma
10  kat
Onerilen Sistem  TOA- CDD+ AOM i‘,BCD caprazla ?99'4
ma
Srinivasan ve ark Zaman—Frekans Domeni %60
8] " Ogzellikleri+ Tekrarlayan Sinir A-E egitim, %99.60
Ag %40 test
Kannathal ve ark. Entropi+ Uyarlamali Sinirsel %60
[9] Bulanik Cikarim Sistemi AE egitim, %92.22
%40 test
Polat ve Giines 10 kat
Hizli Fourier Dontisimtu+ KA  A-E caprazla  %98.72
[10] ma
Wigner-Ville Dontisumii+ %30
Tzallas ve ark. [12] Yanay Sinir As1 A-E egitim, %100
pay 5 %50 test
%60
Subasi [17] ADD+ Hibrit Sistem A-E egitim, %94.50
%40 test
10 kat
Swami ve ark. [18] ADD+ DVM A-E caprazla  %99.53

ma

g5y | 526
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. . 10 kat

Wang ve ark. [19] SAIEE;H dirma Sis temI—ihyerarglk A-E caprazla  %99.44
ma
10 kat

Guo ve ark. [20] ADD+ Cok Katmanli Sinir Ag1  A-E caprazla  %95.20
ma

CDD-Yaklasik Entropi+ Cok %50
Guo ve ark. [21] K L A-E egitim, %99.85
atmanli Sinir Ag1 o

%50 test
10  kat

Onerilen Sistem  TOA- CDD+ AOM A-E caprazla %100
ma

Literatiirde ayn1 veri seti, farkli sinyal isleme ve makine 6grenmesi yontemi kullanilarak
onerilen calismalarla birlikte Guo ve ark. [21] ©nerdigi CDD ve yaklasik entropi
ozniteliklerinin ¢ok katmanli bir sinir ag1 yapist kullanilarak yapilan siniflandirma
calismasi ile karsilagstirma yapilmistir. Onerilen sistemde 10 kat caprazlama yapilarak
rastgele ayirma yaklasimiin farkli sonuglar tretme ihtimalini ortadan kaldirarak
sistemin giivenilirliginin arttirilmas: hedeflenmistir. Yapilan bu karsilastirma sonucunda
genel olarak hem veri secimi hem de basarim sonucu olarak 6nerilen yontemin epilepsi
ve normal EEG sinyallerinin simiflandirilmasinda yararli bir parametre olarak
sunulabilecegi gecerliligini gostermektedir.

SONUC

Gelisen teknolojiyle birlikte her alanda oldugu gibi biyomedikal alanda da ¢nemli
gelismeler gerceklestirilmektedir. Diinyadaki en yaygin norolojik hastaliklarindan biri
olarak gortilen epilepsi hastaliginin tespitindeki zorluklardan dolay1 bu alandaki bilimsel
arastirmalar nobetlerin saptanmasi tizerine yogunlasmistir. Boylece nobet tespitinde
norofizyologlara yardimci olmakla birlikte hastanin nobet baslangicinda stireci
uyarilarak ciddi yaralanmalarin o©nlenebilmesi ile yasam kalitesini yiikseltmeyi
hedefleyen bir tan1 arac1 amaglanmustir.

Onerilen 6znitelik cikarma yontemleri ve ikinci asamasinda KA, DVM, KNN ve AOM ile
siiflandirilarak iyi bir basarim ve kisa stirede sonuglanmasi hedeflenmistir. Genel olarak
en yiiksek %100 (A-E, AB-E, A-CDE) ve en diisiik %99.33 (CD-E) ile iyi sonuglar AOM ile
kaydedilmistir. Kullamlan 6znitelik ¢ikarma yontemleri ve AOM ile tam kararinin ¢ok
kisa stirede, iyi basarim orani vermesi saglanmistir. Yontemin literattirde ayn1 veri seti
kullanilarak yapilan calismalarla kiyasla iyi bir basarim gostermesi ile birlikte tek gizli
katmanli ileri beslemeli ag mimarisine sahip AOM’ nin medikal tan1 sistemlerinde iyi bir
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genelleme performansi elde etmek icin 6grenme algoritmas: olarak kullanilabilecegini
gOstermistir.
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ABSTRACT: This paper aimed to explore the failure modes and crashworthiness
characteristics of basalt fiber reinforced pipes (BFRP) subjected to quasi-static lateral
compression. Experimental investigations were performed on various fiber orientation
angles (+40°, £55°, and +70°) of the basalt FRP fabricated by filament winding technique.
Fracture mechanisms of pipe samples were discussed to understand failure modes. The
increase in fiber orientation resulted with increase in energy absorption capability and
load carrying capacity. The pipe sample with +70° fiber orientation angle showed the
maximum specific energy absorption of 3.07 J/g. Maximum values of initial peak load
and mean crushing loads were also obtained from the sample with +70° fiber orientation
angle. This is attributed to fiber closer position against to direction of application loading.
In addition, failure modes and crack propagation were investigated on crushing history
at different stroke values of load-displacement curves. For all samples, mid-surface of
samples were observed as damage region beginning with a buckling behavior of the
vertical walls. In conclusion, fiber orientation angle had a significant influences on the
crashworthiness characteristics of filament wound BFRP.

Key words: crashworthiness, basal fiber, fiber orientation angle, filament winding

INTRODUCTION
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In recent years, polymer based composites have been an interesting class of materials
used in applications due to their excellent mechanical characteristics such as higher
specific strength and stiffness, better damping, longer service life which are the
limitations of classical engineering materials. Furthermore, they may offer the higher
specific energy absorption with lightweight structures in a crash event. While metallic
crash absorber materials show the phenomenon of plastic deformation, progressive
collapse in a brittle manner [1] is forming for composite materials. The use of thin-walled
tubular composites decreasing the size and mass of the material or reducing negative
inertial effects have been a creative way to achieve higher ability to absorb energy in
crushing applications.

At present, a considerable amount of scientific papers devoted to energy absorption
capabilities of thin walled composites are seen in the literature [2-4]. Mahdi et al. [5]
investigated the effects of fiber orientation angle on the crashworthiness characteristics
of E-glass/epoxy reinforced composite pipes. The six different fiber orientation angles
were considered as 0°, 15°, 30°, 45°, 60° and 75°. 15°/-75° and 75°/-15° were being
recommended for better load carrying and energy absorption capability. Sebaey and
Mahdi [6] examined the crashworthiness behaviors of glass/epoxy composite tubes
fabricated by filament winding. The samples were compressed after impacted by Charpy
impact tester. Various places such as side, top, down were exposed to impact energy with
more than one time. They explained that top impacted samples had less sensitivity to
impact damage compared to side impacted ones. Kim et al. [7] researched the crushing
behaviors of composite tubes. Carbon/epoxy, kevlar/epoxy and interply carbon-
kevlar/epoxy composite tubes were utilized to obtain specific energy absorption,
maximum peak load, mean crushing load. According to results, carbon/epoxy provided
to the best energy absorption capability with the value of 81.7%. Also, kevlar /epoxy gave
the worst specific absorption in their studies.

The main emphasis of this paper is the effects of the fiber orientation angle on the
crashworthiness characteristics of basalt fiber reinforced composite pipes fabricated by
filament winding technique. The samples having different fiber orientation angles
(£(40°), £(55°), £(70°)) has been subjected to quasi-static lateral compression loadings and
compared with each configurations based on the load carrying capacity, energy
absorption capability.

MATERIALS AND METHODS

Sample Preparation

The basalt roving fiber with 2.4K linear density (tex), shown in Figure 1, are used as
reinforcement and are procured from Tila Kompozit company, Turkey. The mechanical
properties of the basalt fiber reinforcement are given in Table 1.
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Figure 1. Basalt roving fiber
Table 1. Mechanical properties of basalt fiber reinforcement

Tensile Tensile . Filament Specific
Elongation at . :
strength modulus break (%) diameter (pm) density
(MPa) (GPa) ’ (g/cmd)
3200 90 3.1 13 2.78

For the matrix component of pipes, the epoxy (EPIKOTE MGS LR160 resin) and hardener
(EPIKURE Curing Agent MGS LH260S), which are supplied from Dost Kimya A.S,,
Turkey, are mixed with a stoichiometric weight ratio of 100:35, respectively.

The filament winding technique, shown in Figure 2, is used to produce all considered
pipe samples. The fabrication process of fiber reinforced composite pipes can be
categorized into three distinct steps as preliminary preparations, process conducting and
post processing. As preliminary preparations, release wax is applied on the mandrel and
release agent film is wrapped at first. Afterwards, release wax is again implemented to
pull out the mandrel from the pipe at the end of the winding process. The glass wool is
exerted to obtain smooth surface inside the samples. Fiber reinforcement is placed with
helping of resin bath and rollers. By using epoxy and hardener, resin mixture is prepared
and deposited into the resin bath tank. Then the process at desired parameters is begun
by loading the motion codes to machine, as seen in Figure 3.

I, l"

Giuice |Ringd

Wet Fiber

Resin Bath A"E [mbyary Lini |Carriaps)
¥

]
+ II:Ir.. Fiber

Figure 2. Filament winding technique
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Figure 3. Fabrication of composite pipes

After process is completed, a heat shrinkage tape is wrapped on the mandrel and curing
procedure is performed by heating the samples when it is rotating. Sanding and polishing
as post processing can be conducted to obtain aesthetic appearance on the sample. The
thickness and length values of the samples were measured as 4.00 £ 0.20 mm and 170 +
0.5 mm for all fiber orientations. Also, fiber mass fractions were determined as 59.95%,
63.40% and 66.01% for £(40°), £(55°) and +(70°) fiber orientation angles, respectively.

Quasi-static Lateral Compression

The lateral crushing experiments on Shimadzu AG-X Series universal testing machine
with 30 tones capacity, as shown in Fig. 4, were performed between two flat steel plates
as quasi-static lateral compression tests, which to obtain crashworthiness parameters of
basalt fiber reinforced composite pipes. All samples exposed to 12.5 mm/min loading
rate were compressed into 35 mm. At least five number of experiments for each fiber
orientation angle are evaluated to ensure experimental reliability.

hlaten

Figure 4. Quasi-static lateral compression
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Three distinctive stages, shown in Figure 5, are considered in crushing process [8]. The
material behaves elastically in pre-crushing stage and initial peak load is noted. After
that, post-crushing presents the propagation of crushing in progressive or catastrophic
manner. This stage is the crucial to measure crashworthiness parameters except initial
peak load and to understand failure mechanisms. Lastly, when load increases suddenly
which means densification phase, crushing process is finished.

Pre-

Post-crushing iDensification;
crushing {
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1 |

I T
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Figure 5. Typical load-displacement curve of crushing process
The crashworthiness parameters of the samples are calculated by considering load-
displacement curves obtained from experiments. Total energy absorption, E is the area
under load-displacement curve between crush distances, which is shown in Figure 5, and
calculated by integration of load, P as seen Eqn. (1);

Sr

E= J P(s)ds (D
Si
where Si and Sf represents the initial and final stroke values in compression after the first
initial peak load. Also, mean load is found from the integration of each load value
depending on stroke, P(s) in crushing propagation stage as in Eqn. (2);
Sr
JTP(s)ds

p ==t 2

Crushing load efficiency, nf, which is the percentage ratio of mean load and initial peak
load. It is obtained from Eqn. (3);

Ny = 100(Pn/P) (3
where the peak load (P;), is the initial peak load in the load-displacement curve. Specific
energy absorption, Es is the absorbed energy per unit mass of crushing sample and
calculated with Eq. (4);
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RESULTS AND DISCUSSIONS

Load-displacement Response and Failure Modes

The load-displacement curves and the crushing history of the lateral loading application
at different fiber orientations of the considered pipes were given in Figure 6 and Figure
7, respectively. For all examined samples, mid-surface of samples were observed as
damage region beginning with a buckling behavior of the vertical walls. This buckling
allowed and encouraged the cells to readjust its position which causes a vertical crack at
the samples mid plane [9]. Furthermore, first failure mode can be given as matrix cracking
that triggers delamination of the layers. Most of the samples showed the fiber debonding
failure mode as lateral loading continued.

There were irregular ups and downs in the graphs, caused from individual breaks in each
layer. As the surface contact with the load was worse than the cross-sectional flatness,
cyclic load-displacement graphs could not be obtained. Higher fiber orientation angle
resulted with the increase in load carrying capacity as reported in Ismail’s study [10].
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Figure 6. Load-displacement curves
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S mm 15 mm 25 mm A5 mm

Figure 7. Crushing history

After crushing application, the samples returned back an amount because of spring back
effect. But, they did not take the original circular characteristics shapes due to plastic
deformation and failure inside the samples. The last appearances of the samples with
respect to fiber orientation angle were given in Figure 8 as top and side view. The failure
process was initiated with the matrix cracking and proceeding of delamination. Buckling
of the samples, which caused the vertical cracks in mid plane, had the crucial role for fiber
breakage. Fiber breakage failures, especially for +(55°) and *(70°) were achieved as
longitudinal cracks that happened a left and right sides of the samples. Lastly, the
combination of fiber debonding, matrix cracking, delamination and fiber breakage of
failures were observed in all samples as seen on crushed samples.
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Figure 8. Fracture shapes and failure modes of crushed samples
Crushing Load Efficiency

The initial peak load and the mean crushing load, which are references for the spring
back values and the crush load stability, were shown in Figure 9. BFRP at £(70°) fiber
orientation exhibited the maximum initial peak and mean crushing load values as 10.33
kN and 10.55 kN due to fiber approaching to loading direction. The lateral crushing load
efficiency values for samples of £(40°), £(55°) and +(70°) fiber orientations were presented
in Figure 10. In general cases of the lateral crushing application, mean load was greater
than the initial peak load values. Consequently, more than 100% load efficiency,
especially in £(40°) and +(70°) samples, took place on the results. It can be said that higher
fiber orientation angle resulted in decrease for crushing load efficiency.
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Figure 9. Initial peak and mean crushing loads
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Figure 10. Crushing load efficiency
Energy Absorption

Total absorption energy and specific absorbed energy of the samples with different fiber
orientation angles were presented in Figure 11 and Figure 12, respectively. Maximum
values of total energy absorption and specific absorbed energy as 335.91 J and 3.07 J/g
was obtained from the sample having +(70°) fiber orientation. This is attributed to fiber
dominant effects on loading when direction of fiber is closer. The improvements in
percentage at +(70°) angle in terms of total energy absorption and specific absorbed
energy were achieved as 110% and 106% compared to sample having +(40°) fiber
orientation.
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Figure 11. Total energy absorption
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Figure 12. Specific absorbed energy
CONCLUSION

In this study, the effect of fiber orientation angle on the crashworthiness characteristics
of basalt fiber composite pipes fabricated by filament winding technique were
investigated. Quasi-static lateral compression tests were evaluated to obtain crushing
parameters in terms of load carrying capacity, energy absorption capability, failure
modes. The results showed that the fiber orientation angle had very significant influences
on examined parameters. Higher fiber orientation angle resulted with the higher load
carrying capacity and energy absorption capability. Maximum specific absorbed energy
was achieved from #(70°) fiber orientation angle as 3.07 J/g. The improvements in
percentage at +(70°) angle in terms of total energy absorption and specific absorbed
energy were achieved as 110% and 106% compared to sample having +(40°) fiber
orientation. Lastly, the combination of fiber debonding, matrix cracking, delamination
and fiber breakage of failures were observed in all samples as seen on crushed samples.
In conclusion, fiber orientation angle proved the magnificent effect on crashworthiness
behaviors of the basalt fiber reinforced filament wound composite pipes.
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DEVELOPMENT OF MULTIFERROIC MATERIALS FOR
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ABSTRACT: The multiferroic materials having both ferromagnetic and ferroelectric
properties have drawn a great interest because of the potential device applications in
magnetoelectronics, optoelectronics and spintronics (Baek, 2017; Basu, 2008). Some of the
applications: non-volatile memory elements, sensors, spin wave generators, spintronic
devices whose spins are controlled with electric field, solar cells (Wang, 2004; Wolf, 2001).
It should be developed the perfect multiferroic materials and structures for these
applications. Due to the fact that these materials can be controlled both electric and
magnetic fields, a lot of nanoscale devices can be easily fabricated. In this study, the
multiferroic BiFeOs powders were synthesized by using sol-gel method. Structural,
morphological and magnetic properties of these materials were characterized.
Magnetization measurements revealed that undoped and Ni doped BiFeOs powders
have ferromagnetic behaviour. It has been realized that BiFeOs powders annealed in air
atmosphere can be useful for spintronic applications.

Key words: Multiferroic, Ferromagnetic, Ferroelectric, Spintronics
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OPTICAL TWEEZING POTENTIAL OF INTEGRATED
VORTEX BEAM EMITTER
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ABSTRACT: The angular momentum of light consists of two distinct components,
namely orbital angular momentum (OAM) and spin angular momentum (SAM). SAM is
related to the polarization of light and OAM, however, depends on the field spatial
distribution and can be associated with a light beam that has helical wavefront. OAM is
another degree of freedom of light that can be utilized in so many applications ranging
from communication to biomedical. However, for the last decade optical tweezers
employing OAM beams become more and more relevant in research. Many techniques
have been used to generate OAM beams in laboratory since 1992 in which its existence
was confirmed. Most of these techniques are large, bulky and laboratory base that are
unpractical for optical manipulation applications. However, with the features of
compactness and the combability of current CMOS technology, integrated vortex beam
emitter seems more suitable for daily life optical tweezers. Thus, in this study, we address
the possibility of using integrated vortex beam emitter as the source of an optical tweezer.
We perform a set of simulation via Lumerical-FDTD tools and analyzed the output force
related to the emitted power. As the result of the study, we realize that, the integrated
vortex beam emitter needs improvement in terms of power output to perform a proper
optical manipulation.

Key words: Orbital angular momentum of light, vortex beam emitter, optical tweezers.
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TEMPERATURE STABILITY OF PV A-Borax GEL
ELECTROLYTE FOR SUPERCAPACITORS

Serkan DEMIREL
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serkan.demirel@igdir.edu.tr

ABSTRACT: In this study, the capacitive performance and temperature stability
properties have been investigated of PVA-Borax gel as electrolyte for supercapacitors. In
the experimental studies, identical graphite rods were used as electrodes to create a
capacitor. The cyclic-voltammetry (cv) measurements have been showed that permanent
current plateaus and rectangular shapes at different scanning speeds. That plateaus and
rectangular shapes are show the production of supercapacitor via PVA-Borax electrolyte.
The capacitance has been calculated as 0.23 F/g at room temperature. Temperature
stability measurements have been made between 20-80 °C and it was observed that the
capacity value decreased to about 0,15 F/ g at 80 °C. According to charge-discharge cycles
measurements, the PVA-Borax electrolyte also showed rechargeable electrolyte property.

Key words: PVA-Borax, Electrolyte, Supercapacitor.



.\ UEMK 2019 Proceedings Book f‘ﬁﬁ 546
(.‘ ’ - 24/25 October 2019 Gaziantep University, TURKEY <

BEHAVIOR OF SULFATE-REDUCING BACTERIA IN SINGLE-STAGE
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ABSTRACT: Anaerobic digestion is a solid stabilization process commonly used at both
municipal and industrial wastewater and sludge treatment. Anaerobic digesters convert
the microbiological cells and other solids generated during the treatment process to a
stable end product and also produce methane-rich biogas as an energy source through
the degradation of organic matter. Microbial population dynamics involved in anaerobic
digestion are not well-studied yet due to the requirement of an extensive investigation of
microorganisms, their mechanisms and their relations to each other. There are four
successive stages of anaerobic digestion as hydrolysis, acidogenesis, acetogenesis and
methanogenesis which are governed by hydrolytic microorganisms, acidogens,
acetogens and methanogens. Ozone pretreatment to anaerobic digestion promotes the
hydrolysis stage by enhancing methane production ability of methanogens. In anaerobic
digestion, sulfates and other sulfur oxides are easily reduced to sulfides especially to
hydrogen sulfide (H2S) by sulfate-reducing bacteria (SRB). In the presence of sulfate at
considerable levels, this sulfate reduction process dominates over methanogenesis since
sulfate reducers and methanogens compete for the similar substrates. Besides, H2S as the
end-product of the process, has an inhibitory effect to methanogens and other microbial
communities because of its toxicity. In this study, 0.03, 0.06 and 0.09 g Os/g TSS ozone
doses were applied to single-stage mesophilic anaerobic digesters in order to observe the
improvement in methane production. The effects of these ozone doses on SRB and their
role in methane production were examined. Community analysis for the sulfate reducers
were performed with Fluorescence in situ Hybridization (FISH) method. As a result of
the study, sulfate reducers dominated for the digester pretreated with 0.03 g Os/g TSS
ozone dose day by day, while sulfate reducers in the other digesters remained same and
did not show a significant change during the operation.

Keywords: Ozone pretreatment, single-stage mesophilic anaerobic digester, sulfate-
reducing bacteria, FISH
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COMPOSITES USED AS DENTAL BIOMATERIALS IN HUMAN BODY; A REVIEW

Efe Cetin YILMAZ
Kilis 7 Aralik University, Engineering Faculty, Department of Mechanical Engineering,
Kilis, TURKEY, efecetinyilmaz@msn.com

ABSTRACT: In recent years, composite materials have become an increasingly popular
type of material in many fields such as aerospace, healthcare, defense industry. Thanks
to the improvements in the matrix structure of the composite materials, it has been
provided to have superior biocompatibility, mechanical and aesthetic properties. It has
become a highly preferred material group in the field of dentistry, especially in the
treatment of restoration. The bio-composite materials used in the human body exhibit
different mechanical and aesthetic behaviors on the living tissue depending on the
chemical composition and filler structure they contain. However, because the
experiments on living tissue were too long, costly and ethical problems arose, they
directed the researchers to in vitro test methods to determine the mechanical and
aesthetic behavior of these materials. The human body has a complex and continuous
structure. Therefore, it has been quite difficult to simulate a material placed in the human
mouth in the oral environment. In this area, various chewing test test methods have been
developed which can model human oral environment. The aim of this study is to evaluate
the development of composite materials used in the mouth and the effects of the filling
material on the mechanical and aesthetic behaviors of the composite material.

Key words: bio-composite, restorative material, in vitro, simulation

INSAN VUCUDUNDA DiS BiYOMALZEMESI OLARAK KULLANILAN
KOMPOZITLER; BIR INCELEME

OZET: Son yillarda kompozit malzemeler havacilik, saglik, savunma sanayi gibi bircok
alanda giderek kullanimi artan bir malzeme tiirti olmustur. Kompozit malzemelerin
matris yapisindaki gelismeler ile iistiin biyo-uyumluluk, mekanik ve estetik 6zelliklere
sahip olmasi1 saglanmustir. Dis hekimligi alaninda da 6zellikle restorasyon tedavisinde
cokca tercih edilen bir malzeme grubu olmustur. Insan viicudunda kullanilan biyo-
kompozit malzemeler icerdikleri kimyasal birlesimi ve doldurucu yapisina bagl olarak
canli doku tizerinde farkl1 mekanik ve estetik davranislar sergilemektedir. Ancak, canl
doku tizerindeki deneylerin cok uzun zaman almasi, maliyetli olmasi ve etik sorunlarin
ortaya ¢ikmasi nedeniyle arastirmacilari bu malzemelerin mekanik ve estetik
davranislarini belirlemede laboratuvar ortami (in vitro) test yontemlerine yoneltmistir.
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Insan viicudu karmasik ve siirekli bir yapiya sahiptir. Bu nedenle insan ag1z icerisine
yerlestirilen bir malzemenin ag1z ortaminda simiile edilmesi oldukca zor bir durum
olmustur. Bu alanda, insan agiz ortamium1 modelleyebilen cesitli ¢igneme test deney
yontemleri gelistirilmistir. Bu calismanin amaci, agiz icerisinde kullanmilan kompozit
malzemelerin gelisimi ve kompozit malzemenin doldurucu yapisinin mekanik ve estetik
davranislar1 tizerindeki etkilerinin degerlendirilmesidir.

Anahtar sozciikler: biyo-kompozit, restoratif malzeme, in vitro, simtilasyon

GIRIS

Isikla sertlesen dis kompozit malzemelerinin, dogal dis yapismna benzemesi, kolay
islenebilir olmasi ve gelismis mekanik kabiliyetlerinden dolay1 kesici ve 6giitticti dislerin
eski haline getirilmesinde yaygin olarak kullanilmaktadir (Alsharif, Akil, Abd El-Aziz, &
Bin Ahmad, 2014; Angeletaki, Gkogkos, Papazoglou, & Kloukos, 2016; Rodriguez,
Kriven, & Casanova, 2019). Kompozit malzemeler dis hekimligi alaninda 1960 yilindan
bu yana stirekli bir gelisim gostererek giderek kullanimi artmustir (Fugolin & Pfeifer,
2017). Dogrudan dis restorasyonlar1 (direct tooth restorations) igcin kompozitlerin
piyasaya stirtilmesinden bu yana énemli evrimi, endikasyonlarinin klasik olarak yalnizca
amalgamlarla restore edilmis daha biiyiik posterior restorasyonlara genislemesini
saglamistir (Fugolin & Pfeifer, 2017). Bu alanda gelisimlerin btiytik bir kismu
kompozitlerin mekanik 6zelliklerinin (6zellikler asinma direngleri ) iyilesmesiyle daha
genis alanda dolgu sistemlerinin elde edilmesiyle gerceklesmistir (Ferracane, 2011).
Kompozit malzemelerin asinma davranmsinin belirlenmesi amaciyla literattirde bir¢ok in
vitro (labaratuvar) ortam deneyleri gelistirilmistir (Injeti et al., 2019; E. Yilmaz & R.
Sadeler, 2018; E. C. Yilmaz, 2019; E. C. Yilmaz & R. Sadeler, 2018a; E. C. Yilmaz, 2019).
Kompozit malzemelerin mekanik ve kimyasal ¢zellikleri stirekli bir gelisim gosterse de
canli doku tizerinde yeterli oranda 10 yil kullanim ¢mrii oldugu rapor edilmistir
(Demarco, Correa, Cenci, Moraes, & Opdam, 2012).

Kompozit malzemelerin gelisim periyoduna bakildiginda; 2000'li yillarin basinda,
bugitine kadar sadece metakrilat kimyasina, daha 6zel olarak BisGMA (bisfenol A glisidil
dimetakrilat), TEGDMA (trietilen glikol dimetakrilat), BisSEMA (etoksile bisfenol) esasl
olan organik matrisin daha da gelistirilmesi tizerinde duruldu (Fugolin & Pfeifer, 2017).
Bununla birlikte kompozit malzemelerde polimerizasyon biiziilmesinin ve gerilmenin
azaltilmasi1 ortak amaci ile alternatif monomerler gelistirilmeye baslanmustir (Fugolin &
Pteifer, 2017). Bu alandaki gelisimlerin temel amaci kompozit malzemelerin matris
yapisindaki gerilmeleri en aza indirgemek olmustur. Agiz igerisine yerlestirilen bir
kompozit malzemenin cigneme hareketi sirasinda karmasik ve stirekli olarak mekanik
ytiklemelere maruz kaldig1 goriilecektir. Bu mekanik yiiklemelerin kompozit
malzemenin matris yapisindaki istenmeyen gerilmelerin azaltilmas1 ve karst malzeme
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(insan disi) benzer elastik davranis gostermesi tizerine odaklanmistir. Kompozit
malzemenin matris yapisinda bu gelisimler ile elde edilen yeni monomerler ya halka agici
polimerlestirilebilir kisimlara (siloran kimyasina dayanan yalnizca ticari 6rnek olan
Filtek LS'dir) ya da molar biiztilme katsayisini azaltmada basarili olduklarini kamitlayan
daha ytiksek molekiiler agirlikli molekiiller elde edilebiliyordu (Fugolin & Pfeifer, 2017).
Sekil 1 bu monomer yapilarinin 8rnek kimyasal yapilarini gostermektedir.
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Sekil 1. Ust Kutucuk : Bisgma (Bisfenol A Glisidil Dimetakrilat) (Solda) Ve TEGDMA
(Trietilen Glikol Dimetakrilat) (Sagda) Molekiiler Yapilari. Alt: Halen Ticari Urtinlerde
Kullanilan Alternatif Monomerlerin Molekiiler Yapisi. (A) Oxirane (Filtek LS; 3M-ESPE),
(B) TCD-Uretan (Venus Diamond; Heraeus Kulzer), (C) Dimerasit Dimetakrilat
(N'Durance; Confidental-Septodont) Ve (D) Dupont DX-511 (Kalore; GC America
(Fugolin & Pfeifer, 2017)

Son zamanlarda, kompozit malzemelerin matris ve arayiiz yapilarinda, regine
gelistirmedeki odak, metakrilatlarda bulunan ester baglarimin tiikiirtik ve bakteri
enzimleri tarafindan mevcut hidrolizinin yani sira, tiikiirtik ve bakteri enzimleriyle
metakrilatlarda mevcut olan hidroliz de dahil olmak tizere, oral ortamdaki restorasyonun
genel direncini arttirmaya yonelmistir (Wu, Weir, Melo, & Xu, 2015). Ayrica, bulk-fill
dolgu ve kendinden yapiskanli kompozitler gibi daha az uygulama basamag:
gerektirmesi nedeniyle kullanimi daha kolay materyaller gelistirmek icin ¢ok caba sarf
edilmistir (Fugolin & Pfeifer, 2017).
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Bulk-fill regine kompozitleri piyasaya, hem akict hem de konvansiyonel /
sekillendirilebilir viskozitelerde seklinde stirtilmitistiir (Fugolin & Pfeifer, 2017). Bu
kompozit malzemeler daha biiyiik ve derin restorasyonlarda tercih edilmistir (E. C.
Yilmaz & R. Sadeler, 2018b). Bu yapilarda elde edilen klinik basarilar, sistemin
optimizasyonunu (yeni foto baslaticilar veya daha fazla geleneksel foto baslatici
konsantrasyonu), doldurma sisteminin modifikasyonlarmi (daha biiytik doldurucular
veya daha fazla saydam doldurucular) veya farkli kimyasallarin dahil edilmesini iceren
farkli yollarla elde edilmistir (Miletic, Pongprueksa, De Munck, Brooks, & Meerbeek,
2017). Akiskan bulk-fill kompozit dolgu malzemeleri genellikle, sekillendirilebilir
malzemelerden daha diisiik dolgu ytikiine sahiptir ve okluzal katmanin okliizal ytikleme
altinda daha giicli ve asinmaya kars: daha dayanikli olmasi beklenen daha ytiksek
oranda doldurulmus bir kompozitin bir "kapag1" (cap) ile doldurulmasmi gerektirir
(Fugolin & Pfeifer, 2017). Literattirden bir 6rnek vermek gerekirse, SureFil (Dentsply)
kompozit malzemesi {iireticiye gore, bu tiriin, daha diisiik dolgu maddesi igerigine ek
olarak, btiziilmeyi azaltmaya yardimci olan ytiksek molekiil agirlikli (849 g / mol) yeni
bir UDMA bazli monomer igerir (Fugolin & Pfeifer, 2017). Ureticinin “polimerizasyon
modiilatort” olarak adlandirdigit monomerin yeni kismi, bir oligomerik tiirtin
omurgasina gomiili fotoaktif gruplardan olusur (Fugolin & Pfeifer, 2017).

Kompozit malzemelerde gerilmeyi azaltan dolgu maddeleri, dis restoratif malzeme
arayiiztinde bosluk olusumunu 6nlemedeki faydalarindan dolay: arastirmalarin odag:
olmaya devam etmektedir. Bununla birlikte, biiztilme azaltma {tizerine yogunlasmak
yerine, mevcut stratejilerin ¢cogu, polimer aginda gerilmeyi ayni anda azaltabilen ve
mekanik o©zellikleri ve monomer dontisimini koruyan ya da arttiran bir tir
modifikasyon onerir (Bacchi & Pfeifer, 2016). Bu molekiiller, hafif kosullar altinda bir
tiklama reaksiyonu ile sentezlenir ve sekonder vinil monomer matrisi ile zincir transfer
reaksiyonlarma katilmak igin mevcut olan kolye tiyol fonksiyonelliklerine sahiptir
(Fugolin & Pfeifer, 2017). Bu anlamda, tiyotiretanlar, klasik thiol-ene reaksiyonlarinda
gorulduigi gibi gecikmis jelasyon / vitrifikasyona yol acan stres azaltma mekanizmasina
dayanir (Boulden et al., 2011). Ayn1 zamanda, sert thio-carbamate baglarinin aga dahil
edilmesinden kaynaklanan ag takviyesi saglarlar (Lowe, Hoyle, & Bowman, 2010).
Yiiksek oranda doldurulmus kompozitlerde kullanildiginda, tiyotiretanlarin
polimerizasyon stresini% 50'ye kadar diistirdtigti ve kirilma toklugunun 2 kat arttig
gosterilmistir (Bacchi, Nelson, & Pfeifer, 2016) . Diger nano-boyutlu 6n-polimerlestirilmis
parcaciklar da onemli bir biiztilme / gerilme azaltma gostermistir ve malzeme
modifikasyonu i¢in oldukga kuyruklu bir platform temsil etmektedir (Moraes et al., 2011)
Kompozit malzemenin icerdigi ¢ok islevli monomerler, daha sonra aga bir capraz bag
olarak dahil edilen bir “allyl disulfide moiety” (diger olas1 6rnekler arasinda) igerir. Sekil
2 bu agiklamay1 6zetlemistir. Sonug olarak, Net capraz baglanma yogunlugu esasen
degismeden kalirken, bu alil bagi, gerilmenin yayilmasiyla kirilabilir ve yeniden
diizenlenebilir (Fugolin & Pfeifer, 2017). Nihayetinde, polimerizasyon gerilimi,
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geleneksel camsi aglarla karsilastirilabilir mekanik 6zellikler korunarak yerlestirilebilir

ve sonucta azaltilabilir (Park, Kloxin, Abuelyaman, Oxman, & Bowman, 2012).
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Sekil 2. Tiyotiretan oligomerleri (thiourethane oligomers) (A) ilave parcalanma zinciri
transferi (B) olusturulan kovalent adapte edilebilir aglarin kullanimiyla stresin
azalmasina yol acan ag modifikasyonlar: i¢in diyagramin gosterimi (Fugolin & Pfeifer,

2017)

SONUC

Literattirde yapilana arastirmalara gore kompozit malzemelerin iistiin mekanik ve
kimyasal davranislar1 nedeniyle biyo-malzeme olarak canli viicudunda kullanim
onumiuzdeki yillarda giderek artacaktir. Ancak gelistirilen yeni kompozit malzemelerin
canli doku testleri oncesinde laboratuvar testlerinin yapilmas: biiytik 6nem arz
etmektedir. Bu nedenle, arastirmacilarin insan viicudunu modelleyebilen yeni test
mekanizmalar1 gelistirmeleri 6nemli olacaktir.
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EFFECT OF TEMPERATURE CHANGE AND DWELL TIME ON SURFACE
ROUGHNESS OF COMPOSITE MATERIAL IN ARTIFICIAL SALIVA MEDIUM

Efe Cetin YILMAZ
Kilis 7 Aralik University, Engineering Faculty, Department of Mechanical Engineering,
Kilis, TURKEY, efecetinyilmaz@msn.com

ABSTRACT: The aim of this study was to investigate the effect of different thermal cycle
and dwell time tests on the surface roughness of two different composite materials in
artificial saliva medium. Estelite Flow Quick and Charisma Opal composite materials
were produced under the conditions recommended by the manufacturer. Composite test
samples were divided into 3 groups as control, 1200 thermal and 3000 thermal cycle test
procedures for 10 seconds and 30 seconds dwell time respectively. The surface roughness
values of the composite materials were measured after each test procedure with using
non-contact profilometer. In addition, surface roughness behavior of composite materials
was analyzed at the micro and macro level. As a result of this study, with the increase in
the number of thermal cycles and dwell time, an increase in surface roughness was
observed in both materials. However, there was no linear relationship between the
number of thermal cycles and surface roughness values. In this study scope, it is possible
to say that the organic matrix structure of the composite material affects the surface
roughness behavior.

Keywords: composite biomaterial, surface roughness, thermal cycle, dwell time

INTRODUCTION

Composite materials have been used as dental biomaterials since the mid-1960s (Cao,
Zhao, Gong, & Zhao, 2013). There are many different composite materials for direct
dental restorations, including classic hybrid and nano-filled composite materials,
silicones and compomers. However, differences in the monomer system, filler
composition and matrix filler chemistry between these materials can lead to different
mechanical performances and may also take into account the differences in the resistance
of the materials to chemical and mechanical degradation (Hahnel, Henrich, Burgers,
Handel, & Rosentritt, 2010; Manhart, Kunzelmann, Chen, & Hickel, 2000). It has been
reported that the damage to the composite materials may be caused by the deterioration
of the matrix and fillers, or by mechanical and environmental loads, interfacial bones
dissolution, micro-cracking or filling material. particle fracture which can reduce the
possibility of in vivo survival of composite restorations (Drummond, 2008).
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The superior mechanical and aesthetic properties of the composite materials increase the
use of biomaterials. However, it has been reported that composite materials still have
insufficient wear resistance in clinical studies (Hickel & Manhart, 2001). The term wear
can generally be defined as loss of volume of a material. The wear mechanism in the intra-
tribological process may be due to many factors such as composite material mechanic
behavior, antagonist material, lubrication medium, chewing parameter. As long as the
composite materials used as biomaterials remain within the body, changes in their
mechanical properties are inevitable. Because the body contains a complex and
continuous structure. This structure can affect the hardness and surface roughness
behavior of the composite material. The change of the surface roughness behavior of the
composite material will affect the wear mechanism. Surface roughness in restorative
materials is an important parameter affecting wear. If the surface roughness of the
composite material has a value of 0.2erem and above, it is clinically a risk (Bollen,
Lambrechts, & Quirynen, 1997; Marghalani, 2010; Yilmaz & Sadeler, 2017). Finishing and
polishing are carried out after filling into these materials in order to minimize surface
roughness. In this way, the sensitivity of the composite restorative material to the wear
mechanism will be reduced. Another parameter affecting the mechanical properties of
composite resins has been found to be caused by hydrolytic disturbances. In this process,
the durability of the composite material is evaluated by exposing the composite material
to thermal cycles and artificial oral fluid for a long time in vivo treatment process (Cho,
Yi, & Heo, 2002; Yilmaz & Sadeler, 2017) The aim of this study was to investigate the
effect of different thermal cycle and dwell time tests on the surface roughness of two
different composite materials in artificial saliva medium.

MATERIAL AND METHOD

In this study, detailed information about the tested composite materials is summarized
in Table 1. Three groups (control, 12000 thermal cycles and 3000 thermal cycles) of
specimens of 2 mm X 6 mm (height X diameter) were produced from each composite
material. Composite samples were hardened in laboratory conditions with the blue light
polarization technique and under the conditions recommended by the manufacturer.
After this process, the surface roughness of all samples was minimized by finishing and
polishing technique.

The chemical components of artificial saliva used in thermal cycling and dwell
time tests are shown in Table 2 (Sutiman, Mareci, Nechita, lordache, & Rosca, 2007). The
pH of this solution was measured to be about 5.7 (Yilmaz & Sadeler, 2017). This ratio is
within the range of artificial oral conditions (in vitro).

The surface roughness of the tested samples was determined using a three-
dimensional non- contact profilometer (Bruker-Contour GT 3D). The wear area of the
composite samples was scanned with dimensions of 4 mm x 4 mm, with a step of 12 pm
along the x-axis, 12 pm along with the y-axis and measurement speed of 1000 pm / s. The
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average measurement time was approximately 25 minutes. The average roughness value
obtained over the area of wear was recorded as the surface roughness of the sample.

Table 1. The chemical properties composite materials

Composite Manufacturer | Monomer Filler Filler Loading
Material Structure
Estelite Flow | Tokuyama Bis-MPEPP, Silica-zirconia | 71/53
Quick Dental Corp., | TEGDMA, filler and silica-
Tokyo, Japan. | UDMA titania  filler
/Nanofill (0.04-0.06 um).
Charisma Opal | Heraeus Bis-GMA , | Barium 58 / 64
Kulzer GmbH, | EBADMA aluminium
Hanau, glass (0.02-2
Germany. / microns),
Nanohybrid highly
dispersive
silica (0.02-0.07
microns)

Table 2 The chemical components of artificial saliva used in thermal cycling and dwell
time tests

Component | NaCl KCI CaCl22H>0 | Na>S.9H>0 | NaH>PO4.2H>0O | Urea
Qantity g/L | 04 0,4 0,795 0,005 0,69 1

RESULTS AND FINDINGS

The surface roughness value of the composite materials after thermal test and dwell time
procedures (control, 1200 thermal and 3000 thermal cycles for 10 and 30 sn dwell time) is
shown in Table 3. The increase in surface roughness values was observed with the
increasing number of thermal cycles in both composite materials. Figure 1 shows an
example of surface roughness determination with using scanned with dimensions of 4
mm x 4 mm, with a step of 12 pm along the x-axis, 12 pm along with the y-axis and
measurement speed of 1000 pm / s. method.

Table 3 The surface roughness value of the composite materials after thermal test and
dwell time procedures (um)
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Composite Material / Test | Estelite Flow Charisma Opal
Procedure
Control Group 0.11 0.09 Dwell time
procedure
1200 thermal cycles 0.15 0.12 10 seconds
0.17 0.13 30 seconds
3000 thermal cycles 0.21 0.17 10 seconds
0.26 0.18 30 seconds

m

-1 -100 RN 0 A 100 150 200 237

Figure 1. Example of surface roughness determination of composite material
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Figure 2 Example of microstructure analysis of composite material

Figure 3 and figure 4 shows the microstructure of the Estelite Flow and Charisma Opal
composite material after 3000 thermal cycles and 30 seconds dwell time test procedure.
In previous studies, it has been seen that thermal cycling experiments have significantly
affected the surface roughness and chemical internal structure of composite resin
materials (Dos Santos et al., 2015) It has been observed that the thermal structure of the
composite materials subjected to thermal cycling experiments caused microcracks in the
matrix structure due to thermal expansion and these cracks caused damage to the filling
matrix interface (Ozcan et al., 2013)

Figure 3. The microstructure of the Estelite Flow composite material after 3000 thermal
cycles and 30 seconds dwell time test procedure. ( left figure 5kV, 1600x mag. 50um, right
figure: 5kV, 6000x mag. 10 um reference line)
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Figure 4. The microstructure of the Charisma Opal composite material after 3000 thermal
cycles and 30 seconds dwell time test procedure ( left figure 5kV, 6000x mag. 50 pm, right
figure: 5kV, 12000x mag. 4 um reference line).

CONCLUSION
The following evaluations were made with the findings obtained in this study.

The increase in the number of thermal cycles and dwell time resulted in an increase in
surface roughness in both composite materials. However, the Estelite Flow composite
material showed better surface roughness resistance when comparing the two composite
materials after thermal and dwell time test procedures.

It has been observed that the composite material containing TEGDMA or TEGMA
component is more sensitive to thermal cycling and dwell time test procedures.
Therefore, it can be concluded that the wear properties of composite materials having
this structure are affected when it is considered as a mechanism to increase wear in the
intra-oral tribology.
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WEAR MECHANISMS OF INTRA-ORAL TRIBOLOGY; REVIEW

Efe Cetin YILMAZ
Kilis 7 Aralik University, Engineering Faculty, Department of Mechanical Engineering,
Kilis, TURKEY, efecetinyilmaz@msn.com

ABSTRACT: The term wear can generally be defined as the loss of material that occurs
after the interaction of at least two materials. Tooth wear is a complex and continuous
physiological process that results from various tribological interactions within the oral
cavity. In this process, biomaterials placed in the mouth can be exposed to several wear
mechanisms simultaneously. These wear mechanisms significantly affect the mechanical,
aesthetic and biological behavior of biomaterials. Predicting the mechanical and
biological behavior of biomaterials in the oral tribological process before the treatment
process will contribute to the formation of a more satisfactory treatment process. For this
reason, in vitro test mechanisms have been developed in order to simulate the oral
tribological process. The aim of this study was to investigate and evaluate the wear
mechanisms in the oral tribological process during chewing cycle motion.

Key words: wear, biomaterial, chewing simulation

AGIZ-IiCI TRIBOLOJIDE ASINMA MEKANIZMALARI; BIR INCELEME

OZET: Asinma terimi genel olarak en az iki malzemenin etkilesimi sonrasinda meydana
gelen malzeme kayb1 olarak tanimlanabilir. Dis asinmasi, agiz boslugu icindeki gesitli
tribolojik etkilesimler sonucu olusan karmasik ve stirekli bir fizyolojik stirectir. Bu stiregte
ag1z igerisine yerlestirilen biyomalzemeler es zamanli olarak birgok asmnma
mekanizmasmna maruz kalabilirler. Bu asmmma mekanizmalar1 biyomalzemelerin
mekanik, estetik ve biyolojik davranislarmi onemli derecede etkilemektedir. Tedavi
stirecinden 6nce biyomalzemelerin agiz ici tribolojik stirecte mekanik ve biyolojik
davraniglarin1 tahmin edebilmek daha tatminkar tedavi stirecinin olusmasina katki
saglayacaktir. Bu sebeple agiz ici tribolojik stireci simiile edebilmek amaciyla birgok
laboratuvar ortam (in vitro) test mekanizmalar1 gelistirilmistir. Bu calismanin amaci
cigneme hareketi sirasinda agiz ici tribolojik stirecte meydana gelen asinma
mekanizmalarin arastirmak ve degerlendirmektir.

Anahtar sozciikler: asinma, biyomalzeme, ¢igneme test simiilasyonu
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GIRIS

Viicut igerisine yerlestirilen biyomalzemeler karmasik ve stirekli bir yap1 igerisinde cesitli
asinma ve yorulma mekanizmalarmma maruz kalirlar. Bu yorulma ve asinma
mekanizmalar1 biyomalzemelerin viicut igerisindeki fonksiyonlarini énemli derecede
etkileyebilmektedir. Biyomalzemelerin asinmasi karmasik ve tahmin edilemeyen bir
stirectir. Ag1z ici tribolojide genel anlamda dort temel asinma mekanizmasimin meydana
geldiginin soylemek mumkiindir (Heintze, 2006; E. C. Yilmaz & Sadeler, 2018a, 2018b).
Bu asinma mekanizmalari dis ve biyomalzemenin direkt temasi ile gergeklesen two-body
asinma mekanizmasi, arada yemek parcaciklarinin varlig: ile three-body asinma
mekanizmasi, korozif etki nedeniyle korozyonlu asinma ve tekrarl ytiklemelerin neden
oldugu yorulmali asinma mekanizmasi olarak adlandirilabilir. Bu asinma mekanizmalar1
cigneme hareketi boyunca stirekli ve karmasik bir yapida bulunabilir (E. Yilmaz et al.,
2018; E. C. Yilmaz, 2019).

Cigneme hareketi asinmay1 belirleyen temel iki asinma siirecini igerir. Bu asinma
stiregleri biyomalzeme ve karst malzemenin (genellikle dis malzemesi) direkt temasi ile
gerceklesir ve bu stirecte malzemeler arasi gecis olabilir veya ytizey asinmalar1 meydana
gelebilir. Diger siirecte ise ¢igneme hareketi islemi sirasina biyomalzeme ve karsi
(antagonist) olarak adlandirilan malzeme arasma {ictincii asindirict pargaciklar
(genellikle yemek parcaciklari) dahil olur. Bu islem stirecinde bu parcaciklardan ortaya
cikan asidik etki ve asindirici 6zellikler nedeniyle korozif etki ve asinma bolgeleri
olusmaya baslar. Bu stire¢ cigneme hareketi stirecinde stirekli yeninden tek basina veya
bir arada tekrar edebilir. Dolayisiyla agiz igerisine yerlestirilmis bir biyomalzeme
karmasik ve stirekli bir yap1 igerisinde yorulma ve asinma mekanizmalarina maruz
kalabilmektedir.

Cigneme hareketi sirasinda kars1 malzeme ag1z iceresindeki yiyecek tabakasini hapseder
ve disler birbirinden gecerken 6gtitme islemi baslar. Bu 6gtitme islemi sirasinda karsilikli
iki malzeme arasinda asinma ve yorulma mekanizmalar1 meydana gelmeye baslar. Sekil
1 de bu islem stireci 6zetlenmistir. Cigneme dongiisti hazirlik, ezme ve kayma hareketi
olarak {ti¢ boliime ayrilabilir (DeLong, 2006). Hazirhk asamasinda, cene yemek
parcaciklari ile temas edecek sekilde konumlandirilmistir. Cene agma hareketi ile baslar
ve disler gida parcaciklari ile temas edene kadar kapanma hareketi boyunca devam eder.
Normalde, bu asamada hicbir okliizal kuvvet dahil degildir (yapiskan yiyecekler bir
istisnadir) (DeLong, 2006). Ezme asamas1 hazirlik asamasin takip eder ve dislerin gida
parcaciklari ile ti¢c govdeli bir etkilesimini temsil eder. Bu asamada gida parcaciklarindan
ortaya ¢ikan korozif etki malzemelerin aginma ytizeyini etkiler. Digler ilk 6nce gida
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parcaciklar: temas ettiginde baslar ve dis-dis temas1 olana kadar veya cene acilmaya
baslayana kadar (hazirlik asamasimin baslangici) devam eder. Ik temasta, kuvvet gida
parcaciklar1 boyunca dagitilir. Dislerin yasadigr kuvvetin buytklug, yiyecek
parcaciklarinin sertligine baghdir. Yiyecek parcaciklar: sikistirildikca, ¢igneme kuvveti,
gida parcaciklar1 ytizeyinden kesici disler ve ogutiici disler tizerinde dagitilmaya
baslanir (DeLong, 2006). Miithendislik acisindan temas ytizeyi arttikga, birim alandaki
kuvvet azalacag bir gercektir. Her zaman ¢igneme sirasinda meydana gelmeyen kayma
asamasi dise disle temasla baslar (eger varsa yiyecek parcaciklarinin tam penetrasyonu)
ve ¢ene acilmaya baslayana kadar (hazirlik asamasinin baslangici) devam eder (DeLong,
2006). Temas halinde, cigneme kuvveti okluzal temas bolgesinde yogunlasmaktadir. Dis-
dis temas: ve besin parcaciklarinin varligi nedeniyle, hem iki hem de {i¢ viicut asinma
mekanizmasi meydana gelmektedir.

Centric Occlusion\/ertical Height;
Eccentric Contact

Bolus Contact

QOcclusal
\Contact Area |

Sekil 1. Cigneme hareketi sirasinda meydana gelen asinma mekanizmalarimin gosterimi
(DeLong, 2006)

2. Direkt-Temas Asinma Mekanizmas1 (Two-Body Wear Mechanism)

Bu asinma mekanizmasmin in vitro test diizenegi genel olarak canli doku / yapay
tuktirtik veya su gibi siv1 kayganlastiricilar olmadan yapilir. Birlesme ytizeyleri temas
ytikti madde kaybr altinda kaydigindan recine matrisinin zit ytizeyinin sert 6zellikleri ve
yorulma asimnmasi nedeniyle asinmasi nedeniyle olusabilir (Iwasaki et al., 2014; Kruzic,
Arsecularatne, Tanaka, Hoffman, & Cesar, 2018) Farkli doldurucu tipine sahip kompozit
malzemelerin mikro yapilar: sekil 2 de gosterilmistir (Koottathape, Takahashi, Iwasaki,
Kanehira, & Finger, 2012). Bir kompozit icine daha yiiksek bir dolgu maddesi
doldurulmasi, regine matrisinin asinmasin azaltabilir (Heintze, 2007). Bu stirecte daha
yiiksek bir kirilma toklugu, yorulmay: azaltabilen mikroyapida catlak ilerlemesini
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geciktirebilir (Kruzic et al., 2018). Genel olarak, bir dis kompozitinin iki govdeli aginmas,
dolgu maddesi orani ve kirilma toklugu ile dogrudan iliskilidir (Heintze, 2007). Iki cisim
asimnmasina iliskin 6nemli egilimler asagidaki gibi 6zetlenmistir.

Matrise yeterli dolgu maddesi yapismasi asinma direnci icin esastir; aslinda, araytiz
baglanma destekli catlak baslatma / ¢ogaltma isleminin yol actig1 yorulma asinmasi
mekanizmasi nedeniyle zayif ara ytiz baglamas: olan kompozitler daha ytiiksek oranda
asinmaktadir (Kruzic et al., 2018; Shinkai, Taira, Suzuki, & Suzuki, 2016). Buna karsilik,
yeterli araytiz bag kuvveti ile, yeralti catlak ilerlemesi yavastir ve s1g ve yorulma asinma
mekanizmalari yiiksek asinma kaybina neden olmaz (Kruzic et al., 2018).

Sekil 2. Farkl: tip kompozit malzemelerin 10.000 direkt-temas (two-body) cigneme testi
sonrasmdaki mikro yapilarmin gosterimi (Koottathape et al., 2012)

3. Asindirici Ortam Mekanizmasi (Three-Body Wear Mechanism)

Laboratuvar ortaminda three-body asmma mekanizmasmi simiile etmek amaciyla
kompozit numune ve karsi malzeme arasinda gida parcaciklarini simiile eden tictincti bir
viicut ortamu ile ytik altinda kayan temas halindedir (Lambrechts, Debels, Van Landuyt,
Peumans, & Van Meerbeek, 2006).

Genel olarak tiglincti viicut ortami olarak asagida belirtilen sulu stispansiyonlar
kullanilmaktadir.

*ogutiilmiis piring / dar1 / hashas tohumu;

*polimetil metakrilat (PMMA) veya cam boncuklar;

*altimina parcaciklar1 (Benetti, Larsen, Dowling, & Fleming, 2016)
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Literattirdeki  calismalardan elde edilen sonuclar kapsaminda asagidaki
degerlendirmeler yapilmustir.

Daha biiyiik dolgu maddesi ytiklii kompozitler, daha yumusak matrisin asinmasi
nedeniyle daha az ti¢ govde asinmas: gosterir (Kruzic et al., 2018; Lambrechts et al., 2006).
Bunun nedeni dolgu maddesi partikiilleri arasindaki buiyiik bosluklarin matrisi
asinmaya (dolgu maddesinin dokiilmesine ve dolayisiyla daha fazla asinmaya maruz
birakmasidir (Shinkai et al., 2016).

Nispeten daha buytik dolgu maddelerine sahip (6rnegin, mikro dolgu veya hibrit
malzemeler) olan kompozelerle karsilastirildiginda, nano dolgu maddelerine sahip
olanlar (6rnegin, nano dolgu maddesi) {isttin {ic-govde asinma direnci gosterir (Kruzic et
al., 2018)

Yukaridaki egilimler, iki viicut asinmasina gore ti¢ viicut asinmasini anlamak icin biraz
daha basit bir resim ciziyor gibi goziikse de, yine de belirli mekanizmalar ve test
kosullariyla ilgili komplikasyonlar vardir. Ornegin, asinma hizlart mutlaka sabit degildir
ve asinma dongitileri ile artabilir veya bunun tersine ilk asamada daha biiytik asinma
olabilir ve bunu takiben sabit asinma oranina sahip bir faz (De Souza, Goutianos,
Skovgaard, & Sorensen, 2011; Kruzic et al., 2018). Ikinci durumda, ilk asamadaki yiiksek
asinma (~ 100.000 devire kadar) mekanik olarak, daha sonra sabit bir durum durumuna
ulasan numune hazirlama sirasinda kullanilan taslama / cilalama islemleri nedeniyle
baslangictaki yiizey hasarina baglanir.
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INVESTIGATION OF THE EFFECT OF ARTIFICIAL AGING ENVIRONMENT
TEMPERATURE ON MECHANICAL BEHAVIOR OF BIO-COMPOSITE MATERIAL
WITH NANO FILLER
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ABSTRACT: The aim of this study was to investigate the effect of artificial aging ambient
temperature on the mechanical behavior of nano filler Supreme bio composite material
used as restoration material in oral tribological environment as biomaterial. In this study,
2 mm wide X 13 mm diameter cylindrical test specimens were prepared in nano-filled
Supreme composite material. Test specimens are artificial saliva (0.4 NaCl + 0.4 KCI +
0.795 CaCl2.2H20 + 0.005 Na25.9H20 + 0.69 NaH2PO4.2H20O + 1 Urea (grams / liter) at
5 °C, 37 °C and 55 °C ambient temperatures After the artificial aging test procedure,
surface roughness values of the test specimens were determined by 2D profilometer After
the test procedures, it was obtained that the Supreme bio-composite material with nano
filler showed higher surface roughness behavior with increasing temperature. It was
concluded that temperature increase has an effect on increasing the hydraulic
degradation mechanism of bio-composite material in artificial aging environment.

Key words: Bio-composite, Artificial aging, Surface roughness

YAPAY YASLANDIRMA ORTAM SICAKLIGININ NANO DOLDURUCULU BIO-
KOMPOZIT MALZEMESININ MEKANIK DAVRANISI UZERINDEKI ETKISININ
INCELENMESI

OZET: Bu calismanin amaci, yapay yaslandirma ortam sicakliginin biyomalzeme olarak
ag1z ici tribolojik ortamda restorasyon malzemesi olarak kullanilan nano dolduruculu
Supreme biyo-kompozit malzemesinin mekanik davrams: tizerindeki etkisinin
incelenmesidir. Bu c¢alisma kapsaminda nano-dolduruculu Supreme kompozit
malzemesinde 2 mm genisliginde X 13 mm c¢apinda silindirik bicimde test numuneleri
hazirlanmistir. Test numuneleri yapay ttikiirtik (0,4 NaCI + 0,4 KCI + 0,795 CaCl2.2H.O
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+ 0,005 NaxS.9H20 + 0,69 NaH2PO4.2H>O + 1 Urea (gram/litre) ortaminda 5 °C, 37 °C ve
55 °C ortam sicakliklarinda 7 giin siiresince yapay yaslandirma islemine maruz
birakilmistir. Yapay yaslandirma test prosediirti sonrasinda test numunelerini yiizey
purtzlulik degerleri 2D profilometre ile belirlenmistir. Test prosediirleri sonrasinda
nano dolduruculu Supreme bio-kompozit malzemesinin sicaklik artis1 ile daha ytiksek
ylzey pirizliligt davranisi gosterdigi elde edilmistir. Bu calisma sonrasinda elde
edilen veriler ile sicaklik artistnin yapay yaslandirma ortaminda biyo-kompozit
malzemesinin hidrolik bozunma mekanizmasini artirici bir etki olusturdugu sonucuna
varilmaistir.

Anahtar sozciikler: Bio-kompozit, Yapay yaslandirma, Yiizey ptirtizlulugi

GIRIS

Son yillarda mavi 151k teknolojisi ile polorisazyon olabilme kabiliyetine sahip farkh
doldurucu yapilarinda kompozit malzemelerin kullanimi giderek artmaktadir (Kurachi,
Tuboy, Magalhaes, & Bagnato, 2001). Dis kompozit malzemeleri, genellikle regine
matrisi, inorganik dolgu maddeleri ve bir silan birlestirme maddesi olan heterojen
malzemelerdir (Yilmaz et al., 2018). Kompozit malzeme regine matrisine dahil edilen
dolgu maddesi parcaciklarinin miktar: ve biiytikliigii, her bir kompozit tipini ve sonugta
en avantajli klinik uygulamasin belirleyebilir. Canli doku {izerinde kompozit
malzemelerde meydana gelene hasarin, matris ve dolgu maddelerinin bozulmasimndan
kaynaklanabilecegi veya kompozit restorasyonlarin in vivo hayatta kalma olasiligimi
azaltabilecek mekanik ve cevresel yiikler, ara ytizey baglanma, mikro ¢atlama veya dolgu
partikiilii kirilmasindan kaynaklanabilecegi bildirilmistir (Hahnel, Henrich, Burgers,
Handel, & Rosentritt, 2010a).

Literatiirde baz1 kaynaklarda kompozit siniflandirmalar;, kompozit malzemenin
viskozitesini ve kararliligini tanimlayan 6zelliklere odaklanirken (6rnegin, flowable or
packable), diger kaynaklarda dis kompozitlerinin mekanik ozelliklerini géz ontinde
bulundurarak, mikro yap1 simflandirmalarmi dikkate alinmaktadir (Kruzic,
Arsecularatne, Tanaka, Hoffman, & Cesar, 2018)

Mikro doldurulmus kompozitler. Silika parcaciklar: icerir (0.01 ila 0.04 pm) ve kiictik
parcacik biiytikliigti nedeniyle yiiksek derecede cilalanabilir. Diisiik mukavemetlerinden
dolay1 6n veya servikal restorasyonlarda kullanilirlar (Kruzic et al., 2018).

Hibrit kompozitler. Bu kompozitlere dolgu maddesi yiiklemesi agirlikca% 75'tir ve iki
tiir parcacik igerir: buzlu cam (1.0 ila 10 um) ve kolloidal silika. Kolloidal silika, toplam
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dolgu yiikiintin% 20'si kadardir. Bu kompozitler, piyasada daha yeni mikro- / nano-
hibrit ve nano-doldurulmus kompozitler ile degistirilmektedir(Kruzic et al., 2018).

Mikro / nano hibrit kompozitler. Bunlar evrensel (6n ve arka) malzemelerdir. Posterior
restorasyonlar igin gerekli gii¢ ve asinma direncine ve ayrica anterior restorasyonlar igin
gerekli cilalanabilirlik ve estetige sahiptirler. Bu malzemeler, mikro 6lgekli ve nano
olgekli (~ 20 nm) parcaciklarin bir kombinasyonudur. Tipik bir dolgu maddesi doldurma
ytiklemesi, agirlikca% 78, mikro-hibrit dolgu i¢in 1 ila 3.5 um ve nano hibrid i¢in 0.4 ila 1
um araligindadir(Kruzic et al., 2018).

Nano doldurulmus kompozitler. Bunlar ayrica, tek tek ya da recine matrisinde topak
halinde dagilmis nano dolgulu tiniversal restoratorlerdir. Nano doldurucular, 5 ila 20 nm
arasindadir ve kiimeler, 0.6 ila 1.4 um arasinda degismektedir. Son kompozitlerin
bazilar, % 92'ye kadar ¢ok yiiksek dolgu yiikiine sahiptir(Kruzic et al., 2018).
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Sekil 1. Ce@itli 'regine bazli wdental kompozitlef smiflar1 arasindaki mikroyapisal
farkliliklar1 gosteren sematik yapi (a) Mikro doldurma; (b) Hibrit; (c) Mikro / nano hibrid;
(d) Nano doldurulmus; (e) Kisa elyaf takviyeli (Kruzic et al., 2018).

MATERYAL VE YONTEM

Supreme biyo-kompozit malzemesinin mekanik davrams: tizerindeki etkisinin
incelenmesidir. Bu c¢alisma kapsaminda nano-dolduruculu Supreme kompozit
malzemesinde 2 mm genisliginde X 13 mm capinda silindirik bicimde test numuneleri
hazirlanmistir. Yapay yaslandirma testleri icin tablo 2 de belirtilen yapay tiikiirtik
kimyasal bilesenleri kullanilmistir. (Sutiman, Mareci, Nechita, Iordache, & Rosca, 2007).
Bu ¢ozeltinin pH oram yaklasik 5,7 olarak ¢lgtilmistiir. Bu oran yapay agiz ortam (in
vitro) calisma sartlar1 araligindadir. Bu calismada test edilen nano
dolduruculu Supreme kompozit malzemesinin mekanik ve kimyasal 6zelliklleri Tablo 2
de gosterilmistir.

Tablo 1. Yapay yaslandirma ortaminin kimyasal bilesenlerinin gosterimi

Bilesen NaClI | KCI | CaCl22H20 | Na2S5.9H>0O | NaH>PO4.2H>0 | Urea
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Tablo 2. Nano dolduruculu Supreme kompozit malzemesinin mekanik ve kimyasal
ozelliklerinin gosterimi

Materials Manufacture | Composition
r
Monomer Filler /Filler average size | Filler
Weight
%)/ V 0l%
Filtek 3M ESPE,St. | Bis-GMA, Nanosilica Zirconia/silica | 78 / 60
Supreme Paul, UDMA, Nanoclusters
XT/ FIL MN,USA BisEMA, (nanoparticle size) (5-
Nanofilled TEGDMA 20nm)
SONUC VE TARTISMA

Bu calismada test edilen nano dolduruculu Supreme kompozit malzemesinin yapay
yaslandirma testlerinden sonra ytizey piirtizluliik degerleri 5 °C de 0.11(0.03) um, 37 °C
icin 0.13 (0.02) pm ve 55 °C de 0.16 (0.05) um olarak elde edilmistir. Sekil 2 nano
dolduruculu Supreme kompozit malzemesinin yapay yaslandirma testlerinden sonra
ytizey ptruzliliik degerinin 2D profilometre 6rnegini gostermektedir. Sekil 3 yapay
yaslandirma ortam sicakliginin 55 °C oldugu testlerden sonra nano dolduruculu Supreme

kompozit malzemesinin ytizeyinden alman mikro yap1 analizini gostermektedir.
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Sekil 2. Nano dolduruculu Supreme kompozit malzemesinin yapay yaslandirma
testlerinden sonra ytizey piirtizliiliik degerinin 2D profilometre 6rnegini gosterimi
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Sekil 3. 3 yapay yaslandirma ortam sicakligimin 55 °C oldu%;u testlerden sonra nano
dolduruculu Supreme kompozit malzemesinin ytizeyinden alinan mikro yap1 analizinin
gosterimi

Kompozit malzemelerin farklt monomer yapisina, farkli doldurucu oranlarina ve ig
yapidaki farkli kimyasal baglara sahip olmalar1 bu malzemelerin birbirinden farkh
mekanik 6zelliklere sahip olmalarin saglamistir. Ayrica bu yapilardaki farkliliklar bu
malzemelerin farkli mekanik bozunma mekanizmalarina duyarlilik gosterdigi
gozlemlenmistir. Daha 6nceki calismalarda kompozit malzemenin matriks yapinda
meydana gelen bozulmalardan dolay: in vivo tedavi stirecinde kompozit malzemenin
yap1 buttinltigtinde onemli derecede hasar aldig1 rapor edilmistir.(Hahnel, Henrich,
Burgers, Handel, & Rosentritt, 2010b) Kompozit malzemenin rezin matriks yapisinin
kimyasal bag ciftlerinde ve doldurucu parcaciklarin karakteristikleri rezin kompozitin
ylizey puriizliiguni dogrudan etkileyen parametrelerdir.(Marghalani, 2010a)

Restoratif malzemelerde ytizey piiriizliigii asinmay1 etkileyen 6nemli bir parametredir.
Eger kompozit malzemenin ytizey ptruzlulugi 0,2um ve tizerinde bir degere sahipse
klinik olarak bir risk olusturmaktadir.(Bollen, Lambrechts, & Quirynen, 1997) Yiizey
purtzluliginin en aza indirgemek icin bu malzemelere doldurma islemi sonrasinda
bitirme ve cilalama islemi uygulanmaktadir.(Marghalani, 2010b) Boylelikle bu islem ile
kompozit restoratif mazlemenin asinma mekanizmasma karsi duyarliligl azaltilmis
olacaktir. Kompozit rezinlerin mekanik o6zelliklerini etkileyen bir diger parameter
hidrolitik bozulmalardan kaynakli oldugu gortilmiistiir. Bu durumun in vivo tedavi
stirecinde kompozit malzemenin uzun siirelerde termal cevrimlere ve ortamdaki yapay
ag1iz swvismma maruz birakilarak kompozit malzemenin dayanikliligi test edilerek
yorumlanmaktadir.(Dos Santos et al.,, 2015)Bu durumlara ek olarak termal cevrim
ortaminda dis firca mekanizmalar1 da kullanilarak kompozit rezinlerin dayaniklilar: test
edilerek yorumlanamaya calisitlmistir (Cho, Yi, & Heo, 2002).

DEGERLENDIRME
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Bu calisma sonucunda elde edilen in vitro deney verileri kapsaminda, Supreme bio-
kompozit malzemesinin sicaklik artis1 ile daha ytiksek ytizey ptuiriizliiliigii davranis:
gosterdigi elde edilmistir. Ayrica, sicaklik artisinin yapay yaslandirma ortaminda biyo-
kompozit malzemesinin hidrolik bozunma mekanizmasini artiric1 bir etki olusturdugu
sonucuna varilmuistir.
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SOLAR ENERGY TECHNOLOGY IN RENEWABLE ENERGY

Fatma AVLI FIRIS
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Sabri Murat KISAKUREK
AKEDAS Elektrik Dagitim A.S.
murat.kisakurek@ akedasdagitim.com.tr

ABSTRACT: The concept of energy and the supply, security, accessibility and
sustainability of energy resources have been one of the most important issues in the
world. Due to traditional fossil fuels used to meet the increasing energy demand by
gaining momentum all over the world and the economic and political problems
associated with being dependent on the source countries constitute the perception that
the existing energy resources should be changed. Energy sources developed as an
alternative to these traditional fuels are called renewable energy sources; hydraulic,
wind, solar, geothermal, biomass-waste and wave. Also, the studies related to the use of
renewable energy sources are accelerating in our country and important developments
are experienced in this field. Our country has a very high potential in terms of solar
energy which is among the renewable energy sources. In this study, the current potential
of solar energy in our country and photovoltaic solar energy technologies that convert
solar energy into electrical energy are discussed. One of the results obtained in the study;
In order to evaluate the solar energy potential of our country, investments in this area
should be accelerated and another result is the increase in the installed power in the field
of photovoltaic solar energy, the generation of electricity and the capture of grid parity
of the photovoltaic electricity, and the formation of the market in the domestic
photovoltaic module. In addition, it is predicted that photovoltaic module costs will be
decreased and their efficiency will be increased in the light of R & D studies and
technological developments.

Key words: Renewable energy, solar energy, photovoltaic technology.

YENILENEBILIR ENERJIDE GUNES ENERJiSI TEKNOLOJiSi

OZET: Enerji kavrami ve enerji kaynaklarinin temini, giivenligi, erisilebilirligi ve
surdirtlebilirligi konulari, gegmisten giintimtize kadar diinyada en 6nemli meselelerden
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biri olmustur. Diinya {izerinde ivme kazanarak artan enerji ihtiyacinin karsilanmasinda
kullanilan geleneksel fosil kokenli yakitlarin sinirhi oluslar: ve kaynak tilkelere bagimli
olmanin beraberinde getirdigi ekonomik ve siyasi sorunlar, mevcuttaki enerji
kaynaklarinda degisiklik yoluna gidilmesi gerektigi algisini olusturmaktadir. Bu
geleneksel yakitlara alternatif olarak gelistirilen enerji kaynaklari, yenilenebilir enerji
kaynaklar1 olarak isimlendirilen; hidrolik, rtizgar, giines, jeotermal, biokiitle-atik ve
dalga olarak siralanabilen kaynaklardir. Bunlara paralel olarak iilkemizde de
yenilenebilir enerji kaynaklarimin kullanimu ile ilgili calismalar hizlanarak devam
etmekte ve bu alanda 6nemli gelismeler yasanmaktadir. Ulkemiz, yenilenebilir enerji
kaynaklar icerisinde yer alan giines enerjisi acisindan oldukga ytiksek bir potansiyele
sahiptir. Bu calismada gitines enerjisinin {ilkemizdeki mevcut potansiyeli ve giines
enerjisini elektrik enerjisine dontistiiren fotovoltaik giines enerjisi teknolojileri ele
alinmistir. Calismada elde edilen sonuclardan biri; tilkemizin gilines enerjisi
potansiyelinin degerlendirilmesi adina bu alandaki yatirimlarin hizlandirilmasi gerektigi
olup bir diger sonug ise fotovoltaik giines enerjisi alaninda kurulu gti¢ artisi, elektrik
tretimi ve fotovoltaik elektriginin sebeke paritesini yakalamasiyla bu alanda pazar
olusacagl, pazar olusumunun yerli fotovoltaik modiil {retiminin baslamasimi
saglayacagidir. Ayrica Ar-Ge calismalarinin ve teknolojik gelismelerin 1s181nda
fotovoltaik modiil maliyetlerinin azalip verimliliklerinde artis saglanacag:
ongorulmisttr.

Anahtar sozciikler: Yenilenebilir enerji, giines enerjisi, fotovoltaik teknolojisi.
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FREQUENCY DEPENDENT CHARACTERIZATION OF THE AL/CRN/N-SI
DEVICE

Murat YILDIRM
Selcuk University, Faculty of Science, Department of Biotechnology, 42130 Konya,
Turkey, muratyildirim@selcuk.edu.tr

Adem KOCYIGIT
Igdir University, Engineering Faculty, Department of Electrical Electronic Engineering,
76000 Igdir, Turkey, adem.kocyigt@igdir.edu.tr

ABSTRACT: The Al/n-Si metal semiconductor heterojunction with coronene (CRN)
interfacial layer was fabricated by physical vapor deposition (PVD) technique and
characterized by C-V measurements depending on various frequency measurements
from 10 kHz to 1 MHz at room temperature. Furthermore, the photocapacitance
measurements were performed on the device under various illumination intensities from
20 mW to 100 mW by 20 mW steps. While the capacitance values decreased with
increasing frequency, the conductance values increased. Thus, the C-V and G-V
characteristics of the Al/CRN/n-Si device showed that the capacitance and conductance
values are strong function of the frequency and voltage. In addition, various electrical
parameters of the Al/CRN/n-5i device were extracted from C2-V plots and discussed in
the details. The device exhibited excellent photocapacitance behavior under light
illumination. The Al/ CRN/n-5i device can be employed photocapacitance applications.

Keywords: Coronene film, Al/ CRN/n-5i device, C-V characteristics, photocapacitance

INTRODUCTION

Coronene is an organic semiconductor material with six benzene rings (Baris, Karadeniz,
& Erdal, 2017). It has light emitting capabilities and suitable transport mechanism for
organic electronics applications (Petrushenko & Petrushenko, 2019; Zhang, Zheng, &
Shen, 1999). Therefore, the coronene can be used as interfacial interlayer between the
metal and semiconductor to obtain optoelectronic devices such as photodiodes and light
emitting diodes.

Metal semiconductor contacts have been investigated due to their importance in the
semiconductor technology (Bilgili, Glizel, & Ozer,_ 2019; A. Kocyigit, Orak, Caldiran, &
Turut, 2017; Adem Kocyigit, Yilmaz, Aydogan, & Incekara, 2019). Sometimes interfacial
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layers such as insulator, semiconductor polymer or metal oxide are inserted between the
metal and semiconductor to the electrical properties of the contacts (Gokcen, Altuntas,
Altindal, & Ozcelik, 2012; Yildiz, Altindal, & Kanbur, 2008). Among this interfacial layers,
organic semiconductors are very popular depending on their adjustable conductivity and
environmentally friendly structure (Chandrakala, Ramaraj, Shivakumaraiah, Madhu, &
Siddaramaiah, 2012; Jiang et al., 2017). The coronene also can be used as interfacial control
layer between the metal and semiconductor. Pakma et al. (Pakma, Cavdar, Koralay,
Tugluoglu, & Faruk Yiiksel, 2017) used coronene as interfacial layer for Al metal and n-
Si semiconductor device. The coronene layer was obtained by spin coating technique. The
device was characterized by I-V measurements under dark and various illumination
conditions at room temperature and C-V measurements for 1 MHz frequency. They
concluded that the coronene can used for optoelectronic and solar cell applications. Xiao
et al. (Xiao et al., 2011) were fabricated coronene nanowires by reprecipitation method
and characterized them by various instruments. They prepared thin film of the coronene
nanowires on rGO/SiO2/Si electrode and obtained a strong photoresponse.
Furthermore, the quartz/ITO/p-coronene/n-SiC/Ti (10 nm)/Au device was obtained,
and it exhibited strong electroluminescence emission better than inorganic layers through
of the coronene nanowires.

In this study, coronene interfacial organic layer were deposited by physical vapor
deposition on the n-Si substrate to obtain metal semiconductor Al/ CRN/#n-5i device. The
Al/CRN/n-Si device was characterized by C-V measurements for various frequencies
from the 10 kHz to 1 MHz at room temperature. Furthermore, photocapacitance behavior
of the Al/CRN/n-5Si device was investigated under various illumination intensities.

METHODS

To fabrication of the Al/CRN/n-Si device was firstly started with cutting and cleaning
of the Si wafer (n-type) semiconductor and substrate. The wafer has (100) direction and
7.3 x 105 cm3 carrier concentration according to producer. The wafer obtained as 1.5 cm
x 1.0 cm piece and then cleaned with acetone, water and propanol according to RCA
cleaning procedures. For removing native oxide layer and impurities on the surface of
the Si wafer, the pieces were submerged into HF:H>O (1:1) solution for just 30 seconds.
Aluminum was sputtered back surface of the piece as ohmic contact, and they were
annealed in N2 atmosphere for 5 minutes at 500 °C. For preparing coronene layer on Si
substrate the PVD technique were employed. Then another Al layer was sputtered on the
coronene layer and, the Al/CRN/n-5Si device was obtained. The schematic illustration of
the fabricated device has been given in Fig. 1.



e UEMK 2019 Proceedings Book *J"'"pﬁ 579
24/25 October 2019 Gaziantep University, TURKEY ;I:-"'

Al Metallic Contact
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Coronene Layer

Ohmic Contact layer
Figure 1. The Al/CRN/n-5Si device as a schematic illustration

While the Keithley 4200 SCS was employed for C-V and G-V measurements, the FYtronix
FY-5000 Photovoltaic Characterization System was used to light exposure to the devices
for photocapacitance measurements.

RESULTS AND DISCUSSION

Fig. 2 presents frequency dependent C-V graphs of the Al/CRN/n-5i for the -5 V and +5
V voltage range. The device exhibited peaks at inversion region and their position shifted
towards to depletion region via increasing frequency. While the peak behavior of the
Al/CRN/n-5i device can be attributed to series resistance or interface states, decreasing
at the peak intensities can be depended on the interface states not able to following ac
signal for higher frequencies (Dogan, Yildirim, Orak, Elagéz, & Turut, 2015; Korucu,
Turut, Turan, & Altindal, 2013; Safak-Asar, Asar, Altindal, & Ozcelik, 2015). The negative
capacitance of the Al/CRN/n-5Si device at the 10 kHz frequency can be ascribed to the
injection of the minority carriers to the polarization or measurement errors (Gokgen et al.,
2012). Furthermore, the capacitance values did not change at the accumulation region
with changing frequency and voltage.
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Figure 2. The C-V plots of the Al/CRN/n-Si device as a function of frequency

The G-V graphs of Al/CRN/n-Si device have been displayed in Fig. 3 for changing
frequency in the range of 10 kHz and 1 MHz. The conductance values increased with
increasing frequency at inversion region and suddenly decreased at depletion region.
There is no change at accumulation region for the Al/CRN/#n-Si device with changing
frequency and voltage. The increase at the conductance values via increasing frequency
at the same voltage values can be attributed to existence interface states (Al Orainy &
Hendi, 2014). On the other hand, the device exhibited linearly decreasing profile for the
10 kHz, 50 kHz and 100 kHz frequencies from -5 V to -1 V or from inversion to depletion
region. However, the conductance values of the device stayed constant and decreased
suddenly towards to depletion region for higher frequencies than 100 kHz.
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Figure 3. The G-V plots of the Al/CRN/n-Si device as a function of frequency

R;-V graphs of the Al/CRN/n-Si device have been indicated in Fig. 4 for various
frequencies from 10 kHz to 1 MHz. The R; values are higher for 10 kHz and effective at
inversion, depletion and accumulation regions, but they decreased with increasing
frequency. Furthermore, R; values showed peaks (inset of Fig. 4) at around depletion
regions due to interface states effects (Baraz, Yticedag, Azizian-Kalandaragh, & Altindal,
n.d.). The resistances values decreased with increasing frequency because charges cannot
follow ac signal towards to high frequencies (Orak, Kocyigit, & Alindal, 2017).
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—— 600 kHz ol
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Figure 4. The Ri-V plots of the Al/CRN/n-5Si device as a function of frequency

Fig. 5 indicates the C-2-V graphs of the Al/CRN/n-Si device for various frequencies. The
C2-V plots illustrated almost straight lines for wide range voltages from 5 V to 1 V. The
deviations from the linearity can be attributed to interfacial layer effect (R. H., 2014). The
x- intercept and slope of the C-2-V plots are used to calculate doping concentration of the
donor atoms (Ng), Fermi energy level (Er), width of the depletion region (W), maximum
electric field (En) and barrier heights (@,). (Sze, 1981). These parameters provide to
understand the Al/CRN/n-Si device properties and listed in Table 1 for various
frequencies.

The barrier heights are calculated by the next equation from the C2-V plots:
@,(C—-V)=V4+Ep) — AD (1)

where V; and A® show diffusion potential (Vi = Vi + kT/q) which is determined by the
sum of the x-intercept of the C?-V plot and kT/q, and image force barrier lowering,
respectively. The A@ values are neglected for intermediated interfacial layers.



‘\ UEMK 2019 Proceedings Book {""“5
(.' ’ : 24/25 October 2019 Gaziantep University, TURKEY Y 4

—a— 10 kHz —e— 50 kHz

10 4—*— 100 kHz —v— 200 kHz
—— 300 kHz —<— 400 kHz
—— 500 kHz —e— 600 kHz

8 —*— 700 kHz —— 800 kHz
—o— 900 kHz
L 6.
&)
—
44
2_
0 T T T T
0 1 2 3 4 5

Voltage (V)
Figure 5. The C2-V plots of the Al/CRN/n-5i device as a function of frequency
The Er is calculated by the following equation:

E = KTL (Nv) ’
F= n N, 2
where N, is given by:
m: 3/2
N, = 4.82 x 1015T3/2 (—e) (3)
my

where mg and m. are mass and efficient mass of the electron, respectively.

The @, and N, values were discussed in below for changing frequency via Figs. The Er
values stayed almost same and increased up to 500 kHz frequency and then decreased
with increasing frequency. The E,, and Wy values generally increased by increasing
frequency according to Table 1.

Table 1. Some electrical parameters of the Al/CRN/n-5Si device for various frequencies

o I o (50 evt

(kHz) (1015 cm3) (Q) (eV) (x104 V/cm) (x10-4 cm) (1020 eV-1 cm-?)
10 1.051 364.58 0.684 0.196 1.23 0.79 7.61

50 1.088 357.63 0.812 0.195 141 0.87 6.01

100 1.108 348.92 0.884 0.195 1.51 0.91 6.34

200 1.111 326.03 0.959 0.195 1.59 0.96 7.02

300 1.112 307.33 1.087 0.195 1.73 1.04 7.19

400 1.045 288.13 1.000 0.196 1.58 1.01 8.23

500 9.893 283.12 0.918 0.198 1.46 0.99 9.44

600 1.420 276.77 1.442 0.189 2.32 1.09 11.58

700 1.349 270.16 1.358 0.190 2.18 1.07 12.60
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800 1.313 265.39 1.332 0.191 2.13 1.08 13.32

900 1.297 262.12 1.319 0.191 2.10 1.08 14.04

1000 1.296 264.89 1.363 0.191 2.14 1.10 13.67

Series resistance (Rs) and interface states (Ngs) are other important parameters to
understand the electrical properties of the metal semiconductor devices. Series resistance
(Rs) is obtained by Nicollian and Brews method and given via below formula at strong

accumulation region (Nicollian & Brews, 2003):
* Gha + (0Cne)?

To explain the interaction between the frequency and Ny, Hill-Coleman method is used.

The N is addressed by below equation depending on measured capacitance (Ci;) and
conductance (G) (Hill & Coleman, 1980):

N.. = i (Gm/w)max
* QA ((Gm/ ®)max/Cox)? + (1 = Cn/Cox)?

)

where [] and ALl are angular frequency and contact area, respectively. The Cy, represent

the interface capacitance and given for strong accumulation region by below equation:
2

Gma
Cox =Cpa |1+ ———= 6
0x mal + (owa)z ( )

The Ny and Ry values were calculated and tabulated at Table 1 for various frequencies.
While the Fig. 6a shows frequency dependent profile of the @, and N, values, Fig. 6b
exhibits changing of the Ny and Ry values with changing frequency. The @&, and Ny
values have almost same profile for changing frequency, but the Ns; and R; values have
almost reverse profile. While the effect of Ny is more important at lower frequencies, Ry
values are more effective at higher frequencies (Bilkan, Altindal, & Azizian-Kalandaragh,
2017). The R values also decreased with increasing frequency due to reordering of the
interface states under applied bias voltages (Zeyrek, Acaroglu, Altindal, Birdogan, &
Biilbiil, 2013).
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Figure 6. a) The N, and @&, b) Ng; and R; versus frequency plots of the Al/CRN/n-Si
device

Capacitance and conductance transient measurements of the Al/CRN/n-Si device for
various frequencies have been indicated in Fig. 7a and 7b, respectively to understand the
photocapacitance behavior of the device. The device has photocapacitance property with
increasing linearly by illumination intensities. However, the conductance behavior of the
device is not linearly changed by increasing illuminations.
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Figure 7. a) Capacitance and b) conductance transient profile of the Al/CRN/n-5i device
for various illumination intensities

CONCLUSION

We fabricated the Al/CRN/n-Si device by PVD technique and characterized its electrical
properties by the C-V measurements for various frequencies at room temperature. In
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addition, we studied photocapacitance behaviors of the Al/CRN/n-Si device by
capacitance transient measurements for various illumination intensities. The device
exhibit capacitance and conductance properties at inversion region depending on the
series resistance and interface states. While the capacitance values decreased with
increasing frequency, the conductance values increased. The resistance values of the
device are effective at lower frequency. The C2-V plots provide to calculate various
electrical parameters such as doping concentration of the donor atoms (Ny), Fermi energy
level (EF), width of the depletion region (W), maximum electric field (E) and barrier
heights (@,) and discussed in details depending on the frequency changes. The electrical
parameters as well as capacitance, conductance and resistance values affected from the
frequency changes. Furthermore, the device has linearly photocapacitance behavior and
can be employed for capacitor and optoelectronic applications.
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ABSTRACT: In this study, Cu doped (10%) TiOz thin film was deposited on the n-Si by
spin coating technique to use the film as interfacial layer for metal semiconductor
heterojunction. Thus, Al/Cu:TiO2/n-5i device was fabricated and its dielectric properties
was investigated by impedance spectroscopy technique for wide range temperature from
80 K to 400 K by 40 K intervals and +5 voltages. Temperature dependent dielectric
constant (¢'), dielectric loss (¢"'), loss tangent (tan O), the real and imaginary parts of
electric modulus (M'and M'"") and ac electrical conductivity (o) were extracted from the
C-V measurements and discussed in the details for a wide range temperatures. The
results highlighted that all dielectric parameters was not so changed from the
measurement temperatures, and the device can be employed for a wide range
temperatures.

Keywords: Dielectric properties, Al/Cu:TiO2/n-5i heterojunction, Cu doped TiO; thin
film

INTRODUCTION

Schottky devices or heterojunctions are obtained with contacting of the metal and
semiconductor (Bilgili, Gtizel, & Ozer, 2019; Dahlan et al., 2015; Zeyrek, Acaroglu,
Altindal, Birdogan, & Biilbtil, 2013). The rectifiers, diodes and inverters are some of the
technological applications of the Schottky devices (Cifci, Bakir, Meyer, & Kocyigit, 2018;
Koo et al., 2017). To control the electrical properties or current transport mechanism of
these devices an oxide or insulator layers are deposited between the semiconductor and
metal (Kumar, Mondal, Kumar, & Koteswara Rao, 2015; Tataroglu, Yiicedag, & Altindal,
2008). This insulator or oxide interfacial layer provide to increase of the dielectric
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properties of these devices (Ahmet Kaya, Altindal, Asar, & Sonmez, 2013). For that
reason, the Schottky devices can be investigated by the dielectric characterization to
understand the polarization and conduction mechanism of the Schottky devices
according to ionic, electronic, surface and dipolar polarization (Orak, Kocyigit, & Alindal,
2017). The surface and dipolar polarization are shown up lower frequencies below 1
MHz (Ahmet Kaya et al., 2013). As an oxide layer, TiO; has high electrochemical activity,
wide band gap and low cost can used as interfacial layer Schottky devices due to its good
properties (Rawat et al., 2016). The temperature dependent electrical characterization of
the Schottky devices is really important to determine the device stability for various
temperatures (Kocyigit, Orak, & Turut, 2018). The device properties should be
investigated depending on temperature for that reason.

We deposited Cu doped TiO; thin film as interfacial layer for Schottky device and
fabricated Al/Cu:TiO2/n-Si device. The impedance spectroscopy was operated to obtain
dielectric properties of the Al/Cu:TiO2/n-Si device for wide range temperature and
voltages. The dielectric constant, dielectric loss, loss tangent, real and imaginary parts of
the electric modulus and ac electric conductivity was determined and discussed in the
details as a function of the temperature and voltage.

METHODS

Titanium (IV) isopropoxide was used as host material for Cu doped TiO; thin film. It was
solved in mixed of 1 mL acetylacetone and 35 mL alcohol solvents as precursor solution.
The copper (II) nitrate was employed as Cu source and dissolved in 10 mL alcohol in a
different vessel to achieve 10% Cu doping. The solutions were stirred 30 minutes and
mixed in a vessel and stirred again 30 minutes. For stabilization, 2 mL glacial acetic acid
(CH3COzH, Sigma-Aldrich), 2 mL deionized water and 20 mL alcohol was dropped in
the mixed solution and stirred 5 hours. Meanwhile, the n-type Si wafer was cut and
cleaned in acetone and propanol by ultrasonic cleaner and immersed in HF:H>O (1:1)
solution to remove oxide layer and impurities for 30 seconds. Al layer was vaporized the
back surface of the wafer pieces and annealed in N2 atmosphere for 5 minutes at 450 °C.
The obtained solution was deposited on front surface of the Si wafer pieces by spin coater
at 3000 rpm as three layers. An Al layer were evaporated on Cu doped TiOz thin film
surface as 100 nm thicknesses by thermal evaporator as rectifying contact via hole array
mask. The impedance spectroscopy technique was employed by a computer Keithley
4200 SCS instrument in a temperature controlled cryostat from 80 K to 400 K by 40 K
intervals at 500 kHz frequency.

RESULTS AND DISCUSSION

To understand the polarization and conduction mechanism of the Al/Cu:TiO2/n-5i
device, we extracted the real dielectric constant (¢'), imaginary dielectric constant (¢")
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and ac electric conductivity (o) from the C-V measurements for wide range temperature
from 80 K to 400 K and voltage range of +5 voltages. While the imaginary dielectric
constant reveals absorbed energy because of the frictional dampening, the real dielectric
constant exhibits strength of the dipole against to applied electric field and stored energy
(Karatas, 2008). The real and imaginary dielectric constants are obtained as parts of
complex dielectric constant or complex permittivity.

The Equation (1) shows complex permittivity formula depending on the real and
imaginary dielectric constants (Shiwakoti, Bobby, Antony, & Asokan, 2016):
e3>l<=e3’—jg”=£—'i @
Co wCy
where the Cp and j are capacitance of free capacitor and imaginary root, respectively. The
C and G represent the measured capacitance and conductance. We can type the formula

of the ¢" and €” by the following equations (Demirezen, 2013):

gL _Cd @
T Cy A
oo G Gdi ®3)

wCy gwA
where ¢, is permittivity of the vacuum, the d; is thickness of the interfacial layer, and A
shows contact area At enough high forward biases for the maximum capacitance value
is called to interlayer capacitance and given by C,. = C; = €'¢yA/d; formula. The ratio of
the real and imaginary dielectric constant is named as loss tangent (tan 0) and addressed
by next equations:

g G 4)
tand = — =—
£ wC

The temperature dependent dielectric constant profile of the Al/Cu:TiO2/n-5Si device has
been shown in Fig. 1 for the voltage range of the -5 V and +5 V. The ¢’ values increased
up to around 1.7 and exhibited peaks at inversion region. The peak intensities at the &’
values decreased towards to inversion region with increasing temperature depending on
the interface states (Yahia, Fadel, Sakr, Shenouda, & Yakuphanoglu, 2012). The presence
of the peaks can be attributed to surface polarization and particular density distribution
of Ny or series resistance effect (R;) (Kocyigit et al., 2018). Furthermore, the &’ values
stayed almost 0.9 - 1.1 at depletion and accumulation regions for various temperatures.
The dispersion of the ¢’ values with changing temperature can be attributed to that
Maxwell-Wagner type interfacial polarization (Yang, Chao, Liang, Wei, & Yang, 2015).
In fact, the charge carriers accumulated at boundaries and caused to increase interfacial
and surface charge polarization (Kyritsis, Pissis, & Grammatikakis, 1995).
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Figure 1. The dielectric constant versus voltage plot of the Al/Cu:TiO2/n-Si device for
various temperature

Fig. 2 displays temperature dependent & profile of the Al/Cu:TiO2/n-Si device for
inversion, depletion and accumulation regions or -5 and +5 voltage ranges. The ¢ values
decreased linearly from 22.0 to 0 in the inversion regions and then stayed constant at
depletion and accumulation regions. The temperature changes almost did not affect the
¢" values for the given temperature range. This results confirmed that the Al/ Cu:TiO2/n-
Si device is stable for temperature changes and can be used for a wide range temperature
without losing energy (Karatas & Kara, 2011).
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Figure 2. The dielectric loss versus voltage plot of the Al/Cu:TiO2/n-Si device for various
temperature
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The tan 6 versus voltage plots of the Al/Cu:TiO2/n-Si device have been shown in Fig. 3
for various temperature. The tan ¢ values decreased exponentially from 87.0 to 0 by the
changing biases from inversion to depletion regions. The temperature changes slightly
affected the tan 0 values at inversion region, and the tan 6 values exhibited peaks at with
increasing temperature (inset of Fig. 3). The changes at the tan ¢ values can be attributed
to decreasing series resistance and polarizations (Demirezen, 2013; Ahmet Kaya et al,,
2013).
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Figure 3. The tangent loss versus voltage plot of the Al/Cu:TiO2/n-Si device for various

temperature

The inverse of the complex permittivity gives the complex electric modulus depending
on the relation of the &*=1/M?*. The Complex electric modulus is addressed by the
following equation depending on the ¢’and ¢" values as below (Demirezen, 2013):

M*—l— £ +j £ =M+ jM" ©
- e* - 812 + 8”2 ]812 + 8”2 - ]

The temperature dependent real electric modulus (M') profile of the Al/Cu:TiO»/n-Si
device has been given in Fig. 4 for the wide range voltages from -5 V to +5 V. The M’
values remained almost 0 up to -2 V voltages or strong inversion region and then
suddenly increased to around 1.0 value and then stayed constant towards to
accumulation region. When the M’ values did not change at the inversion with changing
temperature, they slightly increased at the depletion and accumulation regions for
various temperatures.
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Figure 4. The real electric modulus versus voltage plot of Al/Cu:TiO2/n-Si device for

various temperature

Fig. 5 displays M"-V plots of the Al/Cu:TiO2/n-Si device for various temperature. The
M"" values increased exponentially from -5 V to -1.7 V and showed peaks at low inversion
region. The The M" values stayed constant at depletion and accumulation regions at zero.
The exhibiting peaks at the M" values can be attributed to that particular distribution of
the charges at surface states or relaxation time (A. Kaya et al., 2016).
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Figure 5. The imaginary part of electric modulus versus voltage plot of the
Al/Cu:TiO2/n-Si device for various temperature

The o is given by next equation depending on the imaginary parts of the dielectric
constant, £, and w:
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Fig. 6 indicates the o-V graph of the Al/Cu:TiO2/n-Si device for various temperatures.
The o values decreased almost linearly from inversion to depletion region and stayed at
zero at depletion and accumulation regions. They slightly increased with increasing
temperature at the inversion region (inset of the Fig. 6). The slightly increase at ¢ values
by the increasing temperature in depletion region can be depended on the increasing
eddy current (Nezhadesm-Kohardafchahi et al., 2018).

»

—a— 380 K

—o— 120K
—Aa— 160 K
—v— 200 K
—— 240K
—<+— 280K
—— 320K
¥ 3 5, —e—360K
Voltage (V)

(¢)]

N

N
1

ac electrical Conductivitiy (o) x 10®
[l w
1

o

Voltage (V)
Figure 6. The ac electric conductivity versus voltage plot of the Al/Cu:TiO2/n-Si device
for various temperature

CONCLUSION

The TiO> thin film with the Cu dopant were deposited on the Si wafer to fabricate
Al/Cu:TiO2/n-Si device by spin coating technique. The dielectric properties of the
Al/Cu:TiOz/n-5Si device was studied by impedance spectroscopy technique in the
temperature range of 80 K and 400 K by 40 K steps at 500 kHz frequency. The C-V and G-
V data were employed to extract the dielectric parameters of the Al/Cu:TiO2/n-5i device.
The & values did not affect from the temperature changes, but the ¢’ and tan ¢ values
increased at inversion region by changing temperature. However, the voltage changes at
the depletion and accumulation regions did not change the €', ¢ and tan 6 values. The
M" values exhibited peaks at inversion region and the peaks intensities slightly increased
by the increasing temperature and shifted towards to depletion region. The o values
decreased from inversion to depletion region down to zero and stayed constant at the
depletion and accumulation regions. The results revealed that the Al/Cu:TiO2/n-Si
device can be employed in the wide range temperatures for switching applications.
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PRODUCTION OF COBALT-NICKEL ALLOY THIN FILMS BY ORGANIC
COUMARIN INVESTIGATION OF THE STRUCTURAL AND THE MAGNETIC
PROPERTIES
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ABSTRACT: Cobalt-nickel (CoNi) alloy thin films were successfully produced by the
electrodeposition method, using organic coumarin (CoH¢O2) additive. Cobalt sulphate,
nickel sulphate, nickel chloride, boric acid contents in bath composition were taken
constant. The parameters affecting the production such as current, voltage, ambient
temperature, pH, were kept constant. The organic coumarin was varied from 0.07 Mol.Lt-
Tto 0.022 Mol.Lt 1. The structural and magnetic properties of the produced thin films were
examined. For this purpose; The chemical properties (Cyclic Voltammetry, CV),
morphological properties (Scanning Electron Microscope, SEM), crystal structures (X-
Ray Diffractometer, XRD), the amount of substance content (Inductive Coupled Plasma,
ICP) and magnetic properties (Vibrating Sample Magnetometer, VSM) of the film were
investigated. It was seen that, in the production of the CoNi alloy, the coumarin has a
significant effect on the amount of substance deposited in the film and on the crystal
structure properties. As the amount of coumarin was increased, the cobalt content in the
thin film decreased and the nickel content increased. When the amount of coumarin in
the bath composition was increased, it was seen that the crystalline structure (Face
Centered Cubic, FCC) formed in thin films convert to amorphous structure.
Magnetization measurements were performed in the range of +75000 Oe and -75000 Oe
and hysteresis loops were obtained. Coercivity, saturation magnetization and permanent
magnetism values were found from the hysteresis loops. When the amount of coumarin
in the bath composition increased, the coercivity value (147-228 Oe) increased but the
saturation magnetization (79-15 emu/g) and permanent magnetization (31-1.4 emu/g)
value decreased. It was seen that coumarin exchange had a great effect on the magnetic
properties and crystal structure of the CoNi thin film.

Key words: electrodeposition, coumarin, additive, cobalt-nickel, magnetization.
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KOBALT-NIKEL ALASIM INCE FILMLERIN ORGANIK KUMARINLE URETIMI
YAPISAL VE MANYETIK OZELLIKLERININ INCELENMESI

OZET: Kobalt-nikel (CoNi) alasim ince filmler elektrodepolama yéntemiyle organik
kumarin (CoHsOz) ek katki maddesi kullanilarak basariyla tiretildi. Banyo kompozisyonu
icerisindeki kobalt siilfat, nikel siilfat, nikel kloriir, borik asit miktar1 sabit alindi. Uretime
etki eden akim, gerilim, ortam sicakligi, pH, gibi parametreler sabit tutuldu. Organik
kumarin 0.07 Mol.Lt! ile 0.022 Mol.Lt? araliginda degistirildi. Uretilen ince filmlerin
yapisal ve manyetik ©zellikleri incelendi. Bu amagla; kaplama banyosu kimyasal
ozellikleri (Donustimlti Voltametri, CV), morfolojik o6zellikleri (Taramali Elektron
Mikroskopu, SEM), kristal yapilar: (X 1sm1 difraktometresi, XRD), filmin icerigindeki
madde miktar1 orani (Indiiktif Eslesmis Plazma, ICP) ve manyetik 6zellikleri (Titresimli
Ornek Manyetometre, VSM) arastirildi. Kumarin maddesinin, CoNi alasimin tiretiminde,
filmde depolanan madde miktar1 ve kristal yapr ozellikleri tizerine biiyiik etki ettigi
gortldii. Kumarin miktar1 arttikca ince film igerisindeki kobalt madde miktar1 azald:
nikel madde miktari ise artti. Banyo kompozisyonu icerisindeki kumarin madde miktar:
arttirilldiginda, ince filmlerde olusan kristal yapinin (Yiizey Merkezli Kiibik, FCC) amorf
yapiya doniismesine neden oldugu goriildii. Manyetizasyon ol¢timleri, +75000 Oe ve -
75000 Oe araliginda gerceklestirildi ve histerezis egrileri elde edildi. Histerezis
egrilerinden koersivite, doyum manyetizasyonu ve kalict miknatislik degerleri bulundu.
Banyo kompozisyonu igerisindeki kumarin miktar1 arttiginda koersivite degeri (147-228
Oe) artt1, ancak doyum manyetizasyonu (79-15 emu/ g) ve kalic1 miknatislik degeri (31-
1.4 emu/g) azald1. Kumarin degisiminin CoNi ince filmin manyetik 6zellikleri ve kristal
yapisi tizerinde biiytik etkiye sahip oldugu gorildii.

Anahtar sozciikler: elektrodepolama, kumarin, ek katki, kobalt-nikel, manyetizasyon.
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CONTRIBUTION OF THE INVESTIGATION OF SMALL WIND AND SOLAR
ENERGY SYSTEMS TO TURKEYS ENERGY PRODUCTION

Hiiseyin OZDEN
Ege University
Huseyin.ozden@ege.edu.tr

ABSTRACT: Almost all of the fossil-based energy source is imported and used in
electrical power generation in Turkey. Increases in expected energy consumption in the
near future, environmental pollution and a decrease in fossil energy reserves are
increasing the importance of wind and solar energy. Today, Mega and Giga Watt wind
power machines, power plants technology, its installation and maintenance is imported
and costs are very high. In order to contribute to the search for alternative solutions to
such problems, low power wind and solar power generation systems that are simple and
economical to construct and install were investigated. In the project study, residential,
farm type low energy wind turbines were designed. The expected contribution of low
energy generation systems to the country's total electricity generation system is presented
for discussion. In our country where the production is simple and economical, the
installation of low-energy wind turbines and photovoltaic panels that can be produced
easily even in a workshop will meet most of the electrical energy needs of the houses. The
contribution of low-energy wind and solar generation systems to the country's total
energy production should not be underestimated. It is proposed to encourage the
construction of domestic energy production systems in our country. Project work; The
aim of the study is to contribute to scientific studies on energy production and energy
supplementation of residential and farm type low energy wind turbines and photovoltaic
panels.

KEYWORDS: Energy, Renewable Energy, Wind Turbine Design, Low Power, Research

DUSUK GUCLU RUZGAR VE GUNES ENERJiSi SISTEMLERININ TURKIYENIN
ENERJI URETIMINE KATKISININ ARASTIRILMASI

OZET: Fosil bazli enerji kaynaklarinin tamamina yakini Tiirkiyede ithal edilmektedir ve
elektrik enerji tiretim santrallerinde kullanilmaktadir. Yakin gelecekte beklenen enerji
tiiketiminde artiglar, cevre kirliligi ve fosil enerji rezervlerindeki azalma, riizgar ve giines
enerjilerin 6nemi artirtyor. Giintimiizde Mega ve Giga Watt giictindeki riizgar enerji
makinalarin, santrallerin teknolojisi kurulumu ve bakimlari ithal olup maliyetleri ¢ok
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ytiksektir. Bu gibi sorunlara alternatif ¢oziim arayislarma katki saglamak amaciyla,
yapimi ve kurulumu basit ve ekonomik olan diisiik giiclii rtizgar ve giines enerji tiretim
sistemleri arastirilmistir. Proje calismasinda konut, ciftlik tipi dusiik enerjili rtizgar
tiirbinleri tasarlanmustir. Ulkenin toplam elektrik enerji tiretim sisteminde diisiik enerji
tiretim sistemlerin beklenen katkilar1 tartismaga sunulmaktadir. Yapimlarin basit ve
ekonomik olan tilkemizde bir atélyede dahi rahatlikla tiretilebilecek diistik enerjili rizgar
tiirbinlerin ve fotovoltaik panellerin konutlarda monte edilmesi ile konutlarin elektrik
enerji ihtiyacinin biiyiik kismini karsilayacaktir. Diistik enerjili riizgar ve giines tiretim
sistemlerinin tilkenin toplam enerji {iretimine olan katkisi kiicimsenmemelidir.
Ulkemizde yerli enerji tiretim sistemlerin yapimlar: tegvik edilmesi 6nerilmistir. Proje
calismasy; konut ve ciftlik tipi dustik enerjili riizgar ttirbinlerin ve fotovoltaik panellerin
enerji liretimi ile enerji takviyesi konulu bilimsel ¢alismalara katki saglamas1 amaghdar.

Anahtar Sozciikler: Enerji, Yenilenebilir Enerji, Riizgar Tiirbin Tasarimi, Diisuk Guglu,
Arastirma
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BUCKLING OF NANOBEAMS USING ADOMIAN DECOMPOSITION METHOD
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ABSTRACT: In this study, Adomian Decomposition Method (ADM) is applied to investigate the stability of
nanobeams based on non-local Euler-Bernoulli beam theory. ADM is an analytical approximation technique that has
been successfully applied in recent yearsto important problems of mathematics, physics and engineering. The method
isvery straightforward and the results by using ADM in the studies available in the literature has shown its efficiency.
ADM solutions in this study are compared with other available results in the literature and a very good agreement is
observed. Presented technique is very effective in the stability analysis of nanobeams.

Key words. nonlocal Euler-Bernoulli beam theory, Adomian decomposition method, buckling; nano beam

INTRODUCTION

The nano-sized structures such as nano-beams, nanoplates and nano-shells are commonly used as components in
NEMS (nanoel ectromechanical systems) devicesthat play a significant role in nanotechnology. These structures have
thus received great attention in scientific community and the interest to the field has been accelerating due to
outstanding physical and mechanical properties of nanomaterials. Both experimental and theoretical simulation studies
have shown that the size effect has a major role on mechanical properties when the dimensions of structural elements
become very small. Hence, nonlocal elasticity concept (Eringen, 1972) has been widely applied to take small length
scale effect into account.

Peddieson et al. (2003) performed a pioneering work on the application of non-local elasticity theory to investigate
bending, buckling and vibration of nano sized beams. Wang et al. (2006) considered elastic buckling analysis of
micro- and nano-rods/tubes based on Eringen’s nonlocal elasticity theory and the Timoshenko beam theory. Reddy
(2007) reformulated various beam theories using the nonlocal differential constitutive relations of Eringen. Pradhan
and Phadikar (2009) conducted structural analysis of nonhomogeneous nanotubes has been carried out using nonlocal
elasticity theory. Akgéz and Civalek (2011) proposed higher-order continuum theories for the buckling analysis of
single walled carbon nanotubes. Ghannadpour et al. (2013) studied the bending, buckling and vibration analyzes of
nonlocal Euler beams. Tuna and Kirca (2016) examined the buckling and vibration characteristics of nonlocal Euler—
Bernoulli beams analytically. Tuna and Kirca (2017) developed finite element formulations for static bending, linear
buckling and free vibration analysis of hanobeam structures by utilizing the integral form of Eringen nonlocal model.
Zhu et al. (2017) adopted Eringen’s two-phase nonlocal integral model to obtain analytical solutions for the buckling
problem of Euler-Bernoulli beams. Chakraverty and Behera (2017) provided theoretical information on bending,
buckling and vibration of nanobeams and nanoplates. Ghannadpour (2018) investigated bending, buckling and
vibration behaviors of nonlocal Timoshenko beams using a variational approach.

In this study elastic stability of nanobeams is investigated using nonlocal Euler-Bernoulli beam theory via ADM
(Adomian, 1994). Nondimensional buckling load parameters are computed for the beams with various boundary
conditions and the influence of scaling effect parameter is discussed.

NONLOCAL EULER BEAM THEORY FOR STABILITY

Euler-Bernoulli beam theory (EBT) is based on following displacement field Reddy (2007), Chakraverty and Behera
(2017).


https://www.sciencedirect.com/topics/engineering/free-vibration-analysis
https://www.sciencedirect.com/topics/engineering/nonlocal-model
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u=-z— u,=0 u,=w(xt) 1

1 ax 2 3 ( )
where (U1, Uz, Ug) are the displacements along x-, y-, and z-coordinates, respectively, and w is the transverse
displacement of the point (x, 0) on the mid-plane (z = 0) of the beam. The only non-zero strain of EBT is

o*w

Governing equation of Euler-Bernoulli nanobeam may be written neglecting transverse force as

o*°M N o’w m o*w @

ox? ox’ ot?

where N is axial compressive force, M = IA zo,,dA and M, = IA pAdA= pA_ According to Eringen’s nonlocal

theory (Eringen 1987), the constitutive relation for Euler—Bernoulli nanobeam is given by (Reddy 2007)

2 2
M _ g oW @
OX OX
where E is Young’s modulus and | is the second moment of area about y-axis. It may be noted here that 1 = (epa)? is
the nonlocal parameter, where ey and a denote material constant and internal characteristic length, respectively. Using
Egs. (3) and (4), the nonlocal form of M may be written as

0°w ( o°w asz

M—u

M= NI, W
o M N e

Governing equation in terms of displacement is rewritten as
AV INTA TR m ow) oW _ m, o*w ©
x Yo\ Nad Pt ) ae ver
If we ignore the dynamic effects, Eq.(6) becomes
4, 2 2 2
o'w_ 0 (Nawj_Naw

®)

()

o ol e ox*

Constant axial compressive force lead to the following form for governing equation.
o'w o°( o’w
OX OX OX

Introducing the nondimensional terms X = x/L, W=W/L ,N =NL?/El and o =gA/L dimensionless
governing equation is obtained as follows:

AW  _ d? [ ,dW -
=N W
ax* dxz(a ax? J ©

where N isnondimensional buckling load parameter and « is scaling effect parameter.
ADOMIAN DECOMPOSITION METHOD (ADM)

ADM calculates an analytical approximate solution as a series summation with arapid convergence. We consider the
following differential equation for the application of the method.

Lu+Ru+Nu=g(x)

(10
)



R .\ 4 UEMK 2019 Proceedings Book f""ﬁ 603
'(' ) ' 24/25 October 2019 Gaziantep University, TURKEY g

where L isthe linear operator which is highest order derivative, N is the nonlinear operator, R is remainder of linear
operator including derivatives of less order than L, u represents the unknown variable and g(x) is the source function.
The solution for Eq.(10) is

u=f(x)-L*(Ru)-L*(Nu) 1)
where L isthe inverse operator for the linear operator L. f(x) is the summation of integral of the source term and the

terms arising from given conditions of the problem. ADM approximates the solution as the summation of an infinite
series as

u(x) = u,(x) (12)
n=0
The nonlinear operation Nu is represented by Adomian polynomials, A, for the specific nonlinearity.

Nu=>"A (Up,Uy,...,U,) (13)
n=0

The relation for the calculation of Adomian polynomialsis given asfollows.

3 l dn 0 K
A =97 N(%ﬂ ukj, n>0(14)

Application of the method lead to following recursive a gorithm for the components of solution. U, (X) =f (X) (15)
-1
un+1(x)=_ [Run_A1]1 nZO(lG)

SOLUTION PROCEDURE
After the application of ADM to Eq.(9), following successive approximations are obtained

_ _ _ _ X2 _ X3
W, =W (0) +W'(0) X +W"(0) - +W"(0) "~ 17

, _
W, = Ll{N d - [az dW,, _W“j} ,  nx=1@g

dX dX?
N order ADM solution to the problem is

W(X)=§Wn(><) (19

For the stability problems, three different beams are considered. The beam with both ends pinned (PP), the beam with
both ends clamped (CC) and the beam with one end pinned and other end clamped (CP). According to type of the
support at the beam’s end we use the displacement function and apply it to the specific boundary conditions at both
ends of the beam, hence, four equationsin four unknowns are obtained. These equations can be represented in matrix
formas

[M(N)]{w} ={0} 0

— — — — T
where {t// } = <W(O) wW'0) wW"(0) W"'(O)> . For anontrivial solution, determinant of coefficient matrix
must be zero. Determinant of coefficient matrix yields a characteristic equation in terms of nondimensional buckling
load parameter N . Positive real roots of this equation are the nondimensional buckling loads for the case considered.

NUMERICAL RESULTS

Below nondimesiona buckling loads for PP, CP and CC nanobeams are compared with the available results in
literature (Wang et al., 2006; Pradhan and Padikar, 2009; Ghannadpour et al., 2013; Tuna and Kirca, 2016; Tuna and
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Kirca, 2017; Zhu et al., 2017) for oo = 0.05 and o = 0.2. Numerical work revealed that tenth order solution is adegquate
for computing the critical buckling load for PP beam when o = 0.05, while the required number of terms are doubled
for the same beam when o = 1. For CC and CP beams required order of solutionsistriple the order of solution for PP
beam. Buckling load parameters decreases with the increasing scale parameter. Table 1, Table 2 and Table 3

summarize the comparisons for PP, CP and CC nanobeams respectively. For all the cases L/ d =10 is assumed.

Table 1. Nondimensional buckling load parameter N for PP beam with various scaling effects a

o ADM Wangetal. Pradhanand Ghannadpour Tunaand Tunaand Zhu et al.
(2006) Padikar et al. (2013) Kirca Kirca (2017)
(2009) (2016) (2017)
0.05 9.63195 9.6319 - - 9.6319 9.6319 9.6261
0.2 7.07608 7.0760 - 7.0760 7.0761 7.0776 -
1 0.90780 - 0.9080 0.9080 - - -

Table 2. Nondimensional buckling load parameter N for CC beam with various scaling effects a

a ADM Wangetal. Pradhanand Ghannadpour  Zhuetal.
(2006) Padikar et al. (2013) (2017)
(2009)
0.05 3593206  35.9321 - - 30.5311
0.2 15.30679  15.3068 - 15.3068 -
1 0.97310 - 0.9753 0.9753 -

Table 3. Nondimensional buckling load parameter N for CP beam with various scaling effects a

a ADM Wangetal. Pradhanand Ghannadpour Tunaand Tunaand Zhu et al.
(2006) Padikar et al. (2013) Kirca Kirca (2017)
(2009) (2016) (2017)
0.05 19.22054 19.2205 - - 17.537 17.547 17.5333
0.2 11.16973  11.1699 - 11.1697 9.2784 9.2899 -
1 0.95262 - 0.9528 0.9528 - - -
CONCLUSION

In this study elastic stability of nanobeamsis studied using nonlocal Euler-Bernoulli beam theory. ADM is employed
in the analysis and solutions are computed for the nondimensional buckling load parameters. The results obtained
using ADM isin very good agreement with the various solutions available in the literature. It is demonstrated that
ADM is an effective technique to apply on elastic stability problems of nano beams.
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ABSTRACT: In this study, a semi analytical technique called Adomian Decomposition
Method (ADM) is applied to investigate free vibration of nanobeams based on non-local
Euler-Bernoulli beam theory. ADM has been successfully used in linear/nonlinear
variable coefficient solutions of ordinary/partial differential equations. All the steps of
the ADM are very straightforward and the boundary conditions can be implemented in
the computed analytical solution easily. ADM solutions are compared with other
available results and perfect agreement is observed. Presented technique is very effective
in the vibration analysis of nanobeams.

Key words: nonlocal Euler-Bernoulli beam theory, Adomian decomposition method,
vibration; nano beam

INTRODUCTION

In recent years, nanomaterials has been widely used in engineering and nanotechnology.
Among these materials beam type structures play a significant role in nanotechnology.
Beam type structural elements are broadly utilized in civil, mechanical and aerospace
engineering and recently beams have also been used in nanoelectromechanical systems.
Since vibration is an important issue, dynamic analysis of beam structures has been
carried out by numerous researchers. Hence, mechanical behavior of nanobeams for
accurate investigation of vibration characteristics has drawn great attention to
researchers worldwide. In the study of mechanical behavior atomistic, semi-continuum
and continuum models are used. Experimental and atomistic simulation works revealed
that at nanoscale, the small length scale effect may be considered. Hence, nonlocal
elasticity theory by Eringen (1972) has been widely applied to take small length scale
effect into account.

A pioneering work conducted by Peddieson et al. (2003) on the application of non-local
elasticity theory to analyze bending, buckling and vibration of nanobeams. Xu (2006)
used the integral equation approach and the non-local elasticity theory to investigate the
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free transverse vibrations of nano-to-micron scale beams. Reddy (2007) reformulated
various beam theories using the nonlocal differential constitutive relations of Eringen.
Wang et al. (2007) considered the free vibration problem for micro/nano beams using
Eringen’s nonlocal elasticity theory. Murmu and Pradhan (2009) vibration response of
nanocantilever is investigated using differential quadrature method. Murmu and
Adhikari (2010) considered vibration analysis of double-nanobeam-systems. Roque et al.
(2011) employed meshless methods to study bending, buckling and free vibration of
Timoshenko nanobeams. Behera and Chakraverty (2015) applied differential quadrature
method to investigate free vibration of nanobeams based on different beam theories.
Chakraverty and Behera (2017) provided theoretical information on bending, buckling
and vibration of nanobeams and nanoplates. Jena and Chakreverty (2018) studied free
vibration of nanobeams based on non-local Euler-Bernoulli beam theory via differential
transformation method. Akgoz and Civalek (2018) considered thermo-elastic vibrational
behavior of thick microbeams embedded in a two-parameter elastic foundation.

In this study free vibration of nanobeams is investigated using nonlocal Euler-Bernoulli
beam theory. ADM (Adomian, 1994) is used in the solution process of governing
equation. First five free vibration frequencies are computed and the influence of scaling
effect parameter is discussed.

NONLOCAL EULER-BERNOULLI BEAM THEORY FOR FREE VIBRATION

Euler-Bernoulli beam theory (EBT) is based on following displacement field Reddy
(2007), Chakraverty and Behera (2017).

ow
u = —z& u,=0 u,=w(xt) 1)
where (u1, uz, u3) are the displacements along x-, y-, and z-coordinates, respectively, and
w is the transverse displacement of the point (x, 0) on the mid-plane (z = 0) of the beam.

The only non-zero strain of EBT is
o°wW
XX ox? (2)
In the absence of transverse force and axial compressive force, governing equation of
Euler-Bernoulli nanobeam may be written as
O°M o*w
=-m = 3
o oo )

where M = J.AZO'XXdA and m, = IApdAz PA. According to Eringen’s nonlocal theory

(Eringen 1987), the constitutive relation for Euler-Bernoulli nanobeam is given by (Reddy

2007)
o°M o*w
M — =—El 4
/J aXZ aXZ ( )
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where E is Young’'s modulus and I is the second moment of area about y-axis. It may be
noted here that 4 = (eon)? is the nonlocal parameter, where ¢y and a denote material
constant and internal characteristic length, respectively. Using Eqs. (3) and (4), the
nonlocal form of M may be written as

o*w o*w

M =—El 2=+ um, <~ 5
aXZ ﬂn‘b atZ ( )
Governing equation in terms of displacement is rewritten as
o'w o'w o*w
B - 6
ox o T o ©)
If we assume the generalized displacements as
W(x,t) =W(x)e" ()
Eq.(6) becomes
o'W W
—El o ®um, P —w’mW 8)

Introducing the nondimensional terms X =Xx/L, W =W/L, A% = ,oAco2 L / El and
a =g A/L dimensionless governing equation is obtained as follows:

6‘\/2/ +a’i? 82\/\2/
oX oX
where [1? is frequency parameter and [J is scaling effect parameter.

— 1AW 9)

ADOMIAN DECOMPOSITION METHOD (ADM)

ADM applied successfully to a number of problem in physics (Adomian, 1994). The
method provides an analytical approximate solution as a series summation approaching
the exact solution rapidly. Consider a differential equation of the following form.

Lu+Ru+ Nu=g(x) (10)

where L is the linear operator which is highest order derivative, N is the nonlinear
operator, R is remainder of linear operator including derivatives of less order than L, u
represents the unknown variable and g(x) is the source function. The solution for Eq.(10)
is

u=f (x)—L*(Ru)—L"(Nu)(11)

where L1 is the inverse operator for the linear operator L. f(x) is the summation of integral
of the source term and the terms arising from given conditions of the problem. The
solution is produced as an infinite series as

u() =3 u,(x) (12)

The nonlinear Nu is represented by an infinite series of specially generated Adomian
polynomials, A, for the specific nonlinearity.
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Nu=iﬂ(uo,ul,...,un) (13)

Adomian polynomials can be calculated by means of following expression.

A = % dd/1” N (nzozkukj, n>0(14)
The components of solution can be generated with the following algorithm recursively.
U, (x) = f (x)(15)

U, (X)=—-L"[Ru,—A], n>0(16)

SOLUTION PROCEDURE

After the application of ADM to Eq.(9), following successive approximations are obtained

o =W (0) +W(0) X +*(0) X+ (0) X (17

W, = Ll{—ﬂzaz%+ﬂz\ﬁn_l} ,  n>1(18)

Nt order ADM solution to the problem is
—_— N —_—
W(X) =2 W,(X) (19)

n=0
Three different beams are considered in this study. The beam with both ends pinned (PP),
the beam with both ends clamped (CC) and the beam with one end pinned and other end
clamped (CP). After the application of boundary conditions, four equations in four
unknowns may be written with respect to the boundary conditions of the problem. These
equations can be represented in matrix form as

[M(4)]iy}={0} 0)
where {y} =<VV(O) W'(0) W"(0) VV'"(O)>T. For a nontrivial solution, determinant of

coefficient matrix must be zero. Determinant of coefficient matrix yields a characteristic
equation in terms of []. Positive real roots of this equation are the frequency parameters
of free vibration for the case considered.

NUMERICAL RESULTS

Below first five frequency parameters of PP, CP and CC nanobeams are compared with
the analytical solutions available in literature (Wang et al., 2007). Although, a third order
solution is enough for first and twentieth order solution is required for fifth frequency
parameters for [ = 0.1, by the choose of [] = 0.7 the convergence for the first frequency
parameter is satisfied with the fifth order solution while the twenty-fifth order solution
is required for the convergence for fifth mode of vibration. Frequency parameters
decreases with the increasing scale parameter. Table 1, Table 2 and Table 3 summarize
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the comparisons for PP, CP and CC nanobeams respectively. For all the cases L/d =10is
assumed as given in Wang et al. (2007).
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In this study free vibration of nanobeams is investigated using nonlocal Euler-Bernoulli
beam theory. To this aim ADM is employed and twenty-fifth order solutions computed
for the first five vibration frequency parameters of free vibration. The results obtained
using ADM is excellent agreement with the analytical solutions available in the literature.
It is shown that ADM is an effective technique to apply on vibration problems of nano
beams. Another great advantage of the technique is that it provides the frequencies in
successive orders. It is not that easy in analytical solutions even for constant coefficient
governing differential equations.
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ABSTRACT: One of important functions of technology management (TM) research area
is to present the required tools and techniques for “the correct selection of new R&D
projects among the alternatives”. Many new technology project proposal prepared by
R&D unit of companies located in our country and USA are evaluated by the executives
and the projects that are thought to be promising are selected and implemented. This
selection decision is usually executed by the heuristic approaches in the light of the
experiences of executives. At the end, many projects that are predicted to be successful
end with failure while the projects that may be probably successful are disclaimed. In this
study, an analytical model frame is formed to be used in the evaluation of R&D projects
among the alternatives. In the proposed model, fuzzy DEMATEL method will be used to
determine interrelations among selection criteria whereas TOPSIS will be implemented
to find out the hierarchy of criteria.

Key words: R&D project selection, DEMATEL, TOPSIS

AR&GE PROJESI SECIMI ICIN KAVRAMSAL BIR KARAR VERME MODELI
ONERISI

OZET: Teknoloji yonetimi (TY) galisma alaninin 6nemli fonksiyonlarindan biri de “yeni
AR&GE projelerinin, alternatifler arasindan dogru secilmesi igin” gerekli araglarin ve
tekniklerin uygulayicilara sunulmasidir. Ulkemizde ve ABD’de firmalarin AR&GE
birimleri tarafindan hazirlanan birgok yeni teknoloji proje onerisi, firma tist yoneticileri
tarafindan degerlendirilmekte ve en ¢ok basar1 vaat ettigi diistiniilen projeler secilerek
uygulama asamasina gecilmektedir. Bu secim karar1 genellikle yoneticilerin tecrtibeleri
1s181inda sezgisel yontemler ile yiirtitiilmektedir. Nihayetinde, basaril1 olacagi ongoriilen
bircok proje, basarisizlikla sonuglanmakta, basarili olmasi muhtemel bazi projelerden ise
vazgecilmektedir. Bu  c¢alismada, yeni AR&GE projesi alternatiflerinin



.\ UEMK 2019 Proceedings Book f‘ﬁﬁ 613
(.‘ ’ - 24/25 October 2019 Gaziantep University, TURKEY <

degerlendirilmesinde kullanilmak amaciyla analitik bir modelin cercevesi ¢izilmektedir.
Onerilen modelde, secim kriterleri arasindaki etkilesimi belirlemek icin bulanik
DEMATEL yontemi, 6nerilen modeldeki kriter hiyerarsilerini incelemek icin ise bulank
hiyerarsik TOPSIS yontemi kullamlacaktir.

Anahtar sozciikler: AR&GE proje secimi, DEMATEL, TOPSIS
GIRIS

“Varligim stirdiirebilmenin” yenilikcilige bagh oldugu bircok isletmede, “yeni tirtinler
ve siirecler gelistirmek” rekabetci kalabilmenin tek yolu olmustur. Bu tip isletmeler icin
AR&GE, stratejik yonetim cercevesinde icsellestirilmis bir fonksiyona sahip olmalidir.
Ancak bir isletme icin teknik anlamda miikemmel yeterliliklere sahip olunsa bile g6z ard1
edilmemesi gereken kisith kaynaklar s6z konusudur. AR&GE projesi se¢im karar1 kisith
organizasyonel kaynaklarm (para, insan, enerji vb.) dogru dagitilmasimi esas alir. Bu
nedenle AR&GE projelerinin dogru se¢imi ve fonlanmasi, firmalarin hayatta kalabilmesi
icin kritik 6neme sahiptir. Bu kritik 6nem ulusal diizeyde tilkelerin refahi agisindan da
oldukga 6nemlidir. Hizl1 degisimin cevreledigi glintimiiz diinyasinda, AR&GE, uluslarin
geleceklerine yaptiklar1 bir yatirimdir. Bu gercevede {ilkeler 6z kaynaklariin optimum
dagilimini belirlemek icin gercekci ve analitik bir yaklasima ihtiyag¢ duymaktadir.
Optimum kaynak dagilimimin yani sira dikkate alinmasi gereken diger onemli faktorler
secilen projenin basariyla sonuclanmasina ve kazang olusturacagina yonelik ongortilerin
isabetli olmasidir.

Bilimsel yazin, AR&GE secim kararina yonelik oldukca ¢ok sayida yontem
gelistirilmesine karsin bunlarin ancak bazilarinin gercekten kullanildigimi isaret
etmektedir. Bu yontemlerle ilgili temel elestiri, yontemlerin stratejik unsurlar1 dikkate
almadig1 ve matematiksel olarak oldukca karmasik olduklar1 yoniindedir. Bu ¢alisma ile
hedeflenen, bahsedilen elestirileri dikkate alan, kisitlar1 yok saymayan analitik, ¢ok
kriterli bir karar verme yonteminin kavramsal olarak sunulmasidir.

BILIMSEL YAZIN TARAMASI

Bu boliim, bilimsel yazinda yer alan AR&GE projesi degerlendirme yontemlerinin
gelisimini genel basliklar halinde sunmak tizere hazirlanmistir. Bilimsel yazina 40 yili
askin stiredir konu olan AR&GE projesi se¢imi konusunun bu denli ilgi ¢ekmis olmasi
aciklanmaya muhtagtir. Konunun bu denli ilgi cekmesinde ilk akla gelen sebepler
sunlardir:

. AR&GE projesi secimi problemi {irtin gelistirme departmanlarmimn siklikla
karsilastig1 zorlu bir problemdir. Her ne kadar birgok arastirma yapilmis olsa da, konu
gelecek icin 6nemli firsatlarin oldugu genis bir calisma konusudur.
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o AR&GE projesi secimi igin Onerilen ¢oziimler diger baz: alanlar i¢in de ¢oziim

degeri tasiyabilir. Ornegin; bulunacak bir ¢oziim, firmalarin siklikla karsilagtig
“teknoloji se¢imi” problemi icin de tatmin edici bir diizeyde olabilir. Ctinkti AR&GE
projesi ve teknoloji secimi ortak 6zelliklere sahip stireglerdir.

o Kamu kurumlar araciligiyla fonlanan AR&GE calismalarinin
degerlendirilmesinde, kamuoyunu ikna edebilecek nesnellikte adil bir degerlendirme
sistemi arayist s6z konusudur. Bu nedenle teknik unsurlar1 dikkate alan ve popitilizmi
dislayan seffaf yontemler tizerinde calismalar stirdiirtilmektedir.

AR&GE projesi se¢imi i¢in uygulanan yontemlerin siniflandirilmasinda genel olarak iki
ana goristin etkisinde kalinmistir. Bunlardan ilki Baker, Freeland, ve Pound (Baker &
Freeland, 1975; Pound, 1964) tarafindan ortaya atilan saglanacak faydanin éngoriilmesi
tizerine kurulu yaklasimdir. Ikincisi ise Baker, Freeland, ve Pound tarafindan ortaya
atilan opsiyonlarin teknik analizine dayali yontemlerin smiflandirilmasidir (Kocaoglu,
1992; Souder & Mandakovic, 1986). Her iki goriisiin de ortaya koydugu siniflandirmalar
dikkate alindiginda AR&GE projesi se¢imi icin bilimsel yazinda sunulan yontemleri alt1
degisik kategori de toplamak miimkiindiir. Sekil 1 de goriildiigii tizere; bu yontemler,
fayda olciim metotlar;, matematiksel modeller, benzetim ve sezgisel modeller, bilissel
yaklasimlar, gercek alternatifler ve amaca mahsus tasarlanmis modellerdir. Burada ismi
anilan her yaklasim problemi kendine 6zgti bir sekilde ele aldigindan, yontemlerin yine
kendilerine 6zgii farkli avantajlar1 ve dezavantajlar1 s6z konusudur. Problemi bir karar
problemi olarak ele alan yaklasimlar birbirinden farkli alternatiflerden birinin en iyi
karar1 almak tizere secilmesine odaklanirken, maliyetler ¢ogu zaman goreceli bir
degerlendirme ile (halbuki 6ngoriilen maliyetler sayisal olarak ifade edilebilmektedir)
sadece agirliklandirilmus bir faktor olarak ele alinmaktadir. Bir diger yandan problemi
bir optimizasyon problemi gibi ele alan yaklasimlar ise projenin basarisina yonelik
uzman Ongoriilerini dislayan ve salt nesnel verileri dikkate alan teknik ¢oztimler
tiretebilmektedir. Bu nedenle farkli yaklasimlarin gorece dezavantajli yonlerini
dengeleyecek melez yaklasimlar onerilmesinin problemin daha saglikli ele alinmasini
saglayacag ifade edilebilir.

Fayda Ol¢iimii Amacli Modeller

Karsilagtirmalt Modeller: Karsilastirmali modeller bir grup proje Onerisinin ¢nceden
belirlenmis kriterler esliginde birbirleriyle kiyaslanarak degerlendirilmesi tiizerine
kuruludur (Milosevic, 2003). Bu modeller bir grup uzmanin proje 6nerilerini kiyaslamasi
tizerine kurulur. Bu nedenle degerlendirmeler yiiksek derecede 6znellik igerir.
Karsilastirmali modellerin de kendi icinde degisik bigimlerde smiflandirilmas:
miimkiindiir. Bu calismada ele alinan alt siniflar su sekildedir:

Skorlama Yaklagimlari: Skorlama yontemleri aday projelerin siralanmasi igin gelistirilmis
metotlardir. Her aday proje sirasiyla bir kritere gore puanlanir ve tiim puanlar toplanarak
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AN
\)
proje skoru hesaplanir. Cok kriterli karar verme yontemlerinin énemli bir kismu da bu
kategoride smiflandirilabilir. Analitik hiyerarsi prosesi (AHP) bu yaklasimlardan biridir.
AHP’'nin AR&GE projesi secimi kullanimina cesitli calismalarda rastlamak miimkiindiir
(Amer & Daim, 2011; Khorramshahgol, Azani, & Gousty, 1988; M. ]. Liberatore, 1987;
Lockett, Hetherington, Yallup, Stratford, & Cox, 1986; Suh, Suh, & Baek, 1994; Unutmaz
Durmusoglu, 2018; Wang, Kocaoglu, Daim, & Yang, 2010). Hiyerarsik yapidaki
faktorlerin birbirleriyle etkilesimlerini dikkate alan analitik ag stireci (ANP) yaklasimi da
proje seciminde kullanilmakta olan bir yontemdir (Iskin, Daim, Kayakutlu, & Altuntas,
2012). Veri zarflama analizinin ¢ok kriterli bir degerlendirmenin ardindan proje skorlama

ve siralamada kullanildig1 6zgiin ¢alismalar da mevcuttur (Karasakal & Aker, 2017).
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Matematiksel Programlama Yaklasimlar:

Dogrusal ~ Programlama  Modelleri: Dogrusal programlama modelleri dogrusal
programlamay: proje seciminde kullanan sayisal modellerdir. Bu konuda ilk gelistirilen
model Asher’in gelistirdigi modeldir (Asher, 1962). Bu modelde profesyonel calisan giicti
diuistntilerek (calisanlarin olusturacagi maliyet kisitlar1 tanimlanmustir) AR&GE
projesinden saglanacak ekonomik fayda optimize edilmeye calisilmistir.

Dogrusal Olmayan Programlama Modelleri: Aslinda uygulamada Blanning’in risk getiri
modelinde (Blanning, 1981) oldugu gibi bircok karar modeli dogas1 geregi dogrusal
degildir. Blanning’in modelinde toplam beklenen getirinin, toplam getiri ile toplam
riskin ¢arpimindan farki (kayitsizlik egrisinin dogrusal egimi carpan katsayr olarak
kullanilir) en coklanmaya calisilir.

Tam Say: Programlama Modelleri: En klasik 6rneklerinden biri Paolini ve Glaser (Paolini &
Glaser, 1977) tarafindan gerceklestirilmistir. Model secilecek projeden elde edilecek
faydanin en g¢oklanmasi igin kurulmustur. Model kisitlar1 miisait arastirmaci sayisi,
teknisyen  sayist ve  sermaye  harcamasidir.  Projenin  gerceklestirilip
gerceklestirilmeyecegi degiskeni 0 ve 1 gibi tam say1 degerleri alabilmektedir.

Hedef Programlama Modelleri: Hedef programlama ile proje se¢ciminde, karar vericinin,
hedeflerini durumsal gergeklerle karsilasinca koydugu varsayilir. Bu varsayim hedef
programlama yaklasimini bircok yaklasimina gore daha gercekgci kilar. Winkofsky ve
arkadaslarinin (Winkofsky, Baker, & Sweeney, 1981) modeli bu yaklasimin en iyi
orneklerindendir. Bu modelde AR&GE kaynaklarmin dagitimiyla ilgili bireysel karar
noktalar1 belirlenir ve proje igin onemli faktorler onceliklendirilir. Daha o6ncelikli
faktorlerde elde edilen tatmin diizeyi daha az 6ncelikli faktorlerin tatminin diizeyinden
onemlidir. Bu nedenle model sirali basamaklarin ¢oziimiiyle saglanir.

Stokastik Programlama Modelleri: Sans kisitl programlamanin kullanildigi modellerdir.
Charnes ve Stedry (Charnes & Stedry, 1966), bu yaklasimi AR&GE projesi se¢iminde ilk
kez kullananlardir. Gerekli AR&GE seviyesi ile gerceklestirilebilecek AR&GE seviyesi
modelde dikkate alinmaktadir. Gergeklestirilebilecek AR&GE seviyesi tesadiiflerden
etkilenmektedir. Her AR&GE aktivitesinin tamamlanmasi icin gerekli minimum seviyeyi
yakalanmali ve yakalanan seviye gerceklestirilebilecek AR&GE seviyesinden fazla
olmamalidur.

Bularmik Matematiksel Programlama Modelleri: AR&GE projesi se¢im problemlerinin
girdileri “yiiksek” “diistik” “orta” gibi bulanik olabilir. Bu girdiler uygun bir sekilde
matematiksel modelde yer alabilirler. Weber ve arkadaslar1 (Weber, Werners, &
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Zimmermann, 1990) gelistirdikleri modelde hedef fonksiyonun maksimizasyonu yerine
belirli bir istenilen seviyeyi asmasini hedeflemislerdir. Bu modelde kisitlar da bulanik
olup dogrusal modelleme ile ¢oziilmiistiir.

Bilissel Benzetim Yaklasimlari

Karar Agaglari: Karar agaci analizleri zaman iginde gerceklesecek, cogunlukla belirsizlik
iceren AR&GE projesi yatirim kararlarimin gosteriminde kullanilir. Genellikle bir karar
agacinda karar vericinin karsilasabilecegi durumlar ve alternatifler ile bu durumlarin
gerceklesebilme olasiliklar1 yer alir (Martino, 1995). Alternatiflerin dizilimi ve bu
dizilimlere karsit gelen olasiliklara gore ¢oziimler olusturulur.

Oyun Teorisi Temelli Yaklasimlar: Oyun teorisi temelli modeller, rakiplerin nasil
davranacagimi da dikkate alarak (rasyonel davrams sergileyecekleri varsaymmi ile)
AR&GE kaynaklar1 dagitimi stratejilerinin degerlendirilmesini saglarlar. Ornegin,
patentlerde rekabet edilen bir firmanin AR&GE harcamas: kaliplari incelenebilir
(Grossman & Shapiro, 1985).

Grup Karar Verme Teknikleri: Grup karar verme teknikleri, sistematik olarak alaninda
uzman olan kisilerden bilgi toplanmasi ve birlestirilmesine dayanir. Bu nedenle, bu
teknikler, (en azindan daha karmasik modeller i¢in uzman bilgisinin derlenmesinde)
pratikte AR&GE projesi secimi i¢in uygun ve gergekci ¢ozlimler saglarlar
(Khorramshahgol vd., 1988). Delfi yontemi, bu yontemlerden en yaygin kullanima sahip
olanlardandir.

Istatistiksel ~ Yaklasimlar: AR&GE proje performansini etkileyen faktorlerin
belirlenmesinde istatistiksel yontemlerin uygulandig1 yaklasimlardir. Kiimeleme
analizleri, regresyon ve diskriminant analizi proje seciminde yaygin olarak kullanilan
yontemlerdir. Diskriminant analizi, belirli proje o6zellikleri i¢in kestirim degerleri
sunarak, projelerin smiflandirilmasini saglar. Regresyon analizinde ise AR&GE
performansiyla girdi degiskenler arasinda iliskiler kurulmaya calisilir. AR&GE projesi
seciminde regresyon kullanan calismalara rastlamak mitmkiindir (Cooper, 1981;
Schwartz & Vertinsky, 1977; Stahl & Harrell, 1983). Benzer 6zelliklere sahip AR&GE
projelerinin ayni kiimelerde toplanmaya calisildig1 kiimeleme yaklasiminda, kiimeler
icin skorlama yapilarak proje secimi yapilir (Mathieu & Gibson, 1993).

Uzman Sistemler: Uzman sistemler, AR&GE miidiiriiniin karar stireclerinin kismen taklit
edilerek projenin degerlendirildigi sistemlerdir (Hall & Nauda, 1990). Bir uzman sistem,
bahsedilen taklit islemini, bir bilgisayar yazilimi ara yiizii ile saglar. Liberatore ve
Stylianou (Matthew ]. Liberatore & Stylianou, 1993) calismalarinda bilgi tabanli karar
destek sistemlerinin AR&GE projelerinde yeterli karar destegi verebilecek bir yapiya
sahip olup/olamayacagin1 arastirmak amachh bir uzman sistem olusturmustur.
Uygulama deneyimi, sistemin karar destegi saglamakta faydali oldugunu gostermis
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ancak ilerde daha gelismis ¢oklu uzman sistemlere ihtiya¢ oldugunu isaret etmistir
(Matthew J. Liberatore & Stylianou, 1993).

Karar Siire¢ Analizi: Karar stire¢ analizinin amaci genel yonetsel politikalar hakkinda bilgi
edinimi ve AR&GE siirecine dahil olan gruplarin hiyerarsik organizasyon yapisin
yansitmaktir. Schmidt ve Freeland (Schmidt & Freeland, 1992) calismalarinda, AR&GE
projesi seciminde optimizasyon yaklasimlarinin organizasyonel baglami dikkate
almadigin1 bu nedenle karar noktalarindan karar siireclerine dogru gerceklesen bir yon
arayisini ifade etmislerdir. Yazarlar (Schmidt & Freeland, 1992) ayrica, karar stireg
analizlerinin bu anlamda sonuglardan ziyade stirecin igerigine doniik bir kavrama
gelistirmeye calistirdigina dikkati cekmislerdir.

Benzetim ve Sezgisel Modeller

Monte Carlo benzetim calismalar1 AR&GE projelerindeki tiim rassal unsurlarin
olasiliklarini kullanarak, hedef degerlere ve kullanilacak kaynaklara ait genel olasilig:
ortaya koyarlar (Martino, 1995; Souder & Mandakovic, 1986). Versapalainen ve Lauro
(Vepsalainen & Lauro, 1988) calismalarinda, Monte Carlo benzetimini kullanarak
rasyonel rakip firma stratejilerinin projeyi secen firma tizerindeki etkilerini olasiliksal
olarak incelemistir.

Sistem dinamikleri benzetimin de ise, geri besleme dongtileriyle belirli bir AR&GE
sonucu ortaya ¢ikacak trtinle pazarda yasanacak degisiklikler senaryo bazli olarak
incelenebilmektedir (Milling, 1996). Fox ve Baker'in gerceklestirdigi calismada (Fox &
Baker, 1985) ise hipotetik bir firmanin, hipotetik bir pazardaki AR&GE stireci, sistem
dinamikleri ile modellenerek politika degisiklerinin etkisi test edilmistir.

Matematiksel modellerle kiyaslandiginda, sezgisel modeller genellikle en iyi olmasi
gerekmeyen kabul edilebilir ¢oziimleri de kabul ederler. Matematiksel modelin ¢ok fazla
degiskeni icermesi veya zorlayici kisitlara sahip olmasi, ¢6ztim i¢in oldukca uzun zaman
beklemeyi gerektirebilmektedir. Mandakovic ve Souder ¢alismalarinda, 1000 degiskenli,
400 butce kisitina sahip bir AR&GE projesi se¢imi problemini, Toyoda sezgiselini
kullanilarak makul bir stirede ¢c6zmiis ve elde edilen ¢6ziimiin de bilinen optimuma ¢ok
da uzak olmadigini gostermislerdir (Mandakovic & Souder, 1985).

Gercek Opsiyonlar Analizleri

Gergek (reel) opsiyonlar yaklasiminda, finansal opsiyonlar yerine, AR&GE projelerine ve
daha genis anlamda AR&GE stratejilerine uygun opsiyonlar degerlendirilir. Projenin
bagka bir tarihe ertelenmesi, projenin beklenenden erken ya da gec bitmesi gibi
opsiyonlarda degerlendirilmeye dahil edilir. Bu nedenle gercek opsiyonlar yaklasimi,
isin dogasinda olan belirsizlikleri ve aktif karar gerektiren stratejileri dikkate alan
dinamik bir proje degerlendirme aracidir (Luehrman, 1998).
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Kendine Has Modeller

Ozel amaglarla gelistirilmis, yapisal olmayan modellerdir. Hgﬂi yaklasimlar AR&GE
projesinin tiirtine, uygulama alanma ve sektére uygun olarak kendine 6zgti bir sekilde
olusturulur.

MEVCUT YAKLASIMLARIN DEGERLENDIRILMESI

Bilimsel yazin boltimiinde agiklandigi tizere AR&GE projesi degerlendirilmesinde
kullanilmak {izere bircok model ve metot ortaya konulmustur. Bu kadar ¢ok onerilmis
model olmasina karsin AR&GE projesi secimi problematik olarak kalmis sadece birkag
model yaygin kabul gormistiir (Meade & Presley, 2002). Liberatore ve Titus, AR&GE
projelerinin se¢iminde kullanilan yontemlerle ilgili gerceklestirdikleri ampirik
calismada, sirketlerin geleneksel finansal yontemlerle diger bazi metotlar: birlestirerek
kullandiklarinm tespit etmislerdir (Matthew ]. Liberatore & Titus, 1983). Ayrica, proje,
kaynak ve kriter cesitliligi nedeniyle dogrusal ve tam sayili programlamanin yaygin
olarak kullanilmadigin belirtmistirler. Bir diger 6nemli tespitleri ise birgok yoneticinin,
mevcut yontemlerin karar kalitesini artirmadigina inandig1 olmustur. Benzer tespitler
baskaca cgalismalarda (Bordley, 1999; Fahrni & Spatig, 1990; Lockett, Stratford, Cox,
Hetherington, & Yallup, 1987) da belirtilmistir. Baker ve Freeland (Baker & Freeland,
1975) mevcut yontemlerdeki zayifliklar: soyle siralamistir:

1) Coklu ve birbirine bagimli kriterlerin yetersiz degerlendirilmesi

2) Projeler arasi i¢ iliskilerin deger katkis1 ve kaynak kullanimina gore yetersiz
degerlendirilmesi

3) Risk ve belirsizliklerin yeterli olmayan bir sekilde degerlendirilmesi

4) Para dis1 boyutlarin tanimlanmasi ve degerlendirilmesindeki yetersizlikler

5)AR&GE yoneticilerinin modelleri anlagilmasmi ve uygulanilmasmi zor bulmas:
yoniindeki algilar

Bu ve benzeri zayifliklarin 6nemli bir cogunlugu yeni ¢alismalarda da tam anlamiyla
¢oziimlenememis ve alternatif yontemlerin gelistirilmesi i¢in arastirmalar yapilmasi
geregini dogurmustur. Bir sonraki boltimde, onerilen kavramsal model ile ortaya
konulmaya calisilan yaklasim bu problemleri ¢ozmede nasil katkilar saglayabilecegi
tartisilmistir.

KAVRAMSAL MODEL
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AR&GE projesi ve buna benzer daha bircok proje secimi uygulamalarinda secim
problemlerinin ¢oztimii icin ¢ok kriterli karar verme (CKKYV) yontemlerini kullanmak
miimkiindiir. Kriterlerin neler oldugu ve ne tip bir hiyerarsik bir yapiya sahip oldugunun
belirlenmesi icin deneyimli ve birikimli uzmanlar grubuyla ¢alisilmasi 6nemlidir. Bir
diger zorluk da bu kriterlere uygun agirliklarin verilmesidir. Kriterler ve agirliklarin
belirlenmesi problem c¢ozmek icin gerekli olan ana c¢ercevenin olusturulmasimi
saglayacaktir. Mevcut AR&GE projesi segeneklerini kurulan ana cerceve vasitasiyla
degerlendirerek bir siralama elde etmek miimkiindiir. Bu ¢alisma kapsaminda sunulan
kavramsal model, klasik CKVV yaklasimlarinda siklikla karsilasildig: bilinen zorluklar:
gidermek icin birden fazla yontemi ve teoriyi biittinlestiren melez/entegre bir modeldir.

Alternatiflerin Belirlenmesi
AR&GE PROJESi ALTERNATIFLERI

Kriterlerin Belirlenmesi
DELFi YONTEMI

Kriterlerin Agirliklarinin Belirlenmesi
(Oznel Kriterler)

DI AR AEAAATEL VARITERAT

L

Alternatiflerin siralanmasi 6ncesi
Nesnel kriterlerin degerlerinin gcalismaya

AALI AAdiliaa ~Al

En lyi Alternatifin Segilmesi
BULANIK TOPSIS

Sekil 2. Onerilen Kavramsal Modelin Uygulama Adimlar:

Onerilen modelin uygulanmasinda izlenecek adimlar Sekil 2’'de sunulmaktadir. Onerilen
karar verme modeli alternatif projelerin listelenmesiyle baslamaktadir. Alternatif
projelerin degerlendirilmesine baslamadan 6nce ilk basamak degerlendirme kriterlerinin
belirlenmesidir. Bu calismanin ana konusu olan AR&GE projesi se¢imi problemi igin
kriterlerin belirlenmesinde ilgili uzmanlardan Delfi teknigi ile veri toplanilmasi
onerilmektedir. Delfi tekniginin esasi, dikkatlice secilmis uzmanlarm, birbirlerinden
habersiz sekilde etkilesimini saglamaktir. Bu kapsamda hazirlanan anket sorular:
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uzmanlara iletilerek ortak gortisler derlenmeye calisiimali ve izleyen turlarda ise
tartismali hususlarda netligin saglanmasi amagcli toplantilar diizenlenmelidir. Bu
modelde ayrica hicbir 6znel degerlendirmeye tabii tutulmas: ihtiyaci duyulmayan
maliyet, kapasite vb kriterler daha sonra kullamilmak tizere bir kenarda tutulmaktadir.
Burada amaclanan maliyet gibi parasal bir unsurun, AR&GE konusunun “yenilik
icermesi kriteri” gibi 6znel bir 6lceklendirmeyle birlikte ele alinmasmi onlemektir.
Ayrica, maliyetin dogrudan kriter olarak degerlendirildigi CKKV modellerinde, maliyet
genelde karardaki en biiytik kriter agirhigina sahip olmakta ve maliyet {izerine bir karar
insa edilmektedir. Oysaki AR&GE projelerinde kesinlik kazanmamus ve tam olarak
ongoriilemeyen bir kazang s6z konusudur. Bu kazancin biiyiikliigi maliyetten cok daha
biiyiik olabilir. Modeli iki ayr1 asamada ele alarak projelerin olusturacaklar1 muhtemel
faydalar1 maliyete ezdirmemektir.

Bu kavramsal modelde, ilk olarak kriterlerin agirhiklarimin belirlenmesinde bulanik
DEMATEL yontemi, daha sonra ise alternatiflerin siralanmasi igcin bulanik TOPSIS
yontemi kullanilacaktir. CKKV problemlerinde, bulanik kavramlarin/sozel olciitlerin
siklikla veri olarak yer almasi, reel degerlerle analiz yapilmasini ve gercegin oldugu gibi
modellenmesini zorlastirdigindan (Chen, 2000), analizlerde bulamik yodntemler
kullanilacaktir. Kriterlerin birbiriyle etkilesimi ve hiyerarsik yapisimnin tespitinde
kullanilacak olan DEMATEL yontemi karmasik iliskilerin yapismnin gorsellestirilmesi
amaciyla gelistirilmis bir yontemdir (Biiytikozkan & Cifci, 2012). DEMATEL yonteminde
kriterler “sebep” ve “etki” kriterleri olarak iki gruba ayrilirlar. Sebep kriterlerinin etki
grubu tizerindeki guticti kriter agirliklarmin belirlenmesinde kullanilmaktadir
(Baykasoglu, Kaplanoglu, Durmusoglu, & Sahin, 2013). Hwang and Yoon (1981)
tarafindan gelistirilen TOPSIS yoéntemi ise bu kavramsal model kapsaminda,
seceneklerin ideal pozitif ve ideal negatif ¢oztime olan mesafelerine gore siralanmasinda
kullanilacaktir. TOPSIS yénteminin en onemli avantaji, kriter agirliklarinin belirlenmesi
gibi 6nemli hususta daha az uzman gortisiine ihtiyac kalmasin saglamasidir (Gupta &
Barua, 2018).

Oznel degerlendirmeler gerektiren tiim degerlendirmeler DEMATEL modelinde
hesaplanarak alternatifler icin toplam fayda skoru belirlenmektedir. Elde edilen toplam
fayda skoru ile toplam maliyet ve diger teknik 6zellikler gibi nesnel veriler ise daha sonra
normalize edilerek TOPSIS yontemine dahil edilmekte ve alternatifler 6znel ve nesnel
veriler 1s131nda siralanmaktadir.

SONUC

AR&GE projesi secim problemi, 6zellikle gelismekte olan tilkeler icin kritik 6neme sahip
bir problemdir. Kisithh kaynaklarin tilkelerin refahini artiracak sekilde dogru projelere
tahsisi elzem niteliktedir. Ozellikle kamu destekli projelerde secimin hangi analitik
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yontemlerle yapildigi, kriterlerin ve agirliklarinin neler oldugu kamu seffafliginin ve
kaynaklarm dogru kullanildigimin ispati olarak toplumla paylasilmalidir. Bu kapsamda
dogru kararin verilmesi icin kullanilacak olan yontem analitik temelleri olan ancak
oldukga fazla sayida ongoriiyii de kapsayacak (basari/basarisizlik; kazang beklentisi vb)
bir model olmak durumundadir. Bu calismada 6znel ve nesnel degerlendirmeleri
oncelikle ayr1 degerlendiren daha sonra ise birlikte ele alinmasini saglayan analitik melez
bir yontem oOnerilmistir. DEMATEL metodu ile ©6znel degerlendirme gerektiren
kriterlerin agirliklar1 belirlenmekte ve kriterlerin 6nem dereceleri siralanmaktadir.
Nesnel veriler analizin ilk kisminda dikkate alinmamakta, pozitif ideal ¢oztim ve negatif
ideal ¢oztimlerin TOPSIS yontemiyle hesaplanmasi sirasinda devreye sokulmaktadir.
Nesnel ile 6znel kriterlerin ilk asamada birbiriyle kiyaslanmasinin farkl dlgeklere sahip
olmalar1 sebebiyle adaletsiz olacag: diistintilmektedir. Bu calismada kavramsal olarak
sunulan modelin basarimi hi¢ stiphesiz ¢alismada yer verilecek uzmanlarin tecriibeleri
ve bilgi birikimiyle yakindan ilintilidir. Bu nedenle “dogru uzmanlar1” bulma hususunda
0zenle durulmalidir. Gelecek calismalarda, burada sunulan kavramsal modelin somut ve
gercek bir modele cevrilmesi ve test edilmesi miimkiindiir.
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ABSTRACT: Multi-level inverter performance is high when compared to conventional
two-level inverter. This due to their reduced harmonics distortion , less electromagnetic
interference ,reduced common mode voltage and higher dc link voltages .yet the main
drawbacks of multi-level inverter are complex pulses with modulations control ,
balancing of capacitor voltages and increased number of switches .The study and
simulation of three phase nine level inverter using only twelve switches and feed by
photovoltaic panels is focused here in this paper . This paper also present control
technique for nine level inverter topology.

Key words: Cascade multilevel inverter, Photovoltaic, Buck - boost dc to dc converter,
Perturb and observe maximum power point method.

INTRODUCTION

Resent research studues have witnessed a huge increasing interest to multi-level power
conversion.These researchers involve the introduction of new inverter topologies and
unique modulation teqniques .But the most widly used of multi level inverter topologies
are multi-cell inverter [1],diode clamped inverter[8]-[5] and flying capacitor inverter
[6].Some of the applications included for these inverters are industrial drives flexable ac
transmission system[7] traction applications in the transport industrry and grid
integration of non-conventional energy sources.

Becouse of the values of all voltage sources are the same ,the nine level twelive switches
topology is a symetrical topology however there are several asymetrical topologies that
need voltage sources of different values.The results of this asymmetry have aspicific
relations between them concerning the need of dc voltages and also the difference in the
rating of the semiconductor switches .

This paper presents study and simulation of nine level new multi level inverter topology
named by the reversing voltage (RV) .

This topology differs from conventional topologies becouse it requre less number of
component ,not only this it is more efficient since the inverter operate at line frequency
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.As result there is no need for all frequency to work in high frequency. This leads to
simpler and reliable control of the inverter .In this paper the dc source will represented
by solar panals

instead of conventional sourses so this paper will handeled also Interview of photovoltaic
system and their maximum power point Algorithm and components.

In section I, introduction to multi-level inverter is discussed. In section II, we discussed
the nine level multilevel inverter. In section III, Interview of photovoltaic system. Our
proposed inverter results is discussed in section IV whereas conclusions are drawn in
section VI.

INTERVIEW OF NINE LEVEL-TWELVE SWITCH INVERTER

There are two seperated parts as an output voltage in this hybirid multi-level inverter
.The first part is named “level generator “whitch is responsible for level generation in
positive polarity .To produce required levels , high-frequency switches are required in
this part .

The other part is named “polarity generation” whitch is responsible for generating the
polarity of the output voltage .polarity generator operates at line frequency . In order to
produce the multi-level voltage output ,this topology mergs the two parts (low frequency
and high frequency) .

The positive levels are generated by the level generator (high frequency part )to generate
a complete multilevel output . this part is then feed to apolaity genrator ( full bridge
inverter )and this will generate the required polarity for the output.

Accordingly, this process will reduce the number of the semiconductor switches whitch
responsible to generate the output voltage levels in negative and positive polarities .

In figure one shown below the proposed nine level twilve switches is shown at the left
of this figure the level generator is lockated whitch consists of eight switches and four dc
sources that we will repalce them with solar panal sources while in the right side of the
figure the polarity generator occupied its place whitch consists of conventioal h bidge
unit the out put of level generator will be the input to polarity generator ,more over there
is no need of using isolation component between the polarity and level part .
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Five possible switching states to control the inverter . The level generator produces the
required output possitive voltage levels as follows :

1- Zero output level :Switches S2,54,56,58 are ON with short circuit the input of the
polarity generator .Results in the generation of zero voltage.

2- Vdc output level: Switches 52,54,56,S57 are ON with all other high frequency
swithches are off results in generation of Vdc voltage level.

3- Two Vdc output level: Switches S52,54,S5 are ON with all other high frequency
swithches are off results in generation of two Vdc voltage level.

4- Three Vdc output level: Switches 52,53 are ON with all other high frequency
swithches are off results in generation of three Vdc voltage level.

5- Four Vdc output level: Switches S1 are ON with all other high frequency
swithches are off results in generation of fourVdc voltage level.

The modulation teqnique whitch is used to generate nine level output is based on
sinisodal pulse with modulation method(spwm) .

In this teqnique the reference signals have the same amplitude and the same frequency
to line frequency .

They are in phase with each other with an offset equal to the value of the magnitude of
the carrier signal.

These references signals will be compared with the carrier signal to produce pulses
required for the switches of the inverter circuit figure 2 shows the refereces signal with
the carrier signal .

The ratio of the amplitude of the reference signal to the amplitude of carrier signal
defined as the modulation index for inverter .
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INTERVIEW OF PHOTOVOLTAIC SYSTEM

In general, solar cells generate potential from solar energy through photovoltaic modules
made up of silicon cells. And since the output of these cells is always very low, a
photovoltaic array is formed to increase the potential total output. An array can consist
of solar cells connected in series or in parallel to increase the voltage or current generated
by the module. The array is positioned to provide maximum output power at a specific
point. This is called the maximum power point depending on the load, temperature and
illumination. According to this characteristic, the photovoltaic module cannot operate at
the maximum power point due to external effects, so one of the maximum power point
tracking algorithms is used. The operating point should be close to the maximum power
point area that should be used with the DC-DC converter to maintain the panel [4]. These
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techniques include the constant voltage MPPT algorithm, the perturbation and
observation (P & O) MPPT algorithm, and the incremental conductance (INC) MPPT
algorithm [8]. The cuk converter combined with buck-boost, mppt algorithm is the
construction of the maximum power point tracking and solar charge controller [7] to
ensure that the module runs in it. This article uses the following components:

1-buck-boost dc-dc converter
2-perturb and observe algorithm

Buck -Boost Dc-Dc¢ Converter

Typically, a DC-DC converter is an electronic circuit that can generate various levels of
DC voltage and uses many conversion processes such as mode, linearity, and magnetism
[7].

Some of the most well-known topologies are step-down, step-up, and buck-boost
converters for buck converters whose output voltage is lower than the input voltage. On
the other hand, in the boost converter, the output voltage is used larger than the input
voltage. As is clear from the title of this converter, the buck-boost type can operate in the
buck mode and boost mode.

As mentioned earlier, this type of converter and (mppt) algorithm will be used to
implement the If the current in the converter does not go to zero, this converter can be
put into a continuous conduction mode (ccm) of two operating modes, and once the
converter current reaches the zero region of the converter current, the other operating
modes are , Called discontinuous operation mode (dcm) during the period, different from
all formula models

In this article, using continuous conduction mode (ccm), the output voltage is calculated
as:

vo= vi * D/(1-D) 1)

While in discontinuous conduction mode (dcm)the output vol
tage is calculated as:

vo=vi D""2/2lo (2)

Where D is the duty ratio which will fed to the controlling switch and vo in both modes
n average values is the current through the load. In continuous conduction mode (ccm)
when D > 0.5 it will operate in buck mode while when D< 0.5 it will be in boost mode. In
fig. it shows the diagram of the buck boost converter
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Figure 4. Buck Boost DC-DC Converter

inductor, and the current path passes through the diode (D) and capacitor (C).

Because this article uses a buck-boost DC-DC converter, there are several reasons for
choosing a buck-boost converter model for this task.

* Ability to run buck mode and boost mode

* Easy design

* Reduce costs

* Reduce power loss

* Fewer components required

One feature of this type of converters is the output of this converter has the opposite
polarity with respect to it is input.

Perturb And Observe Maximum Power Point Tracking Algorithm (P&O Mppt)

Solar cells are considered the most advertised source of renewable energy because of their
availability and the positive impact of this energy on the environment.

This solar energy affected by weather conditions, such as temperature, irradiance,
shading etc.

Many techniques, such as Constant Voltage MPPT, perturbation and observation
Algorithm and Incremental conductance (INC) MPPT algorithm, etc are used to solve
this problem and ensure that the PV module operates at or near its maximum point figure
5 show the (iv) characteristic of pv cell and its maximum power point (mpp) location.
This work will be simple and fair based on the use of perturbation and observation
methods. Figure 6 shows the flowchart for this technique. The symbol of the last
increment and the power of one step are used to determine the next decision. Increasing
the voltage on the left side of the MPP increases power, and decreasing the voltage on
the right-side increases power.
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One of the disadvantages of this approach is that the operating point does not reach this
point close to the maximum point exactly, and one of the processes that improves the
accuracy of the method is to reduce the step time (dt), The module takes time to work in

it.

SIMULATION RESULTS

Simulation results in MATLAB 2016A are used to prove the operation of the proposed
inverter with the pv module which is used to charge the batteries continuously and it is
type is bpsx150 , the pv panel generate it is maximum power at vimpp = 34.5v and Imax

632
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= 4.35 A .so due to the symmetric the all pv panels should give the same voltages,e.g 54
volt will be the voltage of of each pv module in results the dc to dc converter will operate
in boost d >0.5 in figure it shows the duty cycle of the pv module.

D_Ety cycle

Amplitude

0 0.1 0.2 03 04 0.5
Time
Figure 7. Duty Cycle of Buck Boost Converter

The voltage of the batteries is shown in figure (8) shown below:

54.7815 ‘ ‘ BATTERY VOLTAGE ‘
54.781 :
Q
5 54.7805 b
é
< 54.78 b
54,7795 :
54.779 ‘ ‘ . ‘ ‘ ]
0 0.1 0.2 0.3 0.4 0.5
Time

Figure 8. Battery Output Voltage

Figures (9) show the final output waveform (nine levels)
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CONCLUSION

In this work an improvement in the cascade inverter is done this improvement includes
two points: the first is related to the number of the output levels witch increased by using
minimum number of dc sources and semiconductor switches and the second concern
with the amount of power which drawn from each DC source is equalized .this inverter
is working perfectly with direct connect batteries and pave panels as shown in the
simulation result shows the performance of the proposed inverter.
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ABSTRACT: The friction resistance characteristics should be identified clearly to ensure
precise control of linear pneumatic cylinders. There are many friction models [Tran et al.
(2015); Schroeder and Singh (1993); Liu et al. (2011); Kosari and Moosavian (2015);
Belforte et al. (2003)] developed for pneumatic cylinders available in the literature. In this
study, an experimental setup designed to determine the parameters of the Static-
Coulomb-Stribeck-Viscous friction model [Kosari and Moosavian (2015)] for a given
pneumatic cylinder will be presented. In the experimental setup, there is a compressor
for driving piston rod, a pressure regulating valve for adjusting the pressure and two
speed control valves for controlling the speed of piston rod. For controlling the direction
of motion of piston rod, a control card is utilized where a solenoid valve, two-way relay
card as well as control buttons are connected to this card. While the net force acting on
the piston rod can be calculated with the pressure sensors connected to the inlet and
outlet ports, the linear potentiometer connected to the piston rod can provide instant
position information of the piston rod and thus speed and acceleration information. The
desired friction parameters can easily be found from the experiments by transferring the
data to the computer via the control card.

Key words: Pneumatic cylinder, friction model, parameter estimation, experimental
setup
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ABSTRACT: In this study, heat treatment procedure was investigated of
(Yb2O3)x(Y203)y(Z1rO2)1.xy solid electrolyte ternary system for x=0.2,0.4,0.8 and
y=0.2,0.4,0.8. The heat treatment steps for stabilizing of high temperature doped Zirconia
Oxide based systems is an important parameter. Also the cubic phase of these
electroceramic systems uses in many application such as SOFCs, oxygen sensors and
thermal barrier materials as a solid state electrolyte. In the sintering procedure not only
the gradual heat treatment but also only one step heating is open to research. For this
reason in this study we compared the gradual heat treatment and one-step heating effect
on microstructure and crystal formation of the samples calcined at 750 °C for 2 hours. In
the first group of materials, the gradual heat treatment was applied consecutively at 900,
1000 and 1100 °C for 24 h and in the second group only one-step heating applied at 1000
and 1100 °C for 24 h. The grain structures of the samples sintered at different
temperatures and times were examined by FE-SEM. There was no difference in grain
structure and size between the two groups. The crystal structures of the samples were
examined by XRD. When XRD data were analyzed, cubic structure formation was
observed at all of synthesized powders. Because there is no difference between two group
materials, it is proposed that the one-step sintering is efficient and the optimum synthesis
temperature for the synthesis of (Yb2O3)x(Y203)y(ZrOz)1x-y solid electrolyte was proposed
as 900 °C for 24 h which is lowest sintering temperature.

Key Words: Electroceramic, Solid Electrolyte, Sintering, ZrO»
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AUTOMATIC RECOGNITION OF VINE LEAF DISEASES USING DEEP
LEARNING AND CONVOLUTIONAL NEURAL NETWORKS

Ahmet Alkan, KSU, Department of Electrical &Electronics Engineering, Kahramanmaras,
aalkan@ksu.edu.tr

Muhammed Usame Abdullah, KSU, Department of Electrical &Electronics Engineering,
Kahramanmaras, ousalab@gmail.com

Hanadi Omaish Abdullah, GAUN, Department of Civil Engineering,Gaziantep,
hanadi@gantep.edu.tr

Muhammed Assaf, KSU, Department of Agriculture Engineering, Kahramanmaras,
agro.assaf81@gmail.com

ABSTRACT: Grape production for grape juice and grape are a very important economic
issue in and around Syria. There are vast vineyards in this area. Quality is also very
important in grape production as it is in most areas today. The aim of this research is to
improve the accuracy of detection of diseases in vine leaves and to develop a system to
help Syrian and Turkish farmers, Agricultural Engineers. The proposed system will be
useful for the early identification of diseases to be processed later and thus contribute to
raising the efficiency and quality of crops of this type of fruit. In this study, images (600
pictures) of vine leaves were collected from farmers and the internet. These images were
processed using MATLAB 2018B. The proposed methodology will be able to increase the
effective and healthy grape leaves and grape growth in Syria and nearby areas. Also, this
new technique will provide researchers and international farmers with disease diagnosis
which can be used in the production of high-quality grapes. Deep learning and
Convolutional Neural Network (CNN) technologies and transfer learning algorithm
were used to increase the accuracy of disease detection in grape leaves to produce high-
quality grapes. In this research CUDA code and GPU processing were used for
Accelerate processing. After this step, we became able to build a system capable of
detecting five types of diseases and natural /healthy condition automatically and rapidly.
The experimental studies showed that the total recognition of the accuracy of the
proposed system reached to 91.1%.

Key words: Convolutional Neural Network(CNN), CUDA code, Deep learning, transfer
learning, GPU processing.
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INTRODUCTION

The plant diseases recognition with deep learning is considered one of the most advanced
and modern techniques. Here is a summary of research into these techniques:

Reis et al, presented a simple system for the detection, which works in the natural
environment, for vine, in color images range, they used of one a simple technique which
based on image processing, this technique is work on recognizing between white and red
grapes, this system which based on this technique is also to work at night, which can be
using in help the working of harvesting robot. The system presented here represents part
of an effort that is being made by their team to help introducing PA (Precision
Agriculture) and PV (Precision Viticulture) in the farmers” every day (Reis et al, 2012).
Mohanty et al ,used deep learning for classification of 14 crop species with 26 diseases (or
healthy) they used dataset consist of 54.000 images from PlantVillage which it is open
access. They reported the obtained results will help in the diagnosis of cases and the
identification of diseases automatically ( Mohanty et al , 2016).

K. Muthukannan et al, used feed forward neural network (FFNN) which is one kind of
the artificial neural network algorithm (ANN) to solve complex problems by modelling
complex input-output relationships. They used Learning Vector Quantization (LVQ) is a
supervised version of vector quantization that can be used for labeled input data. The
inputs were 118 images, this leads to the classification stage in output, in addition to this
,they used radial basis function network (RBF) were tested for two different diseased leaf
image classifications such as bean and bitter gourd leaves (K. Muthukannan et al,2015).

Thanki et al , used machine learning, for example on machine learning approaches which
they used, the support vector machine (SVM) (Ahmet, A. (2011)), neural network models
and clustering models. To predict specific diseases and classify various diseases from the
input plant leaf images of different plants, and for the quantification of disease severity
in plants, they used images from potato and tomato leaves, and they can classification for
leaf identification and disease detection, this leads to meet the new challenges in the field
of agriculture ( Thanki et al ,2018) .

S. E. A. Raza and et al, used thermal imaging by thermal camera, which provides a fast
and non-destructive way of scanning plants, for diseased regions, Thermal imaging used
to study the effect of disease, on the thermal profile of a plant, and they developed a
machine learning system, to remotely detect plants infected, they used support vector
machine (SVM), which it is one of kind machine learning, where it used to classification
between diseases leaves and healthy leaf ( Raza and et al,2015).

As can be seen from the studies above, transfer learning based deep learning and in
particular the use of digital image processing has made the detection of leaf diseases
possible. This study contributes to the developments in this field by presenting a new
technique based on deep learning to increase the accuracy of disease detection in vine
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leaves for greater efficiency of high-quality grape production. To the best of our
knowledge, there have been no studies of this kind in the literature on image processing
research.

For this, in our research, we will try to present a new technique, to increase accuracy for
detection of diseases in vine leaves for contributing in obtaining high-quality grape
production, this new technique is based on deep learning.

MATERIALS

We have used 600 images of vine leaves that were collected from farmers and internet. A
sample of dataset is shown Figure 2. We have employed Matlab2018A, Neural Network
Toolbox . As an CNN network we have used Alexnet which is a pre-trained network and
contain 25 layers. The first five layers are convolutional layers and the final three layers
are fully connected layer as can be seen in the Figure 1.

The first layer, the image input layer, requires input images for size 227-by-227-by-3,
where 3 is the number of color channels

net = alexnet;

net.Layers
ans =
1530 layer array with |1rPH'
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Powdery mildew Phylloxera

Figure 2. A sample of dataset

In this study was used transfer learning that based on deep learning, but what is transfer
learning and why we used it ?

Transfer learning is an efficient solution for many problems. Training requires some data
and computer time, but much less than training from scratch, and the result is a network
suited to our specific problem , we benefited from pretrained network (Alexnet as
example) in new building for our network , Figures 3,4 (www.mathwork.com, n.d,2017).

Training
from
scratch

Transfar

learning

Flexibility

Pretrained
netwark

Effort

Figure 3. Transfer learning between pretrained network and training from scratch
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Figure 4. Typical workflow for transfer learning
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METHODS
Pre-Processing of the Images :

We have resized the images to 227*227*3 where 3 is the number of color channels, This

process is done by Matlab2018B and manually, We can do this through Paint program
or another photo editing program Figure.5 .

Erayeca Caalaar

Figure 5. The deference between grayscale and color images

Training and Testing Stages:

After above step and by Alexnet network and transfer learning code, where we can run
the new code with new data and new inputs. At this stage, all legacy network data will
be erased and replaced with new our data, where our data are 600 images with 6
categories (There are five kinds of diseases and a normal condition, each category contain
100 images).

The new code will run automatically in training network stage and testing stage.
We used Alexnet based on CUDA code which work with Nvidia productions, and all
processing operations can be done with GPU, that helps to accelerate the processing and
achieve a high accuracy. Figure.6 is shown stages of processing of diseases in vine leaves
by Deep learning.
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Figure 6. stages of processing of diseases in vine leaves by Deep learning

RESULTS AND FINDINGS

In the system, which we have proposed, we can confirm the results by some commands
in Matlab 2018B We knew the number of randomly selected images for the testing phase
by the following command in Matlab 2018B:

Vine Actual = testlmages.Labels ;

>> vinePreds = classify(myNet,testimages)

vinePreds =

180x1 categorical array

Now for knowing how many images is correct and identical to the category to which it
belongs by next command we knew this :

>>numCorrect = nnz(vinePreds == vineActual)

numCorrect = 164

>> fracCorrect = numCorrect/numel(vinePreds)

fracCorrect =

accuracy = 0.9111

Where: Accuracy =Total number of vine images correctly /Total number of vine images
used for testing

According to this : 164/180=0.91111

For a confusion matrix Figure7.This figure shows the number of correct and incorrect
images when testing stage

R UEMK 2019 Proceedings Book :
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Figure7. Confusion matrix

CONCLUSION

In this project we have used deep learning and transfer learning for detection the
diseases of vine leaves automatically , these diseases are defined by five types of
diseases(Anthracnose, Black Rot, Fe-deficiency, Phylloxera, Powdery mildew) and
Normal type .Finally, the proposed system obtained the accuracy of 91.1%. So that this
system can detect/recognize diseases automatically and rapidly, therefore our proposed
system will be helpful for the farmers and scientists that study in related areas.

RECOMMENDATIONS

For future projects, we aspire to expand with the other diseases for vine leaves also, we
aspire to transform this system to work on mobile devices in order to be of greater benefit
to farmers and agricultural engineers. Also , Also the used methodology may be used/
applied to the different images for the different analyses for the different plants.
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ABSTRACT: The face recognition technique using deep learning is one of the most
advanced and modern techniques. Face recognition have been used for security purposes
such as sensitive security centers, airports, metro stations, tramway stations, and any
other crowded places. Identification of the facial expressions using convolutional neural
networks is a novel technology, and it was intended to be used to recognize facial
expressions on social media sites. However, as far as we know, facial recognition has not
been studied together with facial expression in previous research. So, this research
introduces a convolutional neural network based deep learning technique to recognize
faces and facial expressions together.

The aim of this research is to introduce new technology to use in companies, institutions
and schools, in order to aid psychiatrists when there are large numbers of staff,
employees or students, need to follow their psychological situations. In this research,
images of five people (four males and one female) with eight emotional state expressions
(anger, happiness, surprise, disgust, concentration, sadness, and fear) were used. These
images were taken from publicly available MMI dataset which is available to those
working in higher education institutions and is provided on the condition that it is being
used only for educational and research purposes. 1200 images were processed using
convolutional neural networks (CNNs) developed on MATLAB2018-a environment.
Obtained results on the used database showed that the proposed system capable of
recognizing facial expressions related to the emotional states and faces (the names of
people for the five people mentioned above), with the excellent accuracy.

Keywords: Deep learning ,CNN, Facial Expression .

INTRODUCTION
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Face recognition technology and recognizing facial expressions with deep learning is
considered one of the most advanced and modern techniques. Here is a brief summary
of research related to these techniques:

Veena Mayya and et al., proposed a method to automatically recognize facial expressions.
Their method was based on Deep Convolutional Neural Network (DCNN) that focuses
on recognizing the facial expressions of an individual from a single image. The feature
extraction time is significantly reduced by using general purpose graphic processing unit
(GPGPU). They used images from CK+ Dataset (Japanese Female Facial Expression) and
JAFFE Dataset for many facial expressions such as, anger, disgust, fear, happiness,
neutral, sadness and surprise expressions (Veena Mayya and et al,2016).

Abir Fathallah and et al., have used Deep Neural Networks (DNN) based on Convolutional
neural networks (CNN) for Automated Facial Expression Recognition. They fine-tuned
their architecture with the Visual Geometry Group model (VGG) to improve results. To
evaluate their architecture, they tested it with many large public databases (CK+, MUG,
and RAFD).
The results obtained showed that the CNN approach is very effective in image expression
recognition on many public databases which represented an improvement in facial
expression analysis (Abir Fathallah and et al,2017).

Dinh Viet Sang and et al., have applied recent advances in deep learning to propose
effective deep Convolutional Neural Networks (CNNs) that can accurately interpret
semantic information available in faces in an automated manner without hand-designing
of features descriptors. They used the FERC-2013 dataset provided on the Kaggle facial
expression recognition competition. The dataset consists of 35,887 gray images of 48x48
resolution. Kaggle has divided these images into 28,709 training images, 3589 public test
images and 3589 private test images (Dinh Viet Sang and et al,2017).

Shraddha Arya and et al., proposed a method for face recognition based on Deep learning
and Linear Discriminant Analysis (LDA), where typical structures of face recognition
system consist of three major steps, obtaining face data, extracting facial features and
recognition of faces. In the first phase, the face images are partitioned into multiple face
parts. This step is termed as the pre-processing of images. Secondly, the images are
processed for feature extraction to apply the LDA algorithm. Finally, the neural network
is proposed to perform training on extracted face features and classes and the trained
model is used for recognizing the faces ( Shraddha Arya and et al,2018).

Hayfaa Hussein and et al., in their research, they relied on the geometric features of facial
expressions with relatively low complexity. They used three databases of different faces
images, namely VDMFP, BINED, and MMI. These databases contain images of different
facial expressions in different imaging conditions. These images were rotated around a
central point. then these images were processed and features were extracted using deep
learning (Hayfaa Hussein and et al,2018).

Examining the summarized previous studies, we can reach the conclusion that most of
the research focused on face recognition without focusing on facial expression
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recognition, or have been focused on facial expression without focusing on face
recognition , therefore in the current study we presented new technique for recognize the
facial expression and faces for the five people mentioned above .

MATERIALS

In this research we have used 1200 images belonging to five people these pictures are
distributed over eight psychological /emotional expressions so that each person has eight
facial expressions (anger, happiness, surprise, disgust, concentration, sadness, and fear)
and therefore we have 40 categories in each category 30 pictures, It should be noted that
the images were obtained from a base and after we pledged to use them only for scientific
and research purposes, we then classified facial expressions and we put fake names of
the five people ( Mary, Mechil , Mario, Jon, Frank )

A sample of dataset is shown Figure 1. We have employed Matlab2018A, Neural
Network Toolbox. As an CNN network we have used Alexnet which is a pre-trained
network and contain 25 layers. The first five layers are convolutional layers and the final
three layers are fully connected layer as can be seen in the Figure 1.

The first layer, the image input layer, requires input images for size 227-by-227-by-3,
where 3 is the number of color channels.

Jon Nermal ‘ Mary Happy

Mechil Angry Mario Sad Mechil Concentration Mary I'ar

Figure 1. A sample of dataset

Convolutional Neural Networks (CNNs) are one of the most popular and novel neural
network architectures. They are extremely successful at image processing, but also for
many other tasks (such as speech recognition, natural language processing, and more).
The state of the art CNNs are pretty deep (dozens of layers at least), so they are part of
Deep Learning.
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In this study transfer learning that is based on deep learning has been employed for the
analysis. Transfer learning is an efficient solution for many problems. Training requires
some data and computer time, but much less than training from scratch, and the result is
a network suited to our specific problem we benefited from pretrained network (Alexnet
as example) in new building for our network , Figures 2,3 (www.mathwork.com, n.d,2017).

Traindng
from
scratch

Transfar
learning

Flexibility

Pretrained
netwark

Effort

Figure 2. Transfer learning between pretrained network and training from scratch
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Figure 3. Typical workflow for transfer learning

METHODS
Pre-Processing of the Images:

Image database have been used by resizing/reducing the dimension of them to 227*227*3
where 3 is the number of color channels. This dimension reduction is needed for the
proposed deep learning based CNNSs.'

Training and Testing Stages:

After above preprocessing step, we have applied the data into Alexnet network and
transfer learning code, where we can run the new code with new data and new inputs.
At this stage, all legacy network data will be erased and replaced with new our data,



UEMK 2019 Proceedings Book g5y | 652
24/25 October 2019 Gaziantep University, TURKEY *E"

W

where our data are 1200 images with 40 categories (for five people with eight facial
expressions, each category contain 30 images). we selected 70% from images (840 images)
for training stage and 30% from images (360 images) for testing stage.

The developed code will run automatically in training network stage and testing stage.
We have used Alexnet based on CUDA code which work with Nvidia productions, and
all processing operations can be done with GPU, that helps to accelerate the processing
and achieve a high accuracy. Stages of the developed facial expressions and face
recognition system is shown in figure 4.
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Figure 4. Processing stages of the proposed system by using CNN based Deep learning

RESULTS AND FINDINGS

In the proposed system, the system was reduced to 227*227*3 by reducing its dimensions
(Ahmet, A. (2011)) and classified with CCN based deep learning. 70% of the dataset was
used for the training of the system. After the training process was completed, the test
process was completed using the remaining 30% dataset.
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Figure 5. confusion matrix

%,

When the accuracy of the test process was calculated, an excellent classification
performance (100% classification accuracy) was obtained. With the proposed system,
both the face of the person and the emotional state of the person whose face is recognized
have been classified very successfully. Figure 5. shows the confusion matrix that includes
the number of correct and incorrect images on testing stage, where the X-axis represents
the predicted situations and the Y-axis represents the actual situations.

CONCLUSIONS

In this study to recognize the facial expressions and faces automatically, we have
proposed a system employed used convolutional neural networks and transfer learning,
these faces with fake names are five people (Mary-Mechil -Mario -Frank -Jon) and eight
facial expressions are anger, happiness, surprise, disgust, concentration, sadness, and
fear. Finally, the proposed system obtained the accuracy of 100%. So that this system can
detect/recognize facial expressions and faces automatically and rapidly, therefore our
proposed system will be helpful for the psychiatrists and scientists that study in related
areas.
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RECOMMENDATIONS

For future projects, we plan to expand this research to include recognizing a much larger
number of people, based on our own database, in order to provide more help for
psychiatrists and contribute to accelerating the solution of psychological problems for
students, workers, and employees or the target groups in this research.
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ABSTRACT: The concept of energy and the sustainability of energy resources have been
one of the most important issues and problems on a global scale from the past to the
present. With all the technological developments, different fossil energy sources have
been used over time (coal, oil, natural gas, etc.). Furthermore, considering the damages it
causes to the environment and humanity, the demand for renewable energy sources,
which are environmentally friendly, increased. One of these renewable energy sources is
biomass. Biomass energy has started to gain importance as it has an impact on the
solution of the global environmental and air pollution problems. In developing and
energy-needly countries, especially Turkey which has high potential of waste and animal,
the value given to biomass should increase in order to decrease dependence on importing
energy since herbal animal and other waste are in biomass class too.

After an overview of the kinds of biomass energy in Turkey in this study the most
efficient and economic was chosen by comparison. Then a model of biomass supported
hybrid geothermal power plant was examined and calculations were made using certain
data and assumptions. It is aimed to generate electrical energy from geothermal energy
known as alternative energy source by increasing energy efficiency by using more
efficient and economical biomass.

Key words: Thermodynamic Analysis, Geothermal Energy, Hybrid Geothermal Power
Plant, BioMass.

FARKLI BIOKUTLELER KULLANAN BIOKUTLE DESTEKLI JEOTERMAL ENER]J1
SANTRALININ TERMODINAMIK ANALIiZI

OZET: Enerji kavrami ve enerji kaynaklarmn siirdiiriilebilir olmasi ge¢misten
glintimtize kadar evrensel boyutta en 6nemli konulardan ve sorunlardan biri olmustur.
Teknolojik gelismelerle birlikte zaman igerisinde ¢ok farkl fosil enerji (komiir, petrol,
dogalgaz vb. ) kaynaklar1 kullanilmistir. Fosil enerji kaynaklarimin gevreye ve insanliga
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vermis oldugu zararlar1 da goz oniine alminca, gevre dostu olan yenilenebilir enerji
kaynaklarina talep artmistir. Bu yenilenebilir enerji kaynaklarindan biri de biokiitledir.
Kiresel bir sorun olan cevre ve hava kirliligi sorunlarmin c¢oziimiinde de etkisi
oldugundan biokiitle enerjisi bnem kazanmaya baslamustir. Bitkisel, hayvansal ve diger
atiklarda biokiitle smifinda oldugundan gelismekte ve enerji ihtiyaci ¢cok olan tilkelerde
ve Ozellikle hayvansal ve atik olarak ¢nemli bir biokiitle potansiyeline sahip olan
Turkiye’de de enerjide disa bagimhiligin azaltilmas: icin biokiitleye verilen degerin
artmasi gerekmektedir.

Bu calismada Tiirkiye’deki biokiitle enerji cesitlerine genel bir bakis yapildiktan sonra
aralarinda bir kiyaslama yapilarak en verimli ve ekonomik olam segilmistir. Calismada,
biokiitle destekli hibrit jeotermal enerji santralinin bir modeli incelenmis ve belli veriler
ve kabuller kullanilarak hesaplamalar yapilmistir. Alternatif enerji kaynagi olarak bilinen
jeotermal enerjiden, daha verimli ve ekonomik biokiitleler kullamilarak enerji verimi
arttirilarak elektrik enerjisi tiretmek amaclanmaistir.

Anahtar sozciikler: Termodinamik Analiz, Jeotermal Enerji, Hibrit Jeotermal Enerji
Santrali, Biokiitle.
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HYDROCHEMICAL INVESTIGATION OF HOT AND MINERAL WATERS IN
EMIR GEOTHERMAL FIELD (KULA, MANISA)

Ozgiin DEMIREL
Pamukkale University
ozgun_demirel@hotmail.com

Ali GOKGOZ
Pamukkale University
agokgoz@pau.edu.tr

ABSTRACT: Emir geothermal field is located 13 km northeast of Kula district of Manisa
province. The aim of this study is to determine the chemical composition of thermal
waters in the Emir geothermal field and to provide an approach to reservoir temperature.
The basement rock of the study area is the Upper Cretaceous Vezirler melange composed
of serpentinite, chert, mudstones and limestone blocks. Melange is unconformably
overlain by the conglomerates and sandstones of Kurtkoyii formation and by the Yenikoy
formation composed of conglomerates-sandstone-siltstone-claystone-clayey and sandy
limestone-marl-tuffite alternations. Both formations are Miocene in age. These
formations are overlain by the Lower Pliocene Ahmetler formation (Balgikdere member),
which consists of conglomerate-sandstone-claystone-marl and limestone intercalations.
Qaternary is represented by the Asartepe formation, which consists of Quaternary
conglomerate-sandstone intercalations and the Kula volcanics made up basalt, slag and
tuffs, travertine and alluvium. There are three geothermal drillings in the Emir
geothermal field, eight thermal springs and one mineral water resource. Temperatures of
the thermal waters vary between 21.1 and 63.3°C, electrical conductivities 3840 to 5210
uS/cm and pH values varybetween 6.56 and 7.69. The cation arrangement is Na> Mg>
Ca> K and the anion arrangement is HCO3>CI>SOs4. Na concentration of the thermal
waters is 720-1025 mg/1, HCOs concentration is between 2500-3480 mg/1 and they are
generally are of the Na-HCOs type. Chalcedony and quartz geothermometers applied to
approach the reservoir temperature of the thermal waters of the study area. Chalcedony
geothermometers yielded reservoir temperatures ranging from 80 to 125°C and quartz
geothermometers ranging from 102-150°C.

This work was supported by PAU BAP Coordinator (Project No: 2018FEBE(049).

Key words: Emir, Kula, geothermal, hydrochemistry, geothermometer
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EMIR JEOTERMAL SAHASI (KULA, MANISA) SICAK VE MINERALLI
SULARININ HIDROKIMYASAL INCELEMESI

OZET: Emir jeotermal sahasi Manisa ilinin Kula ilgesinin 13 km kuzeydogusunda yer
alir. Bu c¢alismanin amaci Emir jeotermal sahasindaki sicak sularin kimyasal
kompozisyonlarini belirlemek ve rezervuar sicakligina yaklasim saglamaktir. Inceleme
alanmin temelini serpantinit, ¢ort ve ¢amurtaslariyla kirectas1 bloklarindan meydana
gelen Ust Kretase yagl Vezirler melanji olusturur. Melanj {izerine uyumsuz olarak
cakiltast ve kumtasindan olusan Kurtkdyti formasyonu ile cakiltasi-kumtasi-silttasi-
kiltasi-killi ve kumlu kiregtasi-marn-tiifit ardalanmasindan olusan Yenikdy formasyonu
gelir. Her iki formasyon da Miyosen yashdir. Bu formasyonlar tizerinde cakiltasi-
kumtasi-kiltasi-marn ve kirectas1 ardalanmasindan olusan Alt Pliyosen yasli Ahmetler
formasyonu (Balgikdere tiyesi) bulunur. Kuvaterner ¢akiltasi-kumtas: ardalanmasindan
olusan Asartepe formasyonu, bazalt, ctiruf ve tiiflerden olusan Kula volkanitleri,
traverten ve altivyonla temsil edilir. Emir jeotermal sahasinda ti¢ jeotermal sondaj, sekiz
termal kaynak ve bir maden suyu kaynagi bulunur. Termal sularin sicakliklar: 21,1 ile
63,3°C, elektriksel iletkenlikleri 3840 ile 5210 pS/cm ve pH degerleri 6,56 ile 7,69 arasinda
degisir. Katyon dizilimi Na>Mg>Ca>K, anyon dizilimi ise HCO3>CI>SO4 seklindedir.
Sicak sularin Na derisimi 720-1025 mg/1, HCOs derisimi de 2500-3480 mg/1 arasinda olup
hidrokimyasal olarak genellikle Na-HCOs tipindedirler. inceleme alani termal sularmin
rezervuar sicakligina yaklasimda bulunmak icin kalsedon ve kuvars jeotermometreleri
uygulanmistir. Kalsedon jeotermometreleri 80-125°C, kuvars jeotermometreleri ise 102-
150°C arasinda degisen rezervuar sicakliklar: vermistir.

Bu calisma PAU BAP Koordinatorliigii tarafindan desteklenmistir (Proje No:
2018FEBE049).

Anahtar sozciikler: Emir, Kula, jeotermal, hidrokimya, jeotermometre.
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EXPERIMENTAL INVESTIGATION OF A SOLAR DISH COLLECTOR WITH
SPIRAL COIL TUBE HEAT EXCHANGER FOR HOT WATER PRODUCTION

Devrim AYDIN
Eastern Mediterranean University
devrim.aydin@emu.edu.tr

ABSTRACT: In the last decade, solar energy technologies are gaining attention due to
their potential for reducing environmental emissions and enhancing sustainability in
residential and industrial applications. In this regard, solar collector systems are widely
used for hot water production in buildings. Currently, flat plate collectors are mostly
used collector type; however their efficiency dramatically drops in winter period when
the hot water demand is at its peak. Consequently, present study is concerned with the
design and development of a parabolic dish collector as an alternative to flat plate
collectors. The proposed collector consists of a parabolic dish, a receiver made up of a
black painted spiral coil tube heat exchanger and a glass glazing. In the system, a 50 L
water tank is also used and the water is circulated between the collector and the water
tank by employing a water pump.

System is tested on the coldest days of the year (10-13 December 2018) and highest water
temperature of 42 °C is achieved. The average and maximum instantaneous thermal
efficiencies of collector were obtained as 48% and 76% respectively.

Key words: solar energy, parabolic dish, water heating, thermal energy analysis,
efficiency

INTRODUCTION

With the growing emphasis on energy conservation, renewable energy sources have
received increasing attention (Tian and Zhao, 2013). The term "renewable energy" is not
a new concept to the environment, but rapidly it continues to emerge as an alternative to
fossil fuels and all other deleterious energy resources. Solar energy, which is one of the
most abundant renewable source have the potential to meet the total global energy
demand. However, only 0.02% of that energy is utilized in the present day (Devabhaktuni
et al., 2013). Nevertheless, since the initial implementation of solar systems, numerous
projects have been completed and the developments in the field of solar energy are
ongoing. Among all renewable sources, solar energy is considered as one of the most
economic and efficient alternative.

Solar systems are basically converts solar irradiation into useful form of energy such as
heat or electricity. In solar thermal applications, solar collectors or concentrators are used
to gather the solar radiation. The radiation energy can then be used for space/water
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heating and for producing process heat in residential and industrial applications
(Mekhilef et al., 2011). In the literature, several studies investigating different type of solar
collector performances have been completed previously. Bellos & Tzivanidis (2018)
studied flat plate collector performance experimentally and numerically under Athens
conditions. Average efficiency of the investigated system was found 54.2%. Zhang et al.
(2016) investigated a multi-purpose flat place solar collector for air and water heating.
The overall efficiency of the collector in combined air-water heating mode reached to
73.4%.

Nikoli¢ and Luki¢ (2015) studied a double exposure flate plate collector for water heating.
Results showed that double exposure collector provides an efficiency enhancement of
18.4% when compared to conventional flat plate collector. Fan et al. (2019) investigated a
novel solar collector with V-corrugated multi-channel absorber. Thermal efficiency of the
new collector was found in the range of 69-74%, while the efficiency of conventional solar
collectors is determined as 58-69% for the same operating conditions.

Jowzi et al. (2018) investigated evacuated tube collector performance with cylindrical
absorbers in Greece. It is obtained that; four evacuated tube collectors connected in series
can produce a maximum of 5.6 kW thermal energy. Xu et al. (2019) carried out
experimental studies on evacuated tube collector performance under China climate
conditions. Thermal efficiency of the developed collector was found between 43-55%.
Teles et al. (2019) numerically investigated the performance enhancement with the use of
sun-tracking in evacuated tube solar collector applications in Brazil climate. The
efficiencies of tracking and non-tracking evacuated tube collector were found 73% and
42% respectively. In another study, Budihardjo and Morrison (2009) performed
comparative investigations between vacuum tube and flat plate collector in Sydney. The
thermal performance of the vacuum tube collector was found higher while its sensitivity
to the size of the storage tank was found lower compared to the flat plate collector.

Despite several studies have been performed on flat plate and vacuum tube collectors,
research on dish type concentrating solar water heaters is very limited in the literature.
Such type of solar systems is mostly investigated for high temperature applications such
as in solar thermal power plants. Different than the previous research, in present study,
a dish type concentrating solar water heater using spiral coil tube heat exchanger is
investigated for residential applications under North Cyprus climate conditions.

METHODS

System Design and Operation

The proposed parabolic dish solar water heating unit consists of four main components
namely; solar dish, copper coil receiver, support frame and water tank, as illustrated in

Figure 1. In the system, receiver is made up of a horizontally aligned copper coil which
is fitted inside a cylindrical glass glazing. With such design, it is targeted to enhance the
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receiver area to eliminate the tracking requirement and to enhance the heat transfer rate
to the water across the copper coil heat exchanger. During the system operation water is
circulated between the water tank and receiver by using a water pump. Mass flow rate
of water across the system is also controlled by using a water valve as illustrated in Figure
1.

Main Components names
1. Dish

2. Receiver
3. Support

4. Water tank

Figure 1. CAD Design of Solar Dish Water Heating System

Parabolic dish is the main component of the design that is made up of aluminum sheet
metal. It is covered with reflective aluminum tape for enhancing the reflected radiation
on to the receiver. The parabolic dish is of 800 mm diameter (Dc) with a depth (k) of 80
mm and a focal length (F) of about 500 mm as shown in Figure 1.

N ‘
[y

Figure 2. Design of Parabolic Dish Unit

The manufactured and assembled solar dish water heating system is illustrated in Fig. 3-
a. During the experimental testing, dish is faced to south and system is operated between
10:00-14:30 hours. The detailed view of the copper coil heat exchanger (receiver) is
presented in Fig. 3-b. The copper pipe is processed in turning machine to obtain the coil
type configuration and the final product is painted to black for enhancing the absorptivity
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of the coil. The coil is placed inside a transparent cylindrical glass glazing and placed
horizontally at the focal point of receiver. As the receiver is aligned in horizontal
direction, the change of the focal point of dish in horizontal direction, due to the
movement of sun, is tolerated and the focal point remained on the coil heat exchanger
during the testing.
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Figure 3. (a) Assembled Solar Dish Water Heating System (b) Detailed View of Copper
Coil Receiver

Experimental Measurement and Data Logging

Temperature readings at the inlet and the exit of the collector, ambient temperature and
tank temperature changes with time were closely monitored during the study. PCE-T 390
digital thermometer (Figure 4-a) is used for this purpose. This data logger has four
channels and can be connected to different type of thermocouples (K/]J/T//E/R/S). The
instrument is powered by UM3/AA (1.5V) x 6 batteries or DC 9V adapter or it can be
easily connected the PC computer interface. The temperature sensors are able to measure
temperatures in the range of -50°C to approximately 1000 °C with an accuracy of +0.4%
+ 1 °C. During the experiments solar radiation was also measured by using a
pyranometer (Figure 4-b). It can measure the total radiation with a scope of 180 degree.
The data is recorded in voltage and later converted into energy per unit area.
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(a)

Figure 4. (a) Image of PCE-T390 Digital Thermometer, (b) Pyranometer

Three different experiments were performed and temperatures were recorded during the
tests. The tank is filled with water and outlet water temperature form the tank (at the
bottom) is assumed to be equal to the inlet temperature to the collector (T1). T2 is the
water temperature in the tank, T4 is the water outlet temperature from the collector
receiver and T3 is the ambient temperature. Figure 5 shows the schematic of the sensor
positions in the system. The mass flow rate of water during the first two experiments is
set to 0.00525 kg/s and in the last experiment it is set to 0.00277 to investigate the impact
of water mass flow rate on system efficiency.

Mot wiser Erom:
receiver 1o the
lanik

Thermometer

Water flows o the
TV

*

Figure 5. Schematic view of the water tank and illustration of sensor positions
Design Parameters of the Solar Dish Collector

A mathematical analysis was performed based on the dish dimensions to calculate the
values that satisfy the need for the design criteria.

The concentration ratio index (C) is defined as the ratio of aperture area (A.) to the area
of the receiver (Ar). This concentration index indicates that the higher the ratio, the higher
the temperature to be reached with the concentrator. Among the rest of the collectors
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parabolic dish is known or characterized as the best collectors with higher concentration
ratio. C is defined in Equation (1).

C=a 1)
The collector area Accan be calculated by the following equation:

_ mDc"2

Ac="= )

While the receiver area is the surface area of the cylindrical receiver and is given by:
Ar=nDI (3)

Where D is the diameter of the cylinder with a value of 0.12m, and it has a length [ of
0.2Im.
Therefore Ac = 0.503 m2 and Ar = 0.0792 m2, then;

0.503
0.0792

C= =6.34

The half acceptance angle (John and Nidhi, 2015, Alarcén et al. 2013) is given by:

@ =sin! \/% = 23.40° (4)
The optimum rim angle (John and Nidhi, 2015, Alarcén et al. 2013) is given by:

Y =90-0 =66.6° (5)
Thermodynamic Analysis of the Solar Dish Collector

The available solar energy that can be obtained from the reflection can be calculated by:
Q=15 .Ac ©6)
While the total amount of heat from the parabolic dish reflected to the receiver aperture
area can be defined as the optical efficiency by the available solar energy is defined by

Equation (7) below:

Quaps = Nopt -Ig Ac (7)
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Where, 1ot is the optical efficiency of the dish collector, A.is the dish collector aperture
area and g is the solar irradiation intensity. The optical efficiency for most solar collectors
is 60 - 70 % (Alarcén et al. 2013)

The estimated useful energy is calculated by:

Q=mw.Cp.AT 8)

Where, m., mass flow rate of water, C;, is the specific heat capacity of water and AT is
change in the final and initial temperature. While the thermal efficiency of the collector
can be calculated by Equation (9) and is defined as the ratio of the useful delivered energy
to the incident energy falling to the concentrator surface (John and Nidhi, 2015);

=<
Ne therm™= Qabs (9)
The energy balance over the absorber leads to Eq. (10). According to the equation,

absorbed heat by the receiver is equal to the total of heat gain by water and the heat
losses.

Qabs= Q + Qlosses (10)

The efficiency (1) of most solar collectors’ is between 40-60% (Alarcon et al. 2013). Gained
useful energy can be calculated by:

Q=n I .Ac (11)
This shows that Equations (8) and (11) are equal and yield:
Q=1 Ig.Ac = mw.Cp.AT (12)

The instantaneous thermal efficiency is given by;

Q
n= Ig .Ac (13)
RESULTS AND FINDINGS

This section presents the results obtained from the performed experiments. The testing
was conducted in three different days; Dec 10, Dec 11 and Dec 13. On the first two days,
mass flow rate of water is set to 0.00525 kg/s and in the final day of testing it is set to
0.00277 kg/s. By applying high and low water flow rates, it was aimed to analyze the
impact of flow rate on the solar dish efficiency.
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Results for 10th December 2018

The system was tested for almost 4.5 hours of that day, which is from 10:00 to 14:30.
During the experiments four different sensor locations were used. T1 (collector inlet
temp) is the temp of the water inlet to the heat exchanger and it is also assumed equal to
the bottom temperature in the tank, while T4 (collector outlet temp) represents the hot
water temperature at the exit of the dish receiver. T2 (water tank temp) is the surface
water temperature inside the tank, and T3 is the ambient temperature.

Figure 6 a-d represents the temperature, solar radiation, energy and efficiency variations
obtained during the experiment. The average temperature increase of water across the
dish was determined as 6.3 °C whereas maximum water temperature inside the tank was
reached to 37.7 °C from the initial temperature of 17.7 °C (See: Figure 6-a). As shown in
Figure 6-b, solar radiation varied between 764 and 887 W/m? while average heat transfer
rate to the water was calculated as 139.1 W (Figure 6-c). Accordingly, based on the data
presented in Fig 6-d, average efficiency of the dish was found 32.7% during the operation.

Graph of recorded temperatures on Dec 10 Solar radiation for Dec 10
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Figure 6. Variation of (a) Temperature, (b) Solar Radiation, (c) Absorbed, Useful and
Lost Energy, and (d) Efficiency During the Experiment On 10t December
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Results for 11th December 2018

On 11th December, system is tested under similar operating conditions to validate the
results obtained in initial testing. Temperature, solar radiation, energy and efficiency
variations of the second day testing were illustrated in Fig. 7. The average temperature
increase and rate of heat gain across the dish were found 9.1°C (See: Figure 7-a) and 199.7
W (See: Figure 7-c), which were higher than the values obtained in the first day of testing.
On the other hand average solar radiation is measured as 811 W/m2 (See: Figure 7-b) on
the second they which was slightly less than the average solar radiation in first day. As a
result, as presented in Figure 7-d, efficiency of the dish varied in the range of
24.5%—58.3% and the average efficiency is obtained as 48.3% on that day.
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Figure 7. Variation of (a) Temperature, (b) Solar Radiation, (c) Absorbed, Useful and
Lost Energy, and (d) Efficiency During the Experiment On 11th December
Results for 13th December 2018

In the last day of testing, mass flow rate of water is reduced to 0.00277 kg/s to see the
impact of flow rate on solar dish water heater performance (See: Figure 8). Besides, in this
testing, receiver temperature was also measured to demonstrate the highest temperature
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obtained with spiral coil heat exchanger. According to the testing results average
temperature lift and rate of heat gain of water across the dish were achieved as 7.1 °C
(Figure 8-a) and 153.9 W (Figure 8-b) respectively, while the maximum receiver
temperature reached to 116 °C at around 11:45 am (Figure 8-e). During the experiments
average solar intensity is measured as 810.1 W/m? (Figure 8-b), and it was in close
approximation with the intensity on the second day of testing. Accordingly efficiency of
the dish water heater is obtained as 37.3% (Figure 8-d), which was higher than the first
day but lower than the second day of testing.
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Figure 8: Variation of (a) Temperature, (b) Solar Radiation, (c) Absorbed, Useful and
Lost Energy, (d) Efficiency, and (e) Receiver Temperature during the Experiment On
13th December

CONCLUSION

In this study, a solar dish unit with copper coil receiver is designed and experimentally
investigated for residential water heating applications. System is tested under different
solar radiation and water mass flow rate conditions. The summary of the testing results
are presented in Table 1. According to the study results, maximum hot water temperature
inside the tank is achieved in the first day of testing, while maximum rate of heat gain is
obtained in the last day. However the highest average of heat gain across the dish is
achieved in Day 2. Results showed that both solar radiation and mass flow rate of water
significantly effects the system performance. More specifically, it could be stated that;
dish system provides higher efficiency at lower solar radiation conditions (1)day3 > nday1)
and higher mass flow rates (fday2 > 1)day3). However further studies are required for
optimizing the operating parameters (mass flow rate, dish size, receiver configuration,
water tank volume etc.) of the investigated solar dish system.

Table 1. Summary of the Testing Results

Dec 10 Dec 11 Dec 13

myw (kg/s) 0.00525 0.00525 0.00277
Ig (W/m?) 836.2 811.4 809.1
Tlaverage (°C) 28.5 33 29.4
T2average (°C) 32.6 34.7 34.3
T4max (CC) 421 41.2 40.1
T4average (°C) 34.8 37.3 36.4
Qmax (W) 243.5 2435 265.5
Qaverage (W) 139.1 200 153.9

1 0.33 0.48 0.37

RECOMMENDATIONS



.\ UEMK 2019 Proceedings Book f‘ﬁﬁ 670
(.' ’ : 24/25 October 2019 Gaziantep University, TURKEY Y 4

This study presents a water heating system using solar dish unit for building application.
As such systems are low cost, efficient and require less space compared to flat plate
collectors, they demonstrate a potential to be employed in building water heating
applications in the future. However deep research on numerical modelling, experimental
validation through pilot applications and economic feasibility analysis of such systems is
required to bring them to the market level.
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ABSTRACT: The rapid development in urbanization and industrialization as a result of
the increase of the world population increases energy consumption. Consequently, the
need for energy increases day by day. The use of fossil fuels to meet the energy needs
also damages the ecological balance and thus reduces the quality of human life. Because
of these negative effects, new, sustainable, safe and non-polluting alternative energy
sources are extremely important to search. The most remarkable renewable energy source
is hydrogen energy among the alternative energy sources to fossil fuels. The fuel cells are
clean and efficient electricity generating systems therefore they have been working hard
in recent years. A fuel cell has three important components: anode, electrolyte and
cathode. The most important (main) part of these components is the electrolyte of the
ceramic fuel cell. The materials used for electrolyte in the proton conductive solid oxide
fuel cell (PC-SOFC) are called proton conductive solid/ceramic oxide. Perovskite
compounds (ABOs) have structure flexibility that can contain both large(A position) and
small(B position) cations. They are also suitable to form void and other crystal motifs in
atomic size. Because of these properties, it can be used as a solid electrolyte in PSYH as
used in many fields. In this study, electroseramics which can be used as solid electrolyte
with the general formula of BaCe1-xMxO3 have Perovskite (ABMOs3) structure which are
doped in different stoichiometric ratios were synthesized by using sol-gel(Pechini)
method. Where A; Barium(Ba), B; Cerium(Ce), while M is the Zirconium(Zr), Yttrium(Y)
and Gadolinium(Gd) cations which settle into the lattice by doping. These synthesized
materials were heat treated at three different temperatures, 900°C, 1100°C and 1300°C.
Crystal structures were determined by XRD analysis on the synthesized powder
materials. As a result of XRD analysis, the solid electrolytes synthesized were found to
have perovskite structure.
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OZET: Diinya niifusunun artmasinin sonucu olan kentlesme ve sanayilesmedeki hizl
gelisim, enerji tiiketimini arttirmaktadir. Buna bagh olarak her gecen giin enerji ihtiyaci
artmaktadir. Enerji ihtiyacin1 karsilamak igin fosil yakitlarm kullanilmasi ekolojik
dengeye de zarar vermekte ve dolayisiyla insanin yasam kalitesini diistirmektedir. Bu
olumsuz etkilerden dolayi, yeni, strdiirtilebilir, gtivenli ve gevreyi kirletmeyen alternatif
enerji kaynaklarinin arastirilmasi son derece onemlidir. Fosil yakitlara alternatif olan
yenilenebilir enerji kaynaklar: arasinda en dikkat ¢ekici olan1 Hidrojen enerjisidir. Yakat
Hiicrelerinin temiz ve etkili elektrik {ireten sistemler olmalarindan dolay1 son yillarda
oldukga fazla calisiilmaktadir. Bir yakit hiicresinde anot, elektrolit ve katot olmak tizere
tic onemli bilesen vardir. Bu bilesenler icinde en 6nemli (ana) kisim seramik yakat
hticresinin elektrolitidir Proton iletken kat1 oksit yakit hiicresinde (PC-SOFC) elektrolit
icin kullanilan materyallere proton iletken kat1 / seramik oksit denir. Perovskit bilesikler
(ABO3) hem biuiyiik (A konumu) hem de kiigciik (B konumu) katyonlar: yapisinda
bulundurabilecek yap1 esnekligine sahiptirler. Ayrica bosluk olusumuna ve atomik
boyutta diger kristal motiflerin olusmasina elverislidirler. Bu 6zelliklerden dolay1 bircok
alanda kullanildigr gibi PSYH'lerde de kat1 elektrolit olarak kullanilabilmektedir. Bu
calismada sol-jel (Pechini) yontemi kullanilarak farkli stokiyometrik oranlarda
katkilanmis Perovskit (ABMOs) yapili BaCe(1-9MxOs genel formiiliine sahip kat1 elektrolit
olarak kullanilabilecek elektroseramikler sentezlenmistir. Burada A; Baryum (Ba), B;
Seryum iken M ise katkilama ile orgiiye yerlesen Zirkonyum (Zr), Yitriyum (Y) ve
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Gadolinyum (Gd) katyonlaridir. Sentezlenen malzemelere 900°C, 1100°C ve 1300°C
olmak tizere {i¢ farkl sicakliklarda 1sil islem uygulanmstir. Sentezlenen toz malzemelere
XRD analizi yapilarak kristal yapilar1 tespit edilmistir. XRD analizi sonucunda
sentezlenen kati elektrolitlerin perovskit yapida oldugu tespit edilmistir.

Anahtar kelimeler: Protonik Seramik Yakit Hiicreleri, Kat1 Elektroseramikler, Perovskit,
Baryum Serat.
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ABSTRACT: In parallel with the developments in electronic component production the
heat dissipation amount of the chips has increased considerably. Electronics cooling is
one of the most critical concerns in reliable operation of computers. Conventionally, some
applications available for electronics cooling such as radiation, free convection, force air
- liquid cooling and evaporation. Especially the cooling methods used for military
applications and supercomputers need to be designed specially in order to obtain reliable
operating temperatures for electronic components. Conventional cooling methods for
electronic components may be inadequate in harsh operating environments. At this
point, active cooling techniques may be considered such as vapor compression
refrigeration (VCR) system. In this study, a vapor compression refrigeration system for
computers which need powerful cooling applications have been studied for maintaining
the chip surface temperature below the critical value of 85 °C. At the same time a
calculation module, for evaporator optimization and design, has been developed. The
minichannel evaporator design calculations were done by selecting from heat transfer
and pressure drop equations from the literature. Then, the chips which generates 100 -
500 W heat power will be modeled experimentally in the test apparatus which will be
formed by producing the designed evaporators. Chip surface temperatures will be
measured according to constant evaporation temperature and variable condensation
capacity and the results will be compared with the generated calculation module.

Key words: Computer cooling, Minichannel evaporator, Calculation module, VCR
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ABSTRACT: Air pollution refers to a phenomenon in which pollutants that are present
in various forms in the atmosphere have reached a level that harms humans and other
living beings. Human beings are the main reason for this pollution. Human activities
form the main source of pollutants (e.g. traffic, industry, heating systems). Natural
environment factors also have an influence on pollution, either positively or negatively.
Air pollution is one of the top ten risk factors against health throughout the world, which
makes it an important problem. Air pollution still exceeds safe limits worldwide,
particularly in big metropolitans, despite regular monitoring facilities and measures
taken. It is usually originated from industrial activities, fossil fuel use in domestic
settings and vehicle exhaust emission. Although there is a decrease in air pollution in big
cities of Turkey due to use of natural gas, it is still a serious health concern. In Gaziantep,
because of a rapid increase in its population recently, wrong urbanization and a relative
increase in industrialization, air pollution leads to dangerous levels, particularly in the
winter.

In the study, first of all, literature studies were conducted and the causes of air pollution
and the problems caused by increasing air pollution for human and environmental health
were tried to be concretized. In the study; The annual air pollution monitoring data of
Gaziantep province in the recent years were examined and the level of air pollution in
the province and the studies on the reduction of air pollution in the province were
examined

Key words: Gaziantep city, air pollutants, air pollution sources, lung health.

HAVA KIRLILIGININ INSAN SAGLIGI UZERINE ETKILERI VE GAZIANTEP
ILINDE HAVA KIiRLILIGi SORUNU

OZET: Atmosferde cesitli sekillerde bulunan kirleticilerin, insan ve diger canlilara zarar
verecek diizeye erismesi biciminde tanimlanan hava kirliliginin temel sorumlusu
insandir. Insanin yaptig1 beseri faaliyetler kirleticilerin temel kaynagini (trafik, sanayi ve
1sinma sistemleri vs.) olustururken, dogal cevre faktorleri de kirliligin etkisini olumlu



.\ UEMK 2019 Proceedings Book f‘ﬁﬁ 677
(.‘ ’ - 24/25 October 2019 Gaziantep University, TURKEY <

veya olumsuz bicimde etkilemektedirler. Hava kirliligi, diinya genelinde saghga yonelik
ilk on risk faktorlerinden olup, énemli bir sorun teskil etmektedir. Tiirkiye’deki hava
kalitesi de endise verici boyutlara ulasmistir. Hava kirliligi dtizeyleri diizenli olarak
izlenmesine ve miicadele edilmesine ragmen, buitiin diinyada, basta biiyiik metropoller
olmak tizere halen kabul edilen sinirlarin tizerinde seyretmektedir. Kirlilik 6zellikle
endiistriyel tesislerden, konutlarda 1sinma amach yakit tiiketiminden ve motorlu tasit
egzozlarindan kaynaklanmaktadir. Ulkemizde dogal gaz kullanimiyla biiyiik kentlerde
hava kirliliginde nispeten bir gerileme olmasma ragmen, halen ciddi bir sorun olarak
varligini stirdtirmektedir. Gaziantep’te son yillarda hizli niifus artisi, yanls kentlesme ve
nispeten artan sanayilesme nedeniyle 6zellikle kis aylarinda hava kirliligi ciddi boyutlara
ulasmaktadir.

Calismada oncelikle literatiir calismasi yapilarak hava kirliliginin nedenleri, artan hava
kirliliginin insan ve c¢evre saghgr icin olusturdugu sorunlar somutlastirilmaya
calisilmistir. Calismada ayrica; Gaziantep ilinin son yillardaki yillik hava kirliligi izleme
verileri incelenerek ilin hava kirliligi bakimindan hangi diizeyde oldugu ve ilde hava
kirliliginin azaltilmas1 konusunda yapilan calimalar incelenmistir.

Anahtar sozciikler: Gaziantep sehri, hava kirleticileri, hava kirliligi kaynaklari, akciger
saglig,

GIRIS

Cevre; insanlarin ve diger canlilarin yasamlar: boyunca karsilikli olarak etkilesim iginde
bulundugu, biyolojik, kimyasal, sosyal, ekonomik ve kiilttirel biittin faaliyetlerini devam
ettirdigi bir ortamdir.

Ne yazik ki biitiin canlilar i¢in 6nemli olan ¢evre, sanayinin diinyada hizla gelismesine
paralel olarak, ham madde ihtiyacinin karsilanmas: icin dogal kaynaklarin tiiketilmeye
baslanmasi, tiretim atiklarmmin hizla artmasi ve insanlarin bilingsizce dogaya zarar
vermesi sonucunda hizla kirletilmeye, tahrip edilmeye kisacast yok edilmeye
baslanmistir. Giintimiize gelindiginde ise cevre sorunlari ciddi problemler dogurmaya
baslamis ve tiim canli yasamu igin tehlikeli bir hal almistir (Cay ve Celik 2015).

Cevre sorunlarinin basinda biittin canhilar1 tehdit eden hava kirliligi problemi
gelmektedir. Atmosfer cok hizli hareket eden ve akiskan dinamik bir yap1 gosterdigi icin
istenmeyen cok sayida madde atmosfere hizla karismaktadir, bu karismada Iklim
ozelliklerinin olumlu ve olumsuz etkileri bilinmektedir (Garipagaoglu, 2013).

Atmosferin dogal yapisinda bulunan maddelerin miktarlarimin yiikselmesi veya yapiya
yabanci maddelerin girmesi sonucunda canli ve cansiz tiim ekosistemi farkli seviyelerde
olumsuz etkileyen havaya kirli hava denir. Orman yanginlari, volkanik patlamalar,
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batakliklarda anaerobik bakterilerin karmasik organik maddeleri olusturmas: esnasinda
ortaya ¢ikan karbon dioksit, metan, vb. gibi gazlarm atmosfere yayilmasi gibi dogal
olaylar nedeni ile atmosfer hig¢ bir zaman tertemiz olmamustir. Prehistorik devirde atesin
bulunmas: ile baslayan atmosferik kirlilik 20. ytizyilin ortalarindan itibaren patlama
noktasina varan endiustrilesme, kirsal alanlardan kentlere yonelik buiytik insan gocti,
hava kirlenmesi olayinin boyutlarini buytitmusttir (Tufan Cetin ve Stimbiil, 2010).

1. HAVA KIRLILIGI

Hava kirliligi, insan sagligi, canli hayatina zarar verecek, esya ve malzemelerin
bozulmalarina, ekolojik dengenin bozulmasina neden olabilecek diizeyde kati, siv1 veya
gaz formundaki kirleticilerin atmosferde bulunmasidir. Hava kirliligi, volkanik
aktiviteler, orman yanginlari, depremler ve batakliklar gibi dogal nedenlerle olusabildigi
gibi, sanayilesme, 1sitnma, ulasim ve enerji tiretimi gibi insan aktivitelerine bagh da
olusabilmektedir. Niifus artis1 ve buna bagh olarak artan sehirlesme ve sanayilesme
egilimi hava kirliligi sorununu beraberinde getirmektedir. Kuraklik, topografik kosullar
ve iklimsel ozellikler de hava kirliliginin diizeyini etkilemektedir (TMMOB Cevre
Miihendisleri Odasi, 2018).

Endiistriler ve enerji santralleri, yliksek miktarda Partikiil Madde (PM), Azot Oksitler
(NOx), Kukirt dioksit (SOz), karbon monoksit (CO), Hidrokarbonlar (HC), organik
bilesik ve diger kimyasallarin atmosfere salinmasina ve hava kalitesinin azalmasina
neden olur. Bu tesisler sadece yerel diizeyde insan ve cevre saghgma zarar vermekle
kalmaz, ayn1 zamanda bolgesel dlgekte asit yagmurlari, ozon olusumuna, ya kiiresel
olgekte ise iklim degisikligine neden olarak d