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ABSTRACT: A waste stabilization pond (WSP) is a hole in which household wastewater and other
types of sewage are stored for long periods so that organic materials existing in them are deposited,
decomposed and stabilized through exposure to light, heat, growth of algae and microorganisms. In this
study, wastewater samples collected and treated by the treatment plant of a slaughterhouse in Ahvaz
region of Iran and compared the relevant measured parameters with the standards, which set by the
Environmental Protection Organization of Iran in order to determine the efficiency of WSPs in treating
wastewater and making them usable for irrigation purposes. The results indicate that Turbidity, BODS5,
PH, COD, TDS, and TSS values for the treated wastewater stood at >1000 NTU, 912 mg/1, 8.78, 1520 mg/1,
1052 mg/l, and 2180 mg/l respectively. A comparison of these values with the standard values set by the
Environmental Protection Organization of Iran revealed a significant difference. This finding shows that
the wastewater treatment plant under study had a poor productivity and performance. The wastewater
treated by that facility should not be used for irrigation or discharge into surface water.

Key Words: Environmental standards, Wastewater reuse, Waste stabilization pond

fran’in Ahvaz Bélgesinde Mezbahane Stabilizasyon Havuzu Aritma Veriminin Aragtirilmasi

0Z: Atk stabilizasyon havuzu (ASH), evsel atik su ve diger kanalizasyon tiirlerinin uzun siire
bekletildigi, icinde bulunan organik materyallerin 1s1ga, 1sinmaya, alg ve mikroorganizmalarin
biiylimesine ortam hazirlayarak ¢okelmesine, parcalanmasina ve stabilize edilmesini saglayan bir
kuyudur. Bu galismada; Iran’m Ahvaz bolgesinde bulunan bir mezbahane toplanan ve aritma tesisinde
aritilmig atik sulardan numune alinarak ASH ile atik suyun aritimindaki verimin saptanmasi ve sulama
amacl kullanilabilmesi icin iran Cevre Koruma Orgﬁtﬁ tarafindan belirlenen standartlarla ilgili dl¢iilen
parametrelerin karsilastirilmas: yapilmisgtir. Calisma sonucunda, aritilmis atik suyun Tiirbiditesi, BOIs,
pH, KO, TCKM ve TAKM degerleri sirasiyla > 1000 NTU, 912 mg/L, 8.78, 1520 mg/L, 1052 mg/L ve 2180
mg/L olarak elde edilmistir. Bu degerlerin Iran Cevre Koruma Orgiitii tarafindan belirlenen standart
degerlerle karsilagtirilmas: sonucunda anlamli bir farkliik gozlemlenmektedir. Bulgular sonucunda
calismakta olan atik su aritma tesisinin verimlilik ve performans agisindan zayif oldugu goriilmektedir.
Tesis tarafindan aritilan atik su, sulama igin kullanilmamali ve ytiizeysel suya desarj edilmemelidir.

Anahtar Kelimeler: Cevre Standartlar,, Atik sularin yineden kullamlmasi, Atik stabilizasyon havuzu
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INTRODUCTION

The pollution caused by the activities of slaughterhouses units forms a huge part of the whole
environmental pollutions and plays a very important role in creating environmental crises. Disorders
caused by the wastewaters of these units change the status of aquatic ecosystems and have a negative
effect on the variety of species (Nejati, 2006). This matter makes treatment of these sewages essential.
Slaughterhouses are usually established far from the residential regions. Strategic management is not
considered serious in wastewater treatment systems of slaughterhouses and does not have a proper
efficiency. Therefore, slaughterhouses are considered as sources that pollute water and soil (Agha and
Heshmati, 2007). If concentration of pollutants does not reduce to the standard limit, they can put the
public health in danger by spreading pathogens and contamination of groundwater through wells
absorbing sewage (as one of the common methods of disposal of slaughterhouses' sewage). It is obvious
that applying proper management can provide such conditions to reduce the degree of wastewater
pollution and make sewage reuse, particularly for irrigation uses, possible (Stoop, 1999).

Based on the theory of sustainable development, protecting environment is considered an
unavoidable necessity for current and future generations and that is why the crisis of environmental
pollutions has turned to a universal issue and challenge today (Darijani and David, 2007; Kupusovic et
al., 2007). In this respect, being in compliance with the environment is considered as a precondition of
activity in huge levels (Dehghanian and Farajnezhad, 2000) and measuring values of spread of
environmental pollutants of productive and servicing units will have a special importance. Waste
stabilization ponds (WSP) are a hole in which household wastewater and other types of sewage are
stored for long periods of time so that organic materials existing in them are deposited, decomposed and
stabilized through exposure to light and heat and growth of algae and microorganisms. In WSPs,
deposition and stabilization processes take place simultaneously. Such features make WSPs suitable for
treating industrial sewage such as wastewaters produced by slaughterhouses, dairy plants and canned
food factories (Mara, 1999 ; Reed et al., 1995) .

Since natural processes has a basic role in sewage treatment in ponds and by considering the fact
that the speed of natural treatment processes is low, a long retention time is needed for sewage
treatment that this retention time is variable between few days to few months depending on weather
conditions. Stabilization ponds are among cheap methods of sewage treatment and they can easily be
used for treating a wide spectrum of urban and industrial sewages in regions in which there is suitable
weather conditions and sufficient cheap lands. Studies that have been done in some countries indicate
that waste stabilization ponds can be used as a proper pattern for treating rich sewages such as
slaughterhouse sewages (Eckenfelder, 1989). But comprehensive information of the performance of these
units in the country is not available. According to the present study which sampled wastewaters
collected and treated by the treatment plant of a slaughterhouse in Ahvaz and compared the relevant
measured parameters with the standards set by the Environmental Protection Organization of Iran in
order to determine the efficiency of WSPs in treating wastewaters and making them usable for irrigation
purposes.

Among researches in this field that have been done before, feasibility of using effluents of
wastewater treatment of industrial slaughterhouse for agricultural purposes in Qom which has been
done by Alireza Najimi et al in which parameters pH, COD, BOD5, input and output sewage have been
reviewed that all parameters are in the standard limitation of Environmental Protection Organization for
agricultural purposes (Najimi, 2009). Among other researches, we can refer to the review of
environmental pollutants of wastewater of slaughterhouse units that have been studies in the "Parandak
Khazar" slaughterhouse of Som'e Sara, which was done by Ms Saeyin Daneshvar et al. in this research
the parameters COD, TDS, BOD5, ammonium, coliform of digestive and fat and oil of wastewater
treatment plants were higher than standard (Daneshvar, 2012). In a research which was done with the
title of "review of efficacy of stabilization ponds in sewage treatment plans of Kermanshah's
slaughterhouse" by Mr. Mehdi farzad Kia, the indexes of sewage treatment such as pH, TSS, BOD5, COD
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all coliform bacteria and fecal coliform bacteria in exiting wastewater was tested and the obtained results
showed that the exiting wastewater of this treatment plant with the available quality is not capable of
being used in agricultural irrigation or disposal to surface waters and it has a significant statistical
difference with the standards of Environmental Protection Organization of Iran (Farzad Kia, 2004). And
in another research with the title of "review of efficiency of sewage treatment systems of Kerman's
slaughterhouses” which was done by Ms. Leyla Javarani et al, 500 tests were done on the collected
samples and the parameters pH, TSS, BOD5, COD were higher than the permitted limit by comparing
them with standard values (Javarini et al., 2009). And ultimately, in a research entitles as qualitative and
quantitative review of livestock and poultry slaughterhouses sewage in Lorestan province, which was
done by Ms. Elham Borna et al, by measuring the factors Oil, pH, COD, BOD5 and comparing them with
the results of standards of country's Environmental Protection Organization, it showed that exiting
sewage of Lorestan's livestock slaughterhouses, except for industrial slaughterhouse of Khoram Abad,
are more than the permitted limit and are not suitable for disposal to river and agricultural lands (Borna,
2002).

MATERIAL AND METHOD
Studied Region

Ahvaz's slaughterhouse with the daily slaughter capacity of 96 cows and Buffaloes, 1162 sheep and
goats in a land with an approximate area of 8 hectares, and with an infrastructure of about 8 thousands
square meters in 15th kilometer of Ahvaz — Khorram Shahr road is active in the area of comprehensive
urban project. This slaughterhouse lacks blood sampling unit and blood entered in sewage and raw
sewage approximately about 11000 cubic meters enters sewage treatment plants.

Type of pool treatment (Figure 1) is stabilization and it does not perform desirably and ultimately,
the wastewater caused by treatment is disposed in Karoun River. In addition, this slaughterhouse lacks
sewage treatment system and it only has a corpse-burning furnace for destructing the recorded corpses
and other wastes caused by the slaughter are disposed to the slaughterhouse's surrounding area. Figure
1 show a view of stabilization ponds of Ahvaz's slaughterhouse.

Figure 1. A view of stabilization ponds of Ahvaz's slaughterhouse
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Sampling

This research has been done on the input sewage and output wastewater of sewage treatment of
Ahvaz's slaughterhouse. In order to review the efficiency of this treatment plant, something was
arranged to remove the data from input and output sewage and it was set for the samples in cool
conditions to be quickly transferred for the associated tests to the environment laboratory of the
company "Ferdos Teb Shafa". In this research the parameters Turbidity, pH, BODs (Biochemical Oxygen
Demand), COD (Chemical Oxygen Demand), TDS (total dissolved substances) and TSS (total suspended
solids) were reviewed in the samples and the feature of the method of the done tests are shown in Table
1.

Table 1. Features of the method of testing the measured parameters

CONTAMINANTS

(PHYSICAL,CHEMICAL,BIOLOGICAL) UNIT TEST METHOD
Turbidity NTU S.M2130 modeB
PH - 5.M5210 modeB
BOD?5 required oxygen for biochemical reactions Mg/l 5.M5210 modeB
COD required oxygen for chemical reactions Mg/l S.M5220 modeB
TDS total dissolved substances Mg/l S.M2540 modeC
TSS total suspended substances Mg/l 5.M2540 modeD

RESULT AND DISCUSSION

In order to review the efficiency this treatment plant, the parameters, which were tested in exiting
wastewater , were compared with the environmental standards and criteria of Environmental Protection
Organization of Iran (Table 4) for disposal in surface waters or reuse of wastewaters (Environmental
Protection Organization of Iran, 1999). Results of analysis of input sewage of stabilization ponds are
shown in Table 2 and results of analysis of output sewage of stabilization ponds are shown in Table 3.

Table 2. Results of analysis of input sewage of stabilization ponds

CONTAMINANTS

IT RESULT
(PHYSICAL,CHEMICAL,BIOLOGICAL) UN SULTS

Turbidity NTU >1000
PH - 8.14
BODs required oxygen for biochemical reactions Mg/l 1440
COD required oxygen for chemical reactions Mg/l 2400
TDS total dissolved substances Mg/l 2600

TSS total suspended substances Mg/l 2580
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Table 3. Results of analysis of output sewage of stabilization ponds

CONTAMINANTS
(PHYSICAL,CHEMICAL,BIOLOGICAL) UNIT  RESULTS
Turbidity NTU >1000
PH - 8.08
BODS5 required oxygen for biochemical reactions | Mg/l 912
COD required oxygen for chemical reactions Mg/l 1520
TDS total dissolved substances Mg/l 1052
TSS total suspended substances Mg/l 2810

Table 4. Standards of exiting wastewaters of sewage treatment plants (Environmental Protection
Organization of Iran)

DISPOSAL
to DISPOSAL AGRICULTURAL

CONTAMINANTS SURFACE TO WELLS USES

(PHYSICAL,CHEMICAL,BIOLOGICAL) | WATERS Mg/l Mg/l
Mg/l

Turbidity 50 - 50
PH 6.5-8.5 59 6.5-8.5
BOD? required oxygen for biochemical 50 50 100
reactions
COD. required oxygen for chemical 100 100 200
reactions
TSS total suspended substances 60 - 100

Analysis of the values of physiochemical contaminants of raw sewage of Ahvaz's slaughterhouse
shows that the load of pollution of this raw wastewater of this treatment plant is high. Comparing the
physiochemical parameters of the wastewater of Ahvaz's slaughterhouse with the environmental
standards shows that the rate of TSS, COD, BODs and Turbidity is higher than standard and it
worrisome. High COD and BODs show that dissolved oxygen of the exiting wastewater that enters
surface waters is very low and this factor causes occurrence of the utriphication phenomenon; on the
other hand, high rate of suspended and dissolved solid substances lead to too much and abnormal
increase of the salts in water and soil in the region which will be problematic (Manesh and Afyooni,
2009).

Evaluation of Pond's Efficiency

According to the results written in valid references, the process of waste stabilization ponds has the
capability to omit 70% to 80% of BODs of samples that haven't been purified. And this capability shall
also be increased in the purified samples up to 90%. Reduction rate of TSS in waste stabilization ponds is
possible because of the presence of algae in exiting wastewater in rates less than BODs; nevertheless, this
process can easily reduce the number of bacteria up to 99.9999%, number of viruses up to 99.99% and
protozoa cysts and parasites up to 100% (World Health Organization, 2006).

Comparing means of percentage of omission of contaminants in waste stabilization ponds of Ahvaz's
slaughterhouse based on the results written in Table 5. With the acceptable values of contaminants in
this process indicates that efficiencies of the available ponds are low.
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Table 5. Omission rate of tested contaminants in stabilization ponds (percentage

CONTAMINANTS OMISSION RATE
(PHYSICAL,CHEMICAL,BIOLOGICAL) CONTAMINANTS

BOD:s required oxygen for biochemical reactions 36.66

COD required oxygen for chemical reactions 36.66

TDS total dissolved substances 59.53

TSS total suspended substances 15.50

Usability of Wastewater in Irrigation

Figure 2 show comparing the rate of contaminants in exiting wastewater and standards of Protection
Organization of Iran associated with using wastewater in agricultural irrigation shows that in most cases
the rates of remained contaminants in wastewater is multiple times more than the permitted limit.
According to this, using this wastewater for irrigation is in conflict with the standards of Protection
Organization of Iran.

2400 2180
2200
2000
1800 y
520
1600 1530
1400
1200 1000 1052
> 912
1000
200
00
400 . ,
200 50 50 100 60
0
Turbidity BODS CoD oS TSS
W measured value in Mg/A 8 standard limit of environment in Mg/l

Figure 2. Comparison of parameters of contaminants of exiting wastewater with the standards of
Environmental Protection Organization of Iran for irrigation purposes

Ability of Disposing Wastewater in Surface Waters

Figure 3 show Comparing the rate of contaminants in the exiting wastewater with standards of
disposing wastewater in surface waters of Environmental Protection Organization of Iran shows that in
most cases the rate of remained contaminants in the wastewater is multiple times more than the
permitted limit. According to this, disposal of exiting wastewater with this compound in river is in
conflict with the principles of country's Environmental protection and leads to pollution of river's water.

2400

2180
2200
2000
1800 .
520
1600 ASI0
1400
1200 1000 1052
9
1000 12
800
600
400 200
200 50 100 ? 100
0
Turtucity BOOS5 oD s LAY
B mesared valor in Mg/ ® standaed it of enizonment in Mg/l

Figure 3. Comparison of parameters of contaminants of exiting wastewater with the standards of
Environmental Protection Organization of Iran for disposal in surface waters
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CONCLUSION

Given the reviews that have been done, Ahvaz's slaughterhouse has not considered the
environmental actions and this slaughterhouse's exiting wastewater makes the load of environmental
pollution twice more. Low efficiency and increase of the volume of the exiting wastewater are the most
important problems of this treatment plant. In most of the slaughterhouses of Iran, due to lack of use of
proper technology, preliminary separation of blood for producing side products such as blood powder
does not take place; therefore, blood enters the sewage system and increase the organic load and degree
of sewage pollution which will consequently increase the side costs (environmental effects and costs of
water treatment). Since establishing efficient systems of sewage treatment is an unavoidable necessity
and needs a considerable investment, regulatory organizations can make establishment of industrial
units a priority by considering the national and regional conditions and in the form of development
programming model and obligate contaminant units to comply with the environmental standards. Also
developing and implementing proper encouraging and punishing policies, development of industrial
units, privatization and changing the role of government from outsourcer to policy maker and
supervisor, will be of crucial help to the improvement of environmental situation of the region. The
significant point is that of the necessity and value of environmental issues became clear for industry
owners, they will certainly become guardians of the ecosystems and we could hope that the policy of
"sustainable development" replaces development with each cost and method.

The provided treatment system shall response to environmental standards and requirements and
shall be suitable for the capacity of slaughterhouse, climatic conditions, personnel's skill and
implementation costs. One of the most suitable methods for treating slaughterhouses' sewage is
simultaneous use of physical and biological treatment.

Given the studies which have been done, the most important program of controlling and reducing
wastewater contaminants of slaughterhouses is announced as follows:

*Using chlorination method by intelligent systems instead of manual method for reducing microbial
load.

*Using anaerobic sequencing batch reactor (ASBR) in treating slaughterhouse' wastewater.

*Using new chemical treatment systems.

*Reconstructing dirt stuck systems, secondary treatment, fat retention and filtration of the
slaughterhouse.

*Using nanotechnologies in treating sewage of poultry Industry.

*Using ozone in order to reduce the microbial load of corpses and increase the durability of the
produced products.

*Using sewage treatment systems of activated sludge in the slaughterhouse and using the resulting
water for agricultural uses.
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OZ: Bu cahismada, Hidroksi (HHO) hiicre performanslari, kural tabanli Mamdani tipi bulamk
modelleme teknigi ile gerilim, akim ve sicaklik parametreleri bakimindan modellenmistir. Girig
parametreleri plaka sayisi ve zaman (t), ¢ikis parametreleri gerilim (V), akim (A) ve sicaklik (°C); Kural
Tabanli Mamdani Tip Bulanik Mantik (KTMTBM) tarafindan tanimlanmugtir. Giris ve c¢ikis
parametrelerinin sayisal verileri bulaniklastirmistir. Bunlar; ¢ok ¢ok diisiik (L1), ¢ok diisiik (L2), diisiik
(Ls), negatif orta (L4), orta (Ls), pozitif orta (Ls), yiiksek (L7), ¢ok yiiksek (Ls) ve ¢ok ¢ok yiiksek (Lo) dur.
Bu sistem icin 2 giris degeri bulunmakta ve her bir ¢ikis degeri igin 9x9 matrisinden 81 kural olmak
tizere toplam 243 kural elde edilmistir. Sistemin girisi ile ¢ikis1 arasindaki iligkiyi tanimlayan ve bulanik
mantik denetleyicinin davramglarini tespit eden denetim kurallarinin bir sonucu olarak, deneysel
calismadan elde edilen her bir deger ayni zamanda bulanik mantik ile belirlenmistir. Bulanuk mantik
yontemiyle olusturulan modelden elde edilen sonuglar ile deneysel ¢alismada tespit edilen sonuglar
determinasyon katsayis1 yontemi (R?) kullanilarak karsilastirilmistir. R? yonteminde, voltaj, akim ve
sicaklik igin sirasiyla %98,29; %99,5; %96,47 degerleri tespit edilmistir.Ayrica, deneysel calismada
yapilmamis degerler BM modeli sayesinde tahmin edilmistir. Bu c¢alisma, HHO hiicresinin
performansinin belirlenmesinde, bulanik mantik yonteminin basariyla uygulanabildigini gostermistir.

Anahtar Kelimeler: Bulanik mantik (BM), Hidroksi (HHO) hiicresi, Performans

Fuzzy Logic Modeling of Performance HHO Dry Cell

ABSTRACT: In this study, hydroxy (HHO) dry cell performances in terms of voltage, current and
temperature were modeled with Rule-Based Mamdani-Type Fuzzy (RBMTF) modeling technique. Input
parameters combination and time; output parameters voltage, current, temperature were described by
RBMTE. Numerical parameters of input and output variables were fuzzificated as linguistic variables:
very very low (L1), very low (L2), low (Ls), negative medium (L4), medium (Ls), positive medium (Ls),
high (L7), very high (Ls) and very very high (Lo) linguistic classes. In this system, there are 2 inputs and
81 rules for the every output of 9x9 matrix and totally 81x3=243 rules are generated. Hereafter the rules,
which are used to detect the behavior of the fuzzy logic controller and the relationship between system’s
input and output, are determined. As a result of these rules, every value obtained from the experimental
study is also determined by fuzzy logic too. The comparison between experimental data and RBMTF is
done by using coefficient of multiple determination (R?). Also, unperformed experiments are predicted
with RBMTEF. This study indicated that RBMTF can be successfully used for the specification HHO dry
cell performances.

Key Words: Fuzzy logic, HHO dry cell, Performance
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GIRIS INTRODUCTION)

Hidrokarbon yakitlar diinyada kullanilan enerjinin birincil kaynagini olusturmaktadir. Hidrokarbon
yakit kullaniminin baglica olumsuz yan etkileri arasinda zararh kirletici emisyonlari, artan sera gazi
diizeyleri, yiiksek maliyetler ve politik istikrarsizlik gelmektedir. Bu yakitin tiiketimini ve ortaya ¢ikan
emisyonunu azaltmanin bir yolu, bir yakit takviyesi olarak hidrojen kullanmaktir (Bhardwaj ve dig.,
2014). Yanma siirecindeki hava girisinde hidrojen gazi ilavesi alev hizini, yalin yanma yetenegini ve alev
sondiirme mesafesini arttirmaktadir. Fakat ulagim kitlig1 ve {iretim maliyeti bu tiir uygulama yapmay1
zorlagtirmaktadir. Brown Gaz veya hidroksi hiicresi (HHO) olarak adlandirilan; suyun elektrolizi ile
tiretilen hidrojence zengin bir gaz, bu zorluklar1 ¢6zmek icin bir alternatif olabilir (Leelakrishnan ve dig.,
2013). 1918 yilinda Charles Frazer, Kuzey Amerikali mucit, i¢ten yanmali motorlar igin hidrojen
gliclendirici olarak kullanilan ilk su elektroliz makinesinin patentini aldi. 1970 ve 80'1i yillarda, Yull
Brown, bir Bulgaristan dogumlu Avustralyali mucit, Brown Gazinin patentini alarak bir kesme gaz1 ve
yakit katki maddesi olarak sevdirmeye ve popiiler hale getirmeye calist1 (Cameron, 2012). HHO hidrojen
ve oksijenin molekiiler ve manyetik olarak birbirine baglanmasiyla olusan zenginlestirilmis bir
kansimdir. HHO gaz1 ortak-kanalli elektrolizerde iiretilmekte ve motorun yanma odas: icine emme
manifoldundan gonderilmektedir (Yadav ve Sawant, 2011).

Otomotiv uygulamalarinda hidrojen gazi kullanmanin zorluklarindan biri depolamadir. HHO arag
tizerinde olusturulmuyor olsaydi eger biiyiik tanklar gerekli olacakti. Bu nedenle, arag {izerinde hidrojen
gaz1 lretimi ile bu son derece patlayici gazi depolamak zorunda kalinmayacaktir. Ancak, hidrojen
iiretimi de ekstra bir maliyetle gelmektedir. Aracin akiisii ve alternatorii iizerinde bir yiik olusturacak ve
bu da motor giiclinii etkileyecektir. HHO gazinin yanma siirecine katilimiyla daha iyi yanma, artan
motor giicii ve diisiik emisyonlar1 saglayacag: tahmin edilmektedir (Madyira ve Harding, 2014). HHO
jenerator tasarmmlarinda dikkat edilmesi gereken noktalar; elektrotlarin segimi, iki elektrot arasmdaki
mesafe, elektrotlar arasindaki baglanti, katalizoriin se¢imi, seviyesi, hazne se¢imi, elektriksel baglant: ve
yangin korumasi olarak siralanabilir (Chakrapani ve Neelamegam, 2011).

HHO gazimin tutusma sicakligr yaklasik 570°C’dir ve normal atmosfer basincinda stokiyometrik
karigim igin 241,8 kJ 1sitma degeri meydana gelir. Normal sartlar altinda, HHO gaz1 hacimsel olarak
yaklasik %4 ile %94 hidrojen arasinda oldugunda yanabilir. Ateslendiginde, gaz karigimi, su buhar ve
enerji agiga cikarir. Agiga cikan 1s1 miktari, yanma tarzindan bagimsizdir, ama alev sicakligi degisir.
2800°C'lik ytiiksek sicaklikta saf stokiyometrik karisimi ile elde edilir ve havada yanmakta olan bir
hidrojen alevinden yaklasik 700°C daha sicaktir (Dincer ve dig., 2013; Sakthivel, 2014). HHO gaz1 ¢ok
yliksek yayilmaya sahiptir. Havada dagilma 6zelligi benzinden ¢ok daha fazladir ve iki nedenden dolay1
avantajlidir. Tlk olarak, homojen hava yakit karigimi ve olusumunu kolaylastirir ve ikinci olarak
herhangi bir sizint1 olursa hizla dagilabilir. HHO gaz yogunlugu ¢ok diisiiktiir. Igten yanmali bir
motorda kullanildiginda bu depolama sorununa yol acar. Birka¢ arastirma ile suyun bir litresi ile
yaklagik 1866 litre HHO gaz tiretildigi tespit edilmistir. Bu gaz ateslendiginde, hacim orijinal hali olan
bir litre su hacmine diismektedir (Dincer ve dig., 2013; Sakthivel, 2014).

Bu calismada, HHO hiicresinin performansi deneysel verilerin yardimi ile bularuk mantik (BM)
modeli olusturularak incelenmistir. Deneysel c¢alismalarin modellenmesinde BM yontemi gesitli
avantajlar saglamaktadur.

Deneysel calismalarda sonuglarin elde edilmesinde zaman ve maliyet unsuru, daha 6nce yapilmis
deneylerden elde edilen verilerle genellemeler yaparak, bu genelleme ile daha 6nce gerceklestirilmemis
deneylere iliskin ¢oziimler {iretilmesini gerektirmistir. Bu kapsamda kullanilan bulanik mantik modeli
ayrica deneyler icin 6rnekler alinirken ara degerlerin sonucunun bilinememesi, bagimsiz degiskenlerin
sayisimnin ¢ok fazla olmasi nedeniyle hesaplamalarin zor olusu gibi olumsuz durumlan gidermek icin de
kullanilir (Hasgiil ve Anagtin, 2005).

Literatiir incelendiginde, arastirmacilarin bulanik mantik yontemini kullanarak olusturduklar: farkl
sistemlere ait modelleme ¢alismalarinin oldugu goriiliir. Ata ve Dincer (2015a; 2015b) anot tarafi KNT ile
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kaplanmis PEM yakit hiicresi membran performansinin tespiti icin BM modelini olusturmuslardir.
Deneysel veriler ile model sonuglarinin istatistik metotlar kullanilarak karsilastirildigi ¢alisma sonunda
KNT ile kaplanan PEM yakit hiicresinin membran performansinin belirlenmesinde BM yonteminin
basartyla uygulanabildigini gostermislerdir. Gao ve dig., (2008) yakit hiicresi sistemi ile donatilmis bir
hibrit otobiisii iizerine calismalar yapmis ve bulanik mantifa dayali bir enerji yOnetim stratejisi
gelistirmiglerdir. Karmasik gii¢ sistemlerinde enerji akisimi yonetmek igin bir bulanik mantik sistemi
gelistirmis ve uygulamislardir. Tong ve dig., (2003) yaklasik 1 kW PEM vyakit hiicresi {initesi tizerine
calismislar, yigin gerilimi, katot akimi ve anot akiminin modellemesini gelistirmislerdir. Dis yiikiin giic
talebinin, basitlestirilmis degiskenli bulanik denetleyicisinin gercek zamanl kontrolii altinda yakit
hiicresi tarafindan temin edilebilecegini onermislerdir. Keshwani ve dig., (2008), cilt gecirgenliginin
kural tabanli Mamdani tipi bulanik modellemesini gergeklestirmislerdir. Toksisite riskleri, transdermal
ila¢ saglanmasi icin aday belirlemek ve tahmin etmek i¢in sunulan modelleri bilesiklerin deri
gecirgenligini hizli bir sekilde degerlendirmek icin kullanmiglardir. Shakhawat ve dig., (2006), tiretilen
su icinde dogal olarak meydana gelen insan saghgi igin riskli radyoaktif maddelerin bulanik kural
tabanli modellemesi {izerine caligmislardir. Uretilen suyun icinde dogal olarak olusan radyoaktif
maddelerin insan saghg risk degerlendirmesi igin bir ¢ift bariyer yaklasimi 6nermislerdir. Tosun ve dig.,
(2011) Tiirkiye'de konutlarda kullanilan ¢ok katmanl prekast beton panellerin termal performanslarin
kural tabanli Mamdani tipi bulanik modelleme kullanarak incelemislerdir. BM'nin konut ¢alismalarinda
kullanilan ¢ok tabakali prefabrik beton panellerin termal performansinin degerlendirilmesinde giivenilir
bir modelleme yontemi olarak kullamilabilecegini kaydetmislerdir. Yildiz ve Kisoglu (2011), bayan dis
giyim alaninda faaliyet gosteren hazir giyim isletmelerinden alinan boyut tablolar: ve viicut biiytikligii
numaralarini inceleyerek ortak bir viicut numaralandirma sistemini bulanik mantik sistemi kullanarak
modellemislerdir. Yapilan bu modelleme ile; pazarlama problemlerine olumlu anlamda katk:
saglanacagini ve hazir giyim sektoriinde rekabete katkida bulunarak tiiketici iiriinleri ile ilgili sorunlarin
azalacagini 6nermislerdir. Ozek ve Sinecen (2004), bir havalandirma sisteminin modelini bulanik mantik
yaklasimiyla incelemislerdir; ¢iinkii kontrol sistemlerindeki temel sorunlardan biri kontrol mekanizmasi
ile ilgili matematiksel modeli olusturmadaki zorluktur. Kontrol sisteminin matematik modeli
kullanilmadan yapilan bulanik mantik yonteminin sadece sozel degiskenler yardimiyla kontrol
mekanizmast gerceklestirebildigini gostermislerdir. Tiryaki ve Kazan (2007), giinliik yasamda sik
kullanilan bir bulasik makinasinin simule edilmesi ve bulanik mantik kullanilarak modellenmesi
iizerine ¢alismiglardir. Uygun bir donanim destegi ve uygun sensorler kullanildiginda bulamk mantik
modelinin amaci ile bulagik miktari, tiirii gibi girdilere gore, insan miidahalesi olmadan yikama
isleminin yapilabilecegi sonucuna varmiglardir. Berber ve dig., (2013) karsit akisli Ranque-Hilsch vorteks
tiiplerinin 1sitma ve sogutma performanslarini deneysel olarak incelemis ve bir kural tabanli Mamdani
tipi bularik modelleme teknigi ile modellemislerdir. BM'nin bagarih bir sekilde farkli geometrik yapilara
sahip karsi akish Ranque-Hilsch vorteks tiipii 1sitma ve sogutma performans analizi igin
kullanilabilecegini gostermislerdir.

Bu ¢alismada, HHO hiicre performanslari, kural tabanli Mamdani tipi bulanik modelleme teknigi ile
gerilim, akim ve sicaklik parametreleri bakimindan modellenmistir. Girig parametreleri kombinasyon ve
zaman; ¢ikis parametreleri voltaj, akim ve sicaklik; BM tarafindan tanimlanmigtir. Plaka sayis1 1-10
arasinda degistirilerek, 10 dakikalik siire icerisinde tespit edilen volt, akim ve sicaklik olmak {izere
toplam 300 deneysel veri bu modelleme calismasinda kullanilmistir. Giris ve ¢ikis degiskenlerinin
sayisal parametreleri bulaniklastirilarak sozel degiskenlere ¢evrilmistir. Cok ¢ok diisiik (L1), ¢ok diisiik
(L2), dustik (Ls), negatif orta (Ls), orta (Ls), pozitif orta (Le), yiiksek ( L), ¢ok yiiksek (Ls) ve ¢ok ¢ok
yiiksek (Lo) dil siniflarini ifade etmektedir. Sistemin giris ve ¢ikis arasindaki iliskinin davraniglar: tespit
icin kullanilan kurallar belirlenmistir. Bu sistem icin kullanilan dil degiskenleri ile 243 kural elde
edilmistir. Bu kurallarin bir sonucu olarak, deneysel ¢alismadan elde edilen her bir deger ayn1 zamanda
bulanik mantik ile belirlenmistir. Deneysel veriler ve BM arasindaki karsilastirma istatistiksel yontemler
kullanilarak yapilmistir. Coklu Determinasyon katsayisi (R?) yonteminde, voltaj, akim ve sicaklik igin
sirasiyla % 98,29; % 99,5; % 96,47 degerleri tespit edilmistir. 100 ve 580 saniye arasinda yer alan, deneysel
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calismada yapilmamis her plakaya ait toplam 270 cikis degeri icin voltaj, akim ve sicaklik degerleri BM
ile tahmin edilmistir. Bu ¢calismanin temel amaci, bir bulanik mantik modeli {ireterek HHO hiicresinin
performansini degerlendirmenin miimkiin oldugunu sunmaktir. Gergek degerler ve BM sonuglari, HHO
hiicresinin analizi i¢in bulanik mantik yonteminin kullanilabilecegini gostermistir.

MATERYAL ve YONTEM (MATERIAL and METHOD)

Bulanik mantik yaklagimi, makinalara insanlarin deneyimleri ve dngoriilerinden faydalanilarak 6zel
verilerin islenmesi ve calisma yetenegini vermektedir. Bu yetenegi gelistirirken, sayisal ifadeler yerine
sembolik Ifadeler kullanilmaktadir. Makinelere bu sembolik ifadelerin transferi matematiksel bir esasa
dayanmaktadir. Bu matematiksel temel; bularuk mantik kiime teorisidir ve bulanik mantik bu teoriye
dayanmaktadir. Bulanik mantik denetleyicinin temelini bu tiir sézlii Ifadeler ve onlarin arasindaki
mantiksal iligkiler olusturmaktadir (Yilmaz ve Ayan, 2013). Bulanik kiime, klasik kiime kavraminin
genellestirilmis halidir. Bir elemanin o kiimeye ne kadar ait oldugu iiyelik dereceleri ile ifade edilir.
Klasik kiimede {0,1} ile ifade edilen iiyelik dereceleri, bulanik kiimede siireklilik arz eden ve [0,1]
araliginda tiyelik dereceleri alan elemanlardan olusmaktadir (Gtilcan, 2012).

Bu ¢alismada, deneysel verilerden yararlanilarak olusturulan bulanik mantik model ¢aligmasi igin
Matlab programinin Fuzzy Logic modiilii kullamilmistir. Bu modiil, sisteme ait giris ve c¢ikis
parametrelerinin belirlenmesi, her bir parametreye ait bulanik kiime olusturulmasi ve bu sistemin
calismasi i¢in kurallarin belirlenmesi asamalarina sahiptir. Olusturulan kurallar ile sisteme 0grettigimiz
calisma sonucunda, tiim parametrelerin ii¢ boyutlu degisimini gosteren yiizey izleyici seklini ve istenen
giris degerlerine gore ¢ikis degerinde nasil bir sonugla karsilasacagimizi bize sunar. Matlab Fuzzy Logic
modiiliine ilk giris yapildiginda bulamk c¢karmm yontemlerinden Mamdani veya Sugeno
yontemlerinden hangisinin kullanilacagr segilir. Bu c¢alismada Mamdani yontemi kullanilmigtir.
Mamdani yontemi, deneysel ¢alismalarin bulanik mantik modeli olusturulmasinda ¢ok fazla kullanilan,
deneysel calismadaki her bir asamada bilgi sahibi olan uzman bilgisi gerektiren ve her tiirlii problemin
¢O6zlimiine uygulanabilen bir bulanik mantik yontemidir. Sugeno yonteminde ¢ikis iiyelik fonksiyonlar:
katsayilar ve girigslerden olusan polinom seklinde oldugu durumlar ve degisken sayisinin ¢ok fazla
olmadig1 durumlarda tercih edilir.

Modelleme c¢alismas: igin sisteme ait giris-gikis parametreleri belirlenir. Giris parametreleri,
kombinasyon ve zaman, ¢ikis parametreleri ise gerilim, akim ve sicaklik olarak belirlenmistir. Her bir
cikis parametresi ayri ayr1 incelenerek modelleme calismas: yapilmigtir. Sekil 1a’da gerilim degerleri igin
olusturulmus bulanik mantik yapisi gosterilmistir. Giris-¢ikis parametrelerini belirledikten sonra her
birisinin fonksiyon kiimeleri olusturulur. Elde ettigimiz deneysel verilerin yorumlanmasindan sonra, bu
degerlerin kag tane dilsel degiskenle isimlendirilecegine karar verilir. Bu asamadan sonra {iyelik
fonksiyonu ¢esitlerinden hangisinin kullanilacag1 belirlenir. Bu calismada, deneysel verilerin
modellenmesinde ¢ok fazla kullanilan tiggen ve yamuk iiyelik fonksiyonlar: kullanilmistir. Deneysel
calismanin sisteme Ogretilen bu asamasinda yapilan yanlislar, sonucu direk olarak etkileyecektir.
Deneysel calismadaki verilerin iyi bir sekilde analiz edilmesi, bundan sonra dilsel degisken ve {iyelik
fonksiyonu ¢esidinin belirlenmesi gerekir. Bulanik mantik sisteminin performansin etkileyen en énemli
faktor; sistemin kurallar1 ve bunlarin dogrulugudur. Kurallar belirlenirken deneysel calismada elde
edilmis her deger iyi bir sekilde analiz edilmesi gerekir. Sisteme 6gretilen her yanhs kural BM modelinin
dogruluk hassasiyetinin bozulmasina neden olur (Ata, 2015).

Bu calismada, 2 giris ve 3 c¢ikish bir sistem icin, her ¢ikis i¢in 81 kural ve toplamda 243 kural
olusturulmustur. Sekil 1b’de gerilim degerinin analizi igin yazilmis kurallardan 40. ile 50. kural arasina
ait Matlab goriintiisii gdsterilmektedir. Kurallar “eger..ise” durumuna gére yazilmistir. Ornek vermek
gerekirse, 40. kural, C degerinin Cs dilsel degiskenine, t degerinin ts dilsel degiskenine karsilik geldigi
zaman, c¢ikis parametresi olan V degerinin Vs dilsel degiskenine karsilik gelmesi gerektigini
belirtmektedir.
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Sekil 1. (a) Gerilim degeri icin KTMTBM'nin yapas1 (b) Gerilim degerleri icin yazilar kurallarin bazilar
Figure 1. (a) Structure of RBMTF for voltage values (b) Some of the rules for writing voltage values

Analitik formda bulanik tiyelik fonksiyonlari, V igin denklem (1-4), A icin denklem (5-8), oC igin
denklem (9-12) denklemleri ile ifade edilmistir.

9.4<x<48
otherwise

V(x) = {())(

o]
(15.83 - x)/6 43;

|(x-22. 26)/6 43
T (35.12 - x)/6 43;

X >35.12
(%) = otherwise
(48— x)/6 43; if 41.55<x<48
x; 1f 0.3<x<5.32
A(x) =
0; otherwise
0; otherwise
A(x)= o
(0.9275 — x)/0.6275; if 0.3<x<0.9275

otherwise
if 9.4<x<15.83

X <22.26
if 22.26 < x <28.69
if 28.69 <x<35.12

M

)

®)

(4)

®)

(6)
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X < 2.1825
A = (X-2. 1825)/0 6275; if 2.1825 < x < 2.81
" 1(3.4375 - x)/O 6275; if 2.81 < x <3.4375

X > 3.4375 @
(%) = otherwise
(5.32 - x)/O 6275; if 4.6925 < x<5.32 ®)
X; if 16.43<x<37.36
T(x)=
0; otherwise ©)
() = otherwise
(18.93 — x)/2 63; if 16.3<x<18.93 (10)
X <2419
(x 24. 19)/2 63; if 24.19 < x<26.83
~ 1(29.46 — x)/2 63; if 26.83 < x <29.46
X > 29.46 a1
(x) = 0; otherwise
? (37.36 —x)/2.63; if 3473 <x <37.36 12)

BULGULAR VE TARTISMA (RESULTS AND DISCUSSION)

Bulanik mantik modeli olusturmanin temel asamalari, bulaniklagtirma, kural tabami olusturma,
bulanik c¢ikarim mekanizmasi ve son olarak durulastirma adimlarindan olusur. Bulaniklagtirma
isleminde, bilgisayara Ol¢iim yoluyla alinan ve kesin bir sayisal degere sahip olan giris verisi sozel
ifadelere doniistiiriiliir. Bu asamada bilgi tabaminda belirlenen {iyelik fonksiyonlarindan yararlanilir.
Bulaniklastirma sonunda elde edilen sozel ifadeler kullanilarak, sistemin giris ve ¢ikis1 arasindaki iliskiyi
tanimlayan kurallar belirlenir. Bulanik ¢ikarimda ise s6zel ifadeler ve kurallar kullanilarak bulanik ¢ikis
elde edilir. Bulanik ¢ikiglarin, sayisal ¢ikis degerine doniistiiriilmesi islemi de durulastirma ya da
berraklastirma katinda yapilir (Tektas, 2010).

Bu caligmanin amaci, deneysel verilerin yardimiyla HHO hiicresi performanslarinin, BM
modelleme teknigi ile modellenmesidir. Performans parametreleri, gerilim, akim ve sicaklik olarak
belirlenmistir. Sistemin girisi ile ¢ikis1 arasindaki iliskiyi tamimlayan ve bulanik mantik denetleyicinin
davraruslarini tespit eden denetim kurallar1 olusturulmustur. Bu kurallarin bir sonucu olarak, deneysel
calismadan elde edilen her bir deger ayn1 zamanda da bulanik mantik ile de belirlenmistir. Bulanik
mantik yontemiyle olusturulan modelden elde edilen sonuglar ile deneysel ¢alismada tespit edilen
sonuglar, ¢oklu determinasyon yontemi kullanilarak mukayese edilmistir. Ayrica ¢alismada, deneysel
calismada gergeklestirilmemis deneyler, bulanik mantik modeli sayesinde tahmin ettirilmistir.

[k asamada, sistem icin belirlenen bulanik kiime, iiyelik fonksiyonlar: ve olusturulan kurallar ile
deneysel calismanin bilgisayara 6gretilme islemi tamamlanmisti. Deneysel ¢alismalarda elde edilen
degerlere, olusturulan bulanik mantik modeli ile de ulasabilecegimizi gormek icin kural izleyicisi
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meniisti kullanilir. Sekil 2b’de giris degerlerinin yazildiktan sonra ¢ikis degerinin sonucunu gosteren
kural izleyici sayfasina ait Matlab goriintiisii gosterilmistir. Seklin en altinda sistemin kag kuralla bu
sonuca karar verdigini belirten kural sayis1 yazilmistir. Gerilim ¢ikis degerine ait sonucun gosterildigi
sekilde, C degeri 5 ve t degeri 540 s iken V degerinin 35.1 olmasi gerektigini, belirlenen 81 kural
sonucunda karar verdigini belirtiyor.

Deneysel calismada elde edilen sonug ile karsilastirilmas: yapilarak, hata varsa tekrar bulanik kiime
olusturulmasi ve {iyelik fonksiyonu belirlenmesi asamasina gegilir. Sekil 2b’de Dincer ve dig., (2013)
yaptiklar1 deneysel calismanin sonuglarimin bir kismi verilmistir. Yukarida verilen 6rnek goézoniine
alinirsa C degerinin 5 oldugu yani 11-6 kombinasyonunda oldugu, t degerinin ise 540.saniye yani 9.
dakikada olmasi durumunda deneysel calisma elde edilen degerin 35.3 V oldugu goriilmektedir. BM
modelinin tespit ettigi degere ¢ok yakin bir deger oldugu goriilmektedir. Tiim degerler icin bu sekilde
karsilastirma yapilarak sistemin hata orar tespit edilir.
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Sekil 2. (a) Gerilim degerinin bulanik mantik ile hesaplanmasina ait goriintii (b) HHO hiicresi

performansina ait bazi deneysel veriler
Figure 2. (a) Image of calculation of voltage value by fuzzy logic (b) Some experimental data on HHO cell performance

Sekil 3a-3c, BM ile deneysel verilerin sirasiyla voltaj, akim ve sicaklik degerlerinin zaman ve plaka
sayisina gore degisiminin karsilastirmasini gostermektedir (plaka numarasi = 1-10; t = 60-600s). Bu
karsilastirma sonucunda bulanik mantik degerleri ile gercek degerlerin birbirlerine olduk¢a uyumlu
olduklarimi gormekteyiz.
> Sistem 6 ya da daha fazla plakaya sahip ise, voltaj degeri stabildir, ancak 6 ya da daha az
plakaya sahip ise voltaj zamanla azalir (Sekil 3a).
> Akim degeri zamanla ve plaka sayisi arttik¢a azalmaktadir, 3 veya daha az plaka oldugunda
akim degeri stabildir (Sekil 3b).
> Her plakada sicaklik zamanla artmaktadir, 5 plaka olmasi durumunda sicaklik maksimum
degerini almaktadir (Sekil 3c).
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Sekil 3. Deneysel verilerin bulanik mantik verileri ile karsilastirilmasi (a) Gerilim, (b) Akim, (c) Sicaklik
Figure 3. Comparison of experimental datas with fuzzy logic datas (a) Voltage, (b) Current, (c) Temperature

Deneysel veriler ve bulanik mantik arasindaki karsilastirma c¢oklu determinasyon katsayisi (R?)

kullanilarak yapilmistir. Burada tm, m gergek degeri, ypm tahmin edilen degeri, o gercek degerlerin
ortalamasini ifade etmektedir (Onal ve dig., 2015).

, Z(tm,m - yp,m)2
R = 1_ m:l

Z(tm,m - fm,m)2
m=1

(13)

Sekil 4a-4c sirasiyla gercek sonuglar ile ve BM model sonuglariin karsilastirilmasin gostermektedir. R?,
voltaj icin % 98.29, akim icin % 99.5 ve sicaklik % 96,47 'dir. Sekil 4a-4c incelendiginde; gercek degerler
ve bulanik mantiktan elde edilen degerlerin birbirine ¢ok yakin oldugu gozlemlenmistir.
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Sekil 4. Deneysel veriler ile bularuk mantik verilerinin ¢oklu determinasyon katsayisi ile

karsilagtirilmasi (a) Gerilim, (b) Akim, (c) Sicaklik
Figure 4. Comparison of experimental data with fuzzy logic datas with multiple determination coefficients (a) Voltage, (b) Current, (c)
Temperature

Bulanik mantik, deneyler ile elde etmesi miimkiin olmayan ara degerleri de degerlendirme
avantajina sahiptir. Bu ¢ahismada, bulanik mantik ayrica deneysel ¢alismada elde edilmeyen degerlerin
tahmin edilerek belirlenmesi i¢in de kullanilmistir. Gerilim, akim ve sicaklik i¢in deneysel c¢alisma
sirasinda elde edilmemis 100 ve 580 saniye arasindaki 270 deger bulanik mantik yontemi ile tahmin
edilmistir. Sekil 5a-5¢c, BM modeli ile tahmin ettirilerek elde edilen degerler ile deneysel verilerin voltaj,
akim ve sicaklik degerlerinin zaman ve plaka sayisina gore degisiminin kargilagtirilmasin
gostermektedir. Bu sekiller analiz edildiginde asagidaki bilgilere ulagilir.

> Plaka sayisi=4 ve t=270s icin BM modeli ile elde edilen gerilim degeri, plaka sayisi=4 ve t=240s

i¢cin deneysel calisma ile elde edilen gerilim degerinden daha kiigliktiir, fakat plaka sayisi=4 ve
t=300s i¢in deneysel ¢alisma ile elde edilen degerden daha biiytiktiir (Sekil 5a).

> Plaka say1s1=9 ve t=270s i¢cin BM modeli ile elde edilen akim degeri, plaka say1s1=9 ve t=240s igin

deneysel ¢alisma ile elde edilen akim degerinden daha kiigiiktiir, fakat plaka say1si=9 ve t=300s
icin deneysel ¢alisma ile elde edilen degerden daha biiyiiktiir (Sekil 5b).

> Plaka sayis1=9 ve t=270s i¢in BM modeli ile elde edilen sicaklik degeri, plaka sayisi=9 ve t=240s

icin deneysel ¢alisma ile elde edilen sicaklik degerinden daha kiigtiiktiir, fakat plaka say1s1=9 ve
t=300s i¢in deneysel ¢alisma ile elde edilen degerden daha biiytiktiir (Sekil 5c).
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Sekil 5. Bulanik mantik yontemi ile tahmin ettirilen veriler (a) Gerilim, (b) Akim, (¢) Sicaklik
Figure 5. Predicted datas by fuzzy logic method (a) Voltage, (b) Current, (c) Temperature

SONUC VE TARTISMALAR (RESULTS and DISCUSSIONS)

Bu calismada, HHO hiicresi performansi, gerilim, akim ve sicaklik parametreleri bakimindan
incelenmis ve BM yoOntemi ile modellenmistir. Gelistirilen BM model sisteminde, ¢ikis parametresi olan
gerilim, akim ve sicaklik; giris parametreleri plaka sayisi ve zaman kullanilarak tespit edilmistir. Bulanik
mantik denetleyici davrarusini belirlemek ve sistemin giris-cikis arasindaki iliskisini tespit etmek igin
243 kural belirlenmistir. Bu kurallarin bir sonucu olarak, deneysel ¢alismadan elde edilen her bir deger
aym zamanda da bulanik mantik yontemi ile de belirlenmistir. Bulanik mantik ve deneysel veriler
arasinda kargilagtirma istatistiksel yontem olan c¢oklu determinasyon katsayr yontemi kullanilarak
gergeklestirilmistir. Gergek degerler ve BM model sonuglar;; BM model tekniginin basarili bir sekilde
HHO hiicresi performansini belirlemede kullanilabilecegini gostermistir. Ayrica, gerceklestirilmemis

deneyler BM modeli ile tahmin ettirilerek BM'nin deneysel ¢alismalarda kullamilmasimnin 6nemi
belirtilmigtir.
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ABSTRACT: The most important, complex and time-consuming process of land consolidation is known
as the reallocation phase. Reallocation processes in land consolidation projects in Turkey is made
according to farmer preferences (interview). Besides, the optimization studies based on the mathematical
models for the reallocation process in many scientific researches in addition to reallocation model based
on interview have been conducted. But, because there isn't a precise mathematical model for the
reallocation process, many different solutions have been suggested.

In this study, importance of reallocation in land consolidation and interview-based and block
priority-based reallocation models has been described. Also, the results of the block priority-based
reallocation model that makes land reallocation by being take into account respectively the largest
parcels belong to the farmers have been obtained. The results which are obtained from the block
priority-based reallocation model has been compared with the results which are obtained from the
interview-based reallocation model. In the consolidation area of the Uchiiyiikler neighborhood Cumra-
Konya-Turkey, previously the number of cadastral parcels were 265, the number of interview-based
reallocation method parcels were 243. The number of this parcels according to the block priority-based
reallocation model that is applied in this study have decreased to 237. Average parcel size was 3.30
hectares before consolidation in this region. Average parcel size has increased to 3.60 hectares according
to the interview-based reallocation model and to 3.36 hectares according to the block priority-based
reallocation model.

Key Words: Land consolidation, Reallocation, The interview-based reallocation, The block priority-based
reallocation

Arazi Toplulagtirma Projelerinde Farkli Dagitim Sonuglarinin Analizi: Ughiiyiikler Mahallesi,
Cumra- Konya- Tiirkiye Ornegi

0Z: Arazi toplulastirmanin en Onemli, karmasik, zaman alic1 siireci dagitim asamasi olarak
bilinmektedir. Dagitim, belirgin ve sinirlanabilen bir islev olmayip aksine birbirine bagh ve birbirini
tamamlayan unsurlar1 icermekte, dolayisiyla karar vericiyi her zaman birden ¢ok alternatifle kars:
karsiya birakmaktadir. Tiirkiye’de arazi toplulastirma projelerinde dagitim islemleri ¢iftci tercihlerine
(miilakat) gore yapilmaktadir. Ayrica, miilakata dayali dagitim modelinin yaninda bir¢ok bilimsel
arastirmalarda dagitim islemi i¢in matematik modellere dayali optimizasyon ¢alismalar1 da yapilmistir.
Ancak, dagitim islemi icin kesin bir matematiksel model bulunmadigr icin ¢ok farkli ¢oziimler
Onerilmistir.

Bu calismada; arazi toplulastirmasinda dagitimin Snemi, miilakat esasli ve blok oncelik esasli
dagitim modeli anlatilmis ve arazi dagitimin isletmelere ait en biiyiik ve en biiyiik ikinci parselleri
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dikkate alarak yapan blok oncelik esasli dagitim modelinin sonuglari elde edilmistir. Blok oncelik esasl
dagitim modellerinden elde edilen sonuglar miilakat esash dagitim modelinden elde edilen sonuglarla
karsilastirilmistir. Ughﬁyﬁkler mabhallesi (Cumra-Konya-Tiirkiye) toplulastirma sahasinda 265 adet eski
kadastro parseli varken miilakat esasli dagitim modelinde parsel sayis1 243’e diismiistiir. Blok 6ncelik
esasli dagitim modeline gore parsel sayist 237 olmustur. Ortalama parsel biiyiikliigii ise toplulastirma
oncesinde 3.30 hektar iken, miilakat esasli dagitim modeline gore 3.36 hektar ve blok Oncelik esash
dagitim modeline gore de 3.60 hektara ¢ikmuistir.

Anahtar Kelimeler: Arazi toplulastirma, Dagitim, Miilakat esasli dagitim, Blok éncelik esasl dagitim
INTRODUCTION

The agricultural infrastructure is developed which is primary importance in order to ensure more
revenue per unit area and in order to compete with the world of agriculture of our country by making a
high production efficiency. The most important issues are to develop the agricultural infrastructure
which is the size of the existing structural problems and legal arrangements needed to solve the
problems. Also, the issues are the responsible institutions increase and the financial resources are
provided (Kirmikil, 2010).

The most important agricultural infrastructure problems in our country are that the lands owned by
agricultural enterprises are fragmented as small parcels and that shapes of these lands are irregular.
Also, these lands are lack of transport and road network. This situation complicates that farmers make
economically agricultural production. Thus, agricultural development is unobtainable. Land
consolidation is the best way to solve this problem for rural land.

The land consolidation which is the implementation on pasture lands of land and plot readjustment
is an important tools that provides increased efficiency in agricultural production. In order to increase
agricultural production, the lands that are shaped in the form of unfavourable and that are divided into
multiple parts in small parcels and that belong to persons and businesses is shaped and planned by
appropriately combining according to the principles of management of modern agriculture (Temel,
2013). The land consolidation is a necessary study in order to modernize rural areas, make economically
a livable place and facilitate the environmental management (Sonnenberg, 1996; Van den Brink, 1999;
Van Lier, 2000; Crecente et al., 2002; Cay et al., 2009; Ertun¢ and Cay, 2016). This process can be realized
that economic, environmental and social factors are considered versatile (Gonzalez et al., 2004; Cay et al.,
2009; Ertung and Cay, 2016).

According to data the General Directorate of Agricultural Reform (ARGD), the land consolidation
had been completed in the area, which is about 3 million hectares, by the end of the year 2012 in Turkey.
The land consolidation of 11 million hectares areas has been planned to be completed between the year
2013 and the year 2023. Thus, the land consolidation of the total 14 million hectares areas will been
completed by the end of the year 2023 in Turkey. This case emphasizes the importance of land editing
projects and increases to the need that more efficient, more efficient and more expeditious methods are
developed in the block distribution to complete quickly the land editing projects.

In this study, it has been investigated the applicability of the block priority-based reallocation model
which is made by considering the biggest first and second parcels belonging to the companies. The land
consolidation project in the Konya-Cumra-Uchiiyiikler has been selected as the project area. The results
of block priority-based distribution model with results of the traditional method that is known as
interview-based distribution model were compared with each other according to the number of parcels
and shares, average parcel size, the number of jointly owned parcels in distribution models, width /
length ratios of parcels and the distance from the company center of the neighborhood center.
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MATERIAL AND METHOD

According to Agrarian Reform Law in accordance with regulation of land on the irrigation areas
with number 3083, the block reallocation is made according to interview-based reallocation model in
land consolidation projects. In this study, the block reallocation has been made according to interview-
based reallocation model and block priority-based reallocation model.

Description of Application Area

Uchiiyiikler neighborhood of Cumra county of Konya province which is dominated continental
climate have been selected as research area. Uchiiyiikler neighborhood is away 13 km from Cumra
county and is away 63 km from Konya provice. According to 2012 census data, the population of the
neighbourhood is 801. The economy of the neighborhood depends on agriculture and animal
husbandry. The area of land consolidation project that is made for Ughiiytiikler neighborhood is 875.69
hectares. There are 275 farmers and 265 cadastral parcels in the consolidation area (Figure 1). 64 pieces of
this cadastral parcels are jointly owned parcel. The average size of the cadastral parcels is 3.30 hectares.

- . 4 S

Figure 1. The cadastral status of Ughiiyiikler neighborhood

RESULTS AND DISCUSSION

Interview-based reallocation model and block priority-based reallocation model have been
examined in terms of the number of parcel, the average size of parcel, the number of shares of the
reallocation methods, distance from Uchiiyiikler Neighborhood center of the enterprise in the models,
width / length ratios of parcels in the models and the number of parcels per enterprise of the models.

The Number of Parcels

In the area where the research is carried out, the old and new cases of parcels belong to the farmers
in terms of the number of parcel are shown in Table 1.
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According to Table 1, in the area of land consolidation belonging to Uchiiyiikler neighborhood,
while the number of cadastral parcels were 265 prior to the study, this number decreased to 243
according to interview-based reallocation model. Whereas, the number of cadastral parcels decreased to
237 according to block priority-based reallocation model. While the consolidation ratio is 8% in
interview-based reallocation model, this ratio has been realized as 11% in block priority-based
reallocation model. In block priority-based reallocation model, the reason why rate of the consolidation
is high is that the farmers' preferences aren’t taken into account.

Table 1. Examination of the models in terms of the number of parcels

Cadastral Status Intervie.w-Based Block Pri(?rity-Based
The Size of Parcel Reallocation Model Reallocation Model
(Decares) The II\’I;r;]ier of The Number of Parcel = The Number of Parcel
0-5 32 25 15
5-10 37 20 19
10-20 42 48 55
20-30 38 43 36
30-40 44 28 28
40-50 20 22 28
50-60 16 23 18
60-80 16 14 14
80-100 9 8 12
100-120 6 7 7
120-150 2 5 4
150+ 3 0 1
Total 265 243 237
Consolidation 8 11
Ratio (%)

The Average Size of Parcels

The average sizes of parcels belonging to the study area are seen in Table 2.

Table 2. The average sizes of parsels of the reallocation models

The Average Size of Area (m? Increase Percentage
Parcel (%)
Cadastral status 33044.92 -
Interview-based 36063.64 9%,

reallocation model

Block priority-based 36948.96 12%
reallocation model




128 T. CAY, E. ERTUNC

Investigation in terms of the Number of Shares of the Reallocation Methods

The situation in terms of the number of jointly owned parcels belonging to enterprises of
reallocation models which is applied in application area belonging to Uchiiyiikler neighborhood is
shown in Table 3. According to Table 3, the number of jointly owned parcels were 64 before the
reallocation. After the reallocations, while the number of jointly owned parcels are 29 for block priority-
based reallocation model, this number are 23 for interview-based reallocation model. Therefore, it can be
said that interview-based reallocation model is more successful than block priority-based reallocation
model in terms of the number of jointly owned parcels belonging to enterprises.

Table 3. The number of jointly owned parcels occurred with the reallocation methods

The Number of Jointly Owned Parcel
The Number of Interview- Block Priority-
Share in Parcel Cadastre Based Based
Reallocation Reallocation
Model Model
1 201 220 208
2 34 8 15
3 14 4 6
4 6 6 4
5 2 1 1
6 3 - 1
7 1 2 -
8 1 - 1
9 - - 1
10 1 1 -
11 1 - -
13 1 1 -
The number of
jointly owned 64 23 29
parcel
Total 265 243 237

Examining in terms of Distance to Uchiiyiikler Neighborhood Center of the Enterprise in the Models

In the application area, distances which are the shortest travel distances between the center of the
parcels belonging to the enterprises with the center of Uchiiyiikler neighbourhood have been
determined by measuring one by one by taking into account the existing road network. Later, the
average of these values has been taken. It has been indicated by the Ayranci (1997) that the distance
between the central of Neighborhood with parcels of enterprise in terms of enterprise’s economics and
land-use is 3 km in each case.

The distances to the Neighborhood’s center of the enterprises is located in application area
belonging to Ughiiyiikler Neighborhood is shown in Table 4. According to Table 4, while the ratio of
enterprise parcels, the distance of these parcels to the Neighborhood center is up to 3 km, is 82% prior to
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land consolidation, in parcellation plan which is formed according to the results interview-based
reallocation model and block priority-based reallocation model is 81% this ratio. According to this, a lot
of change in terms of the distance to the Neighborhood center of enterprise parcels hasn’t seen in both
models according to pre-land consolidation.

Table 4. The distance to Neighborhood center of the enterprise parcels belonging to Uchiiyiikler

Neighborhood
Interview-Based Block Priority-
Cadastral Reallocation Based Reallocation
Model Model
Distance (m)
The The The
Number of Number of Number of

Parcels % Parcels % Parcels %

0-500 10 4 8 3 7 3
501-1000 71 27 54 22 40 17
1001-1500 37 14 38 16 39 17
1501-2000 29 11 33 14 36 15
2001-2500 35 13 30 12 32 14
2501-3000 36 13 35 14 36 15

3001-3500 19 7 17 7 22 9

3501-4000 24 9 23 10 21 8

4001-4500 4 2 5 2 4 2

4501-5000 - 0 - 0 - 0

5000+ - 0 - 0 - 0
TOTAL 265 100 243 100 237 100

The Examination in terms of Width / Length Ratios of Parcels in the Models

In consolidation projects, it is convenient that width / length ratios is choose from values between
1/4 - 1/5 by taking into consideration factors related to culture technical services (Cevik and Tekinel,
1989). This ratio can be between 1/2 - 1/7 in mandatory cases by depending on the size of land (Banger
and Sisman, 2001; Cay, 2013).

Width / length ratios of the parcels located in the area of application are shown in Table 5.
According to Table 5, width / length ratio, which are between 1/4 - 1/5, of parcels is 3% in cadastral
parcels before land consolidation studies. Whereas, this ratio after land consolidation is 12% in
interview-based reallocation model and is 13% in block priority-based reallocation model. While width /
length ratio, which are between 1/2 - 1/7, of parcels is 39% in cadastral parcels before land consolidation,
this ratio is 61% in both interview-based reallocation model and block priority-based reallocation model
after land consolidation. Equally improvement increase in width / length ratios of parcels is observed in
both models after land consolidation.
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Table 5: Width / length ratios of the enterprise parcels belonging to Ughiiyiikler region

CADASTRAL INTERVIEW-BASED REALLOCATION BLOCK PRIORITY-BASED

Width / MODEL REALLOCATION MODEL
Length | width/  width/ The Width/  Width/ The Width/  Width/ The

Group Length Length Number o Length Length Number % Length Length Number A

Ratio Fraction of Ratio Fraction of Parcels Ratio Fraction  of Parcels
Parcels

0-0.05 0.045 0 1 1 0.045 0 1 1 0.045 0 - -
0.05-0.07 0.064 0 7 3 0.065 0 7 3 0.064 0 - -
0.07-0.10 0.089 0 17 6 0.085 0 10 4 0.089 0 - -
0.10-0.12 0.111 1/9 16 6 0.109 1/9 7 3 0.111 1/9 2 1
0.12-0.14 0.127 1/8 9 3 0.130 1/8 6 2 0.127 1/8 7 3
0.14-0.16 0.150 1/7 6 2 0.150 1/7 16 6 0.150 1/7 3 1
0.16-0.18 0.175 1/6 6 2 0.171 1/6 12 5 0.175 1/6 2 1
0.18-0.20 0.191 1/5 8 3 0.188 1/5 2 1 0.191 1/5 5 2
0.20-0.25 0.226 2/9 7 3 0.226 2/9 30 12 0.226 2/9 30 13
0.25-0.30 0.274 2/7 12 4 0.272 2/7 28 11 0.274 2/7 32 14
0.30-0.35 0.325 1/3 21 8 0.322 1/3 15 6 0.325 1/3 15 6
0.35-0.40 0.374 3/8 13 5 0.373 3/8 18 7 0.374 3/8 24 10
0.40-0.45 0.429 3/7 14 5 0.425 3/7 14 6 0.429 3/7 21 9
0.45-0.50 0.472 12 18 7 0.478 1/2 17 7 0.472 1/2 13 5
0.50-0.60 0.543 5/9 28 11 0.554 5/9 21 9 0.543 5/9 26 11
0.60-0.70 0.654 2/3 35 13 0.665 2/3 14 6 0.654 2/3 17 7
0.70-0.80 0.725 3/4 20 8 0.743 3/4 14 6 0.725 3/4 21 9
0.80-0.90 0.850 6/7 16 6 0.843 6/7 10 4 0.850 6/7 11 5
0.90-1.00 0.944 1 11 4 0.955 1 1 1 0.944 1 8 3

The Examination in terms of the Number of Parcels per Enterprise of the Models

The situation in terms of the number of parcels per enterprise of the reallocation models applied in
the area of application are shown in Table 6. According to Table 6, the number of enterprises which are a
single parcel are 202 before reallocation. This number corresponds to 73.5%. After consolidation, while
this number increase to 249, which corresponds to 90.60%, for interview-based reallocation model, this
number increase to 256, which corresponds to 93.09%, for block priority-based reallocation model.
Therefore, it can be said that block priority-based reallocation model is more successful according to
interview-based reallocation model in terms of the number of parcels per enterprise.

CONCLUSION

When obtained reallocation results are evaluated in terms of the number of parcels, the average size
of parcel and the average number of parcels per enterprise, it has been seen that block priority-based
reallocation model gives more successful results. Interview-based reallocation model has had more
successful according to block priority-based reallocation model in terms of the number of jointly owned
parcels per enterprises. A lot of change in terms of the distance to the Neighborhood center of enterprise
parcels hasn’t seen in both models according to pre-land consolidation. Equally improvement increase in
width / length ratios of parcels is observed in both models after land consolidation. If block priority-
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based reallocation model can fulfill during the reallocation process that enterprises want to be in the
same block with their relatives, more successful results can be obtained.

Table 6: The number of parcels per enterprise in the reallocation models

Interview-Based Block Priority-Based
Reallocation Model Reallocation Model
The Cadastral
Number
of Parcels The Number o, The Number % The Number %
of Enterprises of Enterprises of Enterprises
1 202 73.50 249 90.60 256 93.09
2 40 14.60 19 6.90 17 6.18
3 17 6.20 6 2.20 2 0.73
4 8 2.90 1 0.30 - -
5 5 1.80 - - - -
6 2 0.70 - - - -
7 - - - - - -
8 - - - - - -
9 1 0.30 - -
TOTAL 275 100 275 100 275 100
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ABSTRACT: Present of micropollutants in aquatic environments has become an alarming
environmental problem for both living creatures and environment. Micropollutants, also called as
emerging contaminants arise from natural substances and increasing variety of anthropogenic events.
Micropollutants consist of pharmaceuticals, personal care products, steroid hormones, industrial
chemicals, pesticides, polyaromatic hydrocarbons and other recently seen compounds. These emerging
contaminants are commonly found in very low concentration in different water bodies ranging from a
few ng/l to several ug/l.

Many existing Wastewater Treatment Plants (WWTPs) in all over the world are not especially designed
for removing micropollutants. Low concentration and diversity of micropollutants complicate the
dedection and analysis procedures during the treatment processes. Furthermore, entering
micropollutants to the WWTPs continuously and stable structure of many micropollutants make
difficult to eliminate these emerging compounds sufficiently. Therefore, many micropollutants of
unknown concentration pass to aquatic environment from WWTPs. The occurence of micropollutants
with a significant levels in aquatic environments disrupt the aquatic ecosystems with a number of
adverse effects including short-term and long-term toxicity such as endocrine disrupting effects. Besides
the known negative effects of micropollutants there are great number of micropollutants whose effects
on living organisms are still unknown. As a result, removing these compounds is of a great importance
both to protect environmental ecosystem and human health. Considering that the conventional methods
are insufficient for removing the micropollutants other alternative treatment methods including
coagulation—flocculation, activated carbon adsorption (powdered activated carbon and granular
activated carbon), advanced oxidation processes (AOPs), membrane processes and membrane bioreactor
can be applied for better removal.

In this study, alternative treatments methods and removal efficiencies of each treatment methods on
different micropollutants were investigated and all alternative treatment methods were compared
between each other in terms of micropollutant removal rates.

Key Words: Micropollutants, Removal efficiency, Wastewater, Wastewater treatment plants.

Atik Sularda Mikrokirletici Giderimi I¢in Alternatif Aritimlar

OZ: Mikro kirleticilerin sucul ortamlarda bulunmas: hem canlilar hem de cevre icin endise verici bir
cevre sorunu haline gelmistir. Hizla ortaya cikan/gelisen Kkirleticiler olarak da adlandirilan mikro
kirleticiler dogal maddelerden ve giderek artan gesitli antropojenik olaylardan meydana gelmektedir.
Mikrokirleticiler farmasotikler, kisisel bakim {irinleri, steroid hormonlar, endiistriyel kimyasallar,
pestisitler, poliaromatik hidrokarbonlar ve son zamanlarda goriilen diger bilesiklerden olusmaktadir. Bu
kirleticiler farkli su kaynaklarinda genellikle birka¢ ng /L ile pg/ L arasinda degisen ¢ok diistik

DOI: 10.15317/Scitech.2017.77



134 B.NAS, T. DOLU, H. ATES, M.E. ARGUN, E. YEL

konsantrasyonlarda bulunmaktadir. Diinyadaki mevcut bir¢ok Atiksu Aritma Tesisi (AAT) ozellikle
mikro Kkirleticileri gidermek icin tasarlanmamistir. Mikro kirleticilerin diisiik konsantrasyonda
bulunmalar1 ve ¢ok cesitli olmalar1 aritma prosesleri boyunca belirleme ve analiz prosediirlerini
zorlagtirmaktadir. Ayrica, mikro kirleticilerin AATlerine siirekli olarak gelmeleri ve bircok mikro
kirleticinin kararl1 yapiya sahip olmasi bu kirleticilerin yeteri kadar giderilmesini zorlastirmaktadir. Bu
sebeple, mikro kirleticilerin bir¢ogu bilinmeyen konsantrasyonlar: ile beraber AAT’lerinden sucul
cevrelere gegmektedir. Sucul ortamlarda ciddi seviyelerde mikro kirletici olusumlari kisa vadeli ve uzun
vadeli toksisiteyi de iceren endokrin bozucu etkiler gibi bir dizi olumsuz etkiler ile beraber sucul
ekosistemleri bozmaktadir. Olumsuz etkileri bilinen mikro kirleticilerin yam sira canli organizmalar
tizerindeki etkileri hala bilinmeyen ¢ok sayida mikro kirletici de vardir. Sonug olarak bu kirleticilerin
giderimi, hem c¢evresel ekosistemlerin hem de insan sagliginin korunmas: igin biiyiik bir onem
tasimaktadir. Mikro kirleticilerin gideriminde klasik yontemlerin yetersiz oldugu goéz Oniinde
bulundurulursa daha iyi giderim verimleri i¢in koagiilasyon — flokiilasyon, aktif karbon adsorpsiyonu
(toz aktif karbon ve graniil aktif karbon), ileri oksidasyon prosesleri (IOP), membran prosesleri ve
membran biyoreaktorii iceren diger alternatif aritma yontemleri uygulanabilir.

Bu calismada; alternatif aritma yontemleri ve her bir aritma yonteminin farklh mikro kirleticiler
iizerindeki giderim verimleri aragtirilarak, biitiin alternatif aritim yontemleri mikro kirletici giderim
verimleri bakimindan birbirleri ile kiyaslanmaistir.

Anahtar Kelimeler : Atik su, Atiksu aritma tesisleri, Giderim verimi, Mikro kirleticiler

INTRODUCTION

Especially in recent years found in various water bodies in different places, micropollutants are
contaminate of potential concern for both aquatic environment and human health. Continuously
increasing concentration of these contaminants arise from natural substances and increasing variety of
anthropogenic events. Also called as emerging compounds, micropollutants include pharmaceuticals,
personal care products, steroid hormones, industrial chemicals, pesticides and polyaromatic
hydrocarbons. Toxic properties and effects on living organisms of most micropollutants are still
unknown. Therefore, removal of these contaminants become more of an issue.

Many existing Wastewater Treatment Plants (WWTPs) in all over the world are not especially
designed for removing micropollutants. Micropollutants may enter the receiving water bodies without
the complete removal because of their different physical properties and stable structures. In addition to
this, monitoring of micropollutants in different treatment units present in WWTPs and taking the
necessary precautions for their removal in WWTPs are insufficient. (Bolong et al., 2009). As a
consequence, present in water bodies, these emerging compounds pose risk especially drinking water
industries and natural life. Micropollutants are associated with adverse events such as endocrine
disrupting effects, short term and long term toxicities for different species and acquiring antibiotic
resistance of microorganisms (Fent et al., 2006; Pruden et al., 2006).

There are very few discharge standards and discharge regulations present for micropollutants at the
present time. Only some countries have made regulations for a small number of micropollutants.
Arrangements made by the countries mostly about surfactants, industrial chemicals and pesticides.
However, pharmaceuticals, personal care products and steroid hormones are not in the list.
Toxicological effects of microorganisms and responses of species to micropollutants should be
investigated in advanced level in order to set the right limits for varied types of micropollutant groups.
Furthermore, in addition to singular effects of micropollutants scientists should carry out an experiment
to gain insight about synergistic effects of micropollutants.
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TREATMENT ALTERNATIVES FOR MICROPOLLUTANT REMOVAL

There is no specific treatment for complete removal of all micropollutant groups because of
distinctive properties of them. Also, treatment processes can not eliminate both bulk substances and
micropollutants together with a very high removal efficiencies. Treatment options used for
micropollutants are coagulation—flocculation, activated carbon adsorption (PAC and GAC), ozonation
and advanced oxidation processes (AOPs), membrane processes and membrane bioreactor (MBR).

Coagulation-flocculation

Coagulation—flocculation process generally used to remove colloids and some of the dissolved
particulate matter. Table — 1 shows the removal efficiencies of some most studied micropollutants
treated by coagulation—flocculation process.

Table 1. Removals of some micropollutants during coagulation—flocculation process (Sudrez et al., 2009)

Coagulant Dosage and pH Compounds Removal efficiency (%)
FeCls/Al2(SO4)s 25,50 ppm and 7 Ibuprofen 12.0+4.8
FeCls/Al(SO4)s 25,50 ppm and 7 Diclofenac 21.6+194
FeCls/Alx(SO4)3 25,50 ppm and 7 Naproxen 31.8+10.2
FeCls/Alx(SO4)s 25,50 ppmand 7  Carbamazepine 6.3+£15.9
FeCls/Alz(SO4)s 25,50 ppm and 7 Sulfamethoxazole 6.0+9.5
FeCls/Al(SOs)s 25,50 ppm and 7 Tonalide 83.4+14.3
FeCls/Alx(SO4)s 25,50 ppm and 7 Galaxolide 79.2+9.9

In general, coagulation—flocculation processes are ineffective for eliminating the most of
micropollutants. Matamoros and Salvadé (2013) evaluated the removal efficiencies of micropollutants in
a coagulation/flocculation-lamellar clarifier. Maximum removal efficiency was found % 50. (Suarez et
al., 2009) treated hospital wastewater by coagulation—flocculation and reported significant reduction
(about % 80) of musks such as galaxolide and tonalide. Other removal efficiencies are 46 %, 42 %, 23 %
respectively for diclofenac, naproxen and ibuprofen. Another study done by Asakura and Matsuto
(2009) revealed that treating landfill leachate by coagulation and sedimentation was not able to remove
bisphenol A but removal efficiencies of DEHP (70 %) and nonylphenol (90 %) were evaulated as pretty
good.

Considering all of these, coagulation—flocculation processes provide a low removal efficiencies for
most of micropollutants except for some musks and pharmaceuticals such as diclofenac and
nonylphenol. This treatment technique also gives poor results for pesticides. Furthermore, neither
coagulant dose nor operation temperature influence the pesticides removal efficiencies substantially
(Thuy et al., 2008). Composition of wastewater treated by coagulation—flocculation processes influence
the removal rates of micropollutants negatively or positively. For instance, wastewater having a high
content of fat improve the removal efficiencies of hydrophobic compounds (Sudrez et al., 2009). Besides,
dissolved humic acid could increase the removal rates of pharmaceutical compounds such as diclofenac,
ibuprofen and bezafibrate (Vieno et al., 2006). Conversely, present of dissolved organic matter in
wastewater may inhibit the removal of micropollutants (Choi et al., 2008). Apart from all these, mixing
conditions, pH, alkalinity and temperature also influence the performance of coagulation—flocculation
(Alexander et al., 2012).

Activated carbon adsorption

Active carbon adsorption is generally used for taste and odor control especially in drinking water.
Active carbon adsorption give better removal results in secondary effluent treatment. Compared with
coagulation—flocculation process, this technique is more effective method for removing micropollutants
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(Choi et al., 2008). Both powdered activated carbon (PAC) and granular activated carbon (GAC) have
been commonly used in adsorption applications. In these processes, removal efficiencies may vary based
on properties of both used adsorbate and adsorbent (Kovalova et al., 2013).

Powdered activated carbon (PAC)

Powdered activated carbon (PAC) is considered as an effective adsorbent for treating resistant and
non-biodegradable organic compounds. Advantages of using PAC is that continuously provide fresh
carbon and can be used in certain circumstances when the concentration’s of contaminants rise in water
bodies (Snyder et al., 2007). Study done by Kovalova et al. (2013), PAC treatment was used to evaluate
removal efficiencies of micropollutants in MBR treated hospital wastewater. In this study retention time
was chosen as 2 days and PAC dosages were also selected as 8, 23 and 43 mg/L. According to the results
PAC reactor reached substantial removal efficiencies especially for pharmaceuticals, metabolites and
industrial chemicals. The elimination rate of total load was found around 86 %. Hernandez-Leal et al.
(2011) conducted batch tests and determined high removal rates (> 94 %) for personal care products,
bisphenol A and nonylphenol.

PAC reactors used for removing the micropollutants depends on many factors like PAC dosage,
contact time, physical properties of targeted compounds and composition of wastewater (Boehler et al.,
2012; Snyder et al.,, 2007). Westerhoff et al. (2005) found in their study that higher PAC dosages (20
mg/L) improve the removal efficiencies of micropollutants regardless of micropollutant’s initial
concentaration. Addition of PAC in WWTPs seems an effective method for enhancing the removal rates
of micropollutants (Bolong et al., 2009).

Granular activated carbon (GAC)

Rossner et al. (2009) asserted that granul active carbon (GAC) dose (<10 mg/L) used for controlling
the odor and taste in drinking water is sufficient for treatment of various compound up to efficient
removal rates of 99 % in lake water. Removal efficiencies of steroidal estrogens and pharmaceuticals
were determined in a full-scale granular activated carbon plant treating WWTP’s effluent. Higher
elimination rates achieved for steroidal estrogens but elimination rates for pharmaceuticals were
evaluated in low levels. Removal efficiencies of mebeverine, indomethacine, and diclofenac ranged in 84
- 99 %. Hovewer, removal efficiencies of carbamazepine and propranolol ranged only 17 — 23 % (Grover
et al., 2011).

Similar to PAC, contact time of process influence the efficacy of GAC. Low contact time reduce the
adsorption performance of GAC reactor significantly. In general, removal of compounds depens upon
interactions between particle and contaminant and pore blocking (Bolong et al., 2009). Therefore,
treating highly contaminated wastewater by GAC gives poor results.

As a whole, such studies show that GAC and PAC processes can be considered as effective methods
in the matter of removing micropollutants. In general, higher elimination rates of micropollutants can be
provided by non-polar characteristics of targeted compounds and high compliance of pore size with
shape of contaminants (Rossner et al., 2009; Verlicchi et al., 2010). Nevertheless, blocking of pores due to
existing natural organic matter (NOM) reduces the active carbon efficiency.
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Table 2. Removals of some micropollutants during adsorption process (Kovalova et al., 2013;

Grover et al., 2011)

Adsorbent Dosage Compounds Removal efficiency (%)
PAC 8, 23, 43 mg/L Diclofenac 96, 98, 99
PAC 8, 23, 43 mg/L Carbamazepine 98, 99, 100
PAC 8, 23, 43 mg/L Propranolol >01, >94, >94
PAC 8, 23, 43 mg/L Sulfamethoxazole 2,33, 62
GAC Full scale Diclofenac >98
GAC Full scale Carbamazepine 23
GAC Full scale Propranolol 17
GAC Full scale Estrone 64
GAC Full scale 173-Estradiol >43
GAC Full scale 17a-Ethinylestradiol >43

Ozonation and advanced oxidation processes (AOPs)

Conventional physicochemical and biological treatments are not efficient for removing most varied
micropollutants because of persistent structure of micropollutants. In such circumstances, ozonation and
advanced oxidation processes (AOPs) can be considered as a solution. Having a high degradation rates,
this technology is not selective for contaminants to remove them. Besides, these processes have a
disinfecting effect for reuse of water (Hernandez-Leal et al.,, 2011). Ozone degrades the contaminants
directly or indirectly but mainly by the production of hydroxyl radicals (¢ OH) which are stronger and
less selective for emerging compounds. Some of the micropollutants are sensitive to both ozone and
AOPs such as naproxen but some of them are only sensitive to hydroxyl radicals like atrazine.
Nonetheless, some of them like TCEP and TCPP are resistant to both ozonation and forms of oxidation
(Gerrity et al., 2011). Present of H20;, fenton reagent and ultraviolet may promote the production of
hydroxyl radicals.

Ozonation is a promising method for removing micropollutants in a full scale WWTPs (Hollender et
al., 2009). Hernandez-Leal et al. (2011) investigated the elimination rates of micropollutants in
biologically treated grey water by ozonation with a ozone dose of 5 mg/L. In general, all micropollutants
selected treated substantial levels. Under the same conditions with the only difference ozone dose of 5
mg/L. showed higher removal efficiencies for most of micropollutants (Sui et al., 2010). Especially
removal rates of carbamazepine, diclofenac, indomethacin, sulpiride and trimethoprim exceeded 95 %.
However, removal rate of bezafibrate was evaluated only 14 % because of bezafibrate’s stable molecular
structure. (Kim et al., 2009) compared the removal efficiencies of pharmaceutical compounds using UV
process alone and using both UV and H:0: together. The results show that UV process alone only
achieved high removal rates (>90 %) for ketoprofen, diclofenac and antipyrine but elimination rates for
macrolides ranged between 24 — 34 %. Other study demonstrated that UV and H20: together achieved
much higher efficiencies for most of micropollutants. Besides, it is found that under the same conditions
when UV applied to fenton process total removal rates increased. In addition to this, present of
dissolved organic matter in wastewater promotes the elimination rates of micropollutants.

Oxidation processes can not provide a complete mineralization of these emerging compound so by-
products and metabolites arised from these reactions (Hollender et al., 2009; Reungoat et al.,, 2011).
Activated carbon filtration or sand filtration may be applied to reduce these undesirable compounds.
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Table 3. Removals of some micropollutants during ozonation and AOPs (Luo et al., 2014)

Treatment (Dose) Compounds Removal efficiency (%)
Os (5 mg/L) Carbamazepine >90
Os (5 mg/L) Diclofenac >90
Os (5 mg/L) Metoprolol 80-90
Os (5 mg/L) Bezafibrate 0-50
Os (5 mg/L) Trimethoprim >90
Os (5mg/L) DEET 50 - 80
O3 (5 mg/L) + H202(3.5 mg/L) Ibuprofen 83
Os (5 mg/L) + H202(3.5 mg/L) Diclofenac >99
Os (b mg/L) + H202(3.5mg/L)  Carbamazepine >99
Os (5 mg/L) + H202(3.5mg/L) Sulfamethoxazole 98
Os (5 mg/L) + H202(3.5 mg/L) Triclosan >99
Os (5 mg/L) + H20:2(3.5 mg/L) Bisphenol A >78
Os (5 mg/L) + H202(3.5 mg/L) Estradiol >83
Os (5 mg/L) + H202(3.5 mg/L) Estrone >98
Os (5 mg/L) + H202(3.5 mg/L) Atrazine 69

Membrane processes

Generally, elimination of micropollutants by membrane processes achieved by adsorption onto
membrane, size of pores and charge repulsion. Removal efficiencies of membrane processes largely
depends on type of membrane process, characteristics of membrane, blocking of membrane pores,
operating conditions and properties of selected micropollutants (Schéfer vd., 2011).

Although microfiltration (MF) and ultrafiltration (UF) are highly efective processes for eliminating
the turbidity, they are insufficient in removing micropollutants because of micropollutant’s molecular
sizes. However, micropollutants can be removed via interaction with natural organic matter (NOM) or
adsorption onto membrane polymers. Jermann et al. (2009) investigated the removal efficiencies of
ibuprofen and estradiol by UF without existing the NOM. In hydrophilic UF membrane, elimination rate
of ibuprofen and estradiol were found negligible and 8 % respectively. However in hydrophobic
membrane, removal efficiencies of ibuprofen and estradiol increased up to around 25 % and 80 %
respectively. Generally, MF and UF processes are not used alone in elimination of micropollutants
because of their poor performance. Therefore, these processes should be combined with other treatment
methods such as nanofiltration (NF) or reverse osmosis (RO). Garcia et al. (2013) combined the MF and
RO processes in order to remove micropollutants for reuse of domestic wastewater. For example, DEHP
was removed up to 50 % with only microfiltration treatment. However, combined system of MF and RO
improved the elimination rates of micropollutants. Removal efficiencies of micropollutants ranged
between 65 % and 90 % except ibuprofen and nonylphenol. In other study, combined system of MF and
RO also showed a significant removal efficiencies (>95 %) for most micropollutants except mefenamic
acid and caffeine (Sui et al., 2010).

Reverse osmosis has a great potential for almost complete removal of micropollutants. Yangali-
Quintanilla et al. (2011) compared the treatment performance of nanofiltratin and reverse osmosis for
pharmaceuticals, pesticides, endocrine disruptors. Elimination rates of micropollutants achieved by NF
was similar to RO’s results. Removal efficiencies for neutral contaminants and ionic contaminants
treated by NF were evaluated as 82 % and 97 % respectively. The removal efficiencies of the same
contaminants treated by RO were found as 85 % and 99 % recpectively.
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Table 4. Removals of some micropollutants during membrane processes (Jermann et al., 2009;
Yangali-Quintanilla et al., 2011)

Membrane Water type Membrane type Compounds Removal efficiency (%)
UF Synthetic water PES flat-sheet Ibuprofen 7
UF Synthetic water RC4 flat-sheet Ibuprofen Negligible
UF Synthetic water PES flat-sheet Estradiol Up to 80
UF Synthetic water RC4 flat-sheet Estradiol Up to 25
RO Secondary effluent ~ Filmtec TW30 Ibuprofen >99
RO Secondary effluent  Filmtec TW30  Sulfonamides >93
RO Secondary effluent  Filmtec TW30 Diclofenac 95
RO Secondary effluent  Filmtec TW30 Macrolides >99
RO Secondary effluent  Filmtec TW30  Bisphenol A >99

Membrane bioreactor (MBR)

Membrane bioreactor (MBR) processes combine the activated sludge biological treatment and
membrane filtration (MF or NF). There are many advantages of using this technology compared with
conventional WWTPs. These advantages includes higher effluent quality, higher biomass concentration,
accurate control of SRTs, less space requirement, minimum rising sludge problem and transforming
flexibility of present WWTPs to MBR systems (Ngo et al., 2012). MBR technique has a great potential to
remove a wide variety of micropollutants including emerging compounds resistant to activated sludge
processes (Radjenovic et al., 2009). Elimination of micropollutants by MBR treatment mainly depens on
SRT, concentration, contents of wastewater, pH, conductivity and operating temperature (Kovalova et
al., 2012).

(Trinh et al., 2012) investigated the removal efficiencies of micropollutants in a full scale MBR
process. Higher elimination rates (90 %) were found most of the micropollutants. Hovewer, removal
efficiencies of amitriptyline, carbamazepine, diazepam, diclofenac, fluoxetine, gemfibrozil, omeprazole,
sulfamethoxazole and trimethoprim ranged between 24 — 68 %. These compounds can be considered as
indicator becaise of their low removal rates in MBR treatment. Main source of pharmaceuticals is
waste/wastewater arised from hospitals (Verlicchi et al.,, 2010). (Kovalova et al., 2012) investigated the
fate of micropollutants in MBR process treating hospital effluent. Hence, composition of wastewater
mainly comprising of iodinated contrast media total removal rates of pharmaceuticals and metabolites
were evaluated as only 22 %. But, the total reduction would be up to 90 % if these content were
neglected. (Beier et al.,, 2011) suggested that hospital effluents could be treated efficiently in a case of
maintaining a very high sludge age (>100 days) in MBR systems especially designed for treating hospital
effluent.

Conventional activated sludge processes and MBR technology usually compared with each other in
terms of eliminating micropollutants. (Radjenovic et al.,, 2007) compared the treatment performance of
laboratory scale MBR process and conventional activated sludge in terms of eliminating
pharmaceuticals. Both two system treated naproxen, ibuprofen, acetaminophen, hydrochlorothiazide,
and paroxetine in high levels. Nevertheless, the result showed that MBR system were relatively stable
for eliminating various micropollutants and treated most micropollutants slightly higher than
conventional activated sludge process.

Like other treatment technologies, MBR processes also influenced by a number of factors such as
SRT, HRT and operating temperature. In general, MBR systems operated at high sludge age provide
higher removal efficiency for micropollutants due to present of diverse microorganisms in wastewater
(Roh et al., 2009).



140 B.NAS, T. DOLU, H. ATES, M.E. ARGUN, E. YEL

Table 5. Removals of some micropollutants during MBR processes (Trinh et al., 2012; Beier et al.,

2011)
Water type Membrane type Compounds Removal
efficiency (%)

Raw wastewater Full-scale hollow fiber Ibuprofen ~100
Raw wastewater Full-scale hollow fiber Diclofenac 43
Raw wastewater Full-scale hollow fiber Carbamazepine 24
Raw wastewater Full-scale hollow fiber Sulfamethoxazole 60
Raw wastewater Full-scale hollow fiber Trimethoprim 30
Raw wastewater Full-scale hollow fiber Estrone ~100
Raw wastewater Full-scale hollow fiber Estriol ~100
Raw wastewater Full-scale hollow fiber BisphenolA ~100
Hospital effluent Full-scale flat sheet Ibuprofen >80
Hospital effluent Full-scale flat sheet Carbamazepine <20
Hospital effluent Full-scale flat sheet Diclofenac <20

RESULT AND DISCUSSION

Nowadays, micropollutants are often dedected in important drinking water sources, lakes, rivers,
groundwaters and wastewaters. Existing of micropollutants in higher concentration in various water
bodies in different parts of world threatens both human health and aquatic ecosystem seriously.

Hence WWTPs are not able to provide a complete elimination for micropollutants it is necessary to
use the appropriate treatment processes to reduce the ecotoxicological effects of micropollutants on
living organisms. Most of existing conventional WWTP’s removal performance of micropollutants are
ineffective because of being in a low concentration of micropollutants in wastewater and diverse
physicochemical properties of micropollutants. Especially, micropollutants having polar molecular
structure and which are nonbiodegradable generally pass from WWTPs to receiving water body without
sufficient treatment rates. Therefore, optimization and upgrading of current treatment processes in
WWTPs is crucial to reduce loading rates of micropollutants.

Besides the conventional treatment processes coagulation—flocculation, activated carbon adsorption
(powdered activated carbon and granular activated carbon), advanced oxidation processes (AOPs),
membrane processes and membrane bioreactor also used for elimination of micropollutants. Among
these treatment techniques, advanced oxidation processes and membrane systems come to the forefront.
Although these treatment processes are very efficient in removing micropollutants they have also
disadvantages such as causing production of new by-products and metabolites and higher operating
costs. Both providing complete elimination of micropollutants and preventing the occurrence of by-
products and other contaminants, combined treatments should be preferred.
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OZ: PMS [Pb(MnisSbas)Os] ile katkilanmis PMN-PT [Pb(MgisNb23)Os-PbTiOs] iclii piezoelektrik
seramikleri (PMN-PT-PMS) 1100-1250 °C araliginda farkli sinterleme sicakliklarimn kullanildig: kati-hal
reaksiyon yontemi ile {iretilmistir. Sinterleme sicakliginin kristal fazlar, mikroyap: ve elektriksel
Ozellikler {izerindeki etkisi sistematik olarak incelenmistir. Mikroyap:r ve kompozisyon analizleri
taramali elektron mikroskobu (SEM) ve X-isinlari kirtmimi (XRD) ile, elektriksel karakterizasyon ise
indiiktans-kapasitans-direng 6loer (LCR metre), empedans analizoru’ ve Berlincourt dss-piezometre
kullanilarak gerceklestirilmistir. XRD ve SEM sonuglari, saf perovskit yapmn ve homojen bir
mikroyapinin elde edilmesinde sinterleme sicakliginin etkili oldugunu ortaya koymustur. 1150 °C ve
altindaki sinterleme sicakliklarinda yogunlasma vyetersiz olmakta ve saf perovskit yapi elde
edilememekte, 1200 °C'nin iistiindeki sicakliklarda ise kursun oksitin uguculugu nedeniyle heterojen bir
mikroyap1 olugsmaktadir. Uygun sinterleme sicakliginda elde edilen yiiksek yogunluk ve homojen
mikroyapy, PMN-PT-PMS seramiklerinin yiiksek piezoelektrik ve dielektrik davrams sergilemesini
saglamaktadir. Deneysel sonuglar, 1175 °C’de 2 saat siire ile sinterlenmis numunelerin optimum
elektriksel 6zellikler (d33=265 pC/N, K'=4745, kp=0,417, tand=%2,5 ve Qm=222) sergiledigini gdstermistir.

Anahtar Kelimeler: Piezoelektrik ozellikler, Sinterleme, PMN-PT, PMS

Optimizing Structural and Electrical Properties of PMN-PT-PMS Ceramics via Sintering Temperature

ABSTRACT: Pseudo-ternary piezoelectric ceramics of PMN-PT [Pb(Mg13Nb23)Os-PbTiOs] composition
modified with PMS [Pb(MnusSb23)Os] were produced by solid-state sintering method using different
temperatures in a range of 1100-1250 °C. The effect of sintering temperature on the crystal phases,
microstructure and electrical properties were systematically investigated. Microstructural and
compositional analyses have been carried out using scanning electron microscope (SEM) and X-ray
diffraction (XRD). Besides, electrical characterization was performed using an inductance-capacitance-
resistance (LCR) meter, impedance analyzer and a Berlincourt dss-piezometer. XRD and SEM results
indicated that the sintering temperature was effective on the formation of a homogeneous
microstructure and a pure perovskite structure. Densification during sintering could not be completed
and pure perovskite structure was not obtained at 1150 °C and lower sintering temperatures.
Furthermore, sintering at temperatures higher than 1200 °C resulted in heterogeneous microstructure.
The high dielectric and piezoelectric response of PMN-PT-PMS ceramics is considered to be a result of
their high densities and homogeneous microstructure obtained via proper sintering condition. The
results showed that the ceramic samples sintered at 1175 °C for 2 h possessed the optimum properties
(d33=265 pC/N, K™=4745, kp=0.417, tand=2.5%, Qm=222).
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GIRIS INTRODUCTION)

fleri seramik malzemelerin bir grubu olan elektronik seramikler, 20. yiizyildan itibaren dielektrik
sabiti yiiksek materyallerin kesfedilmesiyle birlikte bir¢ok uygulama i¢in kullanilmaya baglanmistir.
Elektro-seramik malzemelere dahil olan piezoelektrik seramikler ise sahip olduklar farkli fonksiyonel
ozellikleri sayesinde sualt1 goriintiileme, haberlesme ve medikal goriintiileme cihazlar gibi énem arz
eden bir¢ok uygulamada tercih edilmektedirler (Carter ve Norton, 2007).

Diisiik sinterleme sicakliklarina (<1000 °C) ve Curie sicakliginda (T<) yiiksek dielektrik 6zellige sahip
relaksor Pb(Mg1sNb23)Os (PMN), iyi voltaj kararlilif1 gosteren ferroelektrik bir malzemedir. Ancak bu
malzemenin Curie sicakhigimn -15 °C civarinda olmasi kullanim alanlarini simrlandirmaktadir (Swartz
ve Shrout, 1982). Normal ferroelektrik 6zellige sahip ve Curie sicakligr yiiksek (~ 490 °C) PbTiOs (PT)
ilavesi ile PMN'nin faz degisim sicakligi daha yiiksek degerlere ulasmakta ve boylelikle kullanim
alanlar1 artmaktadir.

Perovskit kristal yapisina sahip (1-x)PMN-(x)PT ¢ozeltisi, Sekil.1’deki faz diyagraminda gosterildigi
iizere oda sicakliginda yaklasik x=0.325 degerinde rombohedral ve tetragonal fazlar1 birbirinden ayiran
bir morfotropik faz siir1 (MFS) olusturmaktadir. Bu simira yakin kompozisyonlara sahip malzeme;
optimum dielektrik, ferroelektrik ve piezoelektrik 6zellikler sergiler (Choi ve dig., 1989).
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Sekil 1. PMN-PT sistemine ait faz diyagrami (Choi ve dig., 1989)
Figure 1. Phase diagram of PMN-PT system

Diger ferroelektrik seramiklerin aksine, kursun ve niyobyumu bir arada iceren PMN-PT gibi
kompozisyonlar, geleneksel oksit hammadde karisiminin kalsinasyonu ile perovskit yapida kolaylikla
elde edilemez. PMN f{iretimi i¢in kullamilan kalsinasyon islemi esnasinda gerceklesen ve literatiirde
belirtilen reaksiyonlar asagidaki gibidir (Inada, 1977; Bouquin ve dig., 1991);

PbO + Nb205+ MgO (az miktarda) 0-70°Cy, Piroklor (1)

Piroklor + MgO + PbO —z0:200°, Ph(Mg1/sNb23)Os (Perovskit) (2)
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Gergeklesen bu reaksiyonlardan; 2 no.lu reaksiyon tam olarak denk olmadig: icin istenmeyen
piroklor fazi, perovskit fazina tamamiyla doniisememektedir. Perovskit fazda Pb/Nb oranmi 1.5 iken,
piroklor fazda bu oran genellikle 1.5'tan daha azdir (Guha, 1999; Shrout ve Swartz, 1983; Wakiya ve dig.
1993; Wakiya ve dig. 1994). Reaksiyon sonucu elde edilen {iriin, perovskit ve piroklor fazlarinin
karigimidir. Oldukga diisiik Curie sicaklig1 (-70 °C) ve diisiik dielektrik sabitine sahip olan piroklor faz,
igerisinde bulundugu biitiin ferroelektrik seramiklerin dielektrik ve elektromekanik 6zelliklerini
olumsuz yonde etkilemektedir (Taspinar, 1997; Bouquin ve dig., 1991).

Morfotropik faz smirina yakin (1-x)PMN-(x)PT (x=0.30-0.40) piezoelektrik seramikleri, her ne kadar
yliksek piezoelektrik ve dielektrik parametrelere sahip olsalar da dielektrik ve mekanik kayrplan
oldukga yiiksek ve mekanik kalite faktorleri (Qm) ise diisiiktiir. Gegtigimiz yillarda, PMN-PT
piezoelektrik seramik malzemelerinin hem bu 06zelliklerini iyilestirmek hem de istenmeyen piroklor
fazinin olusumunun engellenmesi ve saf perovskit yapinin elde edilebilmesi i¢in bu malzemelere cesitli
katkilama islemleri gerceklestirilmistir.

Bu katki maddelerine bir 6rnek Pb(Mn1sSb2s)Os (PMS)’dir. Daha 6nce yapilan ¢alismalarda, PMS
katkisinin PMN-PT piezoelektrik seramiklerinin dielektrik sabiti (KT) ve mekanik kalite faktorii gibi
Ozelliklerini arttirdig1 tespit edilmistir (Takahashi ve dig., 1996).

Takahashi ve dig., 1998’de yapmis olduklan diger bir calismada ise PMN-PT-PMS’in yogunluk ve
elektriksel 6zelliklerini incelemislerdir. Cizelge 1'de bu ¢alismaya ait her bir kompozisyon icin yogunluk
(0), dielektrik sabiti (KT), piezoelektrik sabiti (ds1) ve mekanik kalite faktdrii (Qm) verilmistir. 0.62PMN-
0.38PT numunesi, yiiksek ds1 ve diisiik Qm degerlerine sahip oldugundan dolay: ‘yumusak’ seramik
malzeme; 0.57PMN-0.38PT-0.05PMS numunesi diisiik ds: ve yiiksek Qm 6zellikler gosterdiginden dolay1
‘sert’” seramik malzeme olarak tanimlanmistir. 0.6625PMN-0.325PT-0.0125PMS numunesinin ise bu iki
malzeme arasinda bir 6zellige sahip oldugu belirtilmistir (Takahashi ve dig., 1998).

Cizelge 1. Farkli kompozisyonlardaki PMN-PT-PMS seramiklerinin 6zellikleri (Takahashi ve dig., 1998)
Table 1. Properties of PMN-PT-PMS ceramics with different compositions

Kompozisyon p (gr/em3) KT dsi(pC/N) Om

0,62PMN-0,38PT 7,95 2930 -150 90

0,6625PMN-0,325PT-0,0125PMS 7,91 2780 -146 440

0,57PMN-0,38PT-0,05PMS 7,98 2260 -109 725

Daha 6nce Aydin (2016) tarafindan yapilan bir ¢calismada ise; PMN-PT orani, MFS civarindaki 67/33
degerinde sabitlenmis kompozisyonlara, PMS katkisinin etkisi incelenmistir. 56z konusu c¢alisma
sonucunda molce %6 PMS katkili 67PMN-33PT seramiklerinin optimum dielektrik ve piezoelektrik
ozellikler (dss=255 pC/N, K™=4652, kp=0,422, Qm=210, tand=%2,6 ve Tc=146 °C) sergiledigi belirlenmistir.

Katkilama isleminin yaminda sinterleme sicakliginin da hem kursun-esasli hem de kursunsuz
piezoelektrik kompozisyonlarinda yapisal ve elektriksel 6zellikler {izerinde etkili oldugu bilinmektedir.
Ozellikle potasyum, sodyum, kursun ve bizmut gibi ugucu elementler iceren kompozisyonlarda bu etki
daha biiyiiktiir. Bu tip seramiklerin, klasik sinterleme yontemi ile yiiksek sinterleme sicakliklar:
kullanilarak yiiksek yogunluk ve iyi sinterlenmis numuneler olarak elde edilmeleri zordur (Zhu ve dig.,
2016; Liu ve dig., 2008,; Naceur ve dig., 2014; Ketsuwan ve dig., 2007).

Bu calismada sinterleme sicakliginin etkisini incelemek amaciyla molce %6 PMS katkili 67PMN-
33PT piezoelektrik seramikleri 1100-1250 °C araliginda farkli sicakliklarda sinterlenmistir. Yiiksek
yogunluklu ve perovskit yapida numuneler elde edebilmek amaciyla esktra MgO kullanimi ve tek
kalsinasyon adimi tercih edilmistir. Bu yontemin piroklor fazinin olusumunu basarili bir sekilde
engelledigi daha once Aydin ve Kalem (2016) tarafindan yapilan c¢alismada ortaya koyulmustur.
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Sinterleme sicaklig1 ile mikroyaps, fiziksel ve elektriksel 6zellikler arasindaki iliskinin ortaya koyulmasi
amactyla elde edilen tiim numuneler yapisal ve elektriksel 6zellikler agisindan karakterize edilmistir.

MATERYAL VE YONTEM (MATERIAL AND METHOD)
Seramik Tozlarinin I"Jretimi (Preparation of Ceramic Powders)

Bu c¢alisma kapsaminda toz metalurjisi iiretim yontemlerinden kati-hal sentezleme metodu
kullanilarak ¢ok kristalli PMN-PT-PMS piezoelektrik seramik numuneleri {iretilmistir. Yapida
istenilmeyen piroklor fazlarmin olusumunu engellemek i¢in kompozisyona fazladan MgO ilavesi
yapilmistir. Kullanilan hammaddeler; PbO (%99.9, -325 mes, Alfa Aesar), MgO (%99, -325 mes, Sigma-
Aldrich), Nb20s (%99.5, -100 mes, Alfa Aesar), TiO2 (%99, -325 mes, Sigma-Aldrich), MnO (%99, Sigma-
Aldrich) ve Sb20s3 (%99, Alfa Aesar) oksit tozlaridir. Hazirlanan her bir 0,94[0,67Pb(Mg1/3Nb2s3)Os-
0,33PbTi0Os]-0,06][Pb(Mn1/5Sb2/3)Os] kompozisyonu i¢in molce ekstra %5 MgO ilave edilmistir.

Secilen PMN-PT-PMS kompozisyonu igin oksit tozlar hassas terazide tartildiktan sonra toz
boyutunu kiiciiltmek ve homojen karisim saglamak amaciyla bilyeli degirmende 10 saat 6giitme islemi
gerceklestirilmistir. Ogijtme islemi; 5 mm. ¢apinda ZrO: bilyelerin ve %99 safliktaki etanol sivisinin
bulundugu polietilen kap igerisinde 200 d/dak. karigtirma hizinda yapilmistir. Ogiitiilen tozlar, etiiv
igerisinde 90 °C’de 24 saat siireyle kurumaya birakilmis ve elde edilen homojen toz karigimi 90 MPa
basingta, tek eksenli kuru preste disk seklinde preslenerek pelet haline getirilmistir. Tek adimh
kalsinasyon islemi, kiil firminda 850 °C sicaklikta 2 saat siire ile gerceklestirilmistir. Kalsinasyon islemi
sonrasi peletler, agat havanda doviilerek tekrar toz haline getirilmis ve 24 saat siire boyunca 6giitme
islemi i¢in ayni bilye, sivi ve karistirma hizi kullanilmistir. Ardindan 90 °C sicaklik ve 24 saat siireyle
etiiv icerisinde tekrar kurutma iglemi gergeklestirilmistir. Tkincil kurutma igleminden sonra tozlar agat
havana alinarak agirlik¢a %5 PVA (polivinil alkol- [CH2CH(OH)]s, Ma=6000) baglayic1 eklenmistir. 100
um.’lik elekten gecirilen tozlar, 100 MPa basingta tek eksenli presleme ile 16 mm. i¢ capa sahip disk
seklindeki kalipta pelet haline getirilmistir. Pelet numuneler, baglayici uzaklastirma islemi icin 1 saat
siireyle 600 °C’de bekletilmistir. Sinterleme islemi, kiil firminda farkli sicakliklarda (1100 °C, 1150 °C,
1200 °C ve 1250 °C) ve 2 saat bekleme siiresi ile yapilmistir. Sinterleme siirecinde aliimina althik {istiinde
bulunan peletlerden kursun kaybini engellemek amaci ile peletlerin gevresine toplam agirliklarinin
%30"u kadar PbO tozu yerlestirilmis ve iistleri bir aliimina kroze ile kapatilmistir.

Karakterizasyon (Characterization)

Sinterlenen numunelerin yogunluklari Argimet prensibi kullanilarak belirlenmistir. Bu amagcla
kullanilan sivi ortam ksilendir (o = 0,88 gr/cm?). Sinterlenmis numunelerin faz olusumlarim incelemek
icin Bruker D8 Advance model X-1sin1 kirinim cihazi (XRD) kullanilmustir. Olciimler, tarama hizi 2°/dak.,
20=20-60° araliginda olacak sekilde ve Cu-Ka 1simasi kullanilarak gergeklestirilmistir. Uretilen
numunelerin mikroyap1 incelemesi hem kirik yiizeyler hem de parlatilmig/isil daglanmis yiizeyler
tizerinde SM Zeiss LS-10 alan emisyonlu (FE-SEM) ve FEI Nova Nano 430 FEG taramali elektron
mikroskoplar: kullanilarak gerceklestirilmistir.

Elektromekanik karakterizasyon icin, sinterlenmis numunelerin paralel yiizeyleri énce 1000 gritlik
SiC zimpara ile islenmis, daha sonra numune yiizeyleri giimiis pasta ile elektrotlanmis ve 700 °C’'de 1
saat boyunca pisirilmistir. Elektrotlanan numuneler, 120 °C’lik silikon yag1 icerisinde 2 kV/mm elektrik
alan altinda 15 dak. boyunca kutuplanmistir. Serbest dielektrik sabiti (KT) ve kayip tanjant: (tan d) gibi
dielektrik oOzellikler, empedans analizi yontemiyle 1 kHz frekans altinda kapasitans ve kayip
faktorlerinin Ol¢tilmesi (Hioki IM-3570 LCR metre) ile belirlenmigtir. Diizlemsel elektromekanik
baglasma (kp) ve mekanik kalite (Qm) faktorleri empedans analizérde belirlenen rezonans-antirezonans
karakteristikleri araciligiyla hesaplanmistir (HP 4194A empedans analizorii). Piezoelektrik sabiti (dss)
Olctimiy; Berlincourt dss-piezometre kullanilarak gergeklestirilmistir.
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Karakterizasyon calismalari sonucunda en yiiksek yogunluk ve en iyi elektriksel 6zellikler 1150 °C
ile 1200 °C araliginda elde edildiginden, kontrol amaciyla 1175 °C’de de numuneler sinterlenmis ve
karakterizasyon ¢alismalari bu numuneler icin de yapilmistir.

BULGULAR ve SONUCLARIN IRDELENMESI (RESULTS and DISCUSSIONS)

Farkli sinterleme sicakliklar1 kullamilarak turetilen PMN-PT-PMS numunelerinin yogunluk
hesaplamalar1 Arsimet prensibine gore yapilmis ve sonuglar Cizelge 2’de verilmistir. Numunelerdeki
gozenek miktar1 artan sinterleme sicakhigi ile birlikte azalmaktadir. Sinterleme sutrecindeki
yogunlasmanin bir gostergesi olan %oggsei degerleri, 1175 °C ve fistiindeki sicakliklarda teorik
yogunlugun yaklasik %97-98'i civarindadir. Bu yogunluk degerleri, elektriksel dlgumlerin yapilmasina
olanak verecek seviyededir.

Cizelge 2. PMN-PT-PMS numunelerine ait yogunluk degerleri
Table 2. Bulk and relative densities of PMN-PT-PMS samples

Sinterleme

Sicakhg1 (°C) 1100 1150 1175 1200 1250

Pdeneysel (g/cm?) 7,3658 7,8454 8,0101 8,0059 7,9909
% pgoreli 90,05 95,91 97,92 97,87 97,69

Farkli sicakliklarda sinterlenmis PMN-PT-PMS seramiklerine ait XRD desenleri Sekil 2’de
verilmektedir. Tiim numunelerdeki perovskit yapi, rombohedral simetriye sahiptir. PMS katkis1 ile
birlikte PMN-PT seramiklerinde rombohedral simetriye doniisiimiin gergeklestigi, daha 6nce Aydin
(2016) tarafindan yapilan calismada ortaya koyulmustur. Ancak sinterleme sicakliginin etkisi
incelendiginde, 1100 °C ve 1150 °C sinterleme sicakliklarinin saf perovskit yapinin elde edilmesinde
yeterli olmadig1 goriilmektedir. Perovskit yapiya, ikincil faz olarak piroklor eslik etmektedir. Ozellikle
1100 °C’de sinterlenmis numuneye ait XRD deseninde piroklor faza ait piklerin siddeti gbz Oniine
alindiginda, perovskit faza kiyasla hacimce daha fazla miktarda bulunmaktadir. Sicaklik 1150 °C’ye
arttirlldiginda piroklor faza ait piklerin siddetleri azalmis ancak tamamiyla kaybolmamuistir. Piroklor
fazin olusumunun engellenebilmesi igin sicakligin 1150 °C {istiine ¢ikarilmasi gerekmektedir. Sicaklik
1200 °C’nin {istiine ¢ikarildiginda ise piroklor fazin tekrar ikincil faz olarak ortaya ¢iktig1 goriilmektedir.
Bu durumun, yiiksek sicakliklarda Ozellikle kursun oksitin uguculugunun artmas: ve sonug olarak
perovskit yaprya sahip kompozisyonun = stokiometrisinin = bozulmasindan kaynaklandigi
diisiiniilmektedir. Yiiksek sicakliklarda sinterleme ile piroklor fazin ortaya ¢ikmasi, BiYbOs katkili
PMN-PT seramikleri i¢in de rapor edilmistir (Hai ve dig., 2015).

Sinterleme siireci sadece yogunluk degerlerini ve kristal yapiyr degil, ayrica seramiklerin
mikroyapisimt da etkilemektedir. Sekil 3’de verilen SEM fotograflari, tum kompozisyonlar icin
sinterleme ile yogunlasmanin arttigi ortaya koymakta ve %Qgsreli degerleriyle Ortiismektedir. Artan
sinterleme sicakligi ile kristallerin boyutlar1 artmaktadir. 1100 ve 1150 °C sicakliklarinin sinterleme igin
yetersiz oldugu hem diizensiz tane yapist hem de mikroyapidaki gozenek miktarindan anlasilmaktadir.
Bu sicakliklarda sinterlenmis numunelere ait yogunluk degerleri ile SEM analizleri birbirleri ile uyum
gostermektedir. 1200 ve 1250 °C gibi yiiksek sicakliklarda sinterlenen numunelerde PbO'nun yiiksek
uguculugu ve yapidan kursun kaybi nedeniyle belirgin bir yapisal heterojenlik gozlenmektedir. Bu
durum ayrica galismada en yiiksek sinterleme sicakligi olarak segilen 1250 °C’de yogunluktaki
azalmanin da kaynagidir (Cizelge 2). 1200 ve 1250 °C’de sinterlenen numunelerde tane boyutlar1 1-6 um
gibi genis bir aralikta degismektedir. 1175 °C’de sinterlenen numunenin mikroyapisi yapisal olarak daha
homojendir ve daha dar bir tane boyutu araligina sahiptir. 56z konusu numunenin ortalama tane boyutu
yaklasik olarak 1.5-1.6 pm civarindadir. Bu degerler, farkli biiyiitmelerdeki kirik yiizey fotograflari
kullanilarak da dogrulanmustir.
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Sekil 2. Farkli sinterleme sicakliklarinda elde edilmis PMN-PT-PMS numunelerine ait XRD desenleri
Figure 2. XRD patterns of PMN-PT-PMS samples with different sintering temperature

Sekil 3. Farkli sinterleme sicakliklarinda elde edilmis PMN-PT-PMS numunelerinin SEM

goriintiileri: (a)1100 °C, (b)1150 °C, (c)1175 °C, (d)1200 °C ve (¢)1250 °C
Figure 3. SEM micrographs of PMN-PT-PMS samples with different sintering temperature: (a)1100 °C, (b)1150 °C, (¢)1175 °C,
(d)1200 °C, and (e) 1250 °C

Sinterleme sicakligina bagh olarak degisen yogunluk, kristal yapi ve mikroyapi, numunelerin
dielektrik ve piezoelektrik 6zelliklerini de dnemli oranda etkilemistir. Farkli sinterleme sicakliklarinda
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tiretilmis olan numunelere ait elektriksel 6zellikler Cizelge 3’de verilmistir. Dielektrik sabiti (KT),
piezoelektrik gerinim sabiti (dss) ve elektromekanik baglasma faktorii (kp) degerleri artan sinterleme
sicakligl ile birlikte artmis ve en yiiksek degerlerine 1175 °C’de ulasmislardir. Daha yiiksek sicakliklara
devam edildiginde ise degerlerin diistiigli goriilmektedir. Bu sicakliklarda mikroyapinin daha heterojen
hale gelmesi, yogunluk diisiisii ve piroklor fazin tekrar ortaya ¢ikmasi sonucu elektriksel 6zellikler
azalmustir.

Bir piezoelektrik seramigin sergileyecegi dielektrik ve piezoelektrik davranis: etkileyen en 6nemli
faktorlerden biri tane biiyiikliigiidiir. Tane boyutunun biiyiimesi, domain boyutunun da biiytimesi ve
sonug olarak domain sinirlarinin azalmasi anlamina gelir (Hoffman ve dig., 2001). Bu smirlar domain
duvari hareketini kisitladiklarindan, tane boyutu azaldik¢a domain duvari hareketi de daha fazla
engellenir. Bu durum Cizelge 3'de verilen mekanik kalite faktdru' (Qm) ve kayip tanjant1 (tan )
degerlerinin degisiminde de ortaya ¢ikmaktadir. Diisiik Qm ve yiiksek tan o degerleri, bir piezoseramikte
domain hareketinin kolay oldugunun gostergesidir. Sinterleme sicaklifinin artisiyla birlikte ortalama
tane boyutunun arttigr numunelerde Qm degeri diisiik ve elektriksel enerji mekanik enerji donusumu’
sirasindaki kayiplar fazladir. Bu ozellikler tipik yumusak piezoseramik ozellikleridir. Calisilan tum
sinterleme sicakliklar1 iginde 1175 °C’de sinterlenen numuneler optimum elektriksel (ds=265 pC/N,
K"™=4745, kp=0,417, tand=%2,5 ve Qm=222) ve yapisal (%0Qgsrci=98) Ozellikler sergilemislerdir.

Cizelge 3. Farkli sicakliklarda sinterlenmis PMN-PT-PMS numunelerine ait dielektrik ve piezoelektrik

ozellikler
Table 3. Dielectric and piezoelectric properties of PMIN-PT-PMS samples with different sintering temperature

Z::fllleg‘:'(e o 1100 1150 1175 1200 1250
KT 2450 4354 4745 4652 4401
tand (%) 2,2 2,4 2,5 2,6 2,6
dss (pC/N) 185 210 265 255 235
Qu 250,1 239,7 222,0 210,0 201,9
ke 0,321 0,399 0,417 0,422 0,403

SONUCLAR (CONCLUSIONS)

Bu calismada, 1100-1250 °C araligindaki farkli sicakliklarda 2 saat siire ile sinterlenmis PMN-PT-
PMS seramiklerinin fiziksel ve elektriksel Ozellikleri incelenmistir. 1150 °C ve altindaki sicakliklar;
sinterlenmenin tamamlanmasi ve saf perovskit eldesi i¢in yetersiz kalmistir. Bununla birlikte 1200 °C'nin
iistiindeki sicakliklarda sinterlenen numunelerde ise heterojen bir mikroyap1 ortaya c¢ikmaktadir.
Yiiksek yogunluk, homojen mikroyap1 ve saf perovskit yapisy; 1175 °C’de sinterlenen numunede elde
edilmigtir. Deneysel sonuglar; seramiklerin yogunlugunun, tane morfolojisi ve boyut araligmnin, kristal
fazlarin olusumunun, piezoelektrik ve dielektrik 6zelliklerin sinterleme sicakligina duyarlt oldugunu
ortaya koymustur. Malzemenin optimum elektriksel performansi (dss=265 pC/N, K™=4745, ky=0,417,
tand=%2,5 ve Qm=222), 1175 °C’de sinterlenen numunelerde elde edilmistir. Bu sonug yiiksek yogunluk,
yapisal homojenlik, diisiik tetragonallik ve piroklor fazin miktarindaki diisiisiin bir yansimasidir.
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ABSTRACT: Artificial Bee Colony algorithm is one of the naturally inspired meta heuristic method. As
usual, in a meta heuristic method, intuitively appealing way to have better results is extending
calculation time or increasing the fitness evaluation count. But the desired way is acquiring better results
with less computation. So in this work a modified Artificial Bee Colony algorithm which can find better
results with same computation is developed by benefiting statistical observations.

Key Words: Swarm intelligence, Meta heuristic algorithms, Artificial bee colony algorithm.

istatistiksel Olarak Yonlendirilen Yapay Ar1 Kolonisi Algoritmasi

OZ: Yapay Ari Koloni algoritmasi, dogadan ilham alan meta sezgisel yontemlerinden biridir. Meta
sezgisel yontemle, daha iyi sonuglar elde etmek igin akla ilk gelen ¢6ziim hesaplama siiresini arttirmak
veya uygunluk hesaplama sayisini arttirmaktir. Ancak istenilen yol, daha az hesaplama ile daha iyi
sonuglar elde etmektir. Bu ¢alismada, istatistiksel gozlemlerden yararlanarak, ayni uygunluk hesaplama
sayst ile daha iyi sonuglar bulunabilen Yapay Ar1 Koloni Algoritmasi, gelistirilmisgtir.

Anahtar Kelimeler: Siirii zekasi, Meta sezgisel algoritmalar, Yapay ar1 kolonisi algoritmasi.
INTRODUCTION

Genetic algorithms (GA) (Holland, 1975) had marked an era in the solution of NP hard problems. It
is one of mostly used population based algorithm but in recent years, swarm intelligent is also used in
population based algorithms and has attracted huge attention among the researchers. Swarm
intelligence algorithms are inspired from collective behavior of animal groups like ant colonies, flocks of
birds or bee swarms. This special type of the population based algorithms are referred as swarm
intelligence. The secret of the success of the swarm intelligence is “self organization”. In a self
organization, individuals in the population are specialized to fulfill a special task without under control
of a centralized authority to accomplish a global task. Swarm intelligence mostly used to solve non linear
functions with multi local optimum and combinational optimization tasks. Particle swarm optimization
(PSO) which was introduced by (Kennedy and Eberhart, 1995) is another popular swarm intelligence
based method. PSO have been inspired from collective behavior of bird or fish groups while moving
together. Ant colony algorithm (ACO) (Dorigo et al., 1991) which simulates the behavior of ants to find
best route to carry foods from source to home is another popular swarm intelligence method. Bee
colonies are also good examples for swarm intelligence. In a bee colony there are specialized bee types
for specialized task. For example, employee bees fly to food sources and dances in the hive according to
position and the amount of the food. Onlooker bees watch the dance of the employee bees and decide
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which food resource to go so they can select the food sources which they can gather more food with less
energy consumption. (Drias et al., 2005) have introduced a bee colony inspired algorithm and referred as
“Bees Swarm Optimization” and have tested the algorithm on MAX-W-SAT (the maximum weighted
satisfiability) problem. Yang introduced another bee oriented algorithm and called as Virtual Bee
Algorithm and tested it with two dimensional problems under one agent and multi-agent conditions
(Yang, 2005). Teodorovic proposed bee swarm intelligence based algorithm and tested to solve complex
traffic and transportation problems (Teodorovic’, 2003; Lucic and Teodorovic” 2002).

The main motivation of this work is Artificial bee colony (ABC) algorithm which simulates the
foraging behavior and collective work of different kinds of bees by (Karaboga, 2005). The algorithm
tested on multimodal and multi-dimensional numerical optimization problems. ABC was firstly
developed to solve numerical optimization problems and the performance compared to GA and particle
swarm inspired evolutionary algorithm (PS-EA) (Basturk and Karaboga, 2006; Karaboga and Basturk,
2007). Performance of differential evaluation (DE), PSO and evolutionary algorithm (EA) on basic
numerical functions are also tested against ABC (Karaboga and Akay, 2008; Karaboga and Basturk,
2008). ABC algorithm is also used to train artificial neural network weights (Karaboga and Akay, 2007;
Karaboga et al., 2007), classify medical patterns, clustering (Karaboga et al., 2008; Ozturk and Karaboga,
2008) and solving travelling salesman problem (Shrivastava et al., 2015).

In this work our goal was improving the performance of the ABC algorithm without increasing the
maximum fitness evaluation count. Performance of the proposed method is investigated for real-
parameter optimization on both basic and composite functions presented at the Congress of
Evolutionary Computation 2005 (CEC05). In Section 2 ABC algorithm was introduced. In Section 3
proposed modifications on ABC algorithm are introduced. In Section 4 test results for different
dimensions of CEC05 problems are presented and in Section 5 test results are discussed.

ARTIFICIAL BEE COLONY ALGORITHM

Metaheuristic algorithms are developed to solve combinational optimization problems like
travelling salesman problem or vehicle routing problem but today they are also used to solve real
parameter estimation problem which can be described as finding best parameter values of a function
which minimizes or maximizes the function. For example in equation 1 if it is wanted to find the best x
and y values which minimizes the function under circumstances of -3<x<5.5 and y>12 then this problem
can be described as a real parameter optimization problem.

f(x,y)=x>-2Y +2xy (1)

In this work the proposed method tested on real parameter optimization problem. ABC algorithm
searches the global search space to find suitable parameter values by three types of bees (or agents)
which are listed below.

Employee Bee: A food source (or possible solution) is assigned to an employee bee. The mission of
an employee bee is giving information about the particular food source which it is assigned to onlooker
bees. This information is the food amount (quality of the solution). After a food source has not enough
resources anymore then the employee bee which assigned to that source become scout bees.

Onlooker Bee: This type of bees search better food sources around the employee bees. The idea
behind is better solutions should be around the best solutions. At this point employee bees guide to
onlooker bees to better solutions.

Scout Bee: Scout bees are assigned to find new food sources that are not found by employee bee. So
they fly to far away that are not visited yet. After they found a new source they become employee bees.

The flowchart of the ABC algorithm is illustrated in Figure 1.
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STATISTICALLY GUIDED ARTIFICIAL BEE COLONY ALGORITHM

A weak point of the ABC algorithm is that it searches a better solution near the current solution by
modifying only one parameter at a time. But some of the other metaheuristic algorithms changes more
than one parameter to speed up the convergence. However it is tried to modify more than one
parameters in an ABC variant (Akay and Karaboga, 2010) but the algorithm uses another parameter
which decides to make modification more than one parameter. The idea behind the proposed method
finding value which is very close the optimal value to use on all agents as the second parameter
modification. The problem is calculating that kind of near optimal value? At this point statistical
methods come to help. Proposed method detects the near optimal values in three steps:
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Create random food resources,

Y

Employe Bee Phase: Send one
employed bee 1o each food source,
search neighboor of food source for |«
better source and determine nectar

amount,

Y

Onlooker Bee Phase: Send onlooker
bees to food sources. Send more
onlooker bees where nectar amount is
higher.

Y
Record the best food source up to now.

Y

Search neighboor of food source for
better source by the onlooker bee. If
can't find better resource increase trial
count of corresponding source by one
else set trial counter to zero.

Y

Scout Bee Phase: Abondon one of the
food resource which exceeded maximum
trial count and create one randomly.

Is any
termination

condition
met?

No

v Yes

Show the best food source up to now.

Figure 1. Flowchart of the ABC algorithm.

First step is detecting first 10 best fitness valued solutions. We use 100 as population count and 50
for food sources count. Solutions (food sources) are sorted by their fitness values and parameter values
of first 10 solutions are reserved for further steps.

At the second step standard deviation (SD) values of the each parameter are calculated from the best
fitness valued solutions that are detected and reserved in step 1. SD is a measurement technique to
understand how much an array of variable are different from each other. SD is calculated in 3 steps. In
first step average value of the array is calculated by equation 2. In second step variance of the array is
calculated by equation 3 and in last step SD is calculated as square root of the variance in equation 4.
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Flowchart of the proposed algorithm is presented in figure 2 and pseudo code is presented in figure 4.

Changed parts are written in red.

Create random food resources.

Y

Employe Bee Phase: Update randomly
selected parameter by randomly
selected neighboor. -
Update another parameter (bestp) by
using mean(bestp)

Y

Onlooker Bee Phase: Send onlooker
bees to food sources. Send more
onlooker bees where nectar amount is
higher

Y

Record the best food source up to now.

Y

Search neighboor of food source for
better source by the onlooker bee. If
can't find better resource increase trial
count of corresponding source by one
else set trial counter to zero.

v

Find best parameter (bestp) using
standard deviations of the all parameters
and calculate means of all parameters
using top 10 solutions.

L

Scout Bee Phase: Abondon one of the
food resource which exceeded maximum
trial count and create one randomly.

Is any
termination

condition
met?

No

y Yes

Show the best food source up to now.

Figure 2. Flowchart of proposed ABC algorithm

)
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SD values are calculated for each dimension of the food sources to find the parameter which is closer
to optimum value. But how can it be decided that mean value of a parameter is near the optimum value
only by looking the SD value of the parameter? Solution of that problem can be shown by an example.
The box-plot representation in figure 3 is acquired by the parameter values of first 10 best solutions in
11.cycle of ABC for the 10 dimensions sphere function which is described by Equation 5.

D
f(x)=> %} 5)
i=1

100 - .

60 I

—mm

40

20 -

=

a0k +

-100 =

Figure 3. Box-plot representation of first 10 best solutions of the sphere function in 11.cycle.

Each box represents a parameter (or dimension). Short box represent small SD values and tall box
represents big SD values. Values in figure 2 are summarized in Table 1. Columns in Table 2 represent the
parameters and first two rows represent SD values, mean values of the first 10 best solutions
respectively. The row referred as “Position on SD” represents the parameter’s position when the
parameters sorted by their SD values in ascending order and the row referred as “Position on Fitness”
represents the parameter positions when the parameters are sorted by their distance of means values to
optimum values. For example parameter 6 (D6) has a SD value 18 and when the parameters are sorted
by the SD it’s position is 1 because it has the lowest SD value among the parameters. The mean value of
the D6 -1.82 and its optimum value for sphere function in equation 5 is zero. So the distance to optimum
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value is -1.82 and its “Position on Fitness” value is also 1. The same relation can be seen other
dimensions. So at this point it can be said that “Position on SD” values are related to “Position on
Fitness” values. More clearly it can be said that mean value of the minimum SD valued parameter is
very close to its optimum value. This assumption is the key concept of the proposed method. So we
detect the best parameter in every cycle by SD values and use its value for second parameter
modification.

Table 1. Summarized values for figure 3.

Description D1 D2 D3 D4 D5 Deé D7 D8 D9 D10
Stan.da.rd 26.9 30.69 30.14 36.52 44 .42 18 36.7 35.84 40.02 39.55
Deviation

Mean 16.78 5.77 2.85 11.69 -8.86 -1.82 23.79 12.13 7.94 15.48
Position on SD 2 4 3 6 10 1 7 5 9 8
Position —on |, 3 2 6 5 1 10 7 4 8
Fitness

Modified parts of the algorithm are shown bold. In modified part “/*Finding appropriate
parameter”/” best fitness valued solutions are sorted and first 10 of them are used to calculate SD values
of the parameters. Minimum SD valued parameter number is assigned to “bestp” variable. The other
modified part of the algorithm is “/* Second parameter modification*/” where the bestpth parameter of
each employee bee is modified by the mean value of the bestpth parameter. Second parameter
modification is similar to standard parameter modification in ABC except instead of finding a random
parameter of a random neighbor it uses mean value of the bestpth parameter. Second parameter
modification is used only in in employee bee phase because using it onlooker bee phase causes solutions
to bias thought to same value. Second parameter modification is applied after 10 iterations from
beginning in order to allow parameters to decide a near optimal value.

EXPERIMENTAL RESULTS

The proposed method tested against to standard ABC algorithm with both basic and composite

functions presented at Congress of Evolutionary Computation 2005 (CECO05) in four categories. First
category is fitness evaluation tests. In the test proposed fitness values of the proposed method are
compared to original ABC under the same conditions. In second test methods are compared by the
stability. For this purpose standard deviation of fitness values that are obtained after 30 independent
runs are compared. In third test convergence speeds are tested for both methods. Last test was time
consumption test. In this test methods are compared by their time consumptions.
We have used 10, 30 and 50 for problem dimensions. For a fair comparison we have used the same
parameters for both methods. Population size is set to 100 and food sources size is set to 50. MaxCycle is
set according to dimension size. We established 10* fitness evaluations for each dimension by calculating
MaxCycle value in Equation 6.

D x10000
MaxCycle= ———— (6)
pop_ size
where “D” represents the dimensionality and “pop_size” represents population number of the ABC
algorithm.
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Create random food sources x[i,j] where i represents
the solution number and j represents the parameter
evaluate the fitness of the all solutions
for cycle=1 to MaxCycle do
begin
/*Employe bee phase*/
for fnum=1 to maxfoodnum do
begin
Select random neighbour a, random parameter b
and generate random number c in interval[-1,1]
t = x[fnum,b] + ¢(x[a,b]-x[fnum,b])
if (t>max[b]) t= max[b]
if (t<min[b]) t= min[b]
X[fnum,b] =t
/* Second parameter modification*/
if cycle>10 then
begin

x[fnum,bestpl=x[fnum,bestp]+c(x[fnum,bestpl+mea
n[bestp])
/I"bestp" is calculated below in /*Finding
appropriate parameter*/ phase
end
calculate the fitness of x[fnum]
if fitness is better than old one then
trial[fnum]=0
else
begin
revert X[fnum,b] to old value
trial[fnum]++
end
end
Calculate the probablity values of each food source
p
/*Onlooker bee phase*/
fnum=1
tnum=0
while fnum<=maxfoodnum
begin
generate random number r in interval [0,1]
thum-++
if r<p[tnum] then
begin

Select random neighbour a, random parameter b
and generate random number c in interval[-1,1]
t = x[tnum,b] + c(x[a,b]-x[tnum,b])
if (t>maxfnum) t=maxfnum
if (t<minfnum) t=minfnum
X[tnum,b] = t
calculate the fitness of x[tnum]
if fitness is better than old one then
trial[tnum]=0
else
begin
revert x[fnum,b] to old value
trial[tnum]++
end
fnum++;
end
if tnum>maxfoodnum then tnum=0
end
/*Scout bee phase*/
find maximum valued indices z in trial
if trial[z]>maxtrial then generate random food
source instead of x[z]

/*Finding appropriate parameter®/
copy all foodsources x to y
//in order not to break the orignality of ABC
algorithm
sort y according to fitness values
fori=1to D do
begin
meanli]=0;
for j=1to 10 do
begin
meanli] = meanli] + ylj,il
end
mean[i] = meanli] / 10
stddevl[i] = 0;
for j=1to 10 do
begin
stddevli] = (meanli] - yIj,il)?
end
stddevli] = sqrt(stddevl[i]/10)
end
find minimum valued indices and assign it
bestp
end

Figure 4. Proposed modified ABC algorithm.
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Fitness Evaluation Test:

Fitness evaluation test results are obtained by the results of 30 independent runs. In “Function
Number” column, corresponding function numbers in CEC05 are presented, in “ABC” column mean
fitness value of the 30 independent runs are presented. Similarly in “Modified ABC” column mean
fitness value of 30 independent runs are presented for proposed modified ABC algorithm. In “Better
Than Classical ABC” column represents the comparison result of the mean of original ABC and
Modified ABC test results. If Modified ABC is better than the original one then the column value is set to
“Yes” otherwise column value is set to “No”. “Statistically Significant” column represents paired t test
results of the 30 independent runs at the 5% significance level. If difference between the results is
statistically significance then column value is set to “Yes” otherwise the column value is set to “No”.

Table 2. Test Results for 10 dimensions problems.

Function ABC Modified Better Than Statistically
Number ABC Classical ABC? Significant?
1 9.47072E-17  9.94065E-17 No No
2 18.94657779  1.662162747 Yes Yes
3 575517.5816  763078.2204 No No
4 1064.454258  290.0148787 Yes Yes
5 99.87026555  12.7641938 Yes Yes
6 1.019229712  3.042330888 No No
7 0.134277423  0.108344259 Yes No
8 20.30742474  20.30065673 Yes No
9 0 0 No No
10 28.38667902  18.26045643 Yes Yes
11 5.623053561  5.128848372 Yes Yes
12 44.31023529  62.94259948 No No
13 0.035337889  0.041974926 No No
14 3.339751658  3.350167432 No No
15 3.15139E-06  3.75222E-05 No No
16 151.1603956  139.3305692 Yes Yes
17 164.9748003  155.2562062 Yes Yes
18 543.8301847 545.9794051 No No
19 608.1872842  550.5049652 Yes No
20 552.1229053  550.2109244 Yes No
21 389.3503569  367.4435637 Yes No
22 754.4939213  737.8748394 Yes No
23 520.2365368  528.4251605 No No
24 200.0000027  200.0000404 No No
25 200.0000078  200.0000572 No No
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Table 3. Test Results for 30 dimensions problems.

Function ABC Modified Better Than Statistically
Number ABC Classical ABC? Significant?
1 5.10142E-16  5.30854E-16 No No
2 6174.301225 4251.858141 Yes Yes
3 8472701.954 8169506.466 Yes No
4 33289.28758  30499.99252 Yes No
5 11238.9255  9782.00526 Yes Yes
6 3.319829264 5.95898134 No No
7 0.061309309  0.044651046 Yes Yes
8 20.77726229  20.79922538 No No
9 0 0 No No
10 331.4970905 253.7468551 Yes Yes
11 28.31282623  27.24817996 Yes Yes
12 8204.399412  9716.293662 No No
13 0.316065204  0.347643753 No No
14 12.92264784 12.87690019 Yes No
15 5.61049E-05 0.015892386 No No
16 292.7251296  285.3769222 Yes No
17 359.291756  349.5481241 Yes No
18 918.4480828  899.8375004 Yes No
19 920.3222711  910.9465426 Yes Yes
20 915.2599772  915.6701221 No No
21 497.0657001  491.2270562 Yes No
22 1075.049454  1031.820385 Yes Yes
23 531.8314824 531.2477391 Yes No
24 344.7514483 234.457366 Yes No
25 395.9891783  250.784032 Yes No

B. KOCER
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Table 4. Test Results for 50 dimensions problems.

Function ABC Modified Better Than Statistically
Number ABC Classical ABC? Significant?
1 9.20521E-16  1.05959E-15 No Yes
2 24310.18996  21763.67147 Yes Yes
3 18745986.84  18108940.93 Yes No
4 97433.28895  94860.89296 Yes No
5 25355.42562  24600.06374 Yes No
6 2.431763026  8.933342184 No Yes
7 0.034510315  0.031968983 Yes No
8 20.91500183  20.96498148 No Yes
9 0 0 No No
10 1013.368826  828.2220972 Yes Yes
11 56.76164227  55.0178908 Yes Yes
12 45751.19723  48587.14031 No No
13 0.687145481 0.85773778 No Yes
14 22.6787752  22.53280833 Yes No
15 0.004183417 7.573192646 No No
16 396.6940249  394.8546597 Yes No
17 471.7846714 474.7504174 No No
18 975.7403714  964.1504486 Yes No
19 978.9170299  961.2534525 Yes Yes
20 982.7706413  960.6250472 Yes Yes
21 500.0001331  500.0000111 Yes No
22 1159.142349  1136.929475 Yes Yes
23 539.1241006  539.1237518 Yes No
24 1333.38159  1308.975774 Yes Yes
25 1332.985896  1314.894348 Yes Yes

163

The fitness evaluation test results are a bit complicated so we summarized all the test tables above in

Table 5.
Table 5. Summarized fitness evaluation test results.
P hod i P hod i
- . roposed method is Statistically roposed method is Statistically
Dimensions better than the Sienificant? worse than the Sienificant?
Classical ABC & * Classical ABC & ’
10 13 7 12
30 17 8
50 17 8

Fitness evaluation test results are encouraging. In most of the tests, proposed method is better than ABC
in most cases and also when it is worse than the original ABC, the results are not statistically

significance.

Standard Deviation Test

SD test are done in order to measure the stability of the methods. If two different methods

compared with the same test functions by 30 independent runs it can be said that the smaller SD valued
function is more stable than the other one. SD test results are presented in Table 6.
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Table 6. SD test results
D=10 D=30 D=50
Function ABC Modified Better ABC Modified Better ABC Modified Better
Number ABC Than ABC Than ABC Than
Classical Classical Classical

ABC? ABC? ABC?
1 1.18E-17 1.25E-17 No 5.55E-17 6.09E-17 No 1.32E-16 1.09E-16 Yes
2 14.83463  1.238683 Yes 1856.119 1387.997 Yes 3997.128 2726.737 Yes
3 297920.5  514213.6 No 2764282 2388461 Yes 4605850 5586789 No
4 648.3193  173.9363 Yes 5957.668 5570.806 Yes 12543.29 9729.833 Yes
5 121.8133 53.2 Yes 1527.727 1456.137 Yes 1948.405 2047.314 No
6 1.955067  7.789525 No 4.327962 9.071855 No 3.73836 13.4603 No
7 0.050566  0.051547 No 0.018554 0.017983 Yes 0.007188 0.014279 No
8 0.070881  0.080921 No 0.079209 0.082064 No 0.048878 0.039768 Yes
9 0 0 No 0 0 No 0 0 No
10 5.400138  5.343894 Yes 49.31465 42.80711 Yes 98.77225 108.6589 No
11 0.744279  0.800136 No 1.680044 1.458333 Yes 2.737719 2.497108 Yes
12 37.10748 71.9975 No 4491.794 4741.499 No 15669.93 18980.61 No
13 0.016922  0.020334 No 0.103545 0.109501 No 0.141407 0.274759 No
14 0225732 0.226375 No 0.282256 0.251902 Yes 0.216866 0.350755 No
15 1.02E-05  0.000141 No 0.000188 0.053657 No 0.022268 35.91271 No
16 15.14174  14.37557 Yes 35.33667 40.476 No 7.913829 13.1236 No
17 18.33895  17.91638 Yes 45.07728 49.80905 No 10.30309 10.30978 No
18 101.8693 95.0339 Yes 4.319544 92.88999 No 30.22302 22.35548 Yes
19 144.8556  114.7886 Yes 4.497828 21.23954 No 20.42147 21.63619 No
20 99.95363  105.9822 No 21.73962 2.925873 Yes 28.11129 19.13792 Yes
21 77.05258  99.30221 No 15.80195 26.32415 No 0.000654 1.43E-05 Yes
22 120.5941 144.6947 No 29.30139 40.16287 No 32.73313 39.21758 No
23 52.49604 46.2016 Yes 5.988237 6.586686 No 0.000999 0.000916 Yes
24 1.38E-05  0.000215 No 325.6949 183.2311 Yes 28.38805 26.49105 Yes
25 3.5E-05 0.000308 No 362.1658 201.2555 Yes 28.57924 25.10953 Yes

The SD test results are a bit complicated so we summarized all the test tables above in Table 7.

Table 7. Stability test results.

Proposed method is Proposed method is
Dimensions | more stable than the less stable than the
Classical ABC Classical ABC
10 9 16
30 11 14
50 11 14

In stability test it can’t be said that original ABC is more stable than the proposed method for all

situation. Especially test results are close for the problems which have 30 and 50 dimensions.

Convergence Speed test:

Convergence speed are illustrated in figure 5-10 in order to present which method can find better

results with less fitness evaluations.
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In convergence test it can be said that proposed method find better solutions with less fitness
evaluations in lower dimension sizes. When dimension sizes get larger the advantage of the proposed

method is lost.
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Time Consuming Test:

Developing a better method over the original one always has some additional cost. These costs may
be additional fitness evaluations, additional computations or additional memory consumption. However
the important rule in swarm intelligence methods is finding better fitness values with less or the same
fitness evaluation counts. So proposed method uses the same fitness evaluation count and needs a little
additional computation to find better fitness values. The additional computation cost is presented by a
time consuming test for “Rosenbrock” function by the different dimension sizes in Table 8.

Table 8. Time consuming test results for Rosenbrock function.

Proposed
Dimensions | Original ABC Method Increment (%)
10 9.53166 9.56286 0.327330182
30 29.7494 29.8586 0.367066227
50 51.1215 51.2931 0.335670902

When Table 8 evaluated, it can be said that proposed method needs less than 1% additional
computation according to original one and this is not a significance difference.

CONCLUSIONS

According to experimental results it can claimed that proposed method has found better result with
same fitness evaluations. The proposed method needs only %0.5 additional computation and this cost
can be tolerated. Some of the other modified methods also can find better results than original ABC
algorithm but they need additional parameters and the values of the parameters should be set properly
by the user, otherwise method may find worse results. In this perspective proposed method is a
parameter-less method and can work without user interactions. Stability and fitness performance of the
method can be improved method by additional modifications.
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ABSTRACT: Induction motors (IMs) are commonly used in industry due to the fact that they are simple,
economic, durable, maintenance-free and they can run in every environmental conditions. Non-linear
model and time varying parameters of IMs make it quite difficult to develop their mathematical models.
In high performance applications, it is necessary to determine these parameters that affect driving
technique. In this study, when induction motor (IM) was started with continuous and discrete signals,
the effects on the motor equivalent circuit parameters of these operating states were investigated.
Differential Evolution Algorithm (DEA) and Particle Swarm Optimization (PSO) were used to
investigate and determine the changes in parameters and performance. Equivalent circuit parameters
were determined on two IMs with 2.2kW and 5.5kW. In this study, it was seen that Differential
Evolution Algorithm (DEA) and Particle Swarm Optimization (PSO) determined electrical equivalent
circuit parameters of IM with minimum 0,07% error and minimum 0,28% error, respectively.

Key Words: Induction motor, Particle swarm optimization, Differential evolution algorithm, Equivalent circuit
parameters of induction motor, Vector control.

Asenkron Motorlarin Esdeger Devre Parametrelerinin Sezgisel Algoritmalar Kullanilarak
Belirlenmesi

0OZ: Asenkron motorlar basit, ekonomik ve saglam olmalari, bakim gerektirmemeleri ve her tiirlii ortam
kosullarinda calisabilmeleri gibi 6zelliklerinden dolayi, endiistride yaygin olarak kullanilmaktadir.
Asenkron motorlarin dogrusal olmayan modeli ve zamanla degisen parametreleri matematiksel
modelin ¢ikartilmasimi olduk¢a zorlastirmaktadir. Yiiksek performansh uygulamalarda, siirme
davramglarini etkileyen bu parametrelerin dogru olarak belirlenmesi gerekmektedir. Bu calismada
asenkron motor siirekli ve ayrik zamanli sinyallerle calistirnldifinda, esdeger devre parametreleri
tizerindeki etkileri incelenmistir. Parametre ve performans degisimlerinin incelenmesi ve belirlenmesi
i¢cin Diferansiyel Evrim Algoritmasi (DEA), Parcali Siirii Optimizasyonu (PSO) kullanilmistir. Esdeger
devre parametreleri 2.2kW ve 5.5kW giiciinde iki asenkron motor {iizerinde belirlenmistir. Yapilan
calismada asenkron motor elektriksel esdeger devre parametrelerinin Diferansiyel Evrim Algoritmasi ile
minimum %0,07, Parcacik siirii optimizasyonu ile ise minimum %0,29 hata ile belirlendigi
gozlemlenmistir.

Anahtar Kelimeler: Asenkron motor, Parcacik siirii pptimizasyonu, Diferansiyel evrim algoritmasi, Asenkron
motorun esdeger devre parametreleri, Vektir kontrol.
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INTRODUCTION

Induction motors (IMs) are commonly used in industrial application because of the fact that they are
simple, durable, cost-effective and high efficiency. IMs are used with speed control device or by
connecting directly to the network. In terms of driving technique, speed control devices can be divided
into two as continuous and discrete times. According to these driving techniques, it is important to
carry out mathematical modeling of IMs. It is quite difficult to develop mathematical model of IM
because of their non-linear model and time varying parameters. In high performance works, it is of great
importance to determine these parameters which are affected by driving techniques properly. Therefore,
in this study, a heuristic model that can properly determine equivalent circuit parameters of IM operated
with different driving techniques was intended to be developed.

Many studies have been carried out so far to determine the parameters of IMs. In a study,
researchers have tried to develop a model using the Taguchi method to run a squirrel cage IM
effectively. The rated-current of IM was accepted as the quality characteristic. 5 control parameters as
rated rotational speed, rated torque, rated phase voltage, efficiency and power factor were chosen to
determine the value of quality characteristics. As a result of the regression analyses, it was emphasized
that the most important parameters for rated current value were rated rotational speed and rated torque;
and the control factors which are less important were rated phase voltage and efficiency (Nutu and
Popescu, 2016).

A new method developed in another study provided to determine motor torque components, as
well as motor parameters, which are developed by high harmonic components of the current. The
validity of the suggested method was verified by comparing motor parameters obtained from
unloaded/locked rotor tests performed on a real motor and motor parameters obtained by finite element
analysis. In this study, a new approach is presented for IM parameters and torque characteristics
obtained from time-harmonic finite element simulations with stationary rotor. This method is also
suitable to calculate torque, rotor resistance and inductances like a rotor displacement function (Kiraly
and Zarko, 2016).

In another study, genetic algorithm is applied to predict the parameters of IM by means of stator
voltage, stator current and rotor rotational speed (Sadasivan and Mammen, 2011), (Kampisios et al.,
2008).

To predict the parameters of IM, a linear regression model was also used. This method suggests a
recursive least square algorithm by using stator voltage, stator current and rotor rotational speed so as to
predict motor parameters in an off-line work (Mohamed et al., 2011).

An Extended Kalman Filter method was also applied to describe the parameters of IM by using 3
phase stator voltage, stator current and rotor rotational speed (Laowanitwattana and Uatrongjit, 2015).

In another study in which Partical Swarm Optimization (PSO) algorithm was used, the changes of
the parameters of an IM in steady-state conditions were observed and predicted dynamically. In this
study, three phase current, voltage and rotational speed of IM were used as measured values.

In another study, the effect of temperature on motor parameters such as rotor and stator resistance
was investigated by means of Two-Stage Single-Flock PSO technique. It is emphasized that the
parameters were calculated and the average of normalized estimation error squares was minimized by
square root. Simulation results show that the suggested method is at high accuracy and applicability. In
this study, a new PSO method is presented to make it easier to predict the parameters of IM under the
conditions of temperature rise. This method predicts time varying parameters of IM by taking into
account the stator, rotor winding and the changes in the temperature (Tofighi et al., 2013).

In another study, two new methods called Adaptive Neuro Fuzzy Inference System (ANFIS) and
Artificial Neural Network (ANN) were presented to predict the parameters of single and double squirrel
cage IM. It is stated that 20 IMs with different powers were used for this purpose. Experimental data
contain the values of breakaway torque, current, maximum torque, full load, efficiency, active power
and reactive power rate. The results obtained from the suggested ANN and ANFIS models were
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compared to experimental data and to each other. According to these results, it is stated that ANFIS
model gives more accurate results than ANN model ( Jirdehi and Rezaei, 2014).

In this study, differently from the previous studies, equivalent circuit parameters of an IM running
in continuous and discrete time are predicted using PSO and Differential Evolution Algorithm (DEA).
The study is comprised of the following sections: Section 1 presents introduction; Section 2 deals with
the equivalent circuit of IMs; Section 3 deals with the materials and methods section containing the used
heuristic algorithms, test functions and the experimental setup; Section 4 gives the results of the study
and Section 5 contains the conclusions.

MATERIAL AND METHOD
Induction motors

In IMs, the electrical and mechanical features of 3-phases are equal to each other (Colak, 2014),
(Terzioglu et al., 2014). For this reason, when the features of one phase are determined in IMs, it means
equivalent circuit of a 3-phase IM is also determined. Accordingly, when equivalent circuit of 3-phases
IM is formed, it is sufficient that only 1-phase equivalent circuit is determined. In Figure 1, the
equivalent circuit of an IM is seen (Colak, 2014), (Terzioglu et al., 2014).

Figure 1. 1-phase equivalent circuit of an IM

The parameters of the equivalent circuit in Figure 1 are described as;

E : A phase voltage value (volt),
R, : Internal resistance of stator winding (Ohm),
X

s : Leakage reactance of stator winding (Ohm),

$ : Current passing through stator circuit (Ampere),
: Equivalent of rotor circuit leakage reactance transferred into rotor circuit (Ohm),
: Equivalent of rotor circuit resistance transferred into stator circuit (Ohm),

: Current passing through rotor circuit (Ampere),

m : Resistance of excitation circuit (Ohm),

m : Excitation reactance in open-circuit operation (Ohm),

U : Current passing through excitation circuit (Ampere),

m : Magnetizing current (Reactive component of excitation current) (Ampere),
| . . o

W : The current through resistor Rm (Active component of excitation current) (Ampere),
Ry

: Electrical resistance of the load in motor shaft in terms of stator terms (Ohm).
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The circuit in Figure 1 is named as real equivalent circuit. To simplify the solution in this circuit, a
simplified equivalent circuit which gives similar results to real equivalent circuit results is used
(Terzioglu et al., 2014). In balance 3-phases IM, a simplified equivalent circuit of 1-phase is designed
agreeing the conditions below (Terzioglu et al., 2014).

o Stator winding resistance was kept low to reduce stator copper loss.

¢ Leakage reactance of stator winding was minimized by reducing average length of wire of each
winding.

e To reduce kernel losses (iron loss), thin plates made of low iron loss are used. Rm is kept high in
this way.

¢ Conductivity of the iron chosen for the plates is high and flux density at the operating point of
the motor is kept under the lap robe of magnetization curve. Magnetization reactance is high in
that way.

¢ Simplified equivalent circuit which was obtained when excitation arm was put in the access of
equivalent circuit is given in Figure 2 (Arslan et al., 2012).

X: R

R, L}‘(I-\')

Figure 2. A simplified 1-phase equivalent circuit of IM
Where, I is the current that the motor draws from the network.

Particle swarm optimization (PSO)

Particle Swarm Optimization (PSO) is a heuristic algorithm developed by James Kennedy and
Russell Eberhart in 1995 (Akbulut, 2009). This algorithm is based on social intelligence found in all living
things in nature. The behaviors such as the sharing information of people by talking, the using each
other to find the direction of birds and the making joint decision for movements of fish swarms are proof
of a social existence. Inspired by the using each other to find the direction of birds and the moving
together of fish swarms, PSOs have been developed (Eldem, 2014).

PSO shows similarities with evolutionary optimization techniques like Genetic Algorithm (GA) but
it does not have evolutionary operators such as crossing and mutation. The solutions called as particles
in PSO travel in the problem space by following the best results. The most significant difference of PSO
from classical optimization techniques is that it does not need derivative knowledge. PSO can be
successfully applied in many areas such as function optimization, fuzzy control system and artificial
neural network. When PSO and GA are compared, it can be said that PSO is an algorithm that is easier
to realize and less the parameter number to be set. For this reason, PSOs are applied in many areas today
(Eldem, 2014). The flow diagram of PSO is seen in Figure 3.

In flow chart, the speed of each particle is arranged by Eq. 1 (Terzioglu et al., 2013),

Vit =w v + ¢ (pbest’ — x) +c,r, (gbest* — x*) n

and the position is arranged by Eq. 2,
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Xik+1 — Xik + Vik+1 "

where, ¢ and ¢ are the learning factors, w is inertia weight, r1 and r2 are the numbers produced
randomly in the range [0,1].
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Figure 3. PSO flow chart

Differential evolution algorithm (DEA)

The techniques based on evolution principles are used to make up the deficiencies of commonly
known optimization methods (Arslan et al., 2012), (Price et al., 2006). Recently, the term evolutionary
computing representing all of these principles-based techniques has begun to be widely used. GA,
evolutionary programming, evolutionary strategies and differential evolution algorithm (DEA) can be
given as example to these algorithms (Price et al., 2006), (Storn and Price, 1997). DEA is an algorithm
which is both simple and based on the powerful population. Especially, it is used to optimize the
functions which are defined in an edited space and contain the design parameters with real precious.
Optimization with real parameter composes the important and a broad class of the practical problems
encountered in science, engineering and other work environments. Generally, the first operation to be
done is to determine a problem-oriented heuristic approach when complex optimization problems are
encountered (Ozcan and Erol, 2013), (Akkoyunlu and Engin, 2011). These techniques which allow expert
knowledge to be added to the design are quite successful when faced with general methods such as the
algorithms based upon development. For example, if the objective function is in the form of a linear
polynomial, there are successful methods such as Simplex and Karmakar algorithms developed to solve
this kind of problem. These methods have the ability to find optimal solutions even if there are hundreds
or even thousands of design variables in such problems. If the objective function isn't in the form of a
linear polynomial and there aren’t problem-oriented methods, generally methods such as Levenberg-
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Marguardt algorithm, Branch and Bound are preferred (Karaboga, 2014). In Figure 4, schematic diagram
of DEA is seen.

1-Selecttarget vector 2-Random selection of two populaiton members
AT T T T T PP T T I A T T T T T T T T TAT T T T TTTATTTTY
AT O T T T T A T T TP T T AT T TP AT Tz Familiy
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third vector

Use smaller
function value

Trial vector
Ifnot

The testvector
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improve all contants
for applicaiton
purposes
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I T 77 ja

Placement of changing population sequences for subsequent production

Figure 4. Schematic diagram of DEA (Kiranyaz et al., 2014)

Test functions
In this study, DEA and PSO were used as heuristic algorithms. The softwares of these algorithms

were prepared in Matlab program. To determine the accuracy of the softwares, test functions in Table 1
were used (Kiranyaz et al., 2014).

Table 1. Test Functions

Func. No Function name Function Value (D) Limits

D
F1 Sphere f=> x? 30 -100 < x, <100

i=1

D .
F2 Schwefel f,= Zl;(z %) 3  -100<x <100
Generalized o { 2\2 2}
f,= > {100(x_, —x“) +(x -1 -30<x <30

F3 Rosenbrock : ,Z;‘ ( A ) (% -1) 30 '

Parameter values of PSO and DEA used to solve the test functions are given in Table 2.

Table 2. Optimization parameters used for heuristic algorithms
Particle Swarm Optimization | Differential Evolution Algorithm

Algorithms
Number of particle =100 Population Size = 100
Learning Factor (c1) =1 Crossover rate = 0.80

Learning Factor (c2) = 1 Scaling Factor =0.80
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The stop criterias in test functions were determined as ’0” error rate or the completion of the 1000
iteration. DEA and PSO algorithms were run 20 times for each test function and the average of the
obtained results are given in Table 3. As shown in Table 3, DEA gives better results than PSO.

Table 3. Suitability values

PSO DEA
Function No Suitability value Resulting value Suitability Resulting value
(result) value (result)
F1 1.58069E-07 0 4.1628E-215 0
F2 0.952750131 0 2.28114E-08 0
F3 0.005127272 0 0 0

Modeling accuracy

Accuracy is a value which indicates how close the calculated value is to the measured value. For
each data value, it is necessary to determine the error between the measured value (reference) and the
predicted value. Measured values were defined by MPR=(Rsr, Rer, Xsr, Xor, Xmr) vector and predicted
values were defined by MPP=(Rsp, Rzp, Xsp, Xzp, Xmp) vector. The test was repeated 10 times, so the
value which was predicted i. times was defined as,

MPPi=(Rspi, Repi, Xspi, Xopi, Xmpi), 1<i<10
Average percentage error of each variant is calculated using Eq. (3).

1, &(|MPR, - MPP,

= = *100 |, 1<n<5
10 5 MPR

n

®)

In Eq. (3), i refers to repetition number and n index refers to the variable number in MPP vector,
respectively.
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Experimental setup

m"‘ ma HB = \V/oltage Sensors

L Biiiis === Terminals
Figure 5. Inverter and sensor connection board of IM

IMs are used in various applications in industry with different control methods. In this study, IMs
were run by using continuous and vector controlled speed controller devices. The control board
performed for this study is seen in Figure 5. In the board, there is an isolation transformer, 3 pieces
Phoenix current sensors, 3 pieces Klemsan tension sensors, Siemens power analyzer and board
connection of data processing card. In this study, 2 pieces IMs whose attributes were given in Table 4
were used.

Table 4. Catalogue information of the IMs

Attributes M1 M2

Power (kW) 2.2 kW 5.5 kW

Tension (V) 380 V-2 380V -A

Current(A) 5A 11.2 A

Rpm (d/dk) 1420 d/dk 1435 d/dk

Moment (Nm) 14.6 Nm 35.9 Nm
RESULT AND DISCUSSION

In this study, different methods were used to determine the electrical parameters of IMs which were
run with different driving techniques, the results and the differences were examined.

For this purpose, firstly using the test method, motor parameters of IMs whose attributes were given
in Table 4 were determined. Test method consists of three tests as open-circuit run, locked rotor and
stator winding resistance. The tests were performed for two different running conditions of IMs such as
running with discrete time speed control device and running with continuous time speed control device.
Equivalent circuit parameters of IMs were calculated using the motor data obtained from these running
conditions. Equivalent circuit parameters MPR=(Rsr, Rar, Xsr, X2r, Xmr) which were calculated depending
upon the data obtained from the tests on IMs were accepted as reference values.

Secondly, using motor data obtained from the tests, equivalent circuit parameters of IMs MPP=(Rsp,
Rop, Xsp, X2p, Xmp) Were tried to be predicted by PSO and DEA.
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Determination of equivalent circuit parameters of IMs by using test method

For determining the IM data by the test method, the tests were carried out for open-circuit run,
locked rotor and measurement of stator winding resistance. In accordance with IEEE standard test
procedure, these tests were performed for two different running situations as running with discrete
time speed control device and with continuous time speed control device. For calculating the effective
resistance Rs of 1-phase of the IM, the direct current resistance obtained by measuring of stator winding
resistance was multiplied by 1.2 (Colak, 2014).

When the IM was run with discrete time speed control device and with continuous time speed
control device, the obtained test results are given in Table 5.

Table 5. Test results of IMs run with different driving techniques

IMs Continuous Time Discrete Time
Open-circuit Locked rotor | Open-circuit Locked rotor | Winding resistance
V0=380V  Vk=100V V0=380V  Vk=100V Rd=3.5Q
IM1 | 10=32A Ik=5.8 A 10=3 A Ik=6 A Rs=4.55 Q
P0=320 W  Pk=800 W PO=380 W  Pk=900 W
V0=380V ~ Vk=90V V0=380V ~ Vk=90V Rd=2.64Q
IM2 | 10=4.9A k=98 A 10=4.8A Ik=9.8 A Rs=5,14Q)
P0=370 W Pk=850 W P0=450 W Pk=900 W

For running with discrete time speed control device and with continuous time speed control device,

the equivalent circuit parameters which were calculated by using the values in Table 5 are given in
Table 6.

Table 6. The equivalent circuit parameters of IMs which are run with different driving techniques

Continuous Time Speed Cont. Discrete Time Speed Cont.
Parameters
IM1 IM2 IM1 IM2

R 4.55Q 514 Q 4.55Q 514 Q
Rz 3,38 Q 3.7Q 3.78 Q 4220
Xor 3.01Q 6.6 Q 240 6.43 Q
Xor 3.01Q 6.6 Q 240 6.43 Q
Rmr 801.23 Q 1758.142 Q) 561.54 Q 1307.22 Q
Xmr 68.81 Q 134.72 Q 73.75 Q) 137.88 QQ

Determination of equivalent circuit parameters of IMs by using particle swarm optimization and
differential evolution algorithm

In DEA and PSO algorithms, moment equations of IMs were used as an objective function (Arslan et
al., 2012). These functions consist of locked rotor, overturning and full load moments. Error functions

were obtained by using Eq. 4, 5 and 6. Suitability function was calculated as sum of square error with Eq.
7 (Arslan et al., 2012).

V, R,
T, = S ——T,
(Ds |:(R5+R2/S) +(XS+X2) :|

4)
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The terms used in the equalities above are given below.

A A A A A

n: Nominal moment

: Start momentum

: Overturning momentum

: Error value in start momentum

: Error value in overturning moment

: Error value in full road moment of rotation
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Q)

(6)

In PSO and DEA, suitability function is the sum of squares of moment error function and

algorithms aim to minimize the error value.

Suitability Function = F* + F,> + F,

7)

Table 7. % maximum and minimum error values of equivalent circuit parameters for different running

conditions
. Continuous Time Discrete Time
Equ.lval.ent Max. and Speed Control Speed Control
Circuit Min. Error
Parameters Values L M2 M1 M2
PSO DEA PSO DEA PSO DEA PSO DEA
R, Aimax 3,18 047 3,85 1,19 8,9 2,32 4,95 1,97
Almin 2,84 041 3,65 1,15 8,65 2,12 4,82 1,92
Aomax 585 1,23 4,38 0,3 6,48 2,47 3,86 1,26
R: Aumin 538 1,14 426 02 | 624 23 352 1,04
X Asmax 3,74 1,73 0,83 0,48 7,16 2,12 1,33 1,11
° Asmin 363 1,64 0,7 0,43 6,97 2,05 1,2 1,06
Admax 1,68 1,69 3,24 1,39 3,79 2,1 2,85 1,88
X2 Aimin 1,64 1,65 3,02 1,34 3,71 2,06 2,72 1,86
Xan Asmax 044 0,23 0,29 0,08 0,37 0,31 0,3 0,09
Asmin 0,41 0,2 0,27 0,06 0,33 0,29 0,28 0,07
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Table 8. % error values of equivalent circuit parameters for different running conditions

Continuous Time Discrete Time
Parameters Speed Control Speed Control
IM1 IM2 IM1 M2
PSO DEA PSO DEA PSO DEA DPSO DEA
R 455 4,55 5,14 5,14 455 4,55 5,14 5,14
Rsp 4,41 457 495 5,08 495 4,65 4,89 5,04
A1 3,08 044 3,70 1,17 8,79 2,2 4,86 1,95
Ror 3,38 3,38 3,70 3,70 3,78 3,78 4,22 4,22
Rzp 3,57 342 3,54 3,69 3,54 3,69 4,38 4,27
A2 562 1,18 4,32 0,27 6,35 2,38 3,79 1,18
Xsr 3,01 3,01 6,60 6,60 2,4 2,4 6,43 6,43
Xsp 2,90 2,96 6,55 6,63 2,57 2,35 6,51 6,5
As 3,656 1,66 0,76 0,45 7,08 2,08 1,24 1,09
Xar 3,01 3,01 6,60 6,60 2,4 2,4 6,43 6,43
Xzp 2,96 2,96 6,39 6,69 2,49 245 6,61 6,55
A4 1,66 1,66 3,18 1,36 3,75 2,08 2,80 1,87
Xmr 68,81 68,81 134,72 134,72 | 73,75 73,75 137,88 137,88
Xmp 68,52 68,66 134,34 134,62 | 73,53 73,53 137,48 137,77
As 042 0,22 0,28 0,07 0,34 0,30 0,29 0,08

For DEA and PSO, the software of objective function determined in the problem was prepared in
Matlab program. In the software, the calculations performed by using data obtained from experimental
method were taken into account to determine the limit values of motor parameters MPP=(Rsp, Rep, Xsp,
X2p, Xmp). The equivalent circuit parameters were calculated through PSO and DEA for running
conditions of IMs with discrete time speed control device and with continuous time speed control
device.

For two running conditions performed on IMs, algorithms were tested 10 times and the values
obtained for each test were recorded. Then, the equivalent circuit parameters were calculated by using
these values. The error value was calculated by using Eq. 3 for each value and it was found by taking
error average of 10 tests.

The maximum and minimum error values obtained as a result of the performed tests are given in
Table 7. These values show that the algorithms run in stable and the sufficient error range. The average
of the values obtained from continuous time speed control device and discrete time speed control
device of IM1 and IM2 is given in Table 8.

As shown in the Table 8, the data obtained from PSO and DEA include acceptable values for each
running condition. As it is seen in Table 8, DEA algorithm gives better results than PSO in the running
both with continuous time speed control device and discrete time speed control device.

Taking into account the determined equivalent circuit parameters of IMs, total error value for all
motor parameters was calculated by using Eq. 8 and these values were given in Table 9.

n-1 8)
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Table 9. Total % error values of DEA and PSO for different running conditions

Continuous Time Discrete Time
Speed Control Speed Control
IM1 M2 IM1 M2

PSO DEA PSO DEA | PSO DEA PSO DEA
2,886 1,032 2,448 0,664 | 5262 1,808 2,596 1,234

As it is seen in Table 9, DEA gives the best results both in all running conditions and in different
IMs. DEA reduces the total % error value which indicates the success of the algorithm to 0,664%.
However, PSO reveals lower performance than DEA with 2,448 % of the total % error value. Also, as
shown in Table 9, DAE and PSO produce more errors in discrete time running condition than in
continuous time running condition.

CONCLUSION

IMs are run by different speed control methods according to their places of use in industry. In this
study, continuous time and discrete time speed control devices which were commonly used in the
controls of IMs were applied. The effects of different speed control devices on motor parameters were
investigated and heuristic algorithms were run in continuous and discrete time. In this way, the
performances of heuristic algorithms in determination equivalent circuit parameters of IMs were
investigated. The experimental studies were performed on 2,2 kW and 5,5 kW IMs.

As a result of this study, it was seen that DEA runs with minimum 0,07% error in continuous times
running conditions and PSO runs with minimum 0,28 error in determination of equivalent circuit
parameters of IMs; on the other hand, in discrete time running conditions DEA runs minimum 0,08%
error and PSO runs with minimum 0,29% error. In this study, it was discovered that DEA gives better
results than PSO. Moreover, it was seen that DEA and PSO produce better results in continuous time
running than in discrete time running.
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OZ: Tiirkiye jeolojik yapisi, topografik konumu ve iklim 6zellikleri bakimindan dogal afetlerin yasanma
olasiligimin yiiksek oldugu bir iilkedir. Olas1 bir dogal ve insan kaynakli afet veya arama-kurtarma
faaliyeti 6ncesinde gereken Onlemlerin alinmasi ve afet sonrasi yardim faaliyetlerinin yfiriitiilebilmesi
i¢in haberlesme sistemlerinin 6nemi biiyiiktiir. Bu anlamda ilgili birimler arasinda kurulacak iletisimin
saglanmasi icin diizgiin bir haberlesme altyapisi olusturmanin gerekliligi aciktir. Bir afet olmasi
durumunda mevcut bulunan bir¢ok sistem devre disi kalmakta ve haberlesmenin devam etmesi icin
kullanilabilecek en ideal ¢oziimlerden biri “Telsiz Haberlesmesi” olmaktadir. Bu nedenle telsiz
haberlesmesinin ana bileseni olan telsizin se¢imi ve acil durum haberlesmesinde verimli olarak
kullanim1 6nem kazanmaktadir. Bu cahsmada 1l Afet ve Acil Durum Midiirliigii biinyesinde
olusturulan haberlesme altyapisi kapsaminda alinmas: planlanan el telsizi se¢cim problemi ele alinmustir.
El telsizi se¢im problemi icin ¢ok Ol¢iitlii karar verme yontemlerinden AHS, AAS, TOPSIS ve ELECTRE
kullanilmis ve elde edilen sonuglar birbirleriyle kiyaslanmuistir.

Anahtar Kelimeler: Acil durum haberlesmesi, El telsizi, Cok o0lciitlii karar verme, AHS, AAS, TOPSIS,
ELECTRE

Selection of The Hand-Held Radio Transceivers Which is Used for Emergency Communications with
Multi Criteria Decision Making Methods

ABSTRACT: Turkey is a country where possibility of experiencing natural disasters is high in terms of
geological structure, topographic location and climate characteristics. Before a possible natural and man-
made disaster or search and rescue activity, communication systems have great importance in order to
be taken necessary precautions and can be carried out post-disaster help activities. In this sense it’s clear
that necessity of building a proper communication infrastructure in order to be provided
communication which is established between relevant units. In the event of a disaster existing most
systems be disabled and "Wireless Communication" is one of the most ideal solutions to be used for
continuation of communication. Therefore it gain importance that selection of the radio transceiver
which is major component of wireless communication and its productive use in emergency
communication. In this study, hand-held radio transceivers which are planned to be bought within the
scope of communications infrastructure established in Provincial Disaster and Emergency Directorate,
selection problem is tackled. Multi-criteria decision making models such as AHP, ANP, TOPSIS and
ELECTRE are used for hand-held radio transceivers selection problem and obtained results are
compared with each other.

Key Words: Emergency communication, Handheld radio transceivers, Multi-Criteria decision making, AHP,
ANP, TOPSIS, ELECTRE
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GIRIS INTRODUCTION)

Tiirkiye jeolojik yapisi, topografik konumu ve iklim 6zellikleri bakimindan dogal afetlerin, jeolojik
konumu ve egitimsizlik, bilgisizlik, dikkatsizlikle beraber insanlarin dogayla etkilesimleri sonucunda
olusan insan kaynakli afetlerin siklikla yasandigi bir iilkedir. Dogal afetler insan kontrolii disinda
gerceklesir, biiyitk can ve mal kayiplarina neden olabilir. Ancak insan kaynakli afetler kaza niteligi
tasirlar. Olas1 bir afet oncesinde gereken Onlemlerin alinmasi ve afet sonrasi yardim faaliyetlerinin
kesintisiz ytiriitiilebilmesi i¢in haberlesme sistemlerinin 6nemi biiyiiktiir. Bu nedenle ilgili birimler
arasinda kurulacak iletisimin saglanmasi i¢in modern bir haberlesme sistemi altyapisi olusturmanin
gerekliligi acgiktir. Bir afet olmasi durumunda mevcut bulunan telefon sebekeleri ve bunlara bagh
sistemler ile haberlesme, asir1 yiiklenme vb. sebeplerle saglanamamaktadir. Bir¢ok sistem devre dist
kalmakta ve haberlesmenin devam etmesi i¢in kullamilabilecek en ideal ¢6ziimlerden biri “Telsiz
Haberlegsmesi” olmaktadir.

Bu calismanin amaci, acil durum haberlesmesinin diizgiin bir sekilde yiiriitiilebilmesi igin
olusturulmasi gereken haberlesme altyapisi kapsaminda “Telsiz Haberlesmesi” nin 6nemini ortaya
koymaktir. Buna bagl olarak Il Afet ve Acil Durum Miidiirliigiinde haberlesme altyapisi olusturmak
i¢in alinmasi planlanan el telsizi se¢im problemi ele alinmistir.

Bu ¢alismanin giris boliimiinde, calismanin 6nemi ve amaci ortaya konulmus, materyal ve yontem
boliimiinde de problemin ¢oziimiinde kullanilacak yontemler hakkinda genel bilgi verilmistir.
Calismanin literatiir arastirmas:t boliimiinde, ¢ok Olgiitlii karar verme yOntemleri ve radyo
haberlesmesini iceren literatiir ¢alismasi sunulmustur. Haberlesme ve haberlesme sistemleri bashg:
altinda, haberlesme sistemlerinden genel olarak bahsedilmis ve radyo haberlesmesine deginilmistir.
Calismanin bulgular ve degerlendirme béliimiinde, yontemin probleme uygulanisi gosterilmis ve son
boliimde de elde edilen sonuglar iizerine genel bir degerlendirme yapilmistir.

MATERYAL VE YONTEM (MATERIAL AND METHOD)
Problemin ¢oziimiinde kullanilan ¢ok Olgiitlii karar verme yontemleri hakkinda su sekilde bilgi
verilebilir:

COK OLCUTLU KARAR VERME YONTEMLERI (MULTI CRITERIA DECISION MAKING METHODS)

Cok olg¢iitlii karar verme; sonlu sayida secenegin secilme, siralanma, simiflandirma, 6nceliklendirme
veya eleme amaciyla genellikle agirhiklandirilmis, birbirleri ile gelisen ve ayni 6l¢ii birimini kullanmayan
hatta bazilar1 nitel degerler alan ¢ok sayida olgiit kullanilarak degerlendirilmesi islemidir (Hwang ve
Yoon, 1981), (Evren ve Ulengin, 1992). Burada COKV yontemlerinden olan ve problemin ¢oziimiinde
kullanilan yontemlerden birincisi agiklanmaistir:

Analitik Hiyerarsi Siireci Yontemi (Analytic Hierarchy Process Method)

AHS Yaklasimi, Thomas L. Saaty tarafindan gelistirilen ( Saaty, 1980) belirli hiyerarsiye gore diizenlenen
kriterleri igeren, bu kriterlerin agirhiklarini degerlendiren, kriterlere gore segenekleri karsilagtiran ve
siralama yapilmasini saglayan bir yaklasimdir (Hu and Peng., 2008). AHS yontemi 4 adimdan
olusmaktadir:

Adim 1: Modelin Kurulmas: ve Problemin Formiile Edilmesi: AHS yaklasiminda karar siirecini
etkileyen tiim nicel ve nitel faktorler bu konuda uzman Kkisilerin goriisleri degerlendirilerek
olusturulmaktadir. Elde edilen bilgiler sonucunda amag, kriterler, alt kriterler ve alternatifler belirlenir.
Adim 2: Ikili Karsilastrmalar Matrisinin  Olusturulmast: Problem tarimlandiktan sonra ikili
karsilastirmalar 6lcegi kullamilarak veriler toplanir ve ikili karsilastirmalar matrisi elde edilir.

Adim 3: Kriter Agirliklarimin ve Alternatiflerin Skorlarinin Belirlenmesi: Ikili karsilastirma matrisleri
yardimiyla her alternatifin agirhgi hesaplanmaktadir. Ikili karsilagtirma matrisindeki her bir siitun
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degeri, bulundugu siitun toplamina boliinerek matris normallestirilmektedir. Normallestirilmis
matristeki her siitunun toplam degeri 1 olmaktadir. Son olarak satirda yer alan degerlerin ortalamalari
bulunarak 6z vektorler elde edilmektedir.

Adim 4: Tutarliik Oranimin Hesaplanmast ve Sonug¢ Degerlendirme: Tutarlilik indeksini (CI)
hesaplamak i¢in (1) numarali formiil kullanilmaktadir.

CI:7\max—n (1)
n—1

Formiilde CI tutarhilik indeksini, Amax matristeki en biiyiik 6z degeri, n ise her bir matrisin eleman
sayisini gostermektedir.
Tutarlilik oranini (CR) hesaplamak i¢in (2) numarali formiil kullamilmaktadir.

CR = CI/RI 2)

Formiilde RI, rassal indeks oranlarini gostermektedir. Ikili karsilastirmalarin tutarli olmasi icin tutarlilik
oraninin 0,10’un altinda olmasi istenmektedir.

Burada COKV yontemlerinden olan ve problemin ¢oziimiinde kullamilan yontemlerden ikincisi
agiklanmugtr:

Analitik Ag Siireci Yontemi (Analytic Network Process Method)

Problemler her zaman hiyerarsik bir yapiyla ifade edilemeyebilirler. Boyle problemlerde yer alan
kriterler ve alternatifler birbirleriyle karsilikli etkilesim halinde olabilirler. Bu durumda, bilesenlerin
agirhiklarini (goreli onem vektorlerini) bulabilmek icin daha karmasik bir siirecin analizi gerekmektedir.
Analitik Ag Siireci bu tiir problemlerde kullanilabilen bir tekniktir (Ustiin ve dig., 2005). ANP yontemi 6
adimda uygulanmaktadir:

Adim 1: Problemin Tanimlanmasi ve Modelin Kurulmas:: Ilk asamada karar problemi
tanimlanmaktadir. Amag, ana kriterler, alt kriterler ve alternatiflerin net bicimde ifade edilmesidir
(Ersoz ve dig., 2011).

Adim 2: Kriterler arasi Etkilesimlerin Belirlenmesi: I¢ ve dig bagimliliklar ve varsa kriterler arast geri
bildirimler iligkilendirilmektedir.

Adim 3: Temel Karar Vericiler Aras1 Ikili Kargilastirma

Adim 4: Elde Edilen Karsilastirma Matrislerinin Tutarliik Kontrolii: Ikili karsilastirmalar bir matris
seklinde yapilir ve boylece kriterlerin dncelik degerleri elde edilmis olur.

Adim 5: Siiper Matrisin Olusturulmas: ve Analizi: Siiper matris, parcali bir matris olup, her matris
boliimii bir sistem icindeki iki kriter arasindaki iligkiyi gostermektedir. Kriterlerin birbirleri iizerindeki
uzun doénemli nispi etkisini belirleyebilmek igin siiper matrisin kuvveti alinmaktadir. Onem
agirliklarinin bir noktada esitlenmesini saglamak icin siiper matrisin (2n+1). kuvveti alinir, buradan
rastgele secilmis biiyiik bir sayidir ve elde edilen yeni matris limit siiper matris olarak
isimlendirilmektedir (Gorener, 2009). Stiper matrisin genel hali (3) numarali matriste gosterilmistir.
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Adim 6: En Iyi Secenegin Secimi: Siiper matrisin kuvvetinin alinmastyla limit siiper matris elde
edilmektedir. Limit siiper matristeki kriterlerin 6ncelik degerleri ve en yiiksek dnem derecesine sahip
olan alternatifler belirlenmektedir (Celik ve Murat, 2010).

Burada COKV yontemlerinden olan ve problemin ¢dziimiinde kullanilan ydntemlerden iigiinciisii
aciklanmigtir:

TOPSIS Yontemi (Technique For Order Preference By Similarity To An Ideal Solution Method)

TOPSIS yontemi ideal ¢oziime en yakin uzaklikta ve negatif ideal ¢oziime en uzak bir ¢6ziim
belirler, fakat yontem bu uzakliklarin goreceli nemini dikkate almaz (Cristobal, 2012). TOPSIS yontemi
6 adimda uygulanmaktadar:

Adim 1: Karar Matrisinin (A) Olusturulmasi: Karar matrisinde, satirlarda karar vermede kullanilacak
alternatifler (m), siitunlarda ise karsilastirma i¢in kullanilacak kriterler (n) yer alir. (4) numaral sekilde
gosterilen A matrisi, karar verici tarafindan olusturulan baslangi¢ karar matrisidir.

diq dqp Ain
_ ayq P . dop
L 4)
am1 amz amn

Adim 2: Standart Karar Matrisinin (R) Olusturulmasi: Baslangi¢ karar matrisindeki (A) degerlerin, (5a)
numaral normalize etme formiilii ile hesaplanmasiyla standart karar matrisi elde edilir. Standart karar
matrisi (R) (5b) numarali matriste gostermistir.

Fi1 Tz 0 Tip
a.. r r e r
rj = ——— (52) Ry=|: ¥ . 7 (5b)
2 : : . :
Z]K?:l(aki) 'mi Tm2 *° Tmn

Adim 3: Agirlikli Standart Karar Matrisinin (V) Olusturulmast: Bulunan agirlikh standart karar matrisi
(V), (6) numarali formiilde gosterilmistir.

n Wil Walyp o0 Wylyp
Wilp1 Wplpy o0 Wplpp 6
Z Wi = 1 Vl] = : : . : ( )
i=1
Wil'm1 Walmz *© Wplmn

Adim 4: Pozitif ideal ( A*) ve Negatif Ideal ( A~) Coziim Kiimelerinin Olusturulmasi: Pozitif ideal ¢6ziim
setinin olusturulabilmesi i¢cin V matrisindeki agirliklandirilmis degerlendirme faktorlerinin yani siitun
degerlerinin en biiyiikleri (ilgili degerlendirme faktorii minimizasyon yonlii ise en kiigligii) segilir
(Yaralioglu, 2010). Pozitif ideal ¢dziim setinin bulunmasi (7) numarali formiilde gosterilmistir.
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A= {(miaxvij |j € ]),(miinvij | j€ ]’)} A ={vi,v3, .., vi} )
Negatif ideal ¢oziim seti ise, V matrisindeki agirliklandirilmis degerlendirme faktorlerinin yani siitun
degerlerinin en kiigiikleri (ilgili degerlendirme faktorii maksimizasyon yonlii ise en biiyiigii) segilerek

olusturulur. Negatif ideal ¢6ziim setinin bulunmasi (8) numarali formiilde gosterilmistir.

A™ = {(mlax vij

jE]’),(miinvij|j€])} A” ={v],v5, .., v} (8)

Adim 5: Ayirim Olgiilerinin Hesaplanmasi: Her bir alternatife iliskin karsilastirma kriter degerleri
bulunurken pozitif ve negatif ideal ¢oziim kiimesinden uzakliklar Oklid uzaklik yaklagimi ile
hesaplanir. Pozitif ideal ¢dziim kiimesinden sapma degerleri hesaplanirken (9a) numarali formidil,
negatif ideal ¢6zlim kiimesinden sapma degerleri hesaplanirken (9b) numarali formiil kullamlr.
Hesaplanan S; ve S;” degerleri sayisy, alternatif sayis1 kadar olacaktir.

2 2
S = Z}‘:l(vij - v]f‘) (9a) ST = JZ;‘Zl(vU - v]-') (9b)
Adim 6: Ideal Coziime Goreli Yakinligin Hesaplanmast: Yakinhk katsayisi degerinin nasil hesaplanacagi
(10) numarali formiilde gosterilmistir.

.
LTSI+ (10)

Formiilde gosterilen C; degeri 0 < €/ < 1 araliginda yer alir ve C; degerinin 1’e yakin olmasi ideal
¢6ziime olan yakinhgmi ve 0’a yakin olmasi ideal ¢dziime olan uzakhgim gosterir. Burada COKV
yontemlerinden olan ve problemin ¢6ziimiinde kullarulan yontemlerden dordiinciisii agiklanmistir:

ELECTRE Yontemi (Elemination and Choice Translating Reality Method)

Yontem, her bir degerlendirme faktorii i¢in alternatifler arasindaki ikili tistiinliik kiyaslamalarina
dayanmaktadir. ELECTRE yontemi 8 adimda uygulanmaktadur:
Adim 1: Karar Matrisinin Olusturulmasi: Karar verici tarafindan baslangi¢ matrisi olarak olusturulan A
matrisinin satirlarinda tistiinliikleri siralanmak istenen alternatifler (m), siitunlarinda ise karar vermede
kullanilacak degerlendirme kriterleri (n) yer almaktadir. Karar matrisi (11) numarali matristeki gibi
olusturulmustur.

a1 Q12 0 Qun
az1 QA2 't Qzp

A= | : : (11)
Am1 Amz2 " Amn

Adim 2: Karar Matrisinin Normalizasyonu: Normalizasyonda maliyet kriterleri i¢in (12) numarali

formiul kullanilmaktadair.
1
aij . ,
Xj=—/——=1= 1,2,...mj=12,...,n

ma(a)
i=1 aij

Normalizasyonda fayda kriterleri i¢in (13) numarali formiil kullanilmaktadir.
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_ aij P .
xi}-——L—l,Z,....,m}—1,2,....,n (13)

Hesaplamalar sonucunda normalize X;; matrisi (14) numarali matristeki gibi olusturulur.

X111 X12 t Xip
X21 X2 " Xon

Xij = : : . : (14)
Xmi Xmz2 " Xmn

Adim 3: Agirhiklhi Standart Karar Matrisinin Olusturulmasi: Karar vericiler tarafindan ilk olarak
degerlendirme faktorlerinin agirliklar1 (w;) belirlenmelidir. Daha sonra (15) numarali formiille X
matrisindeki elemanlar ilgili w; degeri ile carpilarak Y matrisi olusturulmaktadir.

WiX11 WaXip o WpXin
WiX1 WaXpp o WpXop

v, = | S (15)
WiXm1 WaXmz 0 WmXmn

Adim 4: Uyum (Cy;) ve Uyumsuzluk (Dy;) Setlerinin Belirlenmesi: Uyum setlerinin belirlenmesi igin Y
matrisinden  yararlaruhir.  Alternatifler ~degerlendirme faktorleri agisindan  kiyaslanir  ve
uyum/uyumsuzluk setleri olusturulur. (16) numaral formiiliine gore Cj; satir elemanlar1 birbirleriyle
biiyiiklitk agisindan karsilagtirilmaktadir. Uyum setleri olusturulurken k # [ olmalidir. Bir uyum
setindeki eleman sayis1 en fazla degerlendirme faktorii sayisi (n) kadar olabilir.

Ca =y = w5} (16)

Yontemde her uyum setine (Cy;) karsilik bir uyumsuzluk seti (Dy,;) bulunmaktadir. Uyumsuzluk seti
elemanlari, ilgili uyum setine ait olmayan j degerlerinden olusmaktadir. D matrisinin elemanlar1 (Dy;),
(17) numarali formiil ile hesaplanmaktadir.

D= {iyk; < i} 17)

Uyum ve uyumsuzluk setlerinde maliyet ve fayda kriterleri bulunmaktadir. Maliyet kriteri olmasi
durumunda uyum seti formiiltiniin tersi alinmahdir.
Adim 5: Uyum (C) ve Uyumsuzluk (D) Matrislerinin Olusturulmasi: Uyum matrisinin olusturulmasi
i¢in uyum setlerinden yararlanilir. C matrisinin elemanlar1 (18) numarali formdiil ile hesaplanmakta ve
(19) numarali matris gibi gosterilmektedir.

ckl=z wj=123,....n (18) c=|® T B T " (g
e C 1 .

Cm1 Cm2 Cm3 =
(D) Uyumsuzluk matrisinin elemanlar1 (20) numaral formiil ile hesaplanmakta ve (21) numaral
matris gibi gosterilmektedir.
max|yk- _ yl_l — dip dgz o dip
o = j€b " / (20) D = d1 - d2:3 oy
m}ax|yk,' = vyl :

(21)
B . dml dmZ dm3 =

Adim 6: Uyum Ustiinliik (F) ve Uyumsuzluk Ustiinliik (G) Matrislerinin Olusturulmasi: Uyum {istiinliik
matrisinin elemanlar1 uyum esik degerinin (¢) uyum matrisinin elemanlariyla (cy,;) karsilastirilmasiyla
elde edilmektedir. Uyum esik degeri (c), (22) numarali formiille hesaplanmaktadir. m karar noktasi
say1sin1 gostermektedir.
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€= ﬁiickl (22)

k=11=1
Uyum {istiinlitk matrisinin (F) elemanlari (fi,;) (23 ve 24) numarali formiillerle belirlenmektedir.
2= fu=1 (23) <€ fu=0 (24)

Uyumsuzluk {istiinlitk matrisinin (G) elemanlarin1 olusturmak icin oncelikle uyumsuzluk esik
degeri (d), (25) numarali formdiille hesaplanmaktadir.

d= ﬁi i du 25)

G matrisinin elemanlari (gy;), da F matrisine benzer sekilde sadece “1” ve “0” degerlerini alirken,
matrisin kosegeni tizerinde aym karar noktalar1 gosterildiginden deger yoktur. G matrisinin elemanlar:
(gr1), (26 ve 27) numarali formiillerde gosterildigi gibi degerlendirilmistir.

dg=d-ogu=1 (26) dg<d-gu=0 (27)

Adim 7: Toplam Ustiinlitk Matrisinin (E) Olusturulmast: Toplam {istiinliik matrisinin elemanlari ey, , fi,
ve gj; elemanlarinin karsihikli ¢arpimina esittir. E matrisi mxm boyutlu ve “1” ve “0” degerlerinden
olusmaktadir. Matriste “1” degerini alan alternatif diger alternatife gore daha {istiin kabul edilmektedir.
Adim 8: Karar Noktalarimin Onem Sirasinin Belirlenmesi: E matrisinin satir ve siitunlari alternatifleri
gostermektedir. Matrisin degerlerine gore siralama yapilmalidir.

LITERATUR TARAMASI (LITERATURE REVIEW)

Radyo/telsiz haberlesmesi ile ilgili daha 6nce yapilmis calismalar su sekilde 6zetlenebilir:

Kogkan (2008), tasitlar arasi haberlesme konulu tez c¢alismasinda kablosuz ag teknolojilerini
arastirmis, arastirma sonucunda belirlenen uygun ag teknolojisiyle, aragtan araca bir ag kurulum
uygulamas1 gerceklestirmis, Ayta¢ ve Birgiin (2011), ¢alismalarinda Hava Kuvvetleri Komutanhg
(HvKK) ikmal sisteminin mevcut durumunu goz oniinde bulundurarak, olasi bir Radyo Frekans: ile
Tamimlama (RFID) sistemi secimi esnasinda, en uygun RFID sistemini se¢gmek amaciyla 6nemli olan
kriterleri belirleyerek hiyerarsik bir model olusturmus ve bu model {izerinde Analitik Hiyerarsi Stireci
(AHS) yontemini kullanarak bir uygulama gerceklestirmistir. Metelev (2012), calismasinda aralikli
antenlerden sinyallerin olusumu igin, sinyal isleme algoritmalar1 ve aygitlarinin testinde benzetim
kullanilarak iyonosfer kaynakli yiiksek frekansh radyo kanali olarak kullanilmak {izere bir model
onermektedir. Prunckun (2014), Bu makale uluslararasi teroristler tarafindan kablosuz yayinlarin
muhtemel kullanimi sirasinda giivenli bir iletisim ortami saglamayi tartismaktadir. Kuo ve Fitch (2014),
Iletisim baglantilar;, modiil dengesizligini tolere etmeli ve komsudan komsuya iletisim modelini
uygulamalidir. Bu makalede, bu zorluklari ele alan modiil basina ¢oklu wireless” e dayali bir kablosuz
sistem Onerilmektedir. Grancharova ve dig., (2015), galismasinda doner kanatli THA' larinin yoriinge
planlama problemlerini ¢6zmek icin bir dagitilmis dogrusal MPC yaklasimi onerilmistir. Pandit ve Singh
(2015), Bilissel radyo iletisim sistemleri spektrum paylasimi icin iki farkli uyarlama politikas: ile
ortalama parazit giicii kisit1 altinda gevre kayiplariyla kanal kapasitesi sayisal olarak hesaplanmistir.
Cano ve Allen (2015), calismada yoriingesel acisal momentum (OAM) haberlesme sistemleri igin iki yeni
coklu-anten faz-gradyan saptama semalari sunulmaktadir. Bunlarin bit hata oram performanslar1 Monte
Carlo simiilasyonlar ile elde edilmektedir. Sayyed ve dig. (2015), Bu ¢alismada Cift-Kiime Tek Telsiz
Haberlesme Mimarisi (DSSRC) bir THA” na bir WSN ve gukur diigiimiiyle iki yonlii bir sekilde iletisim
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kurmaya izin vermektedir. Onerilen mimari boyle ITHA” dan WSN’ e devam eden en iyi ve en giivenilir
haberlesme gibi 6zellikle farkli ag QoS gereksinimlerini desteklemek tizere tasarlanmuistir.

Cok olctitlti karar verme yontemleri ile ilgili daha 6nce yapilmis ¢alismalar su sekilde 6zetlenebilir:

AHS yontemi kullanilarak literatiirde yapilmis calismalar su sekilde siralanabilir: Nikou ve Mezei
(2013), Mobil servislerin ve bu servislere yonelimi etkileyen faktorlerin degerlendirilmesi, Caputo ve dig.
(2013), Endiistriyel diizeneklerde giivenlik araglar1 se¢imi, E. Onder ve dig. (2014), Hemsirelik kariyerine
yonelime neden olan faktorlerin degerlendirilmesi, Bade ve dig., (2014), Isbirlikci tedarik zinciri risk
faktorleri degerlendirmesi, Fenta ve dig. (2015), Kuzey Etiyopya Raya Vadisi uzaktan algilama ve CBS
tabanh ¢ok kriterli degerlendirme kullarularak yeralti suyu potansiyelinin mekansal analizi, Asuquo
(2015), QOS Mobil veri aglarinin degerlendirilmesi, Ozder ve Eren (2015a), tedarikci secimi, Bedir ve dig.
(2015) tedarikgi se¢imi tizerine ¢alismislardir.

ANP yontemi kullanularak son yillarda literatiirde yapilmis c¢alismalar su sekilde siralanabilir:
Thangamani (2012), ANP yontemini teknoloji se¢imi, Bast1 ve Boyar (2012), muhasebe paket programi
secimi, Ozder ve Eren (2015b), tedarik¢i secimi, Ozder ve dig. (2016), akademik personel se¢imi iizerine
calismiglardir.

TOPSIS yontemi kullanilarak son yillarda yapilmis ¢alismalar su sekilde siralanabilir: Yilmaz ve
Konyar (2013), Finansal performans degerlendirme, Danaei ve Haghighi (2013), Stok market performans
degerlendirmesi Ic ve dig., (2015), Finansal gostergelere gore firma se¢imi, Ozder ve dig. (2015), tedarikgi
secimi, Lakshmi ve dig. (2015), TOPSIS'te celiskili kriterlerin kullanilmasi ile daha iyi bir laptop
tanimlanmasi lizerine ¢aligmislardir.

ELECTRE yontemi kullanilarak son yillarda yapilmis calismalar su sekilde siralanabilir: Cakin ve
Ozdemir (2013), Izmir'de makine sektdriinde faaliyet gosteren bir isletme icin sa¢ malzeme segimi,
Orcanli ve Ozdemir (2013), Tiiketicilerin kredi karti secimleri, Celik ve Ustastileyman (2014),
Tiirkiye’deki ti¢ GSM operatoriiniin hizmet kalitesinin, performansinin degerlendirmesi, Soba ve Kemal
(2014), Usak'in bes ilgesi i¢in banka subesi a¢ilma karari, tizerine ¢alismiglardir.

Literatiir incelendiginde, telsiz haberlesmesi ve COKV yontemlerinin beraber ele alindig1 calismaya
rastlanilmamigstir. Haberlesme sistemleri ile genellikle elektrik-elektronik ve elektronik-haberlesme
mithendislerinin ilgilendigi ve daha ¢ok bu konunun teknik kismiyla ilgili ¢alismalarin yapildigi
goriilmiistiir. Ancak bu calismada farkli olarak telsiz haberlesmesi incelenmis, bunun acil durum
haberlesmesindeki 6nemi ortaya konulmus ve problem COKV yontemleri ile ¢oziilm{istiir.

HABERLESME VE HABERLESME SiSTEMLERI (COMMUNICATION AND COMMUNICATION SYSTEMS)

Ses, goriintii, video, veri gibi bilgilerin kablolu veya kablosuz olarak bir yerden bir yere yiiksek
verim ve kalitede, giivenli olarak iletilmesine haberlesme denir. Insanoglu var oldugundan beri
haberlesme ihtiyact hissetmistir. Gegmisten giiniimiize kadar haberlesme yapmak icin pek ¢ok yontem
kullanilmis ve bu siirecte cesitli haberlesme sistemleri gelistirilmistir. Ge¢misten giiniimiize gelen
haberlesme sistemlerini alt1 gruba ayirabiliriz: Telefon, Kiiresel Mobil ﬂetig.im Sistemleri (GSM), Faks,
Uydu Haberlesme Sistemleri, Internet ve Telsiz Haberlesmesi.

Bu ¢alismanin temel konusu olan telsiz haberlesmesinden kisaca su sekilde bahsedilebilir:

Telsiz ve Telsiz Haberlesmesi (Radio and Radio Communication): Telsiz haberlesmesi;
elektromanyetik dalgalar yoluyla, resim, ses gibi verilerin bir yerden digerine gonderilmesine denir.
Telsiz haberlesmesi, sabit ve hareketli birimlerin birbirleriyle ve ana birim ile haberlesmesinde ciddi bir
Oneme sahiptir. Normal hayat kosullarinda telefon, faks, internet gibi cesitli araglarla haberlesme
saglanmaktadir. Fakat savas, teror saldirist ve dogal afetler gibi olaganiistii kosullar olusmasi
durumunda kablolu haberlesme sistemleri arizalanmakta veya tamamen devre disi kalmaktadir. Bu
kosullarda telsiz haberlesmesi en iyi secenek olmaktadir. Telsiz haberlesme cihazlarin ve sistemlerini su
sekilde siniflandirabiliriz: Telsiz kullanim alanlarina gore; kara, hava, deniz olarak, kullamim sekillerine
gore; el, arag, sabit telsiz cihazlari, ¢alisma frekanslarna gore; HF, VHF, UHF olarak tice ayrilir. HF
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(High Frequency yani Yiiksek Frekans): Uzun mesafe goriismelerde kullanilir. VHF (Very High
Frequency yani Cok Yiiksek Frekans): Orta ve kisa mesafe haberlesmede kullarulir. UHF (Ultra High
Frequency yani Asir1 Yiiksek Frekans): Tesir mesafesi daha kisadir. Ancak bina vb. engellerin
bulundugu yerlerde daha etkili bir haberlesme saglar.

BULGULAR VE DEGERLENDIRME (RESULTS AND EVALUATION)

Bu béliimde ilk olarak bu problemin ele alinma sebepleri, alternatif ve kriterlerin nasil belirlendigi
ve yontemleri kullanarak nasil sonuglar elde edildigi tizerinde durulacaktir.

Problemin Tanimi (Definition of the Problem)

Gec¢misten giintimiize kadar insanoglu, iletisimini devam ettirmek i¢gin bir¢ok yontem kullanmistr.
Bununla beraber degisen hayat sartlarinda gereksinimlerle beraber haberlesme yontemleri de farklilik
gostermis, mevcut haberlesme sistemlerinin eksikleri yenileriyle giderilmeye ¢ahisilmigtir. Tiirkiye, 1999
yilinda meydana gelen, biiyiik oranda can ve mal kayiplarina neden olan Marmara depremi sonrasinda
acil durum haberlesmesi altyapisinin eksikligini ciddi anlamda hissetmistir. Acil durum haberlesme
altyapisinin eksikligi, kurum ve kuruluslar arasindaki iletisim ve koordinasyon noksanligi, yasanan
kayiplar1 ve acilar1 daha da artirmistir. Deprem sonrasinda telsiz haberlesmesinin 6nemi daha iyi
anlasilmis ve giiniimiize kadar devam eden siiregte acil durum haberlesmesi kapsaminda telsiz altyapisi
adim adim gelistirilmistir.

Kurum ve kuruluslar kendi biinyelerinde haberlesme birimi olusturmus ve bu birimlerde gorev
alacak yetkili miihendis ve teknisyenler belirlenmistir. Birimler ve kurumlarin kendi aralarindaki
koordinasyonu telsiz haberlesmesi ile saglanmis, olaylara yerinde ve zamaninda miidahale imkani
dogmustur. Hali hazirda bir¢ok kurum ve kurulus tarafindan yiiriitiilen haberlesme altyapisi projeleri
devam etmekte ve gelistirilmektedir.

Afet ve Acil Durum Yonetimi Bagkanligi (AFAD) tarafindan Haberlesme ve Bilisim Altyap1 Projeleri
kapsaminda Kesintisiz ve Giivenli Haberlesme Sistemi Projesi (KGHS) yiiriitiilmektedir. Proje
kapsaminda Bagkanlik tarafindan tasra teskilat: olan Il Afet ve Acil Durum Miidiirliiklerine, illerin
niifusuna ve Biiyiiksehir Belediyesi olup olmadigina gore farkli biitcelerde ve adetlerde el telsizi alim
yapilacaktr.

Bu ¢alismada bir ilin 1l Afet ve Acil Durum Miidiirliigii biinyesinde olusturulan haberlesme
altyapisi kapsaminda alinmasi planlanan el telsizi se¢im problemi ele alinmistir. Problemde kullanilan
kriterler, kriter agirliklar1 ve ikili karsilastirma matrisleri kurumun haberlesme biriminde gorevli
miihendis ve teknisyenlerin uzman goriisii ile uygulama yapilan ilin deneyimli TRAC (Tiirkiye Radyo
Amatorleri Cemiyeti) {iyelerinin goriisleri dikkate alinarak olusturulmustur.

Amator telsizcilik, hicbir menfaat gozetmeksizin ve beklemeksizin kendilerine ayrilmis frekans
bantlarinda yapilan telsiz haberlesmesine verilen isimdir. Bu faaliyeti yiiriitenlere de amator telsizci
denir. Amator telsizciler, bilgi ve tecriibelerini paylagsmak, ortak calismalar yapmak {izere kendi
aralarinda goniilliiliik esasina gore ¢alisan sivil toplum kuruluslar1 kurmuslardir. Bu derneklerden birisi
de TRAC'dir. Radyo amatorlerinin kurduklar: bu dernekler, afet hallerinde Sivil Savunma kuruluslarina
goniillii olarak haberlesme destegi vermektedir. TRAC gerekli hukuki prosediirii yerine getirmesi
sebebiyle kamu yararina ¢alisan bir kurulus sayilmaktadir.

Problemin ¢oztimiinde kullanilan alternatif ve kriterler ayrintili olarak asagidaki gibi agiklanmaistir:

Alternatif ve Kriterlerin Belirlenmesi (Determination of Alternatives and Criteria):

Acil durum haberlesmesinde kullanilacak el telsizi se¢im problemi ¢ok Olciitlii karar verme
tekniklerinden AHS, ANP, TOPSIS ve ELECTRE kullamilarak ¢oziilecektir. Ayrica AHS ve ANP
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yontemlerinden elde edilen kriter agirliklar1 TOPSIS ve ELECTRE yontemlerine entegre edilmistir. Daha
sonra elde edilen biitiin sonuglar degerlendirilmis ve birbirleriyle kiyaslanmaistir.
Belirlenen kriterler su sekilde agiklanmisgtur:

Kriterler (Criteria):

Problemin ¢6ziimii i¢in 5 adet kriter belirlenmistir. Bunlar duyum hassasiyeti, pil émrti, islevsellik,
fiziksel korunum, maliyet ve satis sonrasi hizmet olarak siralanabilir. Bu kriterlerin belirlenmesinde ve
degerlendirilmesinde kullamilan bilgiler uygulama yapilan ildeki ve diger biiyiik illerdeki firma
bayiliklerinden elde edilmistir. Kriterler asagidaki gibi ayrintili olarak agiklanmistir:
1.Duyum Hassasiyeti: Giiniim{iiz sartlarinda gesitli bantlarda kullanilan cihazlardan veya ayni frekansta
bulunan kullanicilardan kaynakli kirlilik olusmaktadir. Duyum Hassasiyeti cihazin bulundugu
frekanstaki kaliteli veriyi alabildigi, en diisitk uV veya dBm degeridir. Bu degerlerin diisiik olmasi
cihazin o kadar iyi oldugunu gosterir. Desibel (dB), sinyal giicliniin miktaridir. dB sembolii, hangi 6l¢ii
degerleri ile kargilastirldigini belirtmek icin cogu kez diger olgii sembolleriyle birlikte kullamilir. Ornek
olarak dBm, 1 miliwatt karsilig1 desibel degeridir.
2.Pil Omrii: Pilin verimli kullamm durumunda dayanabildigi maksimum siireye pil dmrii denir.
3.slevsellik: Cihazin kullanici tarafindan rahatlikla kullanilabilmesine denir. El telsizi seciminde
islevsellik kriteri ekran goriintiisii ve yalin tus kontrolii olmak iizere iki ana bilesenden olusur.

-Ekran goriintiisit: Kanal ismi, gii¢ seviyesi durumu, kanal 6zelligi, GPS durumu, okunmamis ileti
simgesini igerir.

-Yalin tus kontrolii: Her tusun kisa ve uzun siireli basilma durumundaki islevidir.

4.Fiziksel Korunum: Cihazin yagmur, su, toz, yiiksekten diisme, giines radyasyonu, vibrasyon vb. dis
etkenlere kars1 korunumunu igerir. MIL-STD 810 vb. standardina gore belirlenir. Sicaklik, riizgar, nem,
yagmur, toz vb. ¢evre kosullarina maruz kalma durumlari i¢in gelistirilmis standartlardir.

5.Maliyet ve Satis Sonras1 Hizmet: Cihazda istenen 6zelliklerin yari sira minimum maliyetli olmasi ve
satig sonrasi servis islemlerinin zamaninda yapilmasidir.

Problemin ¢6ziimiinde kullanilacak alternatifler su sekilde agiklanmigtur:

Alternatifler (Alternatives)

Alternatifler belirlenirken segilecek olan el telsizinde istenilen minimum 6zellikler uzmanlar
tarafindan belirlenmistir. Bunun neticesinde farkli marka ve modeller incelenerek 4 alternatif {izerinde
karar kilinmistir. Bunlar; Motorola DP-4801, HyTera X1p, Aselsan 4900, Aselsan 4700’diir. Afet ve acil
durum haberlesmesi icin kullanilacak el cihazlarinda bulunmasi gerekli minimum sartlar asagidaki
gibidir:

e 140-170 Mhz arasindaki frekanslarda kullanilabilmelidir.

* Sayisal 6zellikte olmahdir.

* Enaz4 watt ¢ikis giicii

* Enc¢ok 0.40 uV veya -115 dBm dinleme hassasiyeti olmalidair.

e 12,5/20/25 kHz kanal genisliginde olmalidir.

* Frekans kararlilig1 sayisal i¢in en fazla + 3.5 ppm olmalidir.

¢ Intermodiilasyon degeri en az 60 dB olmalidir.

* Su gecirmezligi en az cihazin govdesine herhangi bir yonden gelen su sicramalar: cihaza zarar
vermez olmalidir.

® Toza Dayarnikli en az toz zerreleri, cihazin normal isleyisini engelleyecek, giivenligini bozacak
sekilde cihazin icine giremez olmalidur.

Karar verme, genel olarak segenek kiimesinden, en az bir amag¢ dogrultusunda ve bir Olgiite
dayanarak en uygun, miimkiin bir ya da birkag secenegi se¢me siirecidir. Buna gore karar verme siireci
karar vericinin secenekler, Olgiitler, cevresel etkiler, karar vericinin Oncelikleri ve kararin sonuglari
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elemanlarini igerir. Siireg, karar vericinin mevcut segenekler arasindan bir secgim, siralama ya da
siniflandirma yapmasi seklinde bitebilir. Bu asamada en dogru karar1 vermek igin ¢ok olgiitlii karar
verme yontemleri karsimiza ¢ikmaktadir. Belirli kriterlerin genel olarak ikili karsilastirmalarinin esas
alindig1 cok Olgiitlii karar verme yontemleri en dogru kararin verilmesine sayisal verilerle yardimc
olmaktadir [38]. Bu calismada, el telsizi segim problemi icin 5 kriter ve 4 alternatif belirlenmistir. COKV
yontemlerini kullanmaktaki amag alternatif ve kriter sayilarinin fazla oldugu durumlarda karar verme
mekanizmasini kontrol altinda tutabilmek ve karar sonucunu miimkiin oldugu kadar kolay ve gabuk
elde etmektir.El telsizi secim probleminde ¢oziim sirasinda izlenecek yol Sekil 1’de gosterilmistir.

AFET VE ACIL DURUM HABERLESMESI IiCIN EL TELSiZi SEGIM PROBLEMININ TANIMLANMASI

[ ) 1 v
AHS YONTEMI ANP YONTEMI TOPSIS YONTEMI ELECTRE YONTEMI
AHS-TOPSIS AHS-ELECTRE ANP-TOPSIS | |ANP-ELECTRE
) ! ) )

EN iYi EL TELSIZININ SECILMESI

v

YONTEMLERDEN ELDE EDILEN SONUGLARIN BIRBIRIYLE KIYASLANMASI

Sekil 1. El Telsizi se¢im probleminin algoritmasi
Figure 1. Algorithm of hand-held radio transceivers selection problem

Birinci yontemin probleme uygulanis: su sekilde gosterilmistir:

Analitik Hiyerarsi Siireci Yontemi (Analytic Hierarchy Process Method)

Analitik Hiyerarsi Stireci (AHS) yonteminde kullanilan alternatif ve kriterler Sekil 2'de gosterilmistir.

AHS yontemi ile problem ¢6ziimii 4 adimdan olugsmaktadir:
Adim 1: Modelin Kurulmasi ve Problemin Formdiile Edilmesi

—

|

KRITERLER

Duyum
Hassasiyeti(DH)

Pil Omrii
(rO)

Islevsellik
ds)

Fiziksel

Korunum (FK)

Maliyet ve Satig
Sonrasi Hizmet (MS)

P = Jr e powvey

Adim 2: Ikili Kargilagstirmalar Matrisinin Olusturulmasi: Duyum hassasiyeti kriterine ait ikili

Sekil 2. Alternatif ve kriterler
Figure 2. Alternatives and criteria

karsilastirma matrisi Cizelge ‘de gosterilmistir.

Cizelge 1. Duyum hassasiyeti kriterinin ikili karsilastirma matrisi
Table 1. Pairwise comparison matrix of hearing sensitivity criterion

Alternatif M-4800 HyTera X1p A-4900 A-4700
M-4800 1.00 1.28 1.49 1.49
HyTera X1p 0.78 1.00 1.49 1.49
A-4900 0.67 0.67 1.00 1.00
A-4700 0.67 0.67 1.00 1.00
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CR=CI/RI => CR=0.0232/0.90= 0.0258 < 0.10 oldugundan matris tutarhdir.
Pil 6mrii kriterine ait ikili karsilagtirma matrisi Cizelge 2 ‘de gosterilmistir.

Cizelge 2. Pil 6mrii kriterinin ikili karsilagtirma matrisi
Table 2. Pairwise comparison matrix of battery life criterion

Alternatif M-4800 HyTera X1p A-4900 A-4700
M-4800 1 14/5 12/7 12/7
HyTera X1p 5/9 1 8/9 8/9
A-4900 7/9 11/9 1 1
A-4700 7/9 11/9 1 1
CR=CI/RI => CR=0.0022/0.90= 0.0025 < 0.10 oldugundan matris tutarhdir.
Islevsellik kriterine ait ikili karsilastirma matrisi Cizelge 3’te gosterilmistir.
Cizelge 3. Islevsellik kriterinin ikili karsilagtirma matrisi
Table 3. Pairwise comparison matrix of functionality criterion
Alternatif M-4800 HyTera X1p A-4900 A-4700
M-4800 1.00 0.67 1.14 1.14
HyTera X1p 1.50 1.00 0.90 0.90
A-4900 0.88 1.11 1.00 1.00
A-4700 0.88 1.11 1.00 1.00

CR=CI/RI => CR=0.0174/0.90= 0.0193 < 0.10 oldugundan matris tutarhdir.
Fiziksel etkilere kars1 korunum kriterine ait ikili karsilastirma matrisi Cizelge 4’te gosterilmistir.

Cizelge 4. Fiziksel etkilere kars: korunum kriterinin ikili karsilagtirma matrisi
Table 4. Pairwise comparison matrix of conservation against physical effects criterion

Alternatif M-4800 HyTera X1p A-4900 A-4700
M-4800 1 1 11/8 112
HyTera X1p 1 1 12/9 12/7
A-4900 8/9 5/6 1 11/6
A-4700 2/3 7/9 6/7 1

CR=CI/RI => CR=0.0012/0.90= 0.0013 < 0.10 oldugundan matris tutarhdir.
Maliyet ve satig sonras1 hizmet kriterine ait ikili karsilastirma matrisi Cizelge 5'te gosterilmistir.

Cizelge 5. Maliyet ve satis sonrasi hizmet kriterinin ikili karsilastirma matrisi
Table 5. Pairwise comparison matrix of cost and after sales service criterion

Alternatif M-4800 HyTera X1p A-4900 A-4700
M-4800 1 7/8 11/4 11/5
HyTera X1p 11/7 1 14/9 11/3
A-4900 4/5 2/3 1 1
A-4700 5/6 3/4 1 1

CR=CI/RI => CR=0.0011/0.90= 0.0001 < 0.10 oldugundan matris tutarhdir.

Kriter agirliklarinin ve agirliklarin skorlariin belirlenmesine yarayacak kriter matrisi

6’da gosterilmistir.

verileri Cizelge

Cizelge 6. Kriter matrisi
Table 6. Criterion matrix

Alternatif/Kriter [ DH PO IS FK MS
M-4800 0.318 0.324 0.243 0.282 0.265
HyTera X1p 0.281 0202 0.264 0.277 0.302
A-4900 0.150 0.237 0.247 0.238 0.208
A-4700 0.201 0237 0.247 0.202 0.224
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Adim 3: Kriter Agirliklarimin ve Alternatiflerin Skorlarinin Belirlenmesi: Kriterlerin ikili karsilastirma
matrisi Cizelge 7'de gosterilmistir.

Cizelge 7. Kriterlerin ikili karsilastirma matrisi
Table 7. Pairwise comparison matrix of criteria
Kriter [ DH PO IS FK MS
DH 1.00 1.29 1.00 1.80 1.00
PO 0.78 1.00 0.71 1.40 0.78
is 1.00 1.40 1.00 0.80 1.00
FK 056 0.71 1.25 1.00 0.56
MS 1.00 1.29 1.00 1.80 1.00

Adim 4: Tutarlilik Oraminin Hesaplanmas: ve Sonug¢ Degerlendirme: Alternatiflere gore goreceli
oncelikler Cizelge 8'de gosterilmistir.
CR=CI/RI => CR=0.0219/1.12= 0.0243 < 0.10 oldugundan matris tutarhdr.

Cizelge 8. Alternatiflere gore goreceli Oncelikler
Table 8. Relative priorities according to the alternatives

Alternatif/Kriter [ DH PO IS FK MS
M-4800 0.318 0.324 0243 0282 0.265
HyTera X1p 0.281 0202 0264 0277 0.302
A-4900 0.150 0.237 0.247 0238 0.208
A-4700 0.201 0237 0247 0202 0.224

Kriterlere gore goreceli 6ncelikler Cizelge 9'da gosterilmisgtir.

Cizelge 9. Kriterlere gore goreceli dncelikler
Table 9. Relative priorities according to the criteria

Kriterler Oncelikler
DH 0.231
PO 0.177
is 0.205
FK 0.156
MS 0.231

Uriinlerin analitik hiyerarsi siireci yontemi ile degerlendirilecegi sonug skorlar1 Cizelge 10’da verilmistir.

Cizelge 10. Uriinlere gore sonug degerlendirme
Table 10. Result assessment according to the products

Alternatifler | Agirliklar
M-4800 0.286
HyTera X1p 0.268
A-4900 0.212
A-4700 0.222

AHS yonteminden elde edilen sonuglar su sekilde yorumlanmistir:
Degerlendirme: Analitik Hiyerarsi Siireci (AHS) yonteminin probleme uygulanmasiyla elde edilen
sonuglar degerlendirilirse en yiiksek skora sahip Motorola DP-4800 model el telsizi ilk sirada, daha
sonra HyTera X1p ikinci sirada, Aselsan 4700 ticiincii sirada ve Aselsan 4900 model el telsizi dordiincii
sirada secilmistir. Tkinci yontemin probleme uygulanisi su sekilde gosterilmistir:

Analitik Ag Siireci Yontemi (Analytic Network Process Method)

El telsizi se¢cim problemi ANP yontemi ile 6 adimda ¢oziilm{istiir.
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Adim 1: Problemin Tanumlanmasi ve Modelin Kurulmasi: Probleme ait alternatif, kriter ve alt kriterler
Sekil 3 ‘te gosterilmistir.
Adim 2: Kriterler Aras1 Etkilesimlerin Belirlenmesi: ANP yontemine ait kriter, alt kriter ve alternatifler
Sekil 3 ‘te gosterilmistir.

Abilli_Sarg_Ediebidine ‘
‘.

Sekil 3. Problemin ag yapis1
Figure 3. Network structure of the problem

Adim 3: Temel Karar Vericiler Arasi Tkili Karsilagtirma: ANP yontemine gore agirliklandirma yapilacak
kriterler “x” ile gosterilmis, yapilmayacaklar ise bos birakilmistir. Sonuglar Sekil 4'te gosterilmistir.

Sekil 4. ANP yontemine gore agirliklandirmalar
Figure 4. Weightings according to the ANP method

Adim 4: Elde Edilen Karsilagtirma Matrislerinin Tutarliik Kontrolii: Kargilastirma matrislerinin
tutarlilik hesaplamalar1 Super Decisions programinda hesaplanmuistir.

Adim 5: Siiper Matrisin Olusturulmas: ve Analizi: Super Decisions programinda elde edilen siiper
matrisin ekran goriintiisii Sekil 5'te gosterilmistir.
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2Y.TK.

Sekil 5. Siiper matris
Figure 5. Super matrix

Adim 6: En lyi Segenegin Secimi.

ANP yonteminden elde edilen sonuglar su sekilde yorumlanmistir:
Degerlendirme: Genel bir degerlendirme yapilacak olursa bes ana kriter igerisinde duyum hassasiyeti
ve fiziksel korunum 0.125 genel agirhga sahip olmasindan dolay1 en onemli kriterler olmaktadir.
Alternatifler arasinda 0.151 agirligina sahip olan Motorola 4800 model el telsizi 6ncelikli tercih olarak
ortaya konulmustur. Sonug degerlendirme ekran goriintiisii Sekil 6'da gosterilmistir.

Normalized L Normalized o
Limiting Limiting
By Cluster By Cluster

1.E.G. 0.588 0.049

islevsellik

2.Y.T.K. 0.412 0.034

Sekil 6. Sonug degerlendirme

Figure 6. Result assessment

Uglincii yontemin probleme uygulamisi su sekilde gosterilmistir:
TOPSIS Yontemi (Technique For Order Preference By Similarity To An Ideal Solution Method)
TOPSIS yonteminin probleme uygulanmas: 6 adimdan olugsmaktadir:

Adim 1: Karar Matrisinin (4;;) Olusturulmasi: Kriter matrisi Cizelge 11’de gosterilmistir.

Cizelge 11. Kriter matrisi
Table 11.Criteria matrix
Alternatif/Kriter | DH PO IS FK MS

M-4800 45 27 60 48 44
HyTera X1p 50 17 82 50 50
A-4900 60 19 82 42 35

A-4700 60 18 55 42 37
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Adim 2: Standart Karar Matrisinin (R;;) Olusturulmasi: Standart karar matrisi (5a) numarali formdil
yardimiyla r;; degerlerinin hesaplanmasiyla R;; matrisi elde edilmistir.
n

W, = {0.22 020 0.22 0.14 0.22} Z w; =1

i=1
Adim 3: Agirlikli Standart Karar Matrisinin ( V;; ) Olusturulmasi: Agirlikh standart karar matrisi (V), (6)
numarali formdiille hesaplanmuistir.
Adim 4: Pozitif Ideal (A*) ve Negatif Ideal (A~) Coziim Kiimelerinin Olusturulmas:: TOPSIS
yonteminde belirtilen (7) numarali formiil ile 4,,, degerleri hesaplanir. TOPSIS yonteminde belirtilen
(8) numarali formiil ile A,,;, degerleri hesaplanir.
Adim 5: Ayirim Olgiilerinin Hesaplanmasi: TOPSIS yonteminde belirtilen (9a) ve (9b) formiilleri ile
ayirim Olgtileri hesaplamnr.
Adim 6: Ideal Coziime Goreli Yakinligin Hesaplanmast: TOPSIS yonteminde belirtilen (10) formiilii ile
ideal ¢Ozlime gore yakinliklar hesaplanir. Ayirim olgiileri ve ideal ¢oziime goreli yakinliklarmn
hesaplanmasiyla elde edilen sonuglar Cizelge 12’de gosterilmistir.

Cizelge 12. Ayirim olgiileri ve ideal ¢oziime goreli yakinliklar
Table 12. Distinction measures and relative affinities to 1deal solution

S1+ 0.048509 S1 - 0.05524 C1 0.532443 M-4800
52+ 0.052551 S2 - 0.059671 C2 0.531721 HyTera X1p
S3 + 0.056594 S3 - 0.052731 C3 0.482332 A-4900
54 + 0.070529 54 - 0.031302 C4 0.307392 A-4700

TOPSIS yonteminden elde edilen sonuglar su sekilde yorumlanmuistir:

Degerlendirme: TOPSIS yontemine gore yapilan hesaplamalarin sonucunda ideal ¢dziime yakinhk
degeri C; = 0.532443 en yiiksek olan Motorola marka DP-4801 model {iriin segilmistir.

Dordiincii yontemin probleme uygulanis: su sekilde gosterilmistir:

ELECTRE Yontemi (Elemination and Choice Translating Reality Method)

ELECTRE yonteminin probleme uygulanmas: 8 adimdan olusmaktadr:
Adim 1: Karar Matrisinin ( 4;;) Olusturulmasi: ELECTRE yonteminde kullanilacak olan karar matrisi
Cizelge 13’te verildigi gibidir.
Adim 2: Karar Matrisinin Normalizasyonu: Normalizasyonda maliyet kriterleri i¢in (12) numarali, fayda
kriterleri i¢in (13) numarali formiil kullanilmaktadir.

n
w; = {0.22 020 022 0.14 0.22} ZWf =1
i=1
Adim 3: Agirhikli Standart Karar Matrisinin Olusturulmasi: Agirlikli standart karar matrisi (Y), (15)

numarali formiille X matrisindeki elemanlarin ilgili w; degeri ile ¢carpilmasiyla elde edilir.

Adim 4: Uyum (Cy,;) ve Uyumsuzluk (Dy,;) Setlerinin Belirlenmesi: C matrisinin elemanlar1 (c;) (16)
numarali formdiliine gore, D matrisinin elemanlari (dy,;), (17) numarali formiil ile hesaplanmaktadir.
Adim 5: Uyum (C) ve Uyumsuzluk (D) Matrislerinin Olusturulmasi: Uyum matrisi (C), (19) numaraly;
uyumsuzluk matrisi (D), (21) numarali matriste gosterildigi sekilde olusturulmustur.

Adim 6: Uyum Ustiinliik (F) ve Uyumsuzluk Ustiinliik (G) Matrislerinin Olusturulmast: Yoéntemdeki
(22) numaral1 formiilde belirtildigi sekilde ¢ uyum indeksi hesaplanir. Elde edilen uyum indeksi degeri
(23) ve (24) numarali formiillerde gosterildigi sekilde cy; degerleri ile kiyaslanir Boylece ey, degerleri
olusturulur.

Adim 7: Toplam Ustiinliik Matrisinin (E) Olusturulmast: Belirlenen e, degerleri ile toplam iistiinliik
matrisi (E) olusturulur. (25) numarali formiilde belirtildigi sekilde d uyumsuzluk indeksi hesaplanir.
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Elde edilen uyumsuzluk indeksi degeri (26) ve (27) numarali formiillerde gosterildigi sekilde dy,;
degerleri ile kiyaslanir Boylece f;; degerleri olusturulur.

Adim 8: Karar Noktalarinin Onem Sirasinin Belirlenmesi: Hesaplanan net iist ve net alt degerler Cizelge
13’te gosterilmistir.

Cizelge 13. Net iist ve net alt degerler
Table 13. Clear upper and clear lower values

Alternatifler | Net En Ust Deger Net En Alt Deger Net En Ust Deger Siralamasi ~ Net En Alt Deger Siralamasi
M-4800 0.08 -0.738 2 1
HyTera X1p 0.62 -0.719 1 2
A-4900 -0.06 -0.266 3 3
A-4700 -0.64 1.723 4 4

ELECTRE yonteminden elde edilen sonuglar su sekilde yorumlanmuistir:
Degerlendirme: ELECTRE yoOnteminin probleme uygulanmasiyla elde edilen sonuglara gore; bir
degerlendirme yapacak olursak net en iist degere gore HyTera X1p marka, Net en alt deger
siralamasinda ise Motorola 4800 marka el telsizi 6ncelikli olarak tercih edilmistir.

AHS - TOPSIS Entegrasyonu (AHP - ELECTRE Integration)

Analitik hiyerarsi siireci yonteminden elde edilen kriter agirliklari alinarak TOPSIS yontemine
uygulanmigtir. Karar vericiler tarafindan olusturulan kriter matrisi Cizelge 13te gosterildigi gibidir.
Alinan agirliklar su sekildedir:

Agirliklar = [0.231 0.177 0.205 0.156 0.231]

Ideal ¢oziime goreli yakinlik degerleri Cizelge 14'te gosterilmistir.

Cizelge 14. Ayirim 6lgiileri ve ideal ¢oziime goreli yakinliklar
Table 14. Distinction Measures and Relative Affinities to Ideal Solution

S1+ 0.048189 S1- 0.051107 C1 0.514692 M-4800
52+ 0.047903 S2 - 0.059454 C2 0.553795 HyTera X1p
S3 + 0.055427 S3 - 0.051223 C3 0.480292 A-4900
54+ 0.066978 54 - 0.032753 C4 0.328413 A-4700

AHS-TOPSIS entegrasyonundan elde edilen sonuglar su sekilde yorumlanmistir:
Degerlendirme: Problemin ¢oziimiinde AHS yonteminden alinan agirliklarin TOPSIS yontemine
entegre edilmesiyle elde edilen sonuglar degerlendirilirse ideal ¢6ziime goreli yakinligin en fazla oldugu
HyTera X1p model el telsizi tercih edilmektedir.

AHS - ELECTRE Entegrasyonu (AHP - ELECTRE Integration)

El telsizi se¢im problemi AHS yontemi ile elde edilen kriter agirliklarinin ELECTRE yonteminde
kullanilmasiyla ¢oziilecektir. Karar vericiler tarafindan olusturulan kriter matrisi Cizelge 13te
gosterildigi gibidir. Alinan agirlik degerleri su sekildedir:

Agirliklar = [0.231 0.177 0.205 0.156 0.231]
Yontemin sonucunda olusan net en iist ve net en alt degerler Cizelge 15'te gosterilmistir.

Cizelge 15. Net iist ve net alt degerler
Table 15. Clear upper and clear lower values

Alternatif/Kriter DH PO IS FK
M-4800 0.02 -0.494 3 2
HyTera X1p 0.809 -0.694 1 1
A-4900 0.044 -0.299 2 3
A-4700 -0.873 1.487 4 4
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AHS - ELECTRE entegrasyonundan elde edilen sonuglar su sekilde yorumlanmuistir:

Degerlendirme: Problemin ¢oziimiinde AHS yonteminden alinan agirliklarin ELECTRE yontemine
entegre edilmesiyle elde edilen sonuglar degerlendirilirse net en {ist degere gore HyTera X1p model, net
en alt degere gore yine HyTera X1p model el telsizi digerlerine gore oncelikli olarak tercih edilmektedir.

AAS - TOPSIS Entegrasyonu (ANP - TOPSIS Integration)

El telsizi se¢im problemi ANP yontemi ile elde edilen kriter agirliklarinin TOPSIS yonteminde
kullanilmasiyla ¢oziilecektir. Karar vericiler tarafindan olusturulan kriter matrisi Cizelge 13'te
gosterildigi gibidir. Alinan agirlik degerleri su sekildedir:

_ Agirliklar = [0.250 0.167 0.167 0.250 0.166]
Ideal ¢6ziime goreli yakinlik degerleri Cizelge 16'da gosterilmistir.

Cizelge 16. Ayirim 6lgiileri ve ideal ¢ozlime goreli yakinliklar
Table 16.Distinction measures and relative affinities to 1deal solution

S1+ 0.045199 S1- 0.047539 C1 0.512615 M-4800
S2 + 0.046591 S2 - 0.050082 C2 0.518054 HyTera X1p
S3 + 0.049093 S3 - 0.047725 C3 0.492937 A-4900
S4 + 0.059007 54 - 0.035092 C4 0.372924 A-4700

AAS - TOPSIS entegrasyonundan elde edilen sonuglar su sekilde yorumlanmaistir:
Degerlendirme: Problemin ¢oziimiinde ANP yonteminden alinan agirliklarin TOPSIS yontemine
entegre edilmesiyle elde edilen sonuglar degerlendirilirse ideal ¢dziime goreli yakinligin en fazla oldugu
HyTera X1p model el telsizi digerlerine gore oncelikli olarak tercih edilmektedir.

AAS - ELECTRE Entegrasyonu (ANP - ELECTRE Integration)

El telsizi se¢im problemi ANP yontemi ile elde edilen kriter agirliklarinin ELECTRE yonteminde
kullanilmasiyla ¢oziilecektir. Karar vericiler tarafindan olusturulan kriter matrisi Cizelge 13'te
gosterildigi gibidir. Alinan agirlik degerleri su sekildedir:

Agirhklar = [0.250 0.167 0.167 0.250 0.166]
Yontemin sonucunda olusan net en iist ve net en alt degerler Cizelge 17’de gosterilmistir.

Cizelge 17. Net iist ve net alt degerler

Table 17. Clear upper and clear lower values

Alternatifler | Net En Ust Deger Net En Alt Deger Net En Ust Deger Siralamasi Net En Alt Deger Siralamas1
M-4800 0 -0.292 3 2
HyTera X1p 0.831 -0.164 1 3
A-4900 0.003 -0.728 2 1
A-4700 -0.834 1.184 4 4

AAS - ELECTRE Entegrasyonundan elde edilen sonuglar su sekilde yorumlanmistir
Degerlendirme: Problemin ¢oziimiinde ANP yonteminden alinan agirliklarin TOPSIS yontemine
entegre edilmesiyle elde edilen sonuglar degerlendirilirse net en {ist degere gore HyTera X1p model, net
en alt degere gore ise Aselsan 4900 model el telsizi digerlerine gore dncelikli olarak tercih edilmektedir.

Uygulanan biitiin yontemlerden elde edilen sonuglar tek bir tabloda gosterilmis ve yorumlanmistir.
Genel Degerlendirme: Problemimizin AHS, ANP, TOPSIS, ELECTRE AHS-TOPSIS, AHS-ELECTRE
ANP-TOPSIS ve ANP-ELECTRE yontemleri ile ¢oziimiinden elde edilen veriler dogrultusunda bir tablo
elde edilmistir. Bu sonuglar Cizelge 18'de gosterilmistir.
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Cizelge 18. Yontemlerin genel degerlendirmesi
Table 18. General assessment of the methods

Yontem M-4800 HyTera X1p A-4900 A-4700
AHS 1 2 4 3
ANP 1 2 3 4
TOPSIS 1 2 3 4
ELECTRE N.E.U.D. 2 1 3 4
ELECTRE N.E.A.D 1 2 3 4
AHS-TOPSIS 2 1 3 4
AHS-ELECTRE NEUD 3 1 2 4
AHS-ELECTRE NEAD 2 1 3 4
ANP-TOPSIS 2 1 3 4
ANP-ELECTRE NEUD 3 1 2 4
ANP-ELECTRE NEAD 2 3 1 4
NEUD : Net en iist deger NEAD: Net en alt deger

Degerlendirme: Tabloya bakip 0zetlemek gerekirse; AHS, ANP, TOPSIS, ELECTRE N.E.A.D
yontemlerinin uygulanmasi neticesinde Motorola marka DP-4801 model el telsizi; ELECTRE N.E.U.D.,
AHS-TOPSIS, AHS-ELECTRE N.E.U.D, AHS-ELECTRE N.E.A.D, ANP-TOPSIS, ANP-ELECTRE
N.E.U.D, yéntemlerinin uygulanmasi neticesinde HyTera marka X1p model el telsizi ve ANP-ELECTRE
N.E.A.D. uygulanmasi neticesinde ise Aselsan marka 4900 model el telsizi oncelikli secim olarak elde
edilmistir. Genel olarak; problemin ¢oziimiinde kullanilan ana yontemler olan AHS, ANP, TOPSIS,
ELECTRE ile yapilan ¢oziimlerde Motorola DP-4801 model el telsizinin ancak agirliklarin alinarak
TOPSIS ve ELECTRE yontemleri ile siralamalarin yapildigi entegre ¢oziimlerde ise HyTera marka X1p
model el telsizinin 1. sirada tercih edildigi goriilmiistiir. TOPSIS ve ELECTRE yontemlerinin adimlari
birbirine benzedigi i¢in ¢ikan sonuglarin benzer olmasi sasirtic: degildir.

SONUCLAR (CONCLUSIONS)

Bu calismada uygulama yeri olarak telsiz haberlesmesini aktif olarak kullanan yerlerden birisi olan
bir ilin 11 Afet ve Acil Durum Miidiirliigii tercih edilmistir. Haberlesme altyapisi olusturulmasi
kapsaminda “el telsizi se¢im problemi” ele alinmis ve problemin ¢oziilmesi i¢cin AHS, ANP, TOPSIS,
ELECTRE yontemleri kullanilmustir. Bu yontemler literatiirde en ¢ok kullanilan yéntemlerdir. Ancak bu
calismada, AHS ve ANP yontemlerinin sonucunda ortaya ¢ikan kriter agirhiklart kullanilarak bu
yontemlerin TOPSIS ve ELECTRE ile entegrasyonlar yapilmis ve siralamalar elde edilmistir. Problemde
kullanilan kriter agirliklar1 ve ikili karsilagtirma matrisleri kurumun haberlesme biriminde gorevli
mithendis ve teknisyenlerin uzman goriisii ile uygulama yapilan ilin deneyimli TRAC (Tiirkiye Radyo
Amatorleri Cemiyeti) iiyelerinin goriisleri dikkate alinarak olusturulmustur. Ortaya ¢ikan sonuglar
birbirleri ile kiyaslanmagtir.

Gelismis iilkelerde telsiz haberlesmesi sadece afet aninda veya acil durumlarda, kurum ve
kuruluslar tarafindan kullanilan bir sistem degildir; ayni zamanda giinliik hayatin ayrilmaz bir
parcasidir. Yurtdisinda radyo amatorliigii bir hobi olmanin 6tesinde bir¢ok alanda kullanilmaktadir.
Ticari kaygilar1 olmadig1 gibi kurum ve kuruluslarla da bilgi alis-verisinde bulunmaktadirlar. Bu
calismanin amaci, telsiz haberlesmesinin 6neminin anlasilmasina yardimci olmak ve iilkemizde de
glinliik hayatta yayginlasmasim saglamaktur.

Yapilan c¢alismalar incelendiginde haberlesme sistemleri ile genellikle elektrik-elektronik ve
elektronik-haberlesme miihendislerinin ilgilendigi ve daha ¢ok bu konunun teknik kismuyla ilgili
calismalarin yapildig1 goriilmiistiir. Ancak bu galismada farkli olarak telsiz haberlesmesi incelenmis,
bunun acil durum haberlesmesindeki 6nemi ortaya konulmus ve problem COKV yontemleri ile
¢OzUlmiistiir.
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OZ: Kiiresel diinyada milletlerin refah seviyesini yiikseltmek icin gelistirilmesi zorunlu olan
stirdiiriilebilir kalkinma hamlelerinin 6nemli bir asamasmi, verimlilik, ekonomiklik ve c¢evreye
duyarhilik temelinde siirdiiriilebilir enerji politikalar: tegkil etmektedir. Bu kapsamda, {ilkeler sahip
olduklar yenilenebilir enerji kaynaklarini miimkiin olan en tist seviyede elektrik iiretiminde kullanmak
i¢cin ¢alismalar ytriitmek zorunda kalmaktadir. Bu baglamda bu ¢alismanin amaci, azzimsanmayacak
olgiide yenilenebilir enerji kaynak potansiyeline sahip olan Tiirkiye'nin bu kaynaklarmi verimli,
glivenilir, ekonomik, kesintisiz ve ¢evreye duyarh elektrik iiretimi gerceklestirmek amaci dogrultusunda
yatirim Oncelikleri agisindan degerlendirmektir. Bu amagcla ¢alismada, literatiirdeki ¢alismalar ile Enerji
ve Tabii Kaynaklar Bakanligi (ETKB) 20152019 Stratejik Plani referans alinarak belirlenen ve agirliklar:
ANP (Analytic Network Process) yontemi ile hesaplanan teknik, ekonomik, sosyal ve cevresel
faktorlerden olusan 4 ana kriter ve bunlara bagh 12 alt kriter altinda, Tiirkiye'nin sahip oldugu
hidroelektrik, riizgar, biokiitle, giines ve jeotermal enerji kaynaklar1t TOPSIS (The Technique for Order of
Preference by Similarity to Ideal Solution) yontemi ile siralanmis ve bu kaynaklar ile yapilacak yatirim
oncelikleri elde edilmistir.

Anahtar kelimeler: Yenilenebilir enerji kaynaklari, Cok kriterli karar verme, TOPSIS, ANP, Tiirkiye.

Evaluation of the Renewable Energy Investments in Turkey Using ANP and TOPSIS Methods

ABSTRACT: Sustainable energy policies constitute the most part of the sustainable development moves
which are compulsory to be improved in order to increase prosperity level in global world on the basis
of efficiency, economy and environmental awareness. In this scope, the countries have to carry out
studies in order to use their renewable energy resources at the highest level possible. Within this context,
the aim of this study is to evaluate the resources of Turkey having a considerable amount of potential
renewable ones with the goal of realizing efficient, reliable, economic, uninterrupted and
environmentally friendly electricity generation. In this study, to reach this goal, hydroelectric, wind,
biomass, solar and geothermal energy resources in Turkey have been ranking by TOPSIS method under
4 main criteria and 12 related sub-criteria comprised of technical, economic, social and environmental
factors determined based on the studies in literature and 2015-2019 Strategic Plan of the Ministry of
Energy and Natural Resources (MENR) and the weights of which are calculated with ANP method and
the investment priorities which will be made by using these resources have been obtained.

Keywords: Renewable energy resources, Multi-Criteria decision making, TOPSIS, ANP, Turkey.
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GIRIS INTRODUCTION)

Ozellikle gelismis ve gelismekte olan iilkelerde kiiresel anlamda yasanan niifus artigi, sanayilesme
ve kentlesme olgulari, artan ticaret olanaklari ve siirekli gelisen teknolojinin insan hayatinda
vazgecilmez bir unsur haline gelisi enerjiye olan talebi her gecen giin biraz daha artirmaktadir.
Uluslararas: Enerji Ajansi (IEA), 2010-2035 yillar1 arasinda enerji talebindeki artisin %93’iinii gelismis
iilkelerin olusturacagim ve bunun maliyetinin 30 trilyon dolar1 bulacagini 6ngérmektedir (Buntaine ve
Pizer, 2015).

2015 sonu itibariyle diinyada tiiketilen enerjinin %87’si petrol, dogalgaz ve komiir gibi
yenilenemeyen fosil kaynaklardan karsilanmistir (Ham Petrol ve Dogalgaz Sektor Raporu, 2016).
Yenilenemeyen bu kaynaklar rezerv cinsinden ifade edilmektedir ve bu durum er ya da ge¢ bu
kaynaklarin tiikenecegi anlamina gelmektedir. Diger iilkelerden kaynak tedarik etme segenegi ise,
diinya iizerinde siiregelen giic dengesi degisimleri nedeniyle giivenilir ve siirdiiriilebilir bir secenek
olmaktan uzaktir. Bunlarin yar sira, iletisim araglariyla ¢evre bilincinin artmasi, fosil yakitlarin dogal
kaynaklar tizerinde kiiresel seviyede olumsuz etkiye sahip olmasi ve bu baglamda gelisen gelecekle ilgili
endiseler elektrik iiretiminde alternatif kaynak arayislarini yenilenebilir enerji kaynaklarina yoneltmistir
(Kum, 2009).

Gelismekte olan tilkeler arasinda yer alan Tiirkiye’de diinya ortalamasimn iizerinde seyreden bir
enerji talep artist s6z konusudur (Ozcan ve Eren, 2014). Elektrik tiiketiminin 2020 yilinda yiiksek
senaryoya gore yillik olarak yaklasik %6,9 artigla 392 TWh'e, baz senaryoya gore ise yillik ortalama %5,5
artisla 357,4 TWh'e ulasmasi beklenmektedir (TEIAS, 2016). Bununla birlikte Tiirkiye Cumhuriyeti
Hiikiimeti, bu ivmeli artis1 verimli, ekonomik ve g¢evreye duyarh bir sekilde karsilayabilmek adina
stirdiiriilebilir enerji politikalar1 gelistirmekte ve bu kapsamda, Tiirkiye'nin sahip oldugu yenilenebilir
enerji kaynaklar1 potansiyelini miimkiin olan en iist seviyede kullanarak Tiirkiye Cumbhuriyeti
Devleti'nin 100. kurulus yil1 olan 2023’de yenilenebilir enerji kaynaklarinin elektrik {iretimindeki payin1
en az %30’a yiikseltmeyi hedeflemistir (Tiirkiye Ulusal Yenilenebilir Enerji Eylem Plani, 2014). Bu tip
stratejik bir hedefin biiyiik yatirimlari beraberinde getirdigi gerceginden hareketle, biiyiik altyapi
yatirimlar1 grubuna giren s6z konusu santral yatirimlarinin birbirleriyle etkilesim igerisinde olan gok
sayida kriterin dikkate alinarak planlanmasi stratejik agidan biiyiik bir oneme sahiptir.

Bu baglamda calismada, problemin biiyiikliigii ve ¢ok kriterli yapisi temel alinarak birbirleri ile
etkilesim halinde olan bir¢ok kriter ve alt kriter altinda karar vericilere analitik ¢oziimler iireten
yontemler grubu olarak tanimlanabilecek ¢ok kriterli karar verme yontemleri temel alinmis olup
agirliklart ANP ile hesaplanan 4 ana kriter ve bunlara bagli 12 alt kritere baglh olarak Tiirkiye'nin sahip
oldugu yenilenebilir enerji kaynaklarini kullanan 5 tip elektrik {iretim santrali yatiriminin 6ncelikleri
TOPSIS siralama algoritmas ile belirlenmistir.

LITERATUR TARAMASI (LITERATURE REVIEW)

Insanlar glintimiizde, giinliik ya da is yasantilarinda birbirleri ile gelisen ya da iliskili bir¢ok kritere
bagh olarak kararlar almak durumunda kalmaktadir. Bu kapsamda, yoneylem arastirmasinin bir alt
disiplini olan ve karar verme siirecini bu gergege gore ele alan ¢ok kriterli karar verme yaklagimlarinin
kullanimi her gegen giin daha da fazlalasmaktadir.

Bir¢ok ¢6ziim yaklagiminin var oldugu bu 6nemli yoneylem arastirmasi dalinda, kriter ve alt
kriterler arasindaki etkilesimi dikkate alarak karar verme siirecindeki analitiklik diizeyini artiran bir
yontem olarak ANP ile uygulama kolaylig1 ve {irettigi etkin sonuglar ile siralama algoritmalar: arasinda
TOPSIS dikkat cekmekte olup literatiirde bu yontemleri birlikte kullanarak yapilmis proje segiminden
(Mahmoodzadeh vd., 2007) pazarlama stratejisi belirlemeye (Wu vd., 2010), yazilim alternatifleri
arasindan en uygun olanin belirlenmesinden (Percin ve Gok, 2013) servis saglayic1 yer se¢imine (Chang
vd., 2015) kadar bir¢ok ¢alisma bulunmaktadr.
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Diinya siyaseti ve insanligin enerjiye olan bagimlilig: ile dogas1 geregi cok kriterli bir yapiya sahip
olan ve bu nedenle etkin ¢oziimlerin {iretilmesi i¢in analitik yaklagimlara ihtiya¢ duyan enerjiyle ilgili
karar verme siireglerinin bu Ozellikleri dikkate alindiginda, bu problemler kritik optimizasyon
problemleri grubuna dahil edilebilir ve bu denli 6nemli olan bu problemlerin ¢6ziimiinde gok kriterli
karar verme yontemlerinin kullanimi etkin sonuglar verecektir (Ozcan ve Kiciikyarar, 2016). Bu
kapsamda, asagida verilen calismalar gibi bu ¢alismada da ¢ok kriterli karar verme yaklagimlarina
basvurulmus ve yukarida bahsedilen ozellikleri nedeniyle bu yaklasimlardan ANP ve TOPSIS
yontemleri birlikte kullanilarak, Tiirkiye’de yenilenebilir enerji kaynaklarina yapilacak olan
yatirimlarinin en uygun sirasi belirlenen kriterler dahilinde elde edilmistir.

(Heo vd., 2010), Kore'de yenilenebilir enerji kaynaklarina yapilan yatirim payinin belli bir tarihten
sonra daha da artirillacagindan ve bu nedenle Ar-Ge ¢alismalarina verilen énemden bahsetmisler ve
calismalarinda bulanik ANP yontemi ile goéz oOniinde bulundurulan her bir faktoriin etkisini
degerlendirmislerdir. (Kaya ve Kahraman, 2010) c¢alismalarinda, ¢ok kriterli karar verme
yontemlerinden AHP ve VIKOR yontemlerini kullanarak Istanbul’da yenilenebilir enerji alternatiflerini
degerlendirmisler ve {iiretim yeri se¢imi igin Oneride bulunmuslardir. (Uysal, 2011), Tiirkiye'de
yenilenebilir enerji kaynaklarinin gesitli yonlerden 6nemine vurgu yaptigr calismasinda, GRAF Teorisi
ve Matris Yaklagimi ile se¢im icin bir model onerirken (Barry vd., 2011), Afrika ic¢in 13 farkl kriteri
degerlendirerek stirdiiriilebilir ve yenilenebilir enerji igin teknoloji secimi yapmiglardir. (Yi vd., 2011),
Giiney Kore’de yasanan enerji sikintisinin iistesinden gelebilmek igin yenilenebilir enerji kaynaklar ile
siirdiiriilebilir enerjiye katki saglayacak ¢oziim Onerisini AHP ve BOCR yontemlerini kullanarak
yapmuslardir. (Sadeghi vd., 2012), fran’in ekonomik yonden kalkinmasi amaciyla, belirlenen 4 alternatif
yenilenebilir enerji kaynag1 arasindan en uygun olanimi Bulanik ANP ve Bulanik TOPSIS yontemleri ile
se¢mislerdir. (Ertay vd., 2013), siirdiiriilebilir kalkinma ve ekonomik biiyiime i¢in enerji tiiketimine
dikkat c¢ektikleri ve yenilenebilir enerji kaynaklarinin Oneminden bahsettikleri ¢alismalarinda,
MACBETH ve AHP yontemlerini kullanarak belirlenen  kriterlere gore alternatifleri
degerlendirmislerdir. (Ayan ve Pabugcu, 2013), ETKB'nin 2010-2014 Stratejik Planindan (2009) yola
cikarak yenilenebilir kaynak secimi problemi i¢in bir hiyerarsi olusturmus ve agirhiklar1 AHP ile
hesaplayarak se¢im yapmuiglardir. (Yazdani-Chamzini vd., 2013), c¢ok Olgiitlii karar verme
yontemlerinden AHP yontemi ile COPRAS yontemini entegre ederek yenilenebilir enerji kaynaklar:
proje seciminde goz oniinde bulundurulan gesitli faktorleri degerlendirmisler ve mevcut alternatifler
arasindan en uygun olanin belirlemiglerdir. (Tasri ve Susilawati, 2014), son zamanlarda yasanan enerji
kaynaklar kitligina dikkat gekerek alternatif enerji kaynaklarinin gelistirilmesine vurgu yapmisglar ve
yenilenebilir enerji kaynaklar: arasindan se¢im yapmak icin bulamik AHP yontemini kullanmislardir.
(Ahmad ve Tahar, 2014), Malezya’da siirdiiriilebilir enerji {iretim sistemine katkida bulunmas: amacryla
yenilenebilir enerji kaynaklarinin potansiyelini gozden gegirmigler ve belirlenen segenekler arasindan en
uygun olanini AHP ile segmislerdir. (Biiyiikozkan ve Giilerytiz, 2014), bularuk AHP ve Bulanuk TOPSIS
yontemleri ile yenilenebilir enerji kaynaklari arasindaki se¢im siirecinde kritik 6neme sahip kriterleri
belirleyerek yatirimciya maksimum mali fayday:1 saglayan en uygun kaynag: bulmak icin alternatifler
arasinda siralama yapmuglardir. (Sengiil vd,. 2015) ise, Tiirkiye’de yenilenebilir enerji kaynaklar:
arasindan sec¢im yapmak i¢in bulanik TOPSIS yontemini kullanmiglardir. (Trappey vd., 2015), iklimde
yasanan degisikliklerle yenilenebilir enerji kaynaklarina yonelimin 6neminden bahsederek, temel alinan
hedefler ¢ercevesinde SOM (kiimeleme yontemi) ve AHP ile yenilenebilir enerji politikalarin
degerlendirmislerdir. (Abdullah ve Najib, 2016) calismalarinda, bularuk AHP yontemini kullanarak
Malezya igin enerji planlamasinda yenilenebilir enerji kaynaklarini degerlendirmislerdir. (Al Garni vd.,
2016), ¢ok kriterli karar verme yontemlerinden AHP yontemini kullanarak yenilenebilir enerji
kaynaklarini Suudi Arabistan i¢in degerlendirmisler ve ekonomik yonden kalkinmaya yonelik bir
yaklasim oOnermislerdir. (Stojcetovic vd., 2016), Sirbistan’da yenilenebilir enerji kaynaklarina yatirmm
yapma kararini verirken énemli olan kriterleri belirlemisler ve Sirbistan igin 6zel kosullara en uyum
saglayacak olan yenilenebilir enerji kaynaklarint SWOT analizi ve AHP kullanarak degerlendirmislerdir.
(Weigelt ve Shittu, 2016) ise ¢alismalarinda, 1999 ve 2010 yillar1 arasindaki firmalarin kaynak yatirimlar
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ile rekabetteki cesitli yonlerden etkisini incelemek amaciyla ABD elektrik sektoriinde yenilenebilir enerji
kaynaklarina yapilan yatirimlari incelemislerdir.

TURKIYE'DE MEVCUT DURUM VE YENILENEBILIR KAYNAK POTANSIYELI (CURRENT STATUS
AND RENEWABLE RESOURCE POTENTIAL IN TURKEY)

Diinya siyasetinin yakin tarihine bakildiginda biitiin 6nemli gelismeler igin temel bir kaide vardir:
“Ya politika enerjiyi takip eder, ya da enerji politikay...”. Biitlin gii¢ oyunu aslinda bu kural tizerinden
doner ve oynamnir. Bu baglamda, herhangi bir uluslararasi olayin tarihini yazarken ya da sayfalarca
analizini yaparken enerjiden, yani fosil yakit denkleminden (diinyada tiiketilen enerjinin %87’sinin bu
kaynaklardan karsilandig1 diisiiniildiigiinde) s6z edilmemesi diisiiniilemez (Ozcan ve Kiigiikyarar, 2016).

Fosil yakitlar simdiye dek her ne kadar diinyanin gelisimini hizlandirmis olsa da, giliniimiizde
diinyanin sonu igin olagan siipheli konumundadir. Ancak, kiiresel 1sinma ve iklim degisikliginin 2015
Aralik ayindaki Paris Toplantisi ile diinya giindeminin en tepesine yerlestigi bugiinlerde dahi, fosil
yakitsiz bir gelecek uzun yillar ongoriilememektedir (Ozcan ve Kiigiikyarar, 2016). Bununla birlikte, fosil
yakitlarin gevreye verdikleri zarar, yenilenebilir kaynaklara nazaran maliyetlerinin yiiksek oluslar1 ve
birgok {ilke i¢in ithal kaynak pozisyonunda olmalari, diinya arenasinda iilkeleri s6z sahibi kilan enerji
konusunda siirdiiriilebilir politika {iretme gereksiniminden dolayi, hiikiimetleri sahip olduklar:
yenilebilir enerji kaynaklarini en etkin bir bi¢cimde kullanma dogrultusunda arayislar icine sokmaktadir.

Tiirkiye de diinya ile paralel olarak, 77.000 MW'1 asan kurulu giicii (Sekil 1) ile Temmuz 2016 sonu
itibariyle 160 milyar kWh’e yaklasan enerji talebinin ($ekil 2) %70’ine yakinir ($ekil 3) fosil kaynaklardan
karsilamakla birlikte, tirettigi stirdiiriilebilir enerji politikalar1 geregi sahip oldugu, 430-450 GWh/yil
hidrolik, 400 GWh/yil riizgar, 365 GWh/y1l giines, 16 GWh/y1l jeotermal ve 1,58 GWh/y1l biokiitle (Demir
ve Emeksiz, 2016) kaynak potansiyelini hizla elektrik iiretimine kanalize etmektedir. Son 3 yilda
yenilenebilir enerji kaynaklarinin Tiirkiye toplam elektrik tiretimi icindeki payinin yaklasik %10 oraninda
artmasi ve hiikiimetin 100. y1l hedefine simdiden ulasmas1 bunun en belirgin isaretleridir.
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0,9% / 7
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KURULU GUC (07/2016) : 77.037,5 MW

Sekil 1. Tiirkiye'nin kaynaklara gore kurulu giicii — Temmuz 2016 sonu (TEIAS, 2016)
Figure 1. Installed capacity of Turkey according to the resources — End of July, 2016
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Sekil 2. Tiirkiye'nin kaynaklara gore {iretim ve tiiketimi — Temmuz 2016 (TEIAS, 2016)
Figure 2. Electricity generation and consumption of Turkey according to the resources — End of July, 2016
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Sekil 3. Tiirkiye elektrik {iretiminin kaynaklara gore dagilimi - 2015 sonu (TEIAS, 2016)
Figure 3. Distribution of electricty generation of Turkey according to the resources — End of 2015

Yukarida da deginildigi tizere, siirekli artis egiliminde olan enerji talebini fosil kaynaklardan
saglamak sonlu bir siirece dahil olmak anlamina gelmektedir. Bu sebeple, yenilenebilir kaynak
potansiyelini miimkiin olan en iist seviyede kullanmak {ilkelerin siirdiiriilebilir enerji arzi temelinde
oncelikli hedefidir. Tiirkiye de tiim gelismis ve gelismekte olan iilkelerle birlikte bu gercekler ile hareket
etmekte olup yenilenebilir enerjinin tesvik edilmesi ve gevre dostu enerji teknolojilerin kullanimu ile sera
gazi emisyonunun azaltilmasi ana temasm igeren Birlesmis Milletler Tklim Degisikligi Cergeve
S6zlesmesine taraf olmus ve 2009 yilinda Kyoto Protokoliinii imzalamigtir. Ayrica, Yenilenebilir Enerji
Eylem Plaru ve yakin zamanda yapilmasi 6ngoriilen Ulusal Enerji Verimliligi Eylem Plani'ni1 giindeme
getirmistir. Goriildiigii {izere Tiirkiye, yenilenebilir kaynak kullanimi konusunda istikrarl bir sekilde
ilerlemekte ve yenilenebilir tesvik mekanizmasi, giimriik vergisi muafiyeti, vergi indirimi, sigorta primi
isveren hissesi destegi, faiz destegi, yatirim yeri tahsisi, katma deger vergisi muafiyeti gibi kolayliklarla
yatirimcilar1 yenilenebilir enerji kaynak santrallarinin insas1 dogrultusunda tegvik etmektedir. Tiim bu
gercekler ve gelismeler, Tiirkiye igin sahip olunan yiiksek yenilenebilir enerji kaynak potansiyelini
hayata gecirmek icin yatirim Onceliklerinin biitiin gergevesi ile ele alinarak analitik temelli olarak
belirlenmesini 6n plana ¢ikarmakta ve bu durum da bu ¢alismanin 6nemini ortaya koymaktadir.
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COK KRITERLI KARAR VERME YONTEMLERI (MULTICRITERIA DECISION MAKING METHODS)

Cok kriterli karar verme yontemleri, Olciilebilen ve olgiilemeyen bir¢ok stratejik kriteri bir arada
degerlendirme imkani sunan ve ayni zamanda karar verme siirecinde birden ¢ok kisinin yargisina
basvuran analitik yontemlerdir. Bu yontemlerden; kriterler ve alt kriterler arasindaki iligkileri dikkate
almasi ve boylelikle tek bir yone baglh modelleme zorunlulugunu ortadan kaldirarak karar vericilere
daha hassas ve tutarli sonuglar iireten ANP (Yildiz, 2014) ile diger siralama algoritmalarina nazaran
uygulama kolaylig1 olan ve etkin sonuglar iireten TOPSIS yontemleri sahip olduklari avantajlar
nedeniyle bu ¢alisma kapsaminda kullanilmistir.

ANP (Analytic Network Process)

Bazi problemler hiyerarsik yapiya sahip olmamalarna ragmen problemin ¢oziimiinde ele alinan
kriter, alt kriter ve alternatifler birbirleriyle etkilesim halinde olabilir. Karar vermede etkili olan kriterler
arasindaki iligkileri goz oniinde bulunduran ANP yontemi, Thomas L. Saaty tarafindan gelistirilen
AHP'nin genellestirilmis halidir (Alptekin, 2010). ANP, sayisal faktorlerin ifade edilemedigi durumlarda
da iyi bir ¢Ozlimleyicidir (Yaralioglu, 2010) ve AHP' ye kiyasla daha karmasik karar verme
problemlerine uygulanabilmektedir. ANP yonteminin uygulama adimlar: su sekildedir:

Adim 1: Karar Verme Probleminin Belirlenmesi

Adim 2: Iliskilerin Belirlenmesi: Kriter ve alt kriterler arasindaki etkilesimler (i¢sel/dissal bagimliliklar ve
geri bildirimler) belirlenir.

Adim 3: Kriterler Aras Ikili Karsilastirmalarin Yapilmasi

Adim 4: Tutarliigin Hesaplanmasi: Her bir karsilastirma matrisinin tutarlilik oram (CR) hesaplarur. Eger
hesaplanan bu deger 0,10’dan kiigiikse matris tutarlidir.

Adim 5: Siiper Matrislerin Sirayla Olusturulmast:

-Agirhiklandirilmamis Siipermatris: Stipermatrisler , problemi olusturan kriter, alt kriter ve alternatifler

arasindaki tiim etkilesimlerin hesaplamaya katildig: tistiinliik vektorlerinden olusan bir kare matristir
(Goktiirk vd., 2011).

-Agirhiklandirilmis Siipermatris: Agirhiklandirilmamis siipermatrisin her bir siitun toplaminin 1’e
esitlendigi halidir (Anik, 2007).

-Limit Stpermatrisin: Agirliklandirilmis siipermatrisin satirlar1 degismeyene kadar kuvvetinin
alinmasiyla olusturulur.

Adim 6: En lyi Alternatifin Belirlenmesi: Alternatifler, limit siipermatris ve kriter agirliklarinin bulunarak
bu degerler arasindan en yiiksek olan alternatifin secilmesi ile gerceklestirilir.

TOPSIS Yontemi (TOPSIS Method)

TOPSIS yontemi Hwang ve Yoon tarafindan 1981 yilinda gelistirilmistir ve karar verme
problemlerinde ¢dziime ulasirken yapilan analizler ile pozitif ideal ¢dziime ve negatif ideal ¢dziime gore
alternatiflerin segilmesine dayanmaktadir. TOPSIS yontemi 6 adimdan olusmaktadir:

Adim 1: Karar Matrisinin Olusturulmasi: Karar matrisinin satirlarinda tisttinliikleri siralanmak istenilen
alternatifler, siitunlarinda ise karar vermede etkili olan kriterler yer almaktadir. Baslangi¢ matrisi olarak
da adlandirilmaktadir.

Adim 2: Standart Karar Matrisinin Olusturulmasi: Asagidaki esitlik yardimiyla standart karar matrisi
olusturulur.

aij

ry = —— (1)
, ;cn=1a12cj
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Adim 3: Agulikly Standart Karar Matrisinin Olusturulmasi: Kriterlerin degerlendirilebilmesi i¢in agirlik
oranlar1 belirlenir. Daha sonra her agirlik degeri standart karar matrisindeki ilgili kriterin degeri ile
carpilarak agirlikli standart karar matrisi elde edilir.

Adim 4: Ideal (A*) ve Negatif Ideal (A-) Coziimlerin Olusturulmasi: Kriterlerin monoton artan ve monoton
azalan egilim gosterdigi varsayimina gore agirlikli standart karar matrisindeki degerlerden maksimum
ve minimum olanlari tespit edilir.

Adim 5: Ayrim Olgiitlerin Hesaplanmasi: Asagidaki esitlikler kullamilarak matristeki her bir karar
noktasinin kriter degerlerinin ideal ve negatif ideal ¢dziime olan uzakliklar1 hesaplanir.

Si = \/Z}‘:l(vu —v/)? )

Si = \/Z?:l(vij —v)? 3)

Adim 6: Ideal Coziime Goreli Yakinhigin Hesaplanmasi: Ayrim Olgiitleri kullanilarak ideal ¢oziime goreli
yakinlik asagidaki esitlik yardimiyla hesaplanir.

CL'*= _l . (4)

Burada negatif ideal ayrim 6lgiitiiniin, toplam ayrmm Olgiitleri igindeki pay1 hesaplanir. Ci* degeri 0-
1 araliginda deger alir. Bu degerin 1 degerini almasi ilgili karar noktasinin ideal ¢6ziime, 0 degerini
almasi ise, karar noktasinin negatif ideal ¢6ziime mutlak yakinlhigin ifade etmektedir. (Aribas, 2015).

UYGULAMA (Case Study)

Her ne kadar giiniimiizde Tiirkiye toplam elektrik {iretiminin ¢ok biiyiik bir kismi fosil
kaynaklardan karsilansa da, Tiirkiye Cumhuriyeti Devleti Hiikiimetinin yukaridaki boltimlerde
bahsedilen nedenlerden 6tiirii gelistirdigi siirdiiriilebilir enerji politikalar1 gercevesinde yenilebilir enerji
kaynaklarinin elektrik {iretimindeki paymin 2023 yilina kadar en az %30 seviyesine yiikseltilmesi
stratejik bir hedef olarak belirlenmistir (Tiirkiye Ulusal Yenilenebilir Enerji Eylem Plani, 2014). Bu
baglamda, 430-450 GWh/yil hidrolik, 400 GWh/y1l riizgar, 365 GWh/y1l giines, 16 GWh/y1l jeotermal ve
1,58 GWh/y1l biokiitle (Demir ve Emeksiz, 2016) kaynak potansiyeline sahip olan Tiirkiye'nin 2015 sonu
itibariyle 264 milyar kWh enerji tiiketimi oldugu ve bu talebin yaklasik %70'inin ithal agirlikli fosil
yakitlardan karsilandigi diistiniildiigiinde, bu potansiyelin kademeli olarak elektrik {iretimindeki
paymun artirilmasi tutarh bir hedef olmakla birlikte, siirdiiriilebilir enerji politikalarinin uygulanmasi
agisindan da bir zorunluluktur. Bu kapsamda bu ¢alismada, Tiirkiye'nin 6nemli seviyede sahip oldugu
yenilenebilir enerji kaynak potansiyelini aktif hale getirmesi i¢in yapmasi gereken santral yatirimlar:
teknik, ekonomik, sosyal ve cevresel faktorlerin tamami dikkate alinarak, literatiirde kabul gérmiis olan
ANP ve TOPSIS yontemlerinin entegre kullanimi ile degerlendirilmis ve bu alternatiflerin hayata
gecirilme oncelikleri siralanmistir. Uygulamanin asamalar: Sekil 4’de sunulmustur.

Yenilenebilir Enerji Kaynaklarinin Se¢ciminde Kullanilan Kriterler (Criteria for Renewable Energy Resources
Selection)

Tiirkiye Cumhuriyeti Devleti, ETKB'nin 2015-2019 Stratejik Planina gore, enerji ve maden
kaynaklarini etkin, verimli, giivenli, zamaninda ve gevreye duyarh sekilde kullanarak giiclii ve giivenilir
enerji altyapisi olusturmak, bununla birlikte disa bagimhhg: azaltmak ve {ilke refahina en yiiksek
katkiy1 saglayarak, Tiirkiye'yi bolgesel anlamda liderlige tasimak ve uluslararasi arenada séz sahibi
konuma getirmeyi stratejik olarak hedeflenmektedir. Bu stratejik hedef temel alinarak, ETKB'nin 2015-
2019 Stratejik Plani,  Ayan ve Pabugcu (2013)nun yenilenebilir enerji yatirim projelerinin
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degerlendirilmesi ve secimi i¢in Onerdikleri hiyerarsik modelde kullandiklar: kriterler ile Ahmad ve
Tahar (2014)1n calismasinda kullanilan bazi alt kriterler referans alinarak asagida detaylar: verilen
degerlendirme kriterleri, alt kriterler ile belirlenmistir.

/’ Kriterler, alt kriterler ve bunlar arasindakd iligkilerin

belirlenmesi

-

‘ Kriterler arasinda ikili kargilagtirmalarin yapilmas: |

}

| Tutarlilik oraminin (CR) hesaplanmasi

|

| Hayir

ANP ADIMLARI

CR=01
X Evet
K Kriter dnceliklerinin hesaplanmasi
/— Karar matrisinin olugturulmas:

!

| Standart karar matrisinin olusturulmas

l

ANP ile hesaplanan kriter agirhiklan ile aguwhklandinlng standart karar matrisinin

olugturulmasi

l

Pozitif ve negatif ideal ¢dzlim setlerinin olugturulmas: ve her bir ¢dziim seti igin aynm

dlgiitlerinin hesaplanmasi

}

Ideal ¢6ziime olan mesafelerin hesaplanarak, alternatif tiim venilenebilir enerji kaynaklan igin

TOPSIS ADIMLARI

\\_ enuvgun vahrim éncelikleri sirasimn elde edilmesi

Sekil 4. Uygulama asamalar1
Figure 4. Application steps

Teknik Kriterler: Bu hedefler santralin kurulusu ve isleyisiyle ilgilidir.

Verimlilik: Enerjide verimlilik; gaz, buhar, 1s1, hava ve elektrikteki enerji kayiplarinin onlenmesi,
atiklarin geri kazanimi ve degerlendirilmesi, ileri teknoloji ile iiretim diisiiriilmeden enerji talebinin
azaltilmasi, daha verimli enerji kaynaklari, gelismis endiistriyel siirecler, enerji geri kazanimlar1 gibi
etkinligi artirict 6nlemlerin tamamidir (TEVEM, 2010). Enerji Verimliligi Kanunu ile ETKB tarafindan
belirlenen verimlilik hedefi, Tiirkiye'nin enerji yogunlugunu 2020 yilina kadar %15 azaltmaktir. Bu
hedef, elektrik {iretiminde kWh basina kullanilan enerji kaynagi miktariin, dolayisiyla da kaynak
konusunda disa bagimliligin azalmas1 anlamina gelmektedir.
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Santral insa siiresi: Insasina baslanan santralin tamamlanmas: ile iiretime baslanabilmesinden otiirii,
diger hedeflerin gerceklesebilmesi icin bu kriter 6n sarttir.

Ekonomik Kriterler: Enerji tiretim santrallar1 biiyiik alt yap1 yatirimlaridir ve her biiyiik iiretim tesisinin
kurulumunda oldugu gibi bunlar i¢in de tekno-ekonomik analiz olarak adlandirilabilecek kapsamli bir
fizibilite galismasinin yapilmasi zorunluluktur. Fizibilite ¢alismalarinda teknik parametreler daima
ekonomik kistaslara bagh oldugu igin, bu ana kriter bu ¢alismada yapilan degerlendirmenin
vazgegcilmezidir.

Maliyet: Her yatirim icin degerlendirilen kriterlerin basinda maliyet gelmektedir. Yatirimcinin zarar
etmemesi i¢in, yatirimin ilk yatirim maliyetinin doneme etkisi ile donemsel isletme maliyeti toplaminin
kazangtan kii¢iik olmas1 beklenir.

Devlet tesviki: Hiikiimet yenilenebilir enerji kaynaklarinin kullanimi1 konusunda 6zellikle son yillarda
bircok tesvik vermektedir. Katma deger vergisi ve giimriik vergisi muafiyeti, hibe/kredi, iiretilen
enerjinin alim garantisi vb. bunlara drnektir.

Ekonomik Omiir: Santral kurulum ve isletme maliyetlerinin yiiksek olmasi nedeniyle, yatirimin
ekonomik 6mrii karlihig: belirleyen 6nemli bir faktordiir.

Disa bagimlilik: Disa bagimhiligin azaltilmasi, yerli ve yenilenebilir enerji kaynaklarmnin toplam iiretim
icindeki payimnin artirilmas: ile miimkiin olacak Onemli bir stratejik hedeftir. Bu kapsamda, kaynak

potansiyelinin fiziksel biiyiikliigii belirleyici bir unsurdur.

Sosyal Kriterler: Santral yatirim kararinin verilmesinde toplumsal fayda géz oniine alinmasi gereken bir
diger temel kriterdir.

Istihdam olanaklari: Tiirkiye'nin de etkilendigi son 10 yilda yasanan kiiresel krizlerin etkileri, artan

niifus, Ortadogu’daki savas iklimi ve buradan kacan bir¢ok insanin Tiirkiye’ye iltica etmesi gibi bircok
neden, son 10 yilda ortalama %10 olarak gerceklesen issizlik oraninin bu seviyelerde devam etmesine
neden olmaktadir. Elektrik iiretim santrallarinin biiyiik alt yap1 yatirimlar: grubunda olusu ve istihdam
alanlarmin olusturulmasimin devletlerin stratejik gorevleri arasinda yer almasi bu durumlar ile birlikte
ele alindiginda, santral yatirm kararinda istihdam olanaklarinin etkisini ortaya cikmaktadir (Ozcan ve
Erol, 2014).

Sosyal kabul: Sosyal kabul, santrallarin toplum tarafindan kabul edilirlik diizeyini gosteren bir
parametre olarak, is imkanlari, sera gazi emisyonlari, goriintii kirliligi, alan ve su kullanum1 vb. bir¢ok
kriterden etkilenmektedir ve maksimize edilmesi gereken bir hedeftir (Ozcan ve Erol, 2014). Bunlardan
Ozellikle gevre ile ilgili olanlar, Gnemine binaen asagida ayri kriterler olarak belirlenmistir.

Cevresel Kriterler: Enerji iiretimi ve tiiketiminden kaynakl kiil, cliruf, sanayi atiklar1 ve zararli sera gaz
emisyonlar1 ¢evre ve insan sagligini, dolayisiyla da ilerleyen yillarda toplumsal yasam kalitesini ve
iklimi olumsuz yonde etkilemektedir. Bu sorunlar ile miicadelede enerji sektdriiniin etkin rol oynamasi
ongoriilmekte olup gerekli tedbirlerin alinmasi diinya genelinde bir zorunluluk olarak dikkate
alinmaktadir (ETKB, 2010).

Alan gereksinimi: Santral yatirim kararinin verilmesinde, toplam alan kullanimi ve birim m?ye enerji

miktar1 6nemli bir kriterdir.

Cevresel etki: Cevresel kirlilik, canli yasamina etki eden degisiklikler vb. etkilerin biitiiniidiir. Barajli bir
hidroelektrik santralin kurulmasi ic¢in yapilan barajin su tutmas: sonucunda bulundugu akarsu
yataginin etrafindaki karasal alani su altinda birakmasi ve yasama imkanlarimi yok etmesi ya da bir
riizgar santralinin meydana getirdigi elektromanyetik dalgalanmalar ile kuslarin gog yollarin etkilemesi
ornek olarak verilebilir (Ozcan, 2013).

Topografik gereksinimler: Santral yapilacak sahalarin sahip olmas: gereken jeolojik 6zellikler, kullanilan
bir yakit s6z konusu ise, bu yakitin santral sahasina ikmali gibi topografyaya bagli unsurlar da yatirim
kararinin degerlendirilmesi siirecinde goz dniine alinmistir (Ozcan, 2013).
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Sera gazi salinimi: Fosil yakith elektrik iiretim santrallari baca gazlarim olusturmakta, bu gazlar ise COs,
SOz ve NOx'den olusan zararli molekiilleri icermektedir. Sera gazlari olarak adlandirilan bu molekiiller,
cevre, hava ve insan saghg: lizerinde olumsuz etkilere sahiptir. Oysaki, yenilenebilir kaynak kullanan

santrallarda bu gazlarin emisyon oranlarn degismekle birlikte, cevre ve insan saghgim etkilemeyecek
seviyede diisiiktiir (Ozcan, 2013).

ANP Yontemi ile Kriter Agirliklarinin Hesaplanmasi (Calculation of Criteria Weights by ANP)

Literatiirdeki calismalar ve enerji sektoriinde tist diizey pozisyonlarda aktif olarak galisan ve
sektoriin dinamiklerine hakim uzman goriislerine bagvurularak yenilenebilir enerji kaynaklarini
kullanan santral yatirimlariin éncelik sirasinin belirlenmesi amacina etki eden ve bir 6nceki boliimde
detaylandirilan kriterler arasindaki bagmmliliklar, iligkiler ve etkilesimler Sekil 5'de ag yapisi
gosterilmistir.

Hedef
T CEVRISEL 8 Yemlenebtlir Enem Yatumm : i. h.\'ll\:.
— Alternatifberinin Seralarumasy -
Alan gerebsicaoni
Covressd otki o Verimiiiz
Topograsik gureksinser Sartral insa siresi
Sera gan salimur {
—_—————— -r

Maliyes

Do segviks

Duilidaes olessklar e —
EKONOMIK Ehorvenik St - - SOSYAL
2ok

Scaval kKabel

* * t '
Hiroolekirk coesii Rlizps eonxjisi Crnes caevjin Riokuine evexjisi Jeoternial eneji

I YATIRIM ALTERNATIFLER] I

Sekil 5. Ag yapisi

Figure 5. Network structure

Kriterlerin 6nem derecelerinin (agirliklarinin) belirlenmesi i¢in ana ve alt kriterlerin Sekil 5'de
verilen ag yapisina gore birbirleriyle iligkileri dikkate alinarak tutarli ikili karsilastirma matrisleri
olusturulmus ve elde edilen agirhiklar Cizelge 1’de gosterilmisgtir.

Cizelge 1. Degerlendirme kriterleri i¢in hesaplanan nihai agirliklar
Table 1. Calculated final weights for evaluation criteria

Ana Kiriterler Alt Kriter Agirliklar
. Verimlilik 0,68471
Teknik Santral insa siiresi 0,31529
Maliyet 0,35026
. Devlet tegviki 0,13367
Ekonomik Ekonomik miir 0,32617
Disa bagimlilik 0,1899
Sosyal Istihdam olanaklar1 0,57969
Sosyal kabul 0,42031
Alan gereksinimi 0,1502
Cevresel Cevresel etki 0,54778
Topografik gereksinimler 0,10156
Sera gazi salinimi 0,20046
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TOPSIS Yontemi ile Yatirim Alternatiflerinin Siralanmasi

Tiirkiye'nin sahip oldugu yenilenebilir enerji kaynak alternatifleri (hidroelektrik, riizgar, giines,
biokiitle ve jeotermal) icin yukarida belirtilen 4 ana kriter altindaki 12 alt kriter dikkate almarak yatirim
oncelik sirasimn elde edilmesi amaciyla, ilk asamada Cizelge 2’de sunulan verilere ve Olciillemeyen
degerler icin (cevresel etkiler ve topografik gereksinimler) bir 6nceki boliimde bahsedilen uzman
goriislerine gore olusturulan karar matrisi 0-10 arasindaki tam sayili degerleri iceren bir skala (en iyi
degere 10 atanmis ve digerleri buna gore oranlanmistir) kullanilarak olusturulmus ve Cizelge 3’de
gosterilmisgtir.

Cizelge 2. Karar matrisi i¢in veri tablosu
Table 2. Data table for decision matrix

Kriterler
' = -
-~ = = 5 N = = 2 g
S-S 2 = 3 ~ = £ =
v T > T % E P e £g =
atirim X s o= $_ g_g'—;" '23 s _ng g§
Alternatifleri | = & = =2 =3 g = S 2 — v Z g
2 2 %3 EZ2 Ex: g3 % OBE B3
3= = BT E g PR S g g g wom
s ¢ 3 &7 & EED 22 g g2 g7
= 2 8 8 8§ 3 S B
Hidroelektrik | 90 4 2936 9,6 30 140.000 033 00479 81 10
Riizgar 26 1 2213 11 25 144.000 0,40 0,1340 0,05 10
*Giines 21 2 3.873 225 25 380.000 0,53 0,1137 0,04 11
Biokiitle 40 2 4114 189 20 93.000 1 0,1270 20 25
Jeotermal 16 2 4362 13,2 25 4.500 2,13 0,1312 0,007 38

*: Yogunlastirilmis giines enerjisi teknolojisine ait degerlerdir.

*: Goruntii kirliligi, bolgeye katki, cevresel etkiler ve birim elektrik {iretim maliyeti kriterleri
kullanilarak s6z konusu santrallarin sosyal kabul faktdrleri AHP yontemi ile hesaplanmistir (Ozcan ve
Erol, 2014).

***: Yenilenebilir enerji kaynaklarinin sera gazi salimimi agisindan gevre iizerinde etkisinin olmadig:
genel olarak diisiiniilmekle birlikte, santrallarda ¢alisan 6zellikle motorlar, pompalar ve salt ekipmanlar:
tabloda verilen degerleri iiretmektedir (Ozcan ve Erol, 2014).

I: Verim degerleri, kullanulan teknoloji, saha spesifikasyonlar1 ve cevresel etkilere bagh olarak
degisebilmekle birlikte, tipik ekipmanlar ve 6zel isletme kosullar1 baz alinarak tahmin edilmis degerleri
gostermektedir (EIA, 2017).

2: (Ozcan ve Erol, 2014).

3 (Kaya ve Kog, 2015).

4 Teknoloji bazinda sabit alim fiyat garantisi ve yerli katk: ilavesi dahil toplam degerleri gostermektedir
(Yilmaz ve Hotunluoglu, 2015).

5 (IRENA, 2015).

¢: (Cheng ve Hammond., 2016).
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Cizelge 3. Karar matrisi
Table 3. Decision matrix

Kriterler

Yatirim Alternatifleri

Verimlilik
Insa siiresi
Maliyet
Devlet tesviki
Ekonomik omiir
Disa bagimlilik
istihdam
olanaklan
Sosyal kabul
Cevresel etki
Topografik
gereksinimler
Sera gaz1 salinimi

o
w
o]
—_
o
6]
B~

Hidroelektrik 1
Riizgar
10

—_
o

Giines
Biokiitle

Jeotermal

2
3
3
5

S = o o =~ | Alan gereksinimi

N = W W
g O o
i~
G = N O W
AN N O
O

10

ANP ile hesaplanan kriter agirliklar: ile karar matrisinin normalizasyonu sonucunda elde edilen
normalize karar matrisi kullanilarak agirliklandirilmis normalize matris olusturulmustur. Daha sonra,
ideal ve negatif ideal ¢dziim kiimeleri hazirlanmis ve bu kiimelerden ayrim 6lgiitleri hesaplanarak, ideal
ve negatif ideal ¢oziimlere yakinliklar, yani alternatif yenilenebilir enerji kaynaklari i¢in yatirim oncelik
siralamasi elde edilmistir (Cizelge 4).

Cizelge 4. Yenilenebilir enerji yatirim alternatiflerinin oncelik siralamasi
Table 4. Priority rank of the renewable energy investment alternatives

Alternatifler Oncelik Degeri Oncelik Sirasi
Hidroelektrik 0,505736607 2
Riizgar 0,512961675 1
Giines 0,351292402 5
Biokiitle 0,418438199 3
Jeotermal 0,363520351 4

SONUC VE ONERILER (CONCLUSION AND RECOMMENDATION)

Enerji tiiketiminin, 6zellikle artan niifus, sanayilesme ve kentlesme olgulary, siirekli gelisen teknoloji
ve artan ticaret olanaklari neticesinde diinya genelinde gosterdigi ivmeli artis hiikiimetleri, kesintisiz,
glivenilir, ¢evreye duyarl ve ekonomik enerji arzini saglayarak devletlerin kurulma amaglarindan olan
toplumsal refah diizeyinin artirilmasi ve uluslararasi arenada soz sahibi olabilmek adina yeni ve
siirdiirtilebilir  politikalar {iretmek durumunda birakmistir. Bu kapsamda, stirdiirebilir enerji
politikalarmin ti¢ temel unsurunu (verimlilik, ekonomiklik ve ¢evreye duyarhlik) saglayan tek alternatif
olarak yenilenebilir enerji kaynaklarina yonelim, fosil yakit kullaniminin verim agisindan yenilenebilir
kaynaklara nazaran daha iyi sonuglara sahip olmasina ragmen sonlu ve maliyetli siireclere sahip olmasi
ve gevre lizerindeki olumsuz etkileri nedeniyle 6zellikle son yillarda bir artis trendindedir.

Tiirkiye de, gelismekte olan ve enerji talebi son 10 yilda 2 kat artmug bir iilke olarak, gelistirdigi
suirdiiriilebilir enerji politikalar: geregince, sahip oldugu azimsanmayacak 6lgiideki yenilenebilir kaynak
potansiyelini enerji arzi i¢in kullanilabilir hale getirecek hamleleri hizla yiiriitmektedir. Ancak, 2016
Temmuz sonu verileri incelendiginde elektrik iiretiminde aktif olan yenilenebilir kaynak kullanimi
halen %35,7 seviyesindedir. Bu baglamda, Tiirkiye'nin sahip oldugu bu zengin kaynaklar1 daha fazla
kullanmasi i¢in biiyiik yatirimlara ihtiyag vardir ve bu ¢alisma, séz konusu yatirimlarin 6ncelik sirasinin
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belirlenmesi icin bir santral yatirminda dikkate alinmasi gereken tiim kriterleri g6z Oniinde
bulundurarak bu 6nemli problem igin analitik bir ¢dziim {iretmek adina gergeklestirilmistir.

Literatiirde kabul gormiis ¢ok kriterli karar verme yontemleri arasinda en etkin algoritmalardan
olan ANP ve TOPSIS’in entegrasyonu ile diinyadaki gelismeler, literatiirdeki calismalar, Tiirkiye nin
stratejik hedefleri ve bunlara bagli olarak basvurulan uzman goriisleri ile yapilan degerlendirme
sonucunda, Tiirkiye'nin yenilenebilir enerji alanindaki yatirimlarini sirasiyla riizgar, hidroelektrik,
biokiitle, jeotermal ve giines santrallarina yapmasi gerektigi tespit edilmistir. Yiiksek kaynak potansiyeli
ile riizgar enerjsine yapilacak yatirimlarin oncelikli olmasini, bu santrallarin kurulum siirelerinin diger
alternatiflere gore kisaligi, kesikli {iretim kaynag1 olmasina ragmen yillik bazda ozellikle jeotermal ve
glines santrallarina gore daha fazla ¢alismasi, santral yatirim ve isletme maliyetleri agisindan diger
alternatiflere gore bu santrallarin avantajlari, bu santrallarin sosyal kabuliiniin yiiksekligi ve gevresel
etkilerinin diistikliigii gibi temel nedenler desteklemektedir. Bu calisma kapsaminda yapilan
degerlendirmeler neticesinde, hidroelektrik santrallarin verimlerinin diger alternatiflere nazaran gok
yliksek olmasi, kaynak potansiyelinin yiiksekligi, bu santrallarin hem baz yiik hem de puant yiik
ihtiyaglarini karsilayabilme kabiliyeti ile enerji arz giivenligine hizmet etmesi gibi gerceklikleri destekler
nitelikte bir sonug elde edilmis ve hidroelektrik santrallar riizgar santrallarina ¢ok yakin bir deger ile
ikinci sirada yer almistir. Tiirkiye'nin ¢ok yiiksek seviyede giines enerjisi potansiyeline sahip olmasina
ragmen bu santrallarin kesikli iiretim smifinda yer almasi ile birlikte, sik devreye girip ¢ikmasi
sonucunda sebeke {izerinde meydana getirdigi olumsuz etkiler, diisiik verimleri, yatirirm maliyetlerinin
yiiksek olusu, yillik bazdaki diisiik galisma siireleri ile biokiitle santrallarinda digerlerinden ayr1 olarak
bir yakit gereksinimi ve diisiik potansiyele ek olarak jeotermal kapasitenin diisiikliigii ve kesintisiz
iiretim ilkesine en alt diizeyde katki saglayan alternatif olmas1 da yukarida verilen yatirim 6ncelik
siralamasini destekleyen gerceklerdir.

Cok biiyiik bir ekonomik kaynak gereksinimine ihtiya¢ duymasi, disa bagimhiligi ve cevre
iizerindeki olumsuz etkileri diisiirecek olmasi ve istihdam olanaklarini artirarak, Tiirkiye'nin kiiresel
anlamda giiciine gii¢ katacak bircok olanagi sunmasi nedeniyle, énemi ¢ok biiyiik olan bu yatirmm
problemi, bu nedenlerle daha detayli olarak ele alinabilir. Bu kapsamda, birden ¢ok amacin es zamanl
olarak literatiirdeki ¢alismalar, bilimsel ve teknolojik gelismeler ile Tiirkiye'nin daha kapsaml stratejik
hedefleri baz alinarak bu problem, ¢ok amacl bir optimizasyon problemi olarak ileri bir calismada ele
alinabilir. Boyle bir calismada, sadece yatirnm oncelikleri degil, ayn1 zamanda yillar itibariyle devreye
alinacak santral adetleri ve kurulu giicleri, bu santrallarda iiretilmesi gereken yillik enerji miktarlar1 ve
yatirimlarin parasal degerlerinin yillara gore dagilimlarini iceren planlar da elde edilebilir.
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ABSTRACT: In December 18, 2012, Gokturk-2 satellite has been launched to the space from the Jiuguan
station in China. The satellite has a pushbroom camera, which can take panchromatic images with 2.5 m
resolution and multispectral images with 5 m resolution from 685 km elevation. The requests of Turkish
Armed Forces, Turkish government agencies and institutes for satellite images has been satisfied by
Gokturk-2 satellite imagery. High Resolution Satellite Images (HRSI) have been extensively used in
fields of mapping, intelligence service, exploration, monitoring of environment, agriculture and change
tracking; mapping is one of the most widespread application areas of HRSL

In order to use satellite images like a map, orthoimages are required taking care about image geometry
and model configuration. Based on, Ground Control Points (GCP) a Digital Elevation Model was
generated for the orthorectification.

In this study, a stereo scene orientation was made using 2060 km sized stereo pair of Gokturk-2 satellite
with various, GCP and Check Point (CP) configurations. Furthermore, the accuracy of the generated
Digital Elevation Model(DEM) was analyzed by heights of primary bench marks.

Key Words: GOKTURK-2, High resolution satellite images, Ground control points, Stereo orientation, Digital
elevation model

Stereo Goktiirk-2 Goériintiilerinde SYM Dogrulugunun Arastirilmasi

OZ: Goktiirk-2 uydusu 18 Aralik 2012 tarihinde Cin’in Jiuguan iissiinden uzaya firlatilmistir. Goktiirk-2
uydusu siiplirge¢ (pushbroom) kameraya sahip olup; 700 km yiikseklikte, 2.5m ¢oziiniirliiklii
(Resolution) pankromatik ve 5 m ¢oziiniirliiklii multispektral (kirmizi, mavi, yesil, yakin kizil otesi)
bantlarda goriintti saglayabilmektedir. Goktiirk-2 uydusundan elde edilen verilerle, Tirk Silahl
Kuvvetleri, Kamu Kurum ve Kuruluglarimin uydu goriintiisii taleplerinin karsilanmas: amaglanmaistir.
Yitksek Coziintirlikklit Uydu Goriintiileri, haritacilik, istihbarat, kesif, ¢evrenin izlenmesi, tarim,
degisiklik takibi gibi bir¢ok alanda yaygin olarak kullanilmaktadir. En yaygin kullanim alanlarindan
birisi de haritaciliktir. Uydu goriintiilerinin harita gibi kullanilabilmeleri i¢in geometrik bozukluklarin
giderilmesi yani ortorektifiye (orthorectifiye) edilmeleri gerekir. Ortorektifikasyon islemi igin yer control
noktalarina bagh olarak sayisal yiikseklik modeli olusturuldu.

Bu calisma da, 20*60 km boyutlarinda stereo GOKTURK-2 goriintiisiiniin farkli sayida kontrol ve
denetleme noktas: kullanilarak stereo yoneltmesi yapilmistir. Ayrica ana nivelman noktalariyla Sayisal
Yiikseklik Modelinin (SYM) dogrulugu analiz edilmistir.

Anahtar Kelimeler: GOKTURK-2, Yiiksek ¢oziiniirliiklii uydu goriintiileri, Yer kontrol noktalari, Stereo
yoneltme, Saysal yiikseklik modeli.
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INTRODUCTION

Thanks to improvements in computer and satellite technology, earth observation many satellites
recently have been launched for various purposes. The satellite images are used in areas as mapping,
monitoring of environment, agriculture, security intelligence and change detection. The generated
orthorectified images provide great convenience to users in the selected coordinate systems.

In order to make proper orthorectification of satellite images, Geometrical model, Ground Control
Points (GCP) and Digital Elevation Models (DEM) are needed.

Ground Control Points are a basic requirement for the geo-reference. GCPs are points which can be
identified both in the field and in the image. Depending on the characteristics of the study area, GCPs
are selected by road intersections and significant feature points. The GCP ground coordinates have been
determined by various methods.

Detailed information such as importance, size, form, distribution, accuracy and number of GCPs,
which are used for orthorectification of satellite images, could be accessed e.g. in Fraser (2002), Dare et
al. (2002), Yilmaz et al. (2004), Ke (2006), Poli et al. (2010) and Mutluoglu et al. (2012).

There are some publications Which analyzed Gokturk-2 satellite images. In Kupcu et al (2014),
orthorectification of Rasat and Gokturk-2 satellite images is examined. For this purpose, satellite images
with different land characteristics have been used the evaluations are based on, various DEMs as SRTM
and ASTER, DTED with varying nimber of GCPs.

In Atak et al. (2015), test studies of Gokturk-2 satellite images from different regions are performed.
As a result, it is shown that Gokturk-2 images could be used for orthophotos and DEM production. In
addition, the study highlights that it is possible to obtain position accuracy below 10 m.

In Teke (2016), it is emphasized that different images levels are necessary to utilize images of ground
observation satellites. Furthermore, work flow of image process is presented.

The aim of this study is to investigate geometric accuracy of stereo Gokturk-2 satellite images.

GOKTURK-2

Gokturk-2 is the first ground observation satellite enabling high resolution and uniquely developed
in TURKEY. It is designed by a Turkish developer and placed to its orbit in 2012. After RASAT satellite,
Gokturk-2 is the second ground observation satellite which is domestically designed and produced by
TUBITAK Space Technologies Research Institute and Turkish Aerospace Inc. (Kiipcii, 2015). Technical
informations of Gokturk-2 are given in Table 1 (URL-1; Cinar, 2014). Earth observation satellites acquire
raw imagery. Raw data (Level 0 / LO) are processed for correct geometric and radiometric property.
Goktiirk-2 Imagery Levels are given in Table 2 (Teke, 2016).
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Tablel. Specifications of Goktiirk-2 satellite

Orbit

Orbit altitude

Period

Revolution Around the
Earth per day

Equator crossing

Daily Receiving Station
Contact Time

Satellite mass

Storage capacity
Spatial resolution

Radiometric resolution

Revisit time

Spectral range

Mission life

98.2 degree, sun
synchronous

~ 685 km

~ 98 minute
14-15 period

10.30 (local time)
~ 60 minute
(day+night)
<409 kg.

8 GB

Pancromatic: 2.5 m
Multispectral (RGB
and NIR): 5m

11 Bit

2.5 days (average)

Pan :0,42-0,75 pym
Red :0,596-0,75 um
Green:0,5-0,584 pym
Blue :0,422-0,512 um
NIR :0,762-0,894 um
SWIR:0,8-1,7 pm

5 year

Table 2. Goktiirk-2 satellite imagery levels

Levels Explanation
LO Raw data
L1 Radiometric correction applied
LIR Band registration completed
L2 Georeferenced images
L3 Orthorectified images
RGB Red/Green/Blue images
Pansharp Pansharpened, enhanced and
sharpened images.
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USED DATA
Test Area

Stereo image taken by Gokturk-2 in 13th May 2015 was used in this study. The test area in Konya,
Turkey including settlements, agricultural lands and highlands. The height in the study area varies
between 1000m and 1920m. Geographical coordinates of the image taken from study area is specified at

table 3. In addition, stereo image is given as Figure 1.

Table 3. Geographic location of test area

Latitude Longitude
Upper left corner 38°07°45.97” 32012°08.68”
lower right corner 37037°23.93” 320 36'47.55”

Figure 1. Goktiirk-2 stereo images of test area

Office studies

The stereo pare of the study area was taken by Gokturk-2 in 13th May 2015. Images were obtained
free of charge from Turkish Air Forces. Studies were carried out by raw images at the LO level. Because
images downloaded to ground station are L3-type, they cannot be directly utilized for location based
implementations. Therefore, orthorectification process is required.

GCPs, the model and DEM are needed in the orthorectification process. 91 GCPs were determined
on the images. The ground coordinates of 61 GCPs were obtained by Google Earth and those of 30 GCPs
were obtained by aerial photos with 30 cm resolution. Location accuracy of GCP is less than 2m.
Distribution of GCPs on image Figure 2. ERDAS LPS (Leica Photogrammetric Suite) module was used
in the evaluation of the images. Since Rational Polynomial Coefficients (RPC) file was not given together
with the images, an approximate camera model of LPS was used instead. Thus, generic pushbroom



224 O. MUTLUOGLU, M. GUVEN

model was selected as satellite model because the model is able to be designated manually. Then, model
was constituted by using parameters from Gokturk-2 satellite Figure 3.

Figure 2. Distribution of GCPs on image

Adjustment was made in the model by using 91 GCPs respectively: whole points as control points, 71 of
them as control points and 20 of them as check points, 50 of them as control points and 41 of them as
check points, 30 of them as control points and 61 of them as check points, and 25 of them as control
points and 66 of them as check points, lastly 10 of them as control points and 81 of them check points.
Adjustment results are shown at Table 4.
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Figure 3. Goktiirk-2 physical camera model

Table 4. Stereo orientation results made by using GCPs in various numbers
as Control and Check Points

Adjustment Control Points Check Points
Point number
Results RMS (m) RMS (m)

Control Points Check Points (Pixel) rmsx Irmsy IrmszZ IrmsX Imsy Imsz

91 0 0.739 4.6 2.6 1.3 0 0 0

71 20 0.634 4.6 24 1.3 119 114 89

50 41 0.555 4.8 2.6 14 121 97 7.9

30 61 0.454 5.2 2.6 1.3 117 9.6 8.7

10 81 0.765 3.2 3.2 1.8 200 93 132

225

Horizontal average root mean square errors show an alteration between +4.5m and 5.8 m for

control points whereas the errors vary between +15.1 and +22.1 m for check points.
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When Table 4 is examined, it could be said that with a lower number of control points, the root mean
square vertical errors for check points raises.

DEM was automatically generated by considering all GCPs control points in Figure 4. The accuracy
of DEM was checked by 481 primary bench marks whose heights and coordinates are already known. In
the comparison, it is found that the average height error for primary bench marks is RMSZ=+9.3 m. All
primary bench marks were separated for location in Highlands and Settlements & Agricultural lands,
For highlands is found as RMSZ=+27.1m, while it is RMSZ=+7.4 m for settlements & agricultural lands.

Figure 4. Produced DEM

CONCLUSION

In this study, the stereo image obtained by Gokturk-2 satellite in 13th May 2015 was used. Since
images downloaded to ground stations are not L3 type, the images cannot be used directly for location
based implementations. Therefore, orthorectification of the images are need.

In the stereo model orientation, control and check points were used in various numbers. The average
accuracy of the horizontal components varies between 4.5 m and 5.8 m for control points and 15.1 m and
22.1 m for check points. Then, the accuracy of DEM was tested by primary bench points. The average
height error for the study area was calculated as RMSZ=+9.3 m. Separated for the characteristics of the
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land, the error was RMSZ=+27.1 m in the mountains area and RMSZ=+t7.4 m in the settlements &
agricultural lands.

Horizontal and vertical discrepancies are quite larger at check points showing the difference
between internal and absolute accuracy. It is considered from that, GCPs can not be obtained with
required distribution at mountains area.

Nevertheless, the satellite images could meet needs of many public institutions. As further research,
more detailed information about geometric accuracy of Gokturk-2 satellite could be obtained and
analyzed by using high resolution GCPs in various land groups (settlements, mountain areas, flatlands
etc.).
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ABSTRACT: In this study, obtaining of 3D model of theater and precision study was carried out on
obtained model using kite photos of theater ,at Uzuncaburc Diocaesarea of the ancient theater in the
Province of Mersin Silifke District. As a result, using photogrammetric techniques with unmanned
aircraft, it has been shown to provide adequate positioning accuracy archaeological documentation. In
this way, the production base of the excavation, before and after excavations modeling, monitoring of the
development period of the excavation, working area detection and it carries the base may be
qualifications of the restoration project.

Key Words: Kite Photogrammetry, 3D model, Archaeological documentation

Ucurtma Platformlarina Monte Edilen Metrik Olmayan Djjital Kameralarin Arkeolojik
Dokiimantasyon Calismalarinda Kullanilabilirliginin Arastirilmasi

OZ: Bu calismada, Mersin Silifke Tlcesi'ndeki antik tiyatronun Uzuncaburc Diocaesarea'sinda, tiyatronun
ucurtma fotograflarimi kullanarak tiyatronun 3B modelinin elde edilmesi ve hassasiyet arastirmasi
yapilmigtir. Sonug olarak, insansiz ugaklarla fotogrametrik teknikler kullarilarak, yeterli araliklarla
arkeolojik belgeler belirlenmesi saglanmistir. Bu sekilde, kazinin tiretim {iissii, kaz1 modellemesi 6ncesi
ve sonrasi, kazi gelisim doneminin izlenmesi, ¢alisma alam tespiti ve temel tasidig1 restorasyon
projesinin nitelikleri olabilir.

Key Words: Ucurtma Fotogrametrisi, 3B model, Arkeolojik Dékiimantasyon
INTRODUCTION

Kites have been utilized for lifting photographic cameras since the late 19th century (Beauffort and
Dusariez, 1995). KAP became popular in the early years of the 20th century, in fact, before being
replaced by photographs from airplanes in the 1920s and 1930s. For the next several decades, KAP was
virtually a lost art (Hart, 1982).

Terrestrial photogrammetry technique is a method Which was wused for archeological
measurements and Documentation of historical artifacts for ages. Photogrammetry, along with the
development of digital Techniques, became a more efficient and economical method
documentation and protection of architectural works. Recently, as a result of improvements on
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Documentation Work

digital photogrammetry and computer technology, reconstruc-Tution of buildings as three-
dimensional took part amongst Current research topics. Day by day modelling a building As three-
dimensional has almost become obliga-tory for Tourism and wurban planning (Suveg and
Vosselman, 2000). As well known, aerial images are most suitable Database for evaluating and
mapping objects. But the High-cost of aircraft campaigns force the scientists and Photogrametrists
to think about cheaper solutions Especially for smaller areas. These solutions are (Leloglu et al., 2003;
Ulvi and Yakar, 2010):

- Kite.

- Balloon.

- Remote controlled model helicopter.
- Remote controlled model aircraft.

In some regions on the world, kites have been used for aerial photos in scientific researches. Kite
aerial photography has been utilized for various types of scientific survey and mapping projects. Bigras
(1997) used KAP to produce stereo imagery of a fossil forest bed on Axel Heiberg Island, Arctic Canada.
De-tailed mapping of fossil tree stumps was carried out in order to monitor erosion and assess visitor
impact at the site. Behavior of penguins in Ant-arctica was documented with KAP by Carlson (1997)
could be photographed. KAP was the basis for geologic and archeologic mapping in connection with the
wintering site of Dutch Explorer Willem Barents in 1596-97 on Novaya Zemlya, Arctic Russia (Bults,
1997). Warner (1996) has coined the term kiteography, which is the use of KAP in making large- scale
topographic maps, based on photogrammetric principles. Overlap-ping, stereo-pairs of photographs are
processed digitally to create maps and 3-dimensional displays of the ground.

Research is focused on the use of non-conventional aerial platforms developed for aerial
photogrammetric surveys. Different tests have been performed using various platforms, (Everaerts,
2008; Eisenbeiss, 2009; F. Chiabrando et. al., 2011) such as helium balloons (Altan et al., 2004; Celikoyan
et al., 2003; Fotinopoulos, 2004; Gesafidis et al., 1999), kites (Aber et al., 2002; Bitelli et al., 2003; Bogacki
et al., 2008), fixed-wing platforms (Bendea et al., 2007).

Smith et al. (2009) used a kite platform as it remains comparatively inexpensive, is extremely
portable and can operate in a variety of environments (Figure 1-2).

i =
Figure 1. Remote controlled rig and camera Figure 2. Unframed (parafoil) kite used for
used for the acquisition of aerial imagery (Smith lifting the rig and camera payload (Smith et al.,

et al., 2009). 2009).
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STUDY AREA

This study was carried out in Silifke town Mersin province Uzuncaburc Diocaesarea ancient theater
in (Figure 3). Olba has been an ancient city of Cilicia. It was located about 25 kilometers northeast from
Silifke. In the 1st century the nearby sanctuary of Zeus Olbius evolved into a separate city under the
name Diocaesareia. The location of the sanctuary and the new city has been identified with the modern
village of Uzuncaburc, at a distance of 4 kilometres from Olba (URL1).

For the first time, It has been shown the placement at Hellenistic period, Roman and Late
antiquity periods ,lived its best intense of , and had its most brilliant period in the 4th century AD.
Finally, the Byzantine emperor II. Theodosius I, a Christian holy center set up here.

Different practices are used in the documentation work of archaeological sites. These are terrestrial
laser scanning, terrestrial photogrammetry, HR hotogrammetry and Kite photogrammetry. Kite
photogrammetry was preferred because of the intense wind in the study area.

Figure 3. General view of Uzuncaburc theatre
MATERIAL METHOD
Pre-work preparation

In this study, Kite (Figure 4), digital camera and platform (Figure 5-6), a total station (Figure 7) and
location the control plates to use for evaluation of the photographs from the obtained UAV has been

supplying (Figure 8).

J'!,.\nmm
AVAKLARE s

y ’../ FLATEORMTOOTS)

Figure 4.Delta Kite Figure 5. Digital Camera and carrier platform
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PENTAX RZ18 Technicial Specifications
Effective
Megapixel 16 Mp
Sensor Size 1/2.33"(6.08x4.56mm)
Resolution 4608x3456
Pixel Size 1.32 um
Focal Length 4.8421

Figure 6.Pentax RZ18 Technicial Specifications
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Figure 7.Topcon GPT - 3007 Reflektorless Total Station and Technicial Specifications

/

Figure 8. Ground control point target
Field Study

Ground Control Points was placed homogeneously and completely to cover study area of theatre in
the field (Figure 9). The number of GCP is used a total of 30. Of these, 20 of them in the precision study,
and 10 of them were used in the work of adjustment of the pictures.
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Figure 10. General view of GCP from air
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After finishing the establishment of GCP point, measurements were made with total station and

GCP point coordinates are calculated. GCP georeferencing process is made with Topcon GPT 3007
reflectorless total station. Within the application field, two traverse net established and GCP coordinates
are calculated. GCP coordinates were evaluated in the Local Coordinate System.
After the georeferencing process, digital camera and kite carrier platform is mounted (Figure 12).After
kite for final controls, kite flying operation performed, the photographing operation theater work has
been completed (Figure 13). It was noted that the camera platform does not swing and the entire area of
the photos can be seen when taking pictures. Photos have been taken from a height of approximately 25
m - 30 m.

L S—

Figure 13. Taking pl{étos from kite Figure 14. Taken photo sample from the air by kite
Office work

Before the evaluation process, the calibration values of the digital camera used were introduced to
the Photomodeler software. About 50 photos have been taken from kite. By selecting the appropriate
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ones among these photographs, 9 photographs have been automatically adjusted in Photomodeler
software. When balancing is done, it is taken care that the residual value is 5 denier. The residual value
obtained for this study is 2.10.

| Ky graymmwtchad. green matchud
Motch Satum: 1.2. 3. 4.5.6.7.8.9
Matching completed in: 000031

Ky gry-ncxtertad. green-cnertad. bhun e 5 ot mdfbec
Onertoton Stess: 1. 2. 3.4, 5. 6. 7. 8.9 FRUMERDEE:  WUSMLY, WAIEIS

| Onentasion completed in: 00 00.41 ’ [ E)
Progect Complete

Poirts: 3104 3 lmgpl3S41  imgpd il
Project .

I.MI[

Figure 16. automatically adjustment of 9 photos Figure 17. Adjusted photos at Photomodeler software

Imgp03816  Smgped917?

mps03819

in Photomodeler software

After these procedures, Ground Control Points are referenced on different photos in Photomodeler
software (Figure 19).

;?}'J:zdp $o e s

ry -
Figure 18. Referance points that ontained Figure 19. Referencing of ground control points
automaticallly in Photomodeler software at different photographs at Photomodeler software
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Figure 20. Georeferencing of referencing points Figure 21. Adjustment report
by the Ground control points
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Figure 22. Textured model of point clouds at Figure 23. The position of photograps

PhotoModeler software

After this phase, the UAV kite, photogrammetric techniques of using the archaeological documentation
of the application, precision survey was conducted. For this study, 30 ground control points are used in

the established area of the application, (Figure 24)
Ground control points, coordinates, measured in the survey with total station and accuracy of the device

is considered to be absolute coordinates (Figure 24).

~

Figure 24. The distribution of points for the sensitivity study

After this process, ground control points of the coordinate value on the archaeological documentation, is

calculated.
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Table 1. Coordinate values of GCP Table 2. Coordinate differences and root mean
square error of ground control points

Vi ViVi
MODELLING DIFFERENCES(m
REAL COORDINATES COORDINATES (m) DIFFERENCES (cm) | DIFFERENCES (cm)
Y X zZ Y X Z Y X Z
N.N. Y X z Y X z
0.038 -0.027| 3.8 2.7 14.4 7.3
K1 | 1023.634 1006.522 | 1023.672 1006.495 0,032 0033| 32 33 102 109
K 2 | 1020.703 1006.421 | 1020.671 1006.388 0.026 0028l 26 28 6.8 78
K 3| 101297 1006.245 | 1012.996 1006.273 -0.013 -0.032] -1.3 -3.2 1.7 10.2
K 4 | 1002.242 1002.229 1007.668 -0.02 -0.036] -2 -3.6 4 13
K5 | 991.483 1009.702 | 991.463 1009.666 0.033 -0.038) 3.3 88 | 109 14.4
0.019 -0.035| 1.9 -3.5 3.6 12.3
K6 | 990.783 990.816 1006.662
0.019 -0.019]| 1.9 -1.9 3.6 3.6
K7 | 982.624 1008.76 | 982.643 1008.725 0.027 0028| 27 o8 73 78
K 8| 980.398 1006.401 | 980.417 1006.382 0.025 -0.021| 25 21 6.3 4.4
K9 | 977.241 1006.346 | 977.268 1006.318 0.032 0.039] 3.2 3.9 10.2 15.2
K 10] 978.65 1006.38 | 978.675 1006.359 0.029 0018) 29 18 84 3.2
0.037 0.033]| 3.7 33 13.7 10.9
K11] 982.33 1003.387 | 982.362 1003.426
0.034 0.036| 34 3.6 11.6 13
K 12] 985.527 1003.531 | 985.556 1003.549 0.036 0021 | 36 21 13 v
K 13] 992.379 1003.89 | 992.416 1003.923 -0.042 -0.032| -4.2 32 17.6 10.2
K 14] 999.083 1003.332 | 999.117 1003.368 0.047 -0.027] 4.7 -2.7 221 7.3
K 15| 1005.509 1004.553 | 1005.545 1004.574 0.021 0032] 2.1 32 4.4 10.2
K 16] 1008.329 1003.259 | 1008.287 1003.227 0.038 0,054 38 34 ea 11.6
0.029 -0.037| 2.9 -3.7 8.4 13.7
K 17] 1016.628 1005.248 | 1016.675 1005.221
-0.02 -0.026| -2 -2.6 4 6.8
K 18] 1018.01 1004.992 | 1018.031 1005.024 0.044 0.023| 44 03 194 53
K 20] 1014.097 1003.087 | 1014.135 1003.121 0.018 -0.025| 1.8 25 3.2 6.3
K 21] 1011.266 1001.485 | 1011.295 1001.448 0.019 -0.019] 1.9 -1.9 3.6 3.6
K 22| 1005.204 1001.142 | 1005.184 1001.116 0.04 0028] 4 28 16 7.8
0.025 -0.032| 25 -3.2 6.3 10.2
K 23] 1000.888 1000.903 | 1000.932 1000.88
0.04 0.027| 4 2.7 16 7.3
K 24] 994.863 1001.483 | 994.881 1001.458 0.039 00181 39 18 152 32
K 25] 990.887 1000.751 | 990.906 1000.732 0.033 0.033 33 33 10.9 10.9
K 26] 985.783 1001.874 | 985.823 1001.846 [w] 287.2 252.9
K 27] 989.711 999.622 | 989.736 999.59 ']
m=1 L 31 29
K 28] 993.844 999.205 | 993.884 999.232 Y o
K 29] 1001.635 999.258 | 1001.674 999.276
K 31] 1012.801 1001.111 | 1012.834 1001.144

Table 3. Archaeological documentation precision research results produced using a kite with UAV
photogrammetric techniques.

Vy (cm) Vx(cm) Vz (cm)

m +3.1 +3.1 +2.9
Myxz +5.3

As a result of this data, using photogrammetric techniques with UAV kite, precision research of the
produced archaeological documentation data, y, x and z coordinates were found in the average position
error is + 5.3 cm (Table 3).
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Y Coordinate Error Distribution
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Figure 25. The position error distribution of ground control points, at xy and z axis

COMPARASION OF KITE PHOTOGRAMMETRY WIiTH TERRESTRIAL LASEL SCANNING AND
TERRESTRIAL PHOTOGRAMMETRY

Terrestrial laser scanning (TLS), terrestrial photogrammetry and kite photogrammetry have
advantages and disadvantages when compared to each other.Terrestrial laser scanning is a technology
which can take essential points to create high-resolution 3D model in a short time.

This system can automatically obtain the 3D coordinates of the work area in the complex structure.
Although terrestrial laser scanning technology has some disadvantages, it has significant advantages.
These advantages can be listed as the acquisition of 3D points directly, very effective in identifying of
irregularly structured objects, obtaining of the result in a short time.The main disadvantages are distance
limitation, high image cost, and inability to obtain object-oriented features (Demir et al., 2004).

Terrestrial photogrammetry is a method that has been used for many years to document
archaeological measurements and historical monuments. The 3D models of the works provide
considerable convenience. The disadvantage of high-rise buildings is that they can not be photographed
by traditional methods. Kite photogrammetry can display all the details of the objects in a short time.
The price is affordable. It's easy to use. It is one of the alternative documentation techniques. The
disadvantage is that it can not be used in windless weather.
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RESULTS

Kite aerial photography is a low-cost means to acquire largescale high-resolution, multi-view angle

images for diverse applications. KAP applications span the range of scientific and commercial
possibilities including: archaeology, architecture, forestry, geomorphology,golf-course management,
property survey, and wetland study (James S. Aber and Susan W. Aber,2002)
Determination of the current situation of the historical heritages, brings great convenience in terms of
time and accuracy for the protection studies, architectural survey projects, Research has shown that the
work can be digitized, the resulting product is more rich visual information, and the data obtained
makes it possible to be always updated and shared.

In this study, according to the calculated results, using photogrammetric techniques with UAVs,
providing sufficient positioning accuracy of archaeological documentation. In this way, the production
base of the excavation work, both before and after excavation, modeling, monitoring the development of
the excavation period, the working area detection and restoration projects move necessary conditions to
become basic.

In terms of time and cost concept, archeological documentation that provides a great advantage over
the 3D model of the desired size and value can be obtained precisely.
Moreover, by export to different data format from Photomodeler software, other software used
according to the intended purpose.
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OZ: Endiistriyel uygulamalarda sicaklik sensérii olarak kullamlan NTC termistoriin karakteristik
ozelligi, sicakligin artmasiyla elektriksel direncinin azalmasidir. Nikel manganit, NTC termistorler
uygulamalarinda ana kompozisyonlardan biri olarak kullamilmaktadir. Nikel manganit esaslh NTC
termistorlerin elektriksel Ozellikleri, kobalt oksit, demir oksit, krom oksit ve bakir oksit gibi katk:
maddelerinin ilavesiyle degistirilir. Bu ¢alismada bakir oksit katkisinin nikel manganit esashh NTC
termistorlerin elektriksel ve mikroyap1 6zelliklerine etkisi arastirilmistir. Bu amagla Nio.s Coos CuxMno-
xO4 (x=0.15 ve 0.30) stokiometrisine uygun numuneler klasik seramik iiretim yontemi kullamlarak
iretilmistir. Numuneler 1300 *C'de 5 saat sinterlenmistir. Numunelerin goreceli y1gin yogunluklarinin
yaklasik % 97 oldugu belirlenmistir. Nio.s CoosCuo.15Mni.ssO4 numunesi icin elektriksel 6zdireng (o) ve
malzeme sabiti (B) sirasiyla 286 (Q.cm ve 3355 K olarak bulunmustur. CuO katki miktarinin
artirllmasiyla ise elektriksel 6zdireng ve malzeme sabiti degerlerinin azaldig1 saptanmistir. Nios Coo.s
Cuo.sMni17 Os kompozisyonuna ait 1300 “C’de sinterlenen numunenin elektriksel 6zdireng ve malzeme
sabiti degerlerinin 61 Q.cm ve 3124 K oldugu bulunmustur.

Anahtar Kelimeler: Bakir oksit, Elektriksel ozellikler, NTC termistir, Sinterleme.

The Effect of 0.15 and 0.30 mol CuO Additions on the Electrical Properties of Nickel
Manganite-based NTC Thermistors

ABSTRACT: A decrease in electrical resistance with increasing temperature is the characteristic feature
of NTC thermistor utilized as temperature sensors in industrial applications. Nickel manganite is used
as one of the main compositions for application of NTC thermistors. The electrical properties of
nickel manganite based NTC thermistors are altered by the addition of additives such as cobalt oxide,
iron oxide, chromium oxide and copper oxide etc. In this study; the effect of copper oxide addition on
the electrical and microstructure properties of nickel manganite based NTC thermistors were
investigated. For this purpose, Nios CoosCuxMn2-xOs (x=0.15 and 0.30) samples were prepared by
conventional ceramic processing techniques. The samples were sintered at 1300 “C for 5 hours. The
addition of CuO plays an important role by increasing the bulk density, improving the microstructure
properties and enhancing the electrical characteristics of NTC thermistors. It was determined that
the relative bulk density of samples was ~97 %. The electrical resistivity (p) and material constant (B)
of Nios Coos Cuo.isMni.s504 sample were determined as 286 Q.cm and 3355 K. The values of electrical
resistivity and material constant decreased with increasing CuO content. The electrical resistivity and
material constant of Nio5CoosCu0.3sMni1.7Os sample were calculated as 61 Q2.cm and 3124 K.

Key Words: Copper oxide, Electrical properties, NTC thermistor, Sintering.

DOI: 10.15317/Scitech.2017.85


mailto:berat@istanbul.edu.tr

240 B.Y.PRICE

GIRIS INTRODUCTION)

Sicakligr izlemek ve kontrol etmek giinlitk hayatimizin her alaninda biiyiik bir 6neme sahiptir.
Sicaklik sensorleri; ev geregleri, endiistri, laboratuvar ve medikal uygulamalarda yaygm olarak
kullamilmaktadir. Bu tip amaglar igin farkl: tipte ticari sensorler mevcuttur. Bu sensorler;

e Termokupllar

e Direng sicaklik dedektorleri

e Entegre edilmis devre sensorleri
e Termistorlerdir (Feteira, 2009).

Termistorler, pozitif sicaklik katsayili diren¢ (PTC) ve negatif sicaklik katsayili (NTC) direng
karakteristigine sahip olmak tizere ikiye ayrilir (Macklen, 1979). Negatif sicaklik katsayili direng gosteren
yari iletken seramikler sicaklik sensorii uygulamalarinda ¢ok 6nemli yer tutmaktadir. NTC termistorler
devre sicaklik ayarlama, uzay, kriyojenik, otomobil sicaklik Ol¢limii ve kontrol uygulamalarinda
kullamilmaktadir. Seramikler yapisal mukavemetleri, termal kararliliklari, hafif olmalari, bir¢ok
kimyasala karsi direngleri ve miikemmel elektriksel 6zellikleri nedeniyle bu uygulamalarda oldukga
yararli malzemelerdir. Nikel manganit esash spinel kristal yapidaki yari iletken seramikler NTC
termistor olarak oldukca Onemli elektriksel 6zelliklere sahiptir. Bu grup malzemeler diisiik maliyet,
kolay ftiretim ve faydali elektriksel oOzellikleri nedeniyle yaygin olarak kullarulan seramik
kompozisyonlarindan biridir (Jadhav ve dig., 2012). Endiistriyel uygulamalarda kullanilan NTC
termistor Ornekleri Sekil 1'de gosterilmistir.
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@

Sekil 1. Endiistriyel uygulamalarda kullanilan gesitli tipte NTC termistorler (Feteira, 2009)

Figure 1. Various types of NTC thermistors used in industrial applications

Artan sicaklik ile azalan direng karakteristigi gosteren NTC termistorler endiistriyel ve ev
uygulamalarindaki artan kullanimi nedeniyle halen hakkinda arastirmalar yapilan giincel bir malzeme
grubudur. Bu nedenle NTC termistor {iretiminde yaygin olarak kullanilan Mn-Ni-O, Mn-Ni-Cu-O ve
Mn-Co-Ni-O sistemleri hakkinda oldukga fazla aragtirma yapilmaktadr.

Elbadraoui ve dig. (1997) Mn-Ni-Cu-O sisteminin katyon dagilimi ve elektriksel iletim
mekanizmasi ile ilgili ¢calismalarinda, sogutma rejiminin de etkisini gorebilmek igin sinterleme sonrasi
hem yavas sogutulan hem de hizli bir sekilde sogutulan numuneler incelenmistir. Yavas sogutulan Cu-
Ni-Mn-O sistemi igin; bakir katkis1 x= 0.41 oldugunda bakirin iki degerlikli olacagi ve hem tetrahedral
hem de oktahedral bolgelerde bulunabilecegi belirtilmistir. Bakir igerigi x < 0.15 oldugunda ise sadece
tetrahedral bolgelerde bulunabilecegi vurgulanmistir. Fang ve dig. (2008) tarafindan yapilan ¢alismada
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Fe katkili Cu-Ni-Mn-O sisteminde 800 °‘C’de kalsinasyon yapilan tozlara uygulanan X-iginlart
difraksiyon analiziyle yalniz spinel fazin olustugu tespit edilmistir. Spinel oksitlerde katyon dagilimi
sicaklik, katyon yaricapr ve sarj gibi bircok parametreden etkilenmektedir. Bu nedenle bu oksitlerde
katyon dagilimi oldukca karmasiktir ve dogru tespit edilebilmesi oldukca zordur. Gegis metali iceren
NTC seramiklerin havada sinterlenmesi sonucunda katyon degerlilikleri nispeten daha kararhdir.
Mangan Mn*, Mn*, Mn*, nikel Ni*?, bakir Cu*, Cu*2 ve demir Fe*? seklinde bulunmaktadir. Spinel yap1
igerisinde Mn*3, Mn*, Ni*2, Cu*? oktahedral, Mn*, Cu tetrahedral bolgeyi tercih ederken, Fe® her iki
bolgede de bulunabilir. Cu* ve Cu*? katyonlarinin spinel yapzi icerisinde dagilimi konusunda literatiirde
farkh goriisler olmakla birlikte ¢ogu arastirmaci Cu* iyonunun tetrahedral bolgede, Cu*? iyonunun ise
hem oktahedral hem de tetrahedral bolgede oldugu konusunda hem fikirdir. Xiong ve dig. (2014) diisiik
elektriksel direng degerleri elde edilebilmesi nedeniyle Cu igeren NTC termistor sistemini aragtirmigtir.
NTC termistorlere yapilan Cu katkis1 sicaklik kararliligim ve B degerini 6nemli dlglide degistirmektedir.
Bu durum tetrahedral bolgelerdeki Cu? iyonlarimn Mn* ve Mn* arasindaki elektron atlama
mekanizmasini degistirmesi sonucunda olugmaktadir. S6z konusu ¢aligmada iki faz saptanmistir. Ana
baskin faz olarak spinel faz ve az miktarda NiO fazi tespit edilmistir.

Suzuki (1980) Mn-Ni-Co kompleks oksit sisteminin katyon ve valans dagilimi iizerine yaptig:
¢alismada, katyon dagilimim

(Coo.6*> Mnos *3)a (Mnu.2 3 Nios 2 Mnoa )8 Ox2
seklinde gostermistir. Az miktarda Mn*? iyonu dahil edildiginde, katyon dagilimi;
(Co0.6*2 Mnoa ¥ Mns2)a (Mni.225" Nio.s? Mno.2+s **)s O 2
seklinde olmaktadir. Cu kompozisyona ilave edildiginde katyon ve valans dagilimi;
(Cuya* Coo.6(1-y) *2 Mno.4-yyyx *)a (Nio.s(-y) 2 Mni2g-yr2xy ¥ Cuyx2 Mnoa-yysy )8 Os 2
seklinde tespit edilmistir. Buradaki x Cu iyonlarimin B bolgelerindeki sayisidar.

Sekil 2’de spinel yapidaki sarj transfer yolu olan elektron atlama bolgeleri (B bolgeleri) gosterilmistir.

O-0 ion @B site ion {-A site ion

Sekil 2. Spinel yapida B bolgelerindeki elektron atlama zincirlerinin sematik gosterimi (Suzuki, 1980).
Figure 2. B sites in spinel-type structure, showing chains of hopping sites

Tastyicilar B bolgelerindeki Mn iyonlarindan kaynaklanmaktadir ve sarj transferi birbirine komsu
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olan Mn iyonlar1 arasinda gergeklesmektedir. Bu iletim;

Mn*+ Mn* & Mn* 4+ Mn*

seklindedir. Cu icerdiginde ise;
Mn* + Cu?2 + Mn* & Mn* + Cu*+ Mn* & Mn* + Cu*2+ Mn*

seklinde olmaktadir. Cu iyonlar1 anlik olarak yar1 kararli Cu* olusumuyla B bolgelerinde sarj transfer
prosesine katilmaktadir.

Zhao ve dig. (2008) Ni-Mn-O sistemine Cu ve Zn katkisinin NTC termistorlerin elektriksel
ozelliklerine etkisini arastirmistir. Mangan asetat, nikel asetat, bakir asetat ve ¢inko asetat hammaddeleri
kullarnilarak, CuxZni.oNiosMni15xO4 ve CuxNiosMnz25xOs stokiometrisine uygun numuneler hazirlanmistir.
Tim numunelerin yogunlugunun %95 ve iizerine ulastig1 saptanmistir. XRD analizi sonuglarina gore
tetragonal yapinin Cu katkisiyla birlikte kiibik yapiya doniistiigii belirtilmistir. XPS analiziyle Cu
iyonlarinin spinel yapi igerisinde bulunabilecegi olas1 bolgeler belirlenmistir. Bu analizin sonuglarina
gore, CuxZni.oNiosMn15-Os sistemi igin tetrahedral bolgede Zn*2 ve Cu* iyonlarinin, oktahedral bolgede
ise Zn*?, Cu*, Ni*?, Mn** ve Mn* iyonlarinin bulundugu tespit edilmistir. CuxNiosMn2s5xOs sistemi igin ise
tetrahedral bolgede Mn?*, Cu? ve Cu* iyonlarinin, oktahedral bolgede ise Cu??, Ni*2, Mn* ve Mn*
iyonlarinin bulundugu raporlanmistir. Sadece bakir katkis1 yapilan ve bakir ile ¢inkonun beraber katki
yapildigt numunelerde bakir igeriginin artmasi ile 6zdireng¢ ve B degerleri azalmistir. Ancak bu
degerlerdeki azalmalar sadece bakir katkis1 yapilan numunelerde daha fazladir. Elektriksel kararlilik
karsilagtirilmasi yapildiginda, bakir ile ¢cinkonun beraber katki yapildigi numunelerin sadece bakir katki
yapilmis numunelere gore daha kararli oldugu raporlanmaistir.

Park ve Lee (2007) tarafindan diisiik diren¢ uygulamalarinda Mn-Ni-Co-Cu-Zn-O esasli NTC
termistorlerin termal kararliligi incelenmistir. (Mni.osxNiossCoo015Cu045Znx)Os (0 < x < 0.3) genel
formiiliine uygun kompozisyonlar hazirlanmistir. x= 0.12 ve altinda ¢inko oksit katkisi igeren
numunelerde elektriksel direncin arttigi, 0.18 < x < 0.3 olan numunelerde ise elektriksel direncin azaldig1
tespit edilmistir. Cinko oksit katkis1 x < 0.12 oldugunda numunelerde Bzsss degerlerinin 6nemli 6lciide
arttigr ve x= 0.12 ZnO katkis1 igin maksimum Bzsss = 3169 K ulasildig: belirtilmistir. Bakir katkili
numuneler igin Bzsss degeri 2875 K olarak bulunmus ve bu degerin bakir katkisiz numuneler igin
hesaplanan 3068-3133 K degerlerinden daha diisiik oldugu belirlenmistir. B2sss degerlerinin gelistirilmesi
pratik uygulamalar icin gereklilik olmasina ragmen, ¢ok diisiik 6zdirengli termistorler icin bunun elde
edilmesinin oldukga gii¢ oldugu vurgulanmustir.

Park ve Lee (2009) yaptiklar1 ¢alismada sinterleme sicakligi olarak bir 6nceki calismadan farkh
olarak 1025 ve 1075 °C segilerek kompozisyonlar sinterlenmistir. Sinterlenen numunelerde katki metal
oksitlerin olusturdugu spinel oksit fazin baskin olarak olustugu goriilmektedir. Bu kat1 ¢oziintirliige ek
olarak NiO-zengin Mn-Ni-Co-Cu-Zn-O oksit ile tetragonal MnsOs: fazinin olustugu saptanmuistir.
Arastirmacilar Mn-Ni-Co-Cu-Zn-O spinel fazinin bozunmasina bagh olarak NiO-zengin ve MnsOs
fazlarimin olustugunu belirtmislerdir. Ayrica yapilan bu calismada ZnO kafes yapisinda bozulmaya
yaratarak sinterlemeye yardimci oldugu boylece tane biiyiimesinin gerceklestigi saptanmustir. Cinko
oksit katkis1 x < 0.12 oldugunda elektriksel 6zdirencin artti§1 saptanmis ve bu durumun elektronik yiik
dengesi saglamak amaciyla spinel kristal yapidaki oktahedral bolgelerde bulunan Mn* iyon sayisinin
arttirdigini belirtmislerdir. Mn*3-Mn** ve Cu*-Cu*?iyon ciftlerinin sayilarinda azalma elektriksel 6zdireng
artigina neden olmaktadir. Bu calismada daha once yapilan cahsmalardan farkli kompozisyon
oranlar segilerek CuO katkili Ni-Mn-Co-O sistemi igin 1300 ‘C’de yapilan sinterlemenin numunelerin
elektriksel ve mikroyapi 6zelliklerine etkisi incelenmistir.
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MATERYAL VE YONTEM (MATERIALS and METHOD)

Bu calismada Nio.s Coos Cuois Mni.ss O4 ve Nios Coos Cuos Mniz Os mol oranlarina sahip iki farkh
kompozisyon hazirlanmistir. Metal oksit hammaddeler, homojen karistirilmasi igin zirkonya bilye ve
etanol ortaminda MTI Corporation, MSK-SFM-2 marka bilyeli degirmen kullarilarak 6 saat siireyle
karigtirilmistir. Hazirlanan karisimlar W.C. Heraeus Hanau, FT-420 marka etiiv kullanilarak 110 “C’de
kurutulmustur. Ettivde kurutulan tozlar 900 “C’de 2 saat kalsinasyon islemine tabi tutulmustur. Tartilan
tozlar baglayici olarak polivinil alkol eklendikten sonra ¢ap1 12 mm olan kalipta 450 MPa basing altinda
disk seklinde preslenmistir. Tozlar igin baglayic1 olarak ag. % 5 PVA kullanilmistir. Sinterleme SFL
marka laboratuvar tipi firinda, hava ortaminda 6 °C /dk 1sitma hiziyla 1300 °C'de 5 saat siireyle
yapilmistir. Numuneler firin igerisinde sogutulmustur. Sinterleme sonrast numunelerde olusan fazlar, X-
isinlan difraksiyon analiziyle (XRD-Rigaku D/Max-2200/PC) saptanmagtir. X-Isinlar1 difraksiyon analizi
icin CuKa (A=1.54056 A) radyasyonu (60 kV/2 kW) kullanilmistir. Sinterlenme islemi sonrasinda
numunelerin yi§in yogunluk degerleri Arsimed Metodu kullarilarak hesaplanmistir (Bengisu 2001).
Numuneler etiivde kurutulmus ve tartilmistir. Numuneler 110 *C’deki kaynayan suyun igerisinde 5 saat
stireyle kaynatilmis ve 24 saat su icerisinde bekletilmistir.

Numunelerin y1gin yogunluk (d) degerleri Denklem 1;

dylgm yogunluk = [WK /Wp - WA)] xds (1)

yardimiyla hesaplamaistir.

Wk (Kuru agirlik) = Numunenin kaynatma 6ncesi havadaki kuru agirlig: (g)

Wa (Aski agirlik) = Saf suda kaynatilmis numunenin saf su igerisindeki asili agirligi (g)
Wb (Doymus agirlik) = Saf suda kaynatilmis numunenin havadaki agirligi (g)

ds = Saf su yogunlugu (1 g/cm?)

Numunelerin mikroyap1 o6zellikleri taramali elektron mikroskobu kullamlarak incelenmistir.
Disk seklinde iiretilen ve sinterlenen numunelerin elektriksel 6zelliklerinin belirlenebilmesi igin
numunelerin her iki ylizeyi glimiis iletken pasta ile kaplanmis ve 200 °C’deki firin igerisinde 1 saat
tutulmustur. Numunelerin elektriksel ozdireng (p) degerleri oda sicakhigindaki direng degeri
kullanilarak Denklem 2;

Rx A
p:

2
I ()

yardimiyla hesaplanmistir. Burada numunelerin direng degerleri “R” (€2), kesit alam1 A (cm?) ile
numunelerin uzunlugu ise “I” (cm) ile ifade edilmektedir (Li ve dig. 2014). Numunelerin elektriksel
Ozelliklerinin sicaklikla iliskisinin anlasilabilmesi igin firin igerisinde 25 °C’den 85 °C’ye kadar
numuneler 1sitilmistir. Isitilan numunelerin sicakligina kars: stirekli degisen elektriksel direng degerleri
bilgisayar ortamina bagli multimetre kullanilarak gerekli dlgiimler alinmigtr.

Numunelerin malzeme sabiti olarak adlandirilan B (K) degerleri Denklem 3’e gore

5 _Inpos —Inpgs
25/85=""71 1

ot ®)
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p2s = 25 °C’deki 6zdireng (Q.cm),
pss = 85 “C’deki 6zdireng ((Q.cm)

Numunelerin 25 *C’deki duyarhlik katsayis1 degerleri (@, K') Denklem 4;

B

=77 (4)
kullarilarak hesaplanmistir. “T” 298 K’dir (Kong ve dig., 2014).

Numunelerin aktivasyon enerjisi degerleri (Es, eV) ise Denklem 5;

E, =Bk, (5)

ile hesaplanmistir. Burada “k:” ile ifade edilen Boltzmann sabitidir ve 8.617 x 105 eV degerindedir (Park,
2005).

BULGULAR VE TARTISMA (RESULTS and DISCUSSION)

Nios Coos CuosMniz Os kompozisyonuna ait 1300 °C’de sinterlenen numunenin XRD analizi Sekil
3’de verilmektedir. Daha 6nce yapilan ¢alismada Nio.sCuo.4sFeyMn2-,O4 (0.1 <y < 0.5) kompozisyonlarina
ait numuneler 1000 °C’de sinterlendiginde kiibik spinel fazin olustugu saptanmistir (Jadhav ve dig.,
2012). 1300 ‘C’de sinterlenen Nios Coos Cuo.sMni7 Os numunesi ii¢ fazdan olusmaktadir; NiO’ce zengin
faz, kiibik spinel ve tetragonal spinel faz. Ma ve dig. (2013) yaptiklar1 ¢alismada NiceMn24Os NTC
seramikleri kat1 hal koordinasyonu yontemiyle hazirlamistir. Nio.cMn24 Os spinel fazimnin 400 ‘C'de
olusmaya basladig1 saptanmistir. Pik genislemesi; tozlarin iyi kristalin olmamasma ve tane
boyutunun kii¢lik olmasma baglanmistir. Kiibik spinel (Ni-Mn)s Os ve tetragonal spinel Mns Os
yapisinin 500 ve 600 ‘C’de kalsine edilen tozlarda mevcut oldugu saptanmistir. Kalsinasyon sicakligi 700
‘C'nin {izerine ¢iktiginda tetragonal spinel Mns Os yapisinin kayboldugu ve yalniz kiibik spinel Nios
Mn2s4 Os fazmin elde edildigi saptanmustir. Sinterleme sicakhigi 1150 °C’'nin altinda oldugunda
yalnizca kiibik spinel faz yapisi elde edilmistir. 1200 "C’de sinterlenen numunelerde tetragonal yapidaki
Mns Os ikincil fazinin (Hausmannite) olustugu tespit edilmistir. Nios Mn2.4Os4 kismen bozunarak (311)
pikinin genisledigi saptanmustir.

Gao ve dig. (2014) yaptiklar1 calismada 1050 °C altinda sinterlenen numunelerde yalnizca kiibik
spinel yap1 elde edilmistir. Numuneler 1100 °C’de sinterlendiginde kiibik spinel faza ek olarak NaCl
(kayatuzu) tipi kristal yapisina sahip NiO-zengin fazin varoldugu tespit edilmistir. Sinterleme sicaklig1
1150 ve 1200 °C’ye artinldiginda ise oktahedral bolgeleri isgal eden yiiksek spine sahip Mn3*
iyonlarindan kaynakli Jahn-Teller bozunmasiyla numunelerde tetragonal bozunma meydana geldigi
saptanmustir. Literatiirle uyumlu olarak 1300 "C’de sinterlenen Nios Coos CuosMniy Os numunesinin
NiO’ce zengin faz, kiibik spinel ve tetragonal spinel faz olmak tizere ii¢ fazdan olustugu saptanmistur.

Zhao ve dig. (2008) yaptiklari ¢calismada ZnioCuxNiosMni15xOs sisteminde, diisiik bakir iceriginde (x
< 0.1) spinel yapida tetragonal bir ¢arpilma meydana geldigi, bakir iceriginin (0.2 < x) yiiksek olmasi
halinde kiibik spinel yap1 olustugu belirtilmistir. Benzer sekilde, CuxNiosMn25-«Os sisteminde diisiik
bakar igeriginde tetragonal yapinin kiibik yapiya dontiistiigii ve bakir igeriginin artmasiyla kiibik yapiya
doniistimiin arttig1 raporlanmigtir. Bakir iceriginin artmasiyla Mn* iyon konsantrasyonunun azaldig ve
boylece Jahn-Teller etkisinin daha 6nemsiz hale geldigi sonug olarak ise tetragonal yapidan kiibik
yapiya doniisiim gergeklestigi bildirilmistir.
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Sekil 3. 1300 "C’de sinterlenen NiosCoosCuosMni17Osnumunesinin XRD analizi paterni.
Figure 3. XRD pattern of Ni0.5 C00.5 Cu0.3 Mn1.7 O4 sample sintered at 1300 °C.

.

b) NiosCo05Cu03Mni1704

Sekil 4. NiosCoosCuo.15Mni.ss04 ve Nio.sCoosCuosMni7Os sinterlenen numunelerin mikroyap:
goriintiileri.
Figure 4. SEM micrographs of Ni0.5 C00.5 Cu0.15 Mn1.85 O4 and Ni0.5 Co0.5 Cu0.3 Mn1.7 O4 sintered samples

1300 *C’de sinterlenen Nios Coos Cuo.15s Mniss Os ve Nios Coos Cuos Mni7 Os kompozisyonlarina ait
numuneler yaklasik % 97 relatif goreceli yigin yogunluga ulasmistir. Sekil 4’de verilen 1300 °C’de
sinterlenen Nio.s CoosCuo.15Mni.s504 ve Nio.s CoosCuosMni.zOs kompozisyonlarina ait numunelerin SEM
fotograflar1 goreceli y1gin yogunlugu degerleriyle uyumludur. Mikroyapida artan Cu igerigi ile tane
boyutunun artti§1 goriilmektedir. Sinterlemenin son asamalarinda gerceklesen ve mikroyapi 6zellikleri
agisindan en 6nemli etki Cu katkisinin 1050 °C’de yarattig1 sivi faz sinterlemesidir. Mikroyapi fotograflar
kirik yiizeyden alindigindan sivi faz sinterlemesi nedeniyle kirilma tane siirlarindan degil tanelerin
icinden gerceklestigi i¢in tane sinirlarinin belirgin olmadig soylenebilir.

Literatiirde yapilan bir¢ok farkli ¢alismada CuO Kkatkisinin gesitli elektronik seramik sistemleri
tizerine etkisinin incelendigi goriilmektedir. Sivi fazin olusmasi Cu-katkili numunelerde yogunluk
artisina neden olmaktadir (Takao ve dig., 2006). Wang ve dig. (2013) CuO katkisiyla olusan sivi fazin
tanelerin ytlizeylerini 1slatip kaplayarak difiizyon artisina neden oldugunu belirtmislerdir. Yogunluk
artig1 olusan sivimin kapiler hareketiyle artmakta ve Cu iyonlar tekrar latis igerisine gecmektedir. Li ve
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dig. (2009) yaptig1 calismada kapiler giiciin yerel olarak yeniden yerlesmelere itecegini ve kiitle
transferini hizlandiracagini raporlamistir. Sonug olarak kiiciik taneler kaybolurken, biiyiik tanelerde
tane biiylimesi artmaktadir. Bu durum yogunluk artis1 ve tane biiylimesiyle sonuglanmaktadir. Benzer
sekilde bir diger ¢alismada CuO katkisinin 1050 °C’de yarattig1 sivi faz sinterlemesiyle (KosNaos)NbOs
piezoelektrik seramik numunelerin y1gin yogunlugunda artis ve tane biiylimesi meydana gelmistir
(Takao ve dig., 2006). Pb(Zr,Ti)Os-PbZn13Nb23O3-Pb(Ni1sNb23)Os esaslt seramiklerde CuO katkisinin
sinterleme sicakligini sivi faz olusturarak diisiirdiigii raporlanmistir. Ayrica 900 °C gibi diisiik
sinterleme sicakliginda sinterlenen CuO katkili seramiklerde CuO oraninin artmasiyla tane biiytimesi
gerceklestigi saptanmustir (Ngamjarurojana, 2009). Bir diger calismada da CuO katkisiin, PMnN-PZT
esasl piezoelektrik seramiklerin y1gin yogunlugunu 980-1040 °C araliginda gelistirdigi saptanmistir
(Tsai ve dig., 2009). Numunelerin y1gin yogunlugunda goriilen artisin nedeni agiklanirken literatiirde
bahsedildigi tizere iki durum goz 6niine alinmahdir.

i) Cuiyonlar1 nedeniyle olusan katyonlarin difiizyonunun artmast
ii) Ince nikel manganit tanelerinin reaktivitelerindeki artis

Cu igeriginin artmasiyla tane boyutunda meydana gelen artis, sivi faz nedeniyle tetiklenen Cu
iyonlarinin atomik hareket edebilirligindeki artisin sonucudur (Jadhav ve Puri, 2010).

1300 °C’de sinterlenen Nios Coos Cuo.s Mniz Os kompozisyonuna ait genel EDS analizi Sekil 5'de
verilmistir. Elde edilen sonuglar kompozisyon oramn ile uyumludur.

Cone

24336 vt
44168 wtie
11032 wti
14193 wtie

6271 wtie
100000 wti

5. 10.

Sekil 5. NiosCoosCuo.sMn1.7Os numunesinin mikroyapisindan alinan genel EDS analizi.
Figure 5. EDS analysis on SEM micrographs of Ni0.5 Co0.5 Cu0.3 Mn1.7 O4 sample

Elektriksel ozelliklerin artan sicaklikla iliskisinin anlagilabilmesi i¢in numunelerin 25 ‘C’den 85
‘C'ye kadar elektriksel direng Olciimleri yapilmistir. 1300 °C’de sinterlenen NiosCoo5Cu0.1sMnis504 ve
Nios CoosCuo.sMni7Os numunelerin elde edilen deney sonuglar1 log elektriksel 6zdireng (o) - 1000/T
grafikleri olarak Sekil 6'da gosterilmigtir. Nios Coos Cuo.1s Mniss Os kompozisyonuna ait 1300 °C’de
sinterlenen numunelerin elektriksel 6zdireng (0) ve malzeme sabiti (B) degerleri 286 (.cm ve 3355 K
oldugu belirlenmistir. Artan Cu orani ile Nios Coos Cuos Mniz Os kompozisyonuna ait 1300 ‘C’de
sinterlenen numunenin elektriksel 6zdireng (o) ve malzeme sabiti (B) degerlerinin ise 61 Q.cm ve 3124
K’e azaldig1 saptanmusgtir.

Zhao ve dig. (2008) 1050 "C’de 4 saat sinterlenen NiosMn2504 numunesi i¢in elektriksel 6zdireng ve
malzeme sabiti degerlerini sirasiyla 2907 Q.cm ve 3970 K olarak raporlamistir. CuosNiosMn210s
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numunesinin 1050 “C’de 4 saat sinterlenmesiyle ise elektriksel 6zdireng ve malzeme sabiti degerlerinin
sirastyla 12.6 Q.cm ve 2760 K degerlerine azaldig: belirtilmistir. Nikel manganit seramiklerde elektriksel
iletim B-bolgelerindeki Mn** ve Mn* iyonlar1 arasinda olmaktadir. Bu mekanizmaya gore, elektriksel
0zdiren¢ Mn** ve Mn* ciftlerinin iiretimiyle ters orantiidir. S6z konusu calismada Cu ve Zn katkili
NiosMn250s seramiklerde Zn iyonlarinin A-bdlgelerini isgal ettigi, Cu iyonlarinin ise baskin olarak B-

bolgelerinde kalmasina neden oldugu saptanmuistir.
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Sekil 6. NiosCoosCuo.15Mni.s504 ve NiosCoosCuosMni7Oskompozisyonlarina ait numunelerin log

elektriksel 6zdireng (p) - 1000/T grafigi.

Figure 6. Log electrical resistivity-1000/T graph of Ni0.5 Co0.5 Cu0.15 Mn1.85 O4 and Ni0.5 Co0.5 Cu0.3 Mn1.7 O4 samples

Nio5Coo5Cu0.15Mni.s504 kompozisyonuna ait 1300 *C’de sinterlenen numunenin aktivasyon enerjisi

(eV)

ve duyarhlik katsayisi

(-%/K)  degerlerinin 0.29 ve 3.777 oldugu

saptanmustir. Nios Coos

Cuo.sMni7 Os kompozisyonuna ait 1300 ‘C’de sinterlenen numunenin aktivasyon enerjisi (eV) ve
duyarlilik katsayisi (-%/K) degerlerinin 0.27 ve 3.517 degerlerine azaldig1 saptanmustur.

Cizelge 1. NiosCoo5Cu01sMni.ssO4 ve Nio.s CoosCuo.sMni7Os numunelerin p2s (€Q.cm), Bzsiss (K), azs (-%/K)

ve Eq (eV) degerleri.

Table 1. p25 (Q.cm), B25/85 (K), a25 (-%/K) and Ea (eV) wvalues of Ni0.5 Co0.5 Cu0.15 Mn1.85 O4 and
Ni0.5 C00.5 Cu0.3 Mnl1.7 O4 samples
Nio0.5C005Cu0.15Mn1.s504 Nio0.5C005Cu03Mn1.704
p25 (Q.cm) 286 61
Basiss (K) 3355 3124
25 (-%/K) 3,777 3,517
Ea(eV) 0,29 0,27

Cizelge 1.’de Nios Coos Cuois Mniss Os ve Nios Coos Cuos Mniz Os kompozisyonlarma ait 1300 °C
sinterlenen numunelerin p2s (Q.cm), Bzsiss (K), azs (-%/K) ve Ea (€V) degerleri verilmistir. Literatiirde NTC
termistorlere yapilan CuO katkisinin elektriksel 6zelliklere katkisi su sekilde agiklanmustir.

Elbadraoui ve dig.
mekanizmasiyla ilgili calismalarinda, elektriksel iletim mekanizmasini hem oktahedral

(1997) Mn-Ni-Cu-O sisteminin katyon dagilimi ve elektriksel iletim
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bolgelerdeki Mn* ve Mn* arasinda gerceklesen direk elektron atlamasi, hem de tetrahedral
bolgelerdeki Cu?* araciligiyla gerceklesen direk olmayan elektron atlamasi ile agiklamis ve
sematik olarak Sekil 7’de gOstermistir.

e-

Mn3+ + Mo# <=—===> Mn# + Mn3+

e- e

[ "

Mn3t + CuZ* + Mngt <> Mnd* + Cu} + Mngd? < Mt + Cu‘f\+ +Mn3

Sekil 7. Elbadraoui ve dig. (1997) yaptiklari cahismada gosterilen elektriksel iletim

mekanizmasi.
Figure 7. Electrical conduction mechanism given by Elbadraoui et al. (1997)

Cu* ve Cu? katyonlarinin Cu igeren spinel yapi igerisinde dagilimi konusunda literatiirde
farkli goriisler olmakla birlikte ¢ogu arastirmaci Cu* iyonunun tetrahedral bolgede; Cu?
iyonunun ise hem oktahedral hem de tetrahedral bolgede oldugu konusunda hem fikirdir
(Fang, 2008). Xiong ve dig. (2014) yaptiklar1 calismada numunelerin &zdirenglerindeki
azalmanin, tetrahedral bolgelerdeki Cu?* iyonlarinin Mn? ve Mn* arasindaki elektron atlama
mekanizmasini degistirmesinden kaynaklandigini raporlamustir.

Muralidharan ve dig. (2012) tarafindan Cu ve Fe katkisinin Ni-Mn-Co-O esash NTC
termistorlerin elektriksel Ozelliklerine etkisi aragtirilmigtir. Ni-Mn-Co-O seramik sistemi
farkli bircok uygulamada kullarulan NTC termistorler icin miikemmel bir se¢im olarak
Onerilmistir. NiMn2 Os igerisinde Cu, Fe, Zn gibi c¢esitli elementlerin Co ile birlikte
kullanimiyla elektriksel 6zelliklerin hassas olarak ayarlanabilecegi vurgulanmistir. Ani akim
sinirlayicist gibi bir¢ok uygulamada NTC termistorlerin diisiik elektriksel 6zdireng ve
gelistirilmis duyarliliga sahip olmasi istenir. Cu katkis1 elektriksel Gzdirenci azaltmas:
nedeniyle yapilir. Ancak fazla oranda yapilan CuO katkisimin numunelerin sicakliktaki ani
degisimlerine karsin az duyarlh olmasma neden olmaktadir. Az oranlarda yapilan Cu
iceriginin miktar1 artikca Mn*/Mn* ciftlerinin oktahedral bolgelerdeki sayisi artmaktadir.
Buna ek olarak elektrik iletiminde Mn*/Mn* katyon ciftleriyle birlikte Cu*/Cu? katyon
ciftlerinin oktahedral bolgelerdeki katkis1 da dikkate alinmalidir. Ayrica s6z konusu
calismada sinterleme sicakliginin artmasiyla malzeme sabiti ve O6zdireng degerlerinde artis
gozlenmistir. Sinterleme sicakliginin artmasiyla numunedeki oksijen kayiplari artmaktadir.
Spinel yap1 igerisinde katyon dagilimi ve 2 degerlikli bir molekiil oksijenin kaybi, iki Mn
molekiiliniin Mn*’den Mn*’e indirgenmesine neden olacaktir. Bu nedenle atlama
mekanizmasi ihtimali diisiik olacaktir. Ayrica yiiksek sicakliklarda malzeme sabiti ve 6zdireng
degerlerindeki azalma, empiirite veya katkilarin tane simurlarinda ayrismasi-¢okelmesi
potansiyel bir engel etkisi yaratabilir.

SONUCLAR (CONCLUSIONS)

Bu ¢alismada nikel manganit esasli NTC termistorlere bakir oksit katkisinin elektriksel ve
mikroyap1 Ozelliklerine etkisi arastirilmigtir. CuO katkisinin sivi faz sinterlemesi yaratmasi
sonucunda numunelerin yigin yogunlugunda artisa neden oldugu saptanmistir. Ayrica
artan Cu igeriginin numunelerde diisiik elektriksel 6zdiren¢ degerleri elde edilmesinde
etkili oldugu saptanmigtir. Bunun nedeni olarak Cu igeriginin miktar1 artikca Mn*3/Mn*
ciftlerinin oktahedral bdlgelerdeki sayist artmasi gosterilebilir. Elektrik iletiminde
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Mn*/Mn* katyon ciftleriyle birlikte Cu*/Cu®? katyon ciftlerinin oktahedral bolgelerdeki
katkist numunelerde daha iyi elektriksel iletkenlik degerleri elde edilmesine neden
olmustur. Bu nedenle CuO katkisinin hem mikroyap: kontroliinde hem de elektriksel
Ozellikleri kontroliinde NTC termistorler i¢in onemli bir katki oldugu soylenebilir.
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