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Abstract: There is an increasing interest in assessing the environmental impacts
of construction materials and their components in recent years. By considering
these environmental impacts, the selection of suitable construction materials and
technology is crucial for satisfying user needs and minimizing environmental
impacts. The aim of this study is to compare the environmental impacts of precast
concrete wall and brick wall production with cradle to gate approach by using Life
Cycle Assessment (LCA) approach. In this study, LCA was applied based on ISO
14040 and 14044 by using SimaPro 9.2 software. CML-IA baseline method and
Ecoinvent 3.7 database was used for the life cycle impact assessment. The obtained
results revealed that brick wall has better environmental performance than
precast concrete wall in all impact categories except abiotic depletion and marine
aquatic ecotoxicity. The global warming potential of the precast concrete and brick
wall per m? were calculated as 2.35E+02kgCOz eq. and 2.10E+02 kgCO: eq,
respectively.

Prefabrik Beton Duvar ve Tugla Duvarin Cevresel Etkilerinin Karsilastirmali Yagsam

Doéngiisii Degerlendirmesi

Anahtar Kelimeler
Yasam Dongusi
Degerlendirmesi,
Prefabrik Beton Duvar,
Tugla Duvar,

Cevresel Performans,
Strdirilebilirlik

0z: Son yillarda, yap: malzemelerinin ve bilesenlerinin cevresel etkilerinin
degerlendirilmesine artan bir ilgi vardir. Bu cgevresel etkiler géz oOniinde
bulundurularak, kullanici ihtiya¢larinin karsilanmasi ve ¢evresel etkilerin en aza
indirilmesi i¢in uygun yap1 malzemelerinin ve teknolojisinin se¢imi ¢ok 6nemlidir.
Bu calismanin amaci, Yasam Donglisii Degerlendirmesi (YDD) metodolojisini
kullanarak besikten kapiya yaklasimiyla prekast beton duvar ve tugla duvar
iiretiminin ¢evresel etkilerini karsilastirmaktir. Bu ¢alismada, ISO 14040 ve 14044
standardlarina gore SimaPro 9.2 yazilimi kullanilarak YDD uygulanmistir. Yasam
dongiisi etki degerlendirmesi i¢in CML-IA baseline yontemi ve Ecoinvent veri
tabani kullanilmistir. Elde edilen sonuclar, abiyotik tiilkenme ve deniz suyu
ekotoksisitesi hari¢ tiim etki kategorilerinde tugla duvarin prekast beton
duvardan daha iyi ¢evresel performansa sahip oldugunu ortaya koymustur.
Prekast beton ve tugla duvarin m? basina kiiresel 1sinma potansiyeli sirasiyla
2.35E+02 kg CO2 eq. ve 2.10E+02 kg CO: eq. olarak hesaplanmistir.

*Corresponding Author, email: sedat.gulcimen@agu.edu.tr

426


https://orcid.org/0000-0002-8967-3484
https://orcid.org/0000-0002-0912-3459

Life Cycle Assessment of Precast Concrete and Brick Wall

1. Introduction

In construction sector, the selection of the most suitable construction materials and technology is crucial for
fulfilling user needs. Material selection can also influence the social consequences and environmental impacts of a
project. As an alternative to the traditional in situ concrete construction, new construction technologies and
tecniques such as precast concrete wall panels have evolved in recent years. This, along with other alternatives,
has helped raise consciousness among industry and academia about the importance of taking environmental
factors into account when selecting a structure's layout. In recent years, there has been an increase in the number
of initiatives made to construct sustainable concrete buildings [1]. Greenhouse gas (GHG) emissions are a
fundamental metric for assessing the severity of climate change and the environmental impacts of building
projects. The building sector accounts for around 40% of overall energy consumption and up to 30% of annual
GHG emissions. The United Nations Environment Programme (UNEP) predicted that in the next 20 years, GHG
emissions will more than double due to the rapid growth of urbanization and the inefficiency of the current
building stock unless mitigation measures are taken [2]. Cement, steel reinforcement, and concrete are well-
known inputs in the construction of both traditionally reinforced and precast concrete panels. Because of this, the
evaluation of the embodied carbon in these construction materials can have a considerable impact on the
evaluation of the environmental impact that these structures have [1]. Additionally, used construction techniques
affect GHG emissions throughout the construction phase [2].

Prefabrication is a manufacturing method that assembles numerous materials at a specialized facility to make a
component part of the final installation. Prefabrication is the first stage of industrialization in the building industry,
followed by mechanization, automation, robotics, and reproduction [3]. Compared to typical cast-in-place
construction, prefabrication provides increased quality control, enhanced site safety, less material waste, better
architectural appearance, and a reduction in construction time and labor demand [4]. Despite the benefits that
prefabricated construction offers, the adoption of precast concrete technologies in Turkey remains low compared
to the many European countries. The market share of precast concrete systems may be affected by a number of
variables, including labor costs, climate, and the relative costs of alternative construction methods. Total
prefabricated concrete production in Turkey in 2021 was 1,886,826 m3, increased from 1,703,980 m3 in 2020, as
reported by the Turkish Precast Concrete Association [5].

The life cycle assessment (LCA) is a well-known and rigirous methodology for determining the overall impact that
construction materials have on the environment. As more studies were conducted to determine environmental
impacts of various products and proseses, LCA emerged as a reliable tool [6]. In recent decades, research on LCA
has become increasingly focused on many aspects of construction materials. In literature, the LCA was used to
conduct an analysis on the materials concrete, steel, glass, aluminum alloy, natural stone, and ceramics, which are
all commonly used in the construction industry [7-24]. For instance, Kua and Kamath (2014) studied on
determining the environmental impacts of replacing concrete with brick in Singapore. They utilized both
contributional and attributional LCA with several alternative scenarios to compare and find alternative solutions
to reduce environmental impacts of concrete and bricks. According to their LCA analysis, the potential reduction
in global warming potential from using bricks instead of concrete is minimal [11]. Ozkan et. al. (2016) applied LCA
and life cycle cost (LCC) analysis for magnesia spinel brick production. According to their findings, the manufacture
of raw materials and the firing process in the production of magnesia spinel bricks had a number of negative
environmental effects and were expensive. The firing process accounts for 68.6% of the total influence on global
warming potential [10].

Numerous studies also employ LCAs for design or technology selection in an effort to reduce the environmental
impact of prefabricated buildings. The biggest contributors to the energy footprint and carbon footprint of
prefabricated buildings are determined to be concrete and steel [25]. Faludi et al. (2012) reveal that 11% to 14%
of total GHG emissions can be decreased by substituting 25% of the cement in concrete with fly ash [26].
Bonamente and Cotana (2015) used LCA to quantify carbon and energy footprint of prefabricated industrial
structures with a cradle-to-grave approach involving all phases from raw material production through in-situ
assembly. Four buildings were analyzed and they found that the energy footprint and the carbon footprint are
proportionate to one another, with the proportional factor being 0.222 kg COz2eq/kWh with an accuracy of 0.5%
or better [27]. Besides studies on material or technology selection, Wang and Sinha (2021) focused on affects of
different prefabricated rates on conctruction activities. Using a reference building that was 26% prefabricated,
they compared nine different scenarios where the percentage of prefabrication varied from 6% to 96% utilizing
LCA. As the rate of prefabrication rises, their findigs indicates that the water footprint reduces but the total energy
footprint and carbon footprint rise [24].

This study aims to define and compare of environmental impacts of precast concrete and brick wall production
with the implementation of LCA approach. In literature, there are studies on the LCA of precast concrete and brick
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products, but no studies comparing the LCA of producing precast concrete and brick walls in Turkey. Thus, this
study will assist civil engineers, architects, as well as researchers in making more environmental friendly material
selections.

2. Material and Method

In this study, environmental performance of precast concrete and brick wall production were comparatively
assessed using LCA methodology. According to ISO 14040 and 14044 [28, 29], LCA consists of four main phases:
(i) goal and scope definition, (ii) life cycle inventory (LCI), (iii) life cycle impact assessment (LCIA), (iv)
interpretation as described below.

2.1. Goal and scope

The main goal of this study was to define and compare the environmental impacts of precast concrete and brick
wall production using LCA methodology. In this study, functional unit was chosen as 1 m2 wall production. The
LCAs of these two alternative wall production materials and techniques were calculated by using SimaPro 9.2. The
system boundaries of this study based on cradle to gate approach and cover the stages from raw material
extraction to wall production as indicated in Figure 1. The use and end of life stages were not included in the
system boundaries.

ST T T T T T T T T T F—————————————
| Extraction and Production : | Extraction and Production :
L of Raw Materials | | of Raw Materials |

______ ; _——— e ——— —_—————— = —_—_————
Ir ————————————— 0l mm === { —————— l
; Transportation to Factory : | Transportation to Site :
e —— l _______ L= { ______ a
,r " Precast Concrete Wall : I Brick Wall Production |
| Production | :______('E siw)

e e e —

Figure 1. System boundaries of precast concrete and brick wall production
2.2. Life cycle inventory

Primary data concerning the amount of raw materials (cement, aggregate, crushed stone, reinforced steel bar,
polystrene, admixture), energy consumption (electricity and natural gas), and water use were gathered from a
local company in Turkey. The secondary data for production raw materials and transport data were collected from
Ecoinvent 3.7 database [30] which is available in SimaPro 9.2 software [31].

2.3. Life cycle impact assessment

The CML-IA baseline method was used for calculation of life cycle impact assessments (LCIA) for precast concrete
and brick wall production. This method has a problem-oriented (midpoint) approach and created by the University
of Leiden in Holland [32]. It shows how a product or system affects the environment based on certain impact
categories. The impact categories that are considered in this method are as follows: abiotic depletion (AD)-kg Sb
eq, abiotic depletion on fossil fuels (AD-FF)-M], global warming potential (GWP)-kg CO2 eq, ozone layer depletion
(ODP)-kg CFC-11 eq, human toxicity (HT)-kg 1,4-DB eq, fresh water aquatic ecotoxicity (FWAE)-kg 1,4-DB eq,
marine aquatic ecotoxicity (MAE)-kg 1,4-DB eq, terrestrial ecotoxicity (TE)-kg 1,4-DB eq, photochemical oxidation
(PCO)-kg C2H4 eq, acidification potential (AP)-kg SOz eq, and eutrophication potential (EP)-kg PO4 eq. Average
values from all across the world and in Europe are used to characterization. SimaPro 9.2 global and European
database values were utilized to characterize the environmental impacts of the selected products.

3. Results

The environmental impacts of precast concrete and brick wall by considering the cradle-to-gate approach were
calculated with the CML-IA baseline method; the results are shown in Table 1. The LCIA consists of 11
environmental impact categories (AD, AD-FF GWP, ODP, HT, FWAE, MAE, TE, PCO, AP, and EP) to assess and
compare the environmental performance of these two type wall production materials and techniques. The value
of the AD was calculated as 1.23E-04 kg Sb eq for the brick wall, while AD for precast concrete wall accounted as
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1.05E-04 kg Sb eq. The main contributor raw material on AD was lime for brick wall, cement for precast concrete
wall. As another significant impact category for construction materials, GWP, was calculated to be 2.10E+02 kg
CO: eq. for the brick wall, while it was 2.35E+02 kg CO2 eq. for the precast concrete wall (Table 1).

Table 1. Impact category values for precast concrete and brick wall per m2 of wall production (CML-IA baseline method)

Impact category Unit Brick Wall Precast Concrete Wall
AD kg Sb eq 1.23E-04 1.05E-04
AD-FF M] 2.58E+03 2.95E+03
GWP kg COz eq 2.10E+02 2.35E+02
ODP kg CFC-11 eq 2.94E-05 3.49E-05
HT kg 1,4-DB eq 5.41E+01 8.24E+01
FWAE kg 1,4-DB eq 8.81E+00 5.07E+01
MAE kg 1,4-DB eq 9.66E+04 8.10E+04
TE kg 1,4-DB eq 1.52E-01 2.06E-01
PCO kg C2Haeq 2.68E-02 3.14E-02
AP kg SOz eq 6.69E-01 7.93E-01
EP kg POs eq 1.44E-01 1.96E-01

The LCA was performed to compare the environmental performance of the production of precast concrete and
brick walls. The LCA analysis consists of eleven impact categories calculated using the CML-IA baseline approach,
and Figure 2 presents the comparison results. Except for AD and MAE, all impact category values for brick wall
production were lower than those for precast concrete wall production. The greatest difference was observed in
the category of FWAE impact, where a brick wall has 83% less impact than a precast concrete wall. Lime, an
calcium-containing inorganic substance, is used in the manufacturing of mortar for brick walls, which is the
fundamental cause of the distinction. The GWP impact category showed the smallest difference, with a brick wall
having 11% less of an effect than a precast concrete wall. Reinforced steel bars used in precast concrete walls and
the transportation of prefabricated walls from factory to construction site are the primary contributors to this
difference.

100

90

80

70

60

X 50

40

30

20

10

AD AD-FF  GWP ODP HT FWAE MAE TE PCO AP EP
M Brick Wall B Precast Concrete Wall

Figure 2. The comparison of environmental impacts of precast concrete and brick wall based on CML-IA baseline method:
CML-IA baseline V3.06/EU25/Characterization (AD: abiotic depletion, AD-FF: abiotic depletion on fossil fuels, GWP: global
warming potential, ODP: ozone layer depletion, HT: human toxicity, FWAE: fresh water aquatic ecotoxicity, MAE: marine
aquatic ecotoxicity, TE: terrestrial ecotoxicity, PCO: photochemical oxidation, AP: acidification potential, EP: eutrophication
potential)
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For FWAE impact category, which the greatest difference was observed in the comparision results, network
diagram indicates the hotspots of the environmental impacts of precast wall production (Figure 3). The diagram
shows that reinforced steel bars used in precast concrete walls are the main contibutors with 83.8% of the total
environmental impacts and cement follows with 6.1%.

1m2
Precast

100 %

35.8kg 0.06 kg
Cement, Reinforcing Polystyrene
6.1 83.8 10.0621 %
1.29E3 tkm 7.93 kg I 0.0624 kg
Transport, reinforcing Reinforcing Polystyrene,
10% 6.6 % 56.7 % [0.0333 %
1.29E3 tkm 7.94kg 7.93kg I 0.0488 kg
Transport, Hot rolling, Steel, Steel, Polystyrene,
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Figure 3. Network diagram of precast concrete wall production

Additionally, the network diagram outlines the level of contribution of used components in brick wall production
for the FWAE impact category as indicated in Figure 4. The graphic reveals that 65.5% of the total environmental
impacts come from bricks used in wall production, with cement coming in second at 25.5%. Beside, Figure 4 shows
that 47.6% of the impacts of bricks (65.5%) are caused by transporting bricks from the production to the site.
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Figure 4. ‘Network (ﬁagram of brick wall production

The obtained results were also coherent with the literature on construction materials of concrete and bricks. The
environmental effects of switching from concrete to brick in Singapore were investigated by Kua and Kamath
(2014). To assess and compare the environmental impacts of concrete and bricks, they used both contributional
and attributional LCA with multiple possible scenarios to identify potential alternatives and identify potential
solutions. They found that switching to bricks from concrete will have a minimal impact on global warming [11].
Besides, Wen et. et al. (2015) compared industrialized building systems (IBS), referred to as offsite construction
in the British construction industry, with conventional cast in situ for residential apartment structures in Iskandar
Malaysia using LCA during the assembly phase to determine life cycle effect assessment and hotspots for materials
and construction stage. According to their findings, precast concrete has the greatest embodied energy and GWP
of any IBS construction material, at 30.11% and 57.62%, respectively. This is due to the high quantity of concrete
and steel reinforcements in precast concrete used in the construction of floor, ceiling, and wall panels [25].
Similarly, Omar et. al (2014) explained that the embodied carbon of concrete materials in the IBS system is greater
since the wall system supports a heavier load bearing on the wall structures [1]. This research's findings align
with those of other studies that have looked at the environmental implications of precast concrete and brick. Given
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this comparison, it is clear that, from the perspective of environmental impact, brick wall production is preferable
to precast concrete wall production.

4. Discussion and Conclusion

The LCA approach was used to determine the environmental effects of precast concrete and brick wall
manufacturing. Although the LCA of precast concrete and brick products have both been studied, there are no
studies comparing the LCA of producing precast concrete walls and brick walls in Turkey. The findings revealed
that brick wall manufacturing is better in nine of the eleven environmental impacts studied, while precast concrete
wall production is better in the two environmental impact categories of AD and MAE. When comparing the
manufacture of precast concrete and brick walls, significant differences in the range of 11-83% were detected,
especially in the FWAE, HT, TE, and EP impact categories. This means that making walls out of bricks is better for
the environment than making walls out of precast concrete.

Additionally, the production of precast concrete and brick wall have different experimental procedures which
affect their environmental performance as well. Precast concrete wall production requies fabrication processes in
which energy consumption is higher than in-situ brick wall production. This causes negative environmental
impacts, especially on impact category of AD-FF which refers to measure of use of mineral and resources, due to
fossil-based electricity and fuel consumption. The negative effects on the environment caused by the
manufacturing of walls can be mitigated by the use of renewable energy sources and the decrease of energy
consumption through the adoption of innovative production techniques.

A sensitivity analysis was performed to support the findings. According to the results, the cement and lime used
in the production of precast concrete and brick walls have various detrimental environmental effects, respectively.
Using "what-if" scenarios, a sensitivity analysis was conducted to examine the impact of potential variations on
the LCA results. In two what-if scenarios, sensitivity analysis were conducted: (1) cement reduction in precast
concrete wall production; and (2) lime reduction in brick wall production. Reducing the amount of cement by 10%
has an effect on all environmental impact categories, particularly AD (6%), resulting in a 1-6% decrease in these
impact categories. In addition, a 10% reduction in the amount of lime has an effect on all environmental impact
categories, particularly AD (5%), and results in a 1-5% reduction in these impact categories. Consequently,
sensitivity study show that cement and lime have significant environmental impacts on the AD impact category.

The outcomes of this research will assist civil engineers, architects, and researchers in selecting sustainable
materials. These results showed that the selection of construstion materials and technologies can reduce the
environmental impacts by selecting the green alternatives according to LCIA methods. To take a holistic
perspective, future LCA studies can include the entire process of wall and building production. In addition, other
alternative construction materials and technologies can be added to the comparison.
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Abstract: In this paper, a wildfire detection algorithm from dark videos is proposed.
Unlike the daytime wildfires, in the dark videos, neither the fire nor its surrounding
has visually clearly perceptible texture. Its unique visual characteristics make it
challenging to extract descriptive object features. This paper addresses the
challenging problem by tracking the glowing objects in the darkness and extracting
features based on the spatio-temporal behavior of them. It is experimentally shown
that the proposed features are descriptive enough to classify wildfires with over
90% accuracy even there exists deceptive light sources such as city lights,
flashlights, car headlights and reflections in the scene. Moreover, we investigate
several conventional machine learning algorithms such as ensemble and kernel-
based methods on the same spatio-temporal feature set. Comprehensive empirical
test results demonstrate that the most accurate detection is obtained when the
spatio-temporal feature set is classified using Random Forest.

Karanlik Videolarda Orman Yangini Tespitine Yonelik Uzaysal- Zamansal

Nesne Oznitelikleri

Anahtar Kelimeler

Video tabanli yangin tespiti,
SVM,

Cogunluk Oylamasi,
Rastgele Orman,

Adaboost,

IBk

O0z: Bu makalede, karanlik videolardan orman yangmimn tespitine yénelik bir
yontem Onerilmistir. Giindiiz orman yanginlarindan farkhi olarak, karanlk
videolarda yanginin kendisi de ¢evresi de gorsel olarak agik¢a algilanabilir bir
desene sahip degildir. Karanlik videolardaki yanginin bunun gibi kendine 6zgii
gorsel ozellikleri, tanimlayic1 nesne dznitelikleri ¢ikarmay1 zorlastirmaktadir. Bu
makale, karanlikta parlayan nesneleri takip edip, uzaysal-zamansal davranislarina
dayali éznitelikleri ¢ikararak bu zorlayici duruma ¢éziim iiretmektedir. Onerilen
Ozniteliklerin, videoda sehir 1siklari, el fenerleri, araba farlar ve olay yerindeki
yansimalar gibi aldatici 151k kaynaklar1 olsa bile, orman yanginlarini %90'1n
tizerinde dogrulukla siiflandirmak i¢in yeterince temsil edici oldugu deneysel
olarak gosterilmistir. Ayrica, ayni uzaysal-zamansal 6znitelik kiimesinde topluluk ve
¢ekirdek tabanl siniflandirma yontemleri gibi ¢esitli geleneksel makine 6grenmesi
algoritmalart da karsilastirma amaciyla denenmistir. Kapsamli deneysel test
sonuglari, en yiiksek tespit dogrulugunun, onerilen uzaysal-zamansal 6znitelik
kiimesinin Rastgele Orman siniflandirma yontemi elde edildigini gostermektedir.

*Corresponding Author, email: ahmet.k.agirman@gmail.com

1. Introduction

From 1988 to date, 72.360 forest fire incidents are reported [1]. As a result of these disasters, in Turkey, around
300.000 hectares of forest are lost. While 5.8 hectares per fire forest area is destroyed before the last five years
period, this rate dropped to 2.4 hectares per fire in the last five years. Clearly, besides enhancements on firefighting
techniques and development of related technology, this progress is due to efficient surveillance techniques and
timely reports. Since December 2016, 23% of reported forest fires and 47 % of city fires in Istanbul occurred at no
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daylight conditions [1-3]. Beginning from 1900s, watch towers have been an important part of fire detection across
the world. However, due to human factors, fire announcement process didn't work properly all the time which
increased forest loses especially at rural areas. For this reason, computer vision based automatic fire detection
methods have been an important part of the forestry departments due to the fact that they don't require any
human deployment to the risky areas and they support visual information via remote monitoring systems.

In order to overcome fire detection problem from video surveillance systems, various techniques have been
proposed [8-20]. Front runner techniques include detection of fire, smoke or both depending on spatial and
temporal features of objects and colors in a video and using different spectral or physical range cameras [16]. After
processing video sequences, those techniques decide if a pixel, frame, sequence, or the whole video contain a fire.

However, very limited number of these works considered the fire detection in dark videos. Recent works shows
evidence of semi or full daytime fires. Tasdemir's work at [22] proposes a method on distant night fire detection.
Since the fire event is assumed to be at far distance, fire is considered as a slow-moving object. Even though this
approach is fine for distant fires, it may not be correct for short or mid-range ones. In this paper, we propose a fire
detection method that is able to detect wildfires from dark videos while overcoming false alarm sources, such as
city lights, car headlights, streetlights, etc. This work extends the approach introduced in [23] with comprehensive
comparisons with other machine learning methods and improves it by making structural additions.

Contribution of this paper can be counted as three folds:

1. A spatio-temporal feature extraction method including object tracking in dark video is proposed,

2. Comprehensive comparison of ensemble and kernel-based classification methods on wildfire detection in dark
videos are demonstrated,

3. A final wildfire detection method which is robust against common source of false alarm sources in dark videos
such as city lights or car headlights is proposed.

The organization of the paper is as follows: the proposed fire detection method is explained in Section II. It follows
with the experimental setup section, Section III, then Section IV demonstrates the test and comparison results. The
findings are discussed and concluded in Section V.

2. Material and Method
2.1. Extraction of Foreground Objects in Dark Videos

One challenging part of working on light emitting objects on the dark videos is they have limited visual features to
be tracked or make any in depth visual analysis. For that reason, instead of visual ques of the object, we target to
investigate its temporal behavior. However, we need to track an object throughout the video despite of the
challenge. Light-emitting objects appear, disappear, flicker, move and even intersect with others or unmerge from
the others in the video. All these cases are handled by the proposed object extraction and tracking algorithm.

Contrary to daytime counterparts, night-time videos contain very limited color information. They are very akin to
digital binary images. Thus, without any color processing, each frame is first converted to a black & white image
with a threshold of 1, by using Otsu's method [24]. As a result, the dark pixels are represented by 0 and bright
ones by 1. Binary blobs in each frame are detected with 8 connectivity adjacency rule. This eliminated
disconnected or isolated foreground pixels. Moreover, blobs having fewer pixels than 7, are discarded to reduce
number of blobs considered as noise. The reason 8 connectivity is used instead of 4 is the nature of a fire which
has a very fragmented structure, thus, when 4 connectivity is used there will be many small blobs belonging to
same fire flame which makes analysis difficult.

Let by be K'th fire candidate blob of n’th video frame and o,,, be m’th object in the whole video. While in one frame
0., can be represented by K’th blob, b, ;, in the succeeding frame it can be represented by k+1’th blob, by k41-
Then a tagging procedure should be implemented for each blob in each frame to uniquely index each object across
the video with an ID. A tag will have a lifetime; a tag is born, lives for a while, and then dies as the object disappears
from the video. Basically, light blobs not only appear and disappear from the video, but they also move, intersect
or unmerge. For that reason, we need to have an algorithm to track these light emitting objects. If the subsequent
frames have intersecting blobs, then it is considered that they are the same objects and so tagged with the same
ID. In other words, if tagging function, by, = oy,, is known, tagging procedure is performed as follows:
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bui = o, oD e = &
’ m+1 ,otherwise
The equation indicates that if two object in consecutive frames are spatially intersecting, they are the same objects
and they need to have the same ID. Initially, blobs in the first frame also tagged with their arbitrarily initialized
blob numbers. However, this approach has some difficulties. For example, if both b, ; and b, ;. intersect with
by+1,, are those all the same objects? Another difficulty is if both b,,,,; and b4, intersect with b, ,, which
objects are to be as separate? In Figure 1, both difficulties given above are represented. Assume the first frame n=1
contains seven blobs drawn in black circles and the second frame n=2 contains eight blobs drawn in red circles.
Blobs in the first frame take their blob numbers as ID tags, i.e., b, ; getstag 1, b; , gets tag 2, etc. Now consider by ;
and b, 4 intersect most, then b, , gets the tag ID: 1. Next, b, , intersects with b, , most, thus b, ; dies, b, , pairs with
b, , and gets the tag ID 2. Third, b, ; intersects with b, , most, and thus both b, ; and b, 5 die, b, , pairs with b, 5
and gets the tag 3. Fourth, b, , intersects only with b, c and b, ¢ gets the tag 4. Fifth, b, 5 intersects only with b, 4
and b, ¢ this time gets the tag 5. In similar way b, ; gets the tag 7, b; ¢ intersects with no one and dies. b, g intersects
with no one and is born by getting a new tag 8. This operation made the second difficulty apparent: b,, and b, ¢
have two distinct tags transferred to them. This conflict is resolved in a similar way: b, , intersects with b; 3 more
than b, , does. Thus, it gets the tag 3 and b, , dies; b, ¢ intersects with b, , most, gets the tag 4, and b, 5 dies. In
summary, tags 2, 5, and 6 dies, tags 1, 3, and 4 survives, tag 8 is newly born, however b, ; and b, 5 are stillbirths.

Figure 1. The figure shows possible scenarios that might come up during glowing object tracking in a dark video. Black and
red circles indicate the foreground object location in the nth and the next frame, i.e. (n+1)’th frame. Since the flame has limited
visual ques, their spatio-temporal locations are used to track the objects throughout the video.

2.2 Spatio-temporal Feature Extraction

In order to capture the temporal behavior of the flickering flame, the features are extracted from a number of video
sequences. Size of the temporal window is a tradeoff between detection time of fire alarm and its accuracy. In order
to extract features from same number of frames, a tag that is not apparent along a full window is discarded from
computations.

Features of a full-window tag are extracted from change in various motion variables of the tagged object. Thirty
features are derived from these 6 variables which can be listed as: pixel area of the object in frame, 2D position of
the mass center of the object, height, width and area of smallest bounding box (BB) of the object.

By using these variables, we can realize distinctive characteristics of a night fire that are flickering and motion
behavior. The variables are followed along a window and various features are extracted as explained presently.

While an object's variance of pixel area is large along a window, it is small for moving vehicles and fixed sources
such as street, city, or house lights since area of such non-fire light sources does not change suddenly along a video.
However, due to flickering motion of a fire, the area will change rapidly. Similarly, variance of height and width of
BB will usually be large for fire objects and small for others. It is for this reason, mean and variance of height and
width of a BB as well as their first and second order derivatives will be distinctive between fire and non-fire objects.

Let i, be value of a variable at n’th frame in a window with N number of frames. For many of these variables,
mean and variance is computed as follows, respectively:
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Mean and variance of first and second order derivative of some variables are computed as in Eq. (4-7), respectively.
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For a fire object, variance of center of mass (CoM) is higher in vertical axis than in lateral axis. For a car moving
horizontally, variance of CoM of headlights in vertical axis is very small. In the same manner, variance of CoM of
fixed light sources in both axis is very small. These are the reasons we used variance of CoM as a feature.

Here, it is important to note that horizontal and vertical location of CoM is not considered as features since a fire
can take place anywhere in the video. Otherwise, the system can be trained for a specific location that fire is
expected to start. That's why position free features (i.e,, mean and variance of first and second order derivatives)
are used. In Table 1, variables and features are summarized.

If a feature belongs to a greater interval than other features, impact of small-bounded ones may be reduced.
Normalization is the solution to avoid such a problem. Min-max normalization has the ability to preserve relation
between elements of a feature vector, thus it is chosen. Let §;; be value of j'th feature at sample i. Then, min-max

normalization is defined as

= 6;; —mind;
i,j

(8)

maxé; j — mind;

Table 1. Extraction of Features from Variables.

Feature Feature 1st Der Feature 2nd Der
Mean Var Mean Var Mean Var

Pixel Area X X X X
CoM x axis X X X X
CoMy axis X X X X
BB width X X X X X X
BB height X X X X X X

BB area X X X X X X

In real-time applications, video stream may be continuous. Therefore, after adding a new window, normalization
should be implemented throughout up-to-date data.

2.3 Training

In this work, as a base classifier, Support Vector Machines (SVM) is used. Besides SVM, majority voting, Random
Forests, AdaBoostM1, and IBK classifiers used and their performance compared to SVM. First a classifier model is
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constructed and then the model predicts class of any test instance it is supplied. Here, we used LIBSVM library
with radial based function (RBF) kernel since our data set has a nonlinear classification characteristic.

In order to get most accurate classification, best ¢ € I* cost and y € I* impact range parameters should be found.
If c; > ¢y >0 and y, > y; > 0 are predetermined intervals, then optimization requires a [cy, c;] X [y, V2] size
grid search for the best (c*, y*) pair [25]. In our tests, an accelerating intervention to optimization saved time and
gave a better (c*,y*) pair compared to pairs obtained when not intervened. The intervention is simple: after at
least ten trials, if the last five trials produce a mean absolute deviation of accuracy no greater than 1.5, halt the
search and use current pair as (c*, y*).

Classes of instances in training set is determined by a professional for fire objects as 1 and for non-fire objects -1.
With (c*, y*) pair, a model is constructed in SVM and class of all instances from a distinct test set is predicted from
the set {—1,1}. Accuracy and elements of confusion matrix (i.e., true positive rate, false negative rate, true negative
rate, and false positive rate) are used as performance measures.

While SVM gives good results of predictions, majority voting (MV) improves these results significantly. In a test
set, MV is implemented between distribution of fire or non-fire classification of an object tag. Then, class of the
object is redetermined according to result of MV.

3. Setup of Experiments

Experiments implemented on a video dataset curated by the authors. Sketch of place that fire videos are recorded
given in Figure 2. The maximum distance a camera can see in the night is 7km and distance between fires and
cameras changes from 30m to 100m. Besides fires, in 360° sight of the cameras there are a series of streetlights,
both bright and dark roads, city lights, tower lights flashing on and off, moving vehicle headlights in low- or high-
density traffic, short distance house and streetlights.

fe—

[ 3 - R
Figure 2. Dataset videos are intentionally taken from a place where possible negative light sources appear in the scene
such as city lights or car lights. Location of test fires (stars), cameras (arrows) and sight of the scene is shown in red circle.
The maximum distance of the sight from cameras is around 1 km. The road section (blue circle) generated challenging
fire-like vehicle headlights during the fire recordings.

Four different cameras are used recording fires usually in 640x480 resolution: Casio Exilim EX-Z350, Nikon
D3200, Samsung S850, and Samsung WB100. In total 15 night fires are recorded. In Table 2, some characteristics
of the videos are tabulated. A montage of the videos are given in the Figure 3.

The global image threshold is experimentally determined to be T, = 0.5, thus objects with low luminance and noise
can be eliminated. Furthermore, objects having pixels fewer than 7; = 16 also discarded even fire objects since an
event size lower then 16 pixels is not considered significant. Remaining fire candidates are labelled as 1, and other
objects are labelled as -1. An object is decided to be fire if only the object represents a flame object. Some very
close reflections of a flame object, mostly on the ground, also behave exactly as the flame object; however, these
objects are considered as not-fire.

Analysis implemented in MATLAB® environment for window sizes of 5, 10, 20, 50, 100, and 200 pixels. SVM
parameter optimization intervals are experimentally determined tobe ¢c; = 5,¢, =9,y = 4,y, = 8.
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Table 2. Properties of the samples in the video dataset.

Video Duration # of frames # of negative # of positive
samples samples
1 9:41 17439 99 178
2 16:09 29091 265 148
3 21:23 38518 27 307
4 29:00 52231 17 671
5 04:00 6009 505 175
6 11:04 16608 2044 471
7 12:46 19158 530 405
8 20:00 30003 6 1343
9 12:05 21746 81 1508
10 14:14 25608 89 1608
11 18:10 32688 1208 927
12 20:00 35977 266 1876
13 08:34 15435 2681 1113
14 13:17 23913 7758 1839
15 03:25 6145 222 624

Figure 3. Representative images of the dataset videos indicated in Section 3. The videos include both fire and not-fire
frames.

When a video is chosen for test, remaining ones are used for training (leave-one-out). For a total number of 90
experiments, average training and test set sizes are 7437 and 5058 instances, respectively. It should be noted that
number of instances in a training set is limited to a maximum 10,000 while no restriction applied to test sets.
Average distribution of fire and not-fire instances over 6 windows are tabulated in Table 3 and number of
instances per window size is given in Table 4.
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Table 3. Distribution of Not-Fire classes among the videos.

Video  Average #of Video Average #of
negative negative objects

objects (%) (%)

1 56.31 9 0.09

2 66.86 10 0.40

3 63.89 11 10.35

4 62.20 12 01.36

5 03.34 13 92.54

6 08.89 14 91.23

7 08.10 15 18.32

8 0.08 - -

Table 4. Number of instances among windows.
Window size  # of instances

5 280.381
10 102.588
20 44.584
50 16.243
100 7.758
200 3.723

Some fires were able to reach up to 3m height under low wind conditions. In videos 1, 2, 3, and 4, a very deceptive
streetlight is apparent. From video 9 to 15, very deceptive city lights combined with semi-intense traffic are
apparent. Besides these not-fire objects, a torch is also used to create false objects (Figure 4, video 3).

4. Experimental Results

In this section, performance of our method evaluated and experimental results are analyzed. The measures we use
for evaluation are accuracy, true positive rate which implies state of "true alarm", and false negative rate which
implies state of "false alarm". Other measures can be false negative rate or "missed alarm" and true negative rate
or "true silent".

4.1 SVM Results

Selected performance measurements of the proposed method are shown in Table 5. When proposed features are
used for a night fire, SVM is able to classify new instances correctly with an accuracy of usually over 90%.
Implementing MV after SVM classification boosts accuracy rates usually over 95%. True Positive Rate (TPR) values
are over 94% on average, however in some videos True Negative Rate (TNR) values are low due to reasons given
below.

Table 5. Accuracy, TPR and TNR measurements on the videos. SVM and SVM+MV methods are compared.

Video SVM SVM+MV SVM SVM
(Accuracy) (Accuracy) (TPR) (TNR)

1 0.90 0.97 0.91 0.89
2 0.88 0.99 0.78 0.92
3 0.96 0.99 0.92 0.98
4 0.98 0.99 0.97 0.99
5 0.84 0.84 0.84 0.69
6 0.92 0.95 0.95 0.45
7 0.93 0.93 0.99 0.30
8 0.98 0.99 0.97 0.00
9 0.95 0.98 0.95 0.22
10 0.96 0.99 0.97 0.15
11 0.92 0.93 0.99 0.19
12 0.97 0.99 0.97 0.52
13 0.98 0.99 0.99 0.97
14 0.97 0.99 0.99 0.97
15 0.81 0.81 0.99 0.02

In videos 5 and 6, the false alarm generating frame region is a sharp turn which is part of the road in the scene

(Blue circle in Figure 2). This part of the road extends from front to back on the scene, which makes vehicles move

not quite linearly. Since traffic is semi-intense or intense during the recording time, vehicles slowed down, and
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overhead lights clustered to form fire-like moving objects. In Figure 4, on top, a sample frame is shown. Even
though tag 11 is a not-fire object, it is detected as fire and boxed.

Invideos 7,8, 10, 12, and 15, reflections at not-fire regions on the ground up to half or one meter close to fire origin
and intense luminance on objects very close to fire cause an error. In Figure 4, on middle, tag 30 is a fire objects
that is predicted as fire, however though tag 172 is a reflection and not a fire, it is classified as fire. Notice that,
since these types of errors appear when a fire is the case, they do not really cause a false alarm.

In videos 9 and 11, a moving torch initially turns to the camera and then turns quickly back which makes the
illuminated area first grow and then suddenly shrink, eventually causes an error. In Figure 4, on bottom, both tags
1873 and 1975 predicted as fire while tag 1975 is a not-fire object.

-

Figure 4. Examples of false detections are shown. TOP: The fire on the left (Object tag: #1) is correctly detected.
However, flashlights of the cars passing by (Object tag: #11) are falsely labeled as fire object. MIDDLE: Fire (Object
tag: #30) is correctly detected while its reflection (Object tag: #172) is also falsely detected, BOTTOM: (Object tag:
#1975) is a correctly detected fire. (Object tag: #1873) is a flashlight and it is a false detection.

Window size also has an effect on accuracy. When window size increases, more evidence per window is collected
for decision process which allows better predictions. For pre-processing, which includes tagging procedure, more
computation is required. However, for SVM runs, less computation is the case. When window size decreases less
evidence per window is collected, less pre-processing computation and more SVM computation is required. Table
5 shows performance measures for two windows: N=5 and N=200. When N=5, average accuracy is 89.47% and
when N=200, accuracy also increases to an average of 96.63%. An increase in window size also decreases false
alarm rates. For example, in Figure 4 and video 1, the street, the house, and a torch light are predicted as fire
objects, When window size is 200, at the beginning of the video house lights very short time, the torch never and
due to move of the camera at the end of the video the streetlight very short time are predicted as fire. Even though
this encourages us to use longer windows (preferably with high fps cameras) due to heavy work of pre-process,
alarm response time will eventually decrease. In Table 6, NaN corresponds to existence of no not-fire objects in
the video. In videos 11 and 15, TNR value is 0 due to misclassification of intense luminance of a vehicle standing
very close to fire (Figure 4).

Table 6. Investigation of effect of window size on the classification accuracy. Window sizes N=5 and N=200 are
used in the tests.

Video SVM SVM SVM
(Accuracy) (TPR) (TNR)
N=5 N=200 N=5 N=200 N=5 N=200
1 88.28 91.09 0.96 0.87 0.81 0.93
2 82.98 91.32 0.77 0.80 0.85 0.96
3 92.25 98.00 0.88 0.94 0.94 1.00
4 97.43 98.78 0.95 0.97 0.98 0.99
5 79.03 91.89 0.79 0.91 0.78 NaN
6 86.61 100.0 0.93 1.00 0.61 -
7 88.03 100.0 0.99 1.00 0.12 1.00
8 95.87 99.20 0.95 0.99 0.00 NaN
9 89.59 100.0 0.89 1.00 0.43 NaN
10 94.90 98.04 0.95 0.98 0.17 NaN
11 87.68 98.47 0.99 1.00 0.36 0.00
12 95.10 98.78 0.96 0.98 0.51 NaN
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13 95.66 99.34 0.94 0.98 0.95 0.99
14 94,61 99.54 0.98 1.00 0.94 0.99
15 73.95 85.00 0.96 1.00 0.01 0.00

Apart from errors explained above, the proposed method successfully does not classify street or city lights,
headlights of vehicles and many other not-fire objects.

4. 2. Comparisons with the other classification methods

SVM is a standard tool for image classification problems. However, there exist some other tools performs equally,
some even better. In this section, we implement Random Forests (RF), AdaBoostM1 (AB), IBk and J48 machine
learning tools on our data. Performance measures are the same as we used for SVM at previous section. The
platform used for implementation is Weka data mining software by The University of Waikato. Default parameter
set up is used for the tests. Contrary to SVM experiments, training data is not limited and full training set is used
for building a model (see Table 4). In addition to SVM, 360 more tests are implemented, one test per video per
window size, and per machine learning tool.

Accuracy results are given in Table 7, In the table, except videos 11 and 15, RF showed the best performance among
other tools. Second best performance belongs to SVM. AB showed best performance for video 15 and IBk for video
11. Videos 3, 4, 6, 7,8, 10, 11, 12,13, and 14 show a robust performance under any machine learning tool while
videos 1, 2, 5, 9, 15 shows unstable performance. Performance of these methods is summarized in Figure 5. In
Table 8, TNR values are tabulated. On average, IBk gives lowest average false alarm rate of 32.01% and SVM gives
the highest average rate of 44.75%. Most robust videos in terms of TNR value are videos 3, 4, 13, and 14. After all,
all these analysis shows us in terms of fire catch RF performs best, however in terms of false alarm avoidance IBk
performs best.

Table 7. Comparison of the accuracies of SVM, Random Forest (RF) AdaBoostM1 (AB), IBk

Video SVM RF AB IBk
1 90.0 94.4 83.9 91.5
2 88.0 94.0 83.1 89.6
3 96.0 98.6 92.8 94.0
4 98.0 98.4 95.0 95.6
5 84.0 88.3 72.8 78.4
6 92.0 92.6 86.3 87.6
7 93.0 95.1 92.8 93.8
8 98.0 98.8 95.5 94.4
9 95.0 97.2 85.4 86.5
10 96.0 98.9 96.8 94.0
11 92.0 93.8 93.6 94.0
12 97.0 98.6 95.6 93.1
13 98.0 99.3 98.1 97.8
14 97.0 98.3 97.3 97.2
15 81.0 84.6 88.0 79.3
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Figure 5. Comparison of the accuracies of SVM, Random Forest (RF) AdaBoostM1 (AB), and IBk given in the Table
7.

Table 8. Comparison of TNR of SVM, Random Forest (RF) AdaBoostM1 (AB), IBk

Video SVM RF AB IBk
1 10.40 08.38 17.20 09.00
2 07.70 05.55 21.26 03.90
3 01.90 00.76 07.58 01.50
4 01.10 01.12 04.29 01.30
5 30.80 13.31 15.77 18.86
6 54.50 53.91 51.19 58.10
7 69.90 68.90 84.50 78.00
8 100.0 83.30 100.0 00.00
9 77.20 54.70 80.00 29.70
10 85.30 89.20 93.90 85.52
11 80.20 57.12 60.80 48.60
12 47.70 04.84 56.60 44.20
13 02.00 00.72 01.70 01.90
14 02.80 01.86 02.83 02.90
15 99.80 68.90 37.72 96.70

5. Discussion and Conclusion

In this paper, a video-based wildfire detection method for under-illuminated environments is proposed. The
experimental results show that temporal behavior of the flickering flame in a dark video has a distinct
characteristic, and it is well suited for flame and fire detection in low light conditions. This temporal behavior of
the fire allows us to extract descriptive spatio-temporal features from a fire video even the visual texture of the
objects in the dark video are not visible. The proposed object features are taking advantage of temporal flickering
motion of a night fire. The classification method can distinguish the deceptive false alarm sources such as city and
streetlights, vehicle headlights and flickering reflections.

It is experimentally verified that the fire detection accuracy of the proposed method is over 90% on the average.
The method is tested with various hyper-parameters such as temporal window size. It is shown that when the
temporal window size is increased to include 200 consecutive frames, over 95% accuracy on average was
obtained.

The proposed object features are tested with various classification methods such as SVM, Random Forests,
AdaBoostM1, and IBk. The comprehensive comparison shows that Random Forests classification attains the

443



Spatio-temporal Object Features for Wildfire Detection in Dark Videos

highest accuracy on the extracted features. It is also shown that the detection accuracy of IBk is comparable to the
most accurate model. Moreover, among all tested machine learning algorithms, IBk gives the smallest false alarm
rate, 32.01%, while SVM gives the highest. Therefore, when the reduction of the false alarm rate is more critical,
IBk can be employed. The method is fundamentally applied to fires that are not far away. The method is based on
temporal features of the fire object, which are derived from fires videos that are captured low to mid-range
distances. It should be expected that flickering and other temporal behavior of a far distance fire should have
differing features then that of a low to mid-range fire. Therefore, future research efforts can extend the method for
detection of fire at far distance.
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Keywords Abstract: This paper studies on design strategies and requirements of object-
deFiSion support systems, oriented programming approach within waterfall methodology, for developing a
object oriented programming  gdecision support system in a human resources system. The study proposes an
approach, ) integrated waterfall methodology and Object-Oriented Programming approach
software development life . . . : L.
cycle design that is implemented during development phases. The aim of the decision support
waterfall méthodology §ystem is to help decision makers in the recruitment process and t.:o propose a new
integrated methodology for developers and managers. The application is a web-
based system that supports structured decision making and provides information
for company operations and decision making processes.

Bir Karar Destek Sistemi Gelistirme Yasam Dongiisii Tasarimi1 Kapsaminda Selale
Metodolojisi ve Nesneye Yonelik Yaklasim

Keywords 0z: Bu makale, bir insan kaynaklar1 sisteminde karar destek sistemi gelistirmek
karar d?‘Stek. SiS_temleri' icin nesne yonelimli programlama icerisinde selale metodolojisi yaklasiminin
nesne yonelimli tasarim stratejileri ve gereksinimleri tizerinedir. Calisma, gelistirme agamalarinda

programlama yaklasimyi,
yazilim gelistirme yasam
dongilisii tasarimi,

selale metodolojisi

uygulanan biitiinlesik bir selale metodolojisi ve nesne yonelimli programlama
yaklasimi 6nermektedir. Karar destek sisteminin amaci, karar vericilere ise alim
siirecinde yardimci olmak, gelistiriciler ve yoneticiler i¢cin yeni bir biitiinlesik
metodoloji onermektir. Uygulama, yapilandirilmis karar vermeyi destekleyen,
sirket operasyonlar1 ve karar verme siiregleri i¢in bilgi saglayan web tabanl bir
sistemdir.

*Corresponding Author, email: zaydin@epdk.org.tr

1. Introduction

One of the big disputes about Decision Support System (DSS) implementations is that these software
development’s analysis and design phases take a substantial amount of time. Project plans and designing
software architectures take much time of planning even with a large team. In addition to that project teams
should choose an appropriate software development language and life cycle management methodology for
better and adaptable software.

Object oriented software development provides many advantages for developing modular integrated processes.
Object Oriented Programming (OOP) includes the actions of real or imagined objects. OOP languages, for
instance C#, contains mixed designs within components like procedural designs and can be implemented for
modelling at various levels of software model [1]. OOP based on data rather than facilities of integrated modules
that include whole information to trigger data structures such as attributes and methods [2]. OOP is popular and
it has many advantages agaiprocedural-orientedcedural oriented software programming. Object oriented
designs are reusable since there is no need to build some facilities repititively. It is flexible and can avoid
redundancy in the code. It can increase extensibility factor of classes and can develope secure programmable
code. Functions, with number of processes, share the global data, transfer data and focus on systematical design
from beginning to ending [3]. All of these factors provide decreasing time and investment during software
developing.
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OOP is the best choice in project planning of DSS developments, because of OOP software developing objectives
such as security, polymorhism, inheritance, design benefits, extensibility, flexibility, reusability, data redundancy,
code maintenance and easy troubleshooting.

In a Human Resources System (HRS) DSS life cycle management there should be definition of purpose of
expected software, process analysis, project planning, database and software design, database and software
development, security and end user testing, deployment, feedbacks and maintenance phases. According to these
phases, the Waterfall life cycle management methodology was chosen in this study, since this methodology is a
linear sequential life cycle model. It has a linear sequence in which the next step depends on the efficient
completion of the previous one. Especially completion of requirements analysis and system design that are
prepared carefully and meticulously are important phases. The programmers have to consider project phases
when they plan to develope a DSS sequentially in development of the project that aims to help decision makers in
the recruitment process and to propose a new integrated methodology for developers and managers as a web-
based decision support system.

The study continues with literature review in section 2, research method with the proposed software design,
logic and architecture subsections, implemented life cycle phases and waterfall methodology of the proposed
DSS in section 3, implemented and proposed software life cycle with integration of Waterfall methodology and
OOP approach in section 4 and conclusion in section 5.

1.1. Decision Support System

DSS helps decision makers to determine and solve semistructured and unstructured problems within data,
models and knowledge. Decision making processes was firstly revealed by Carnegie Institute of Technology and
was applied as a programming by Massachusetts Institute of Technology (MIT) in the 1960s. In the 1980s,
detailed research of DSS was studied from single-user DSS to organizational DSS, group DSS and executive
Information Systems (IS). Gorry et al. [4] developed DSS as an interactive software system that provided easy
access to information for decision makers. In the 1990s, DSS improved through online analytical processing and
data warehousing [5].

DSS could support decisions of theorganization’s operations for future strategies. DSS can be applied in different
management information systems, such as diagnostic in healthcare, supply chain management, educational
applications, human resource systems.

The selection of a DSS is depend on objective of the DSS problem, organization structure, problem structure
(semistructured and unstructured), decision makers’ experience and organizationexpectancyy. Hence
complexity and structure of the problem is very important in DSS developmentt.

1.2. Design Strategies and Requirements in Decision Support Systems’ Software Architecture

From early 1960s, to now, many DSS design strategies, requirement analysis and development methodologies in
the context of software architecture have been developed. Sprague et al. [6,21] stated DSS framework
components such as; data and model base, dialog generation and software management. The purpose of this
research is to evaluate the most approprite methodology for a DSS within HRS structure. Modern DSS designs
and modern procedural languages reduce time for decision making, reduce unnecessary project investments,
provide necessary information, present effectiveness in organizational processes and competitive advantages.
Development methodologies of DSSs are decision driven, process driven, data driven and system driven
methodologies and they specify squence of facilities of DSSs.

In the context of project management and software architecture, main strategies and requirements of DSS phases
are; identification of objectives, cost benefit analysis, risk assessment, initial project complexity, planning of
scope planning, project schedule, resource planning (software platform, hardware, project team, investments),
risk management planning, control change management, analysis of business needs and analysis of requirements
for database and model design, execution of functional, nonfunctional or unit tests, implementation, feedbacks
and maintenance.

In design strategies choosing a software platform is very important. OOP languages depend on unified desing

and its systematic procedural diagrams involve classes, use cases, development, communication and sequence
diagrams, and these advantages provide dealing with complexity of the objects [7].
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When OOP design is applied to DSS systems, it can provide easy to maintain and secure code development since
its design strategy is based on classes, objects and in place facilities which are structural functional
decomposition of DSS. The summary of the software goals and requirements an, advantages of a DSS through
modern procedural languages which depend on OOP concepts are presented as in Figure 1.

Objects, Classes, Functions

Inheritance, Polymorphism,
Encapsulation

Design Patterns

*Reusability +Reusability *Reusability
+Systematical Design sExtensibility +Systematical Design
sFlexibility

Figure 1. A DSS software requirements through OOP context.

According to the Figure 1, systematical design with objects and classes use attributes and functions to code given
data. Inheritance provides using the same code blocks just by changing the definition of related variables.
Reusability of attributes and methods ensures feasibility and easy coding. Polymorphism represents many
different types of variables in only one code and binds the objects at various positions with various functions.

1.3. Waterfall Methodology

DSS success relies on selecting a software development life cycle approach that is most suitable for defined DSS
objectives and related project phases. DSS project management and development are complex and have detailed
facilities that requires detailed analysis of integrated modules, experience on analysis, development and testing
phases, systematical system design, such as accurate database and programing designs.

The effects of change requests due to requirement imperfections on the outputs of software projects are
essential for sequential developing in Waterfall methodology [8]. Since system requirement analysis and design
are most essential part of a DSS project software life cycle management, Waterfall methodology was chosen in
this paper for sequential phases.

The Waterfall methodology was presented by Royce [9] to fill the gap in sequential software project
management and is widely implemented in projects. The sequential phases of the methodology are; requirement
analysis, system design, coding, testing and debugging, deployment and maintenance as illustrated in Figure 2.

sClarifying the users’ requirements and managing their expectations that

Requirement Analysis
related to objective of development

*Graphical representaion of the requiremet analysis (database and software

System Design
design)

Coding
sDeveloping the design software code

+*Functional,nonfunctional or unit tests for user acceptance and validation,

Testing and Debugging
checking whether the system meets the requirements or not

Deployment and Maintenance
*Releasing and taking feedbacks to enhance better versions

Figure 2. Life cycle phases of Waterfall methodology [9]

Objectives of an organizational HRS DSS is designed in a stable context generally. This design strategy provides
choosing Waterfall methodology because of its is easy implementation and manage, clear documentation of
needed requirements, review processes of each phase, sequential design of phases. The disadvantage of the
methodology is that, when starting to the software development it is diffucult to change the requirements, so it
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should be fixed at the beginning. On the other hand, fixing the requirements at starting can be an advantage for
clear and easy Development [16].

2. Literature Review

To help the human resource decision makers of an organization, Luk et al. [10] stated using of automated
processes with web services that can rise the efficiency and accuracy of choosing approprite employers for the
organizational needs. Power et al. [11] researched model driven DSSs to make better decisions. They developed
model driven DSS framework through using decision support, operational research and simulation technologies.
Detienne [12] studied on design strategies on Object Oriented Programming within procedural and OOP
languages. Veronica [13] stated that, DSS success relates with developers’ competence on the development tools
and processes and relates with determining a development approach that is suitable for the DSS problem. The
purpose of the paper is to overview the DSS project life cycle methods through DSS developments. Study used
waterfall methodology for system development life cycle within main stages such as; problem definition,
analysis, design, programming and implementation. Samad [14] studied on human resource Decision Support
System that includes recruitment process. According to research selecting potential employees through qualities
such as education and qualification, is necessary for reducing time and effort in decision making. Chack et al. [15]
studied on main tools that comprise integrated Human Resource DSS and they developed a multi agent DSS that
is divided into strategic, tactical and operational management layers. Soesanto et al. [16] proposed a web based
DSS which supports decisions in the scope of machinery and laboratory and it uses waterfall methodology.
Subhan et al. [17] presented a detailed analysis of agile software development methodology by studying on
requirements and design factors of different developments. Ramanathan et al. [18] determined the projects
implemented by different studies to present ideas for automated intelligent DSS problems that decision makers
face with in Human Resource Management (HRM) projects; and how these problems impact Software Project
Management (SPM) outputs. Urdhwareshe [3] presented benefits, importance and impacts of OOP on software
development that based on reusability, extensibility and flexibility. This study also explains the importance of
OOP and independent factor model through; object, class, inheritance and polymorphism. Soleman [19] tried to
create a DSS by Analytic Hierarchy Process (AHP) in weighting and by Profile Matching (PM) in ranking for an
employee selection system. This system aims to save time and money by this automization and uses three testing
methods for validation. Martins et al. [20] proposed a DSS that evaluates business ideas competing projects by
using C# and AHP to serialize projects. This study provides AHP method to simplify the assessment process of
competing.

The purpose of the paper is to overview the DSS project life cycle methods through DSS developments. This
study used waterfall methodology for system development life cycle within main stages such as; problem
definition, analysis, design, programming and implementation. Contribution to the literature will be with a
developed DSS that implements Waterfall methodology and OOP approach and with a proposed methodology
that integrates implemented approach.

3. Research Method
3.1. Development Objectives, Analysis and Sofware System Design

This study presents the logical design of a DSS software that is implemented for a company or an institution to
choose confidently the Expert Staff Recruitment (ESR) DSS for designated projects. Company can use decision
support system by recording the information of the applicants into the database and can create software
employee team of the specified projects that need to be developed in order to make the budget and document
transactions in electronic environment. The project development language is C # .NET development
environment and the database platform is MySql. The proposed DSS is a web-based application and aims to rank
qualified personnel in a final report, according to candidates’ total scores. Candidates’ registrations are entered
during application process.

The development objectives of the system are;

. Computer-aided decision making for the company projects

. Supporting managers in planning and control

. Creating a successful application in the field of human resources

. Providing secure and fast access by adding the information of applicants to the database
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. Achieving reliable results electronically by ensuring that the information added to the database
is passed through a scoring system

. Implementing OOP concepts through OOP goals

. Following waterfall software project life cycle phases for serial and easy going

. Integrating OOP approach with Waterfall methodology

In system design; user qualifications of system user are determined as making the data entry of the candidates,
organizing the data and performing the necessary reporting. In the development process; things to do before
development are devised as analyzing of software requirements, processes, algorithms, database design,
software design and preparing the design documents.

In the context of admin user requirements; secure logging into the system with username and password should
be included. Admin user should have has the permissions such as; adding, editting, deleting, updating, selecting,
viewing all the candidates’ information. Finally expert candidates can be determined as a result of the system's
guidance and decision makers can use the personnel recruitment decision support system and can make
decisions neutrally and fairly as system users.

Use case diagram is used to model the processes of ESR DSS from the point of view of system user. In the analysis
and design phase of a DSS Development, good modeling prevents future conflicts, so that UML is necessary for
object oriented programming languages. UML breaks downs our defined objectives into parts, and creates
connections between these parts. The requirements are mapped into the UML use case diagram as in Figure 3.

p
Login to System ’

e N

Viewing Candidate Information Adding Candidate

Information
L \
Calculating Candidate Scores Deleting Candidate

\ J \ Information

Ranking candidates by their / Editing Candidate

scores Information

/\

v
Decision Making with Expert Staff
Recruitment Decision Support
System

Figure 3. UML use case diagram of ESR DSS
3.2. Logic and Workflow of the ESR DSS

In related ESR DSS, decision maker can calculate scores of the project candidates/applicants whose qualifications
determined by the company through candidates’ education, experience, previous project area. In addition,
decision maker can record applicants’ information in a score table as a final ranking report. The registration of
these processes are visualized in Figure 4 as activity diagram.
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Figure 4. Activity diagram of registration process of ESR DSS
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Figure 5. Flowchart of proposed ESR DSS
In Figure 5 logic and workflow of the proposed ESR DSS is shown by a flowchart.

The database actor design consists of key users, end users, candidates and decision makers who will benefit from
the reports of the decision support system. The first records of the database were made by the authorized user
by entering the information of the candidates who completed their applications of the previous application of a
solution partner company. The finalization of the system reports was ensured by the feedback of the decision
makers.

In study’s database design and requirements process relational MySql database platform is used. In this
environment, enforcing relationships, determining each table’s primary key, including a common field in related
tables, using appropriate data types, including indexes during developing, avoiding data redundancy and
standardizing variables, schemas and objects naming are carried out. Through these features, the database tables
of ESR DSS are shown below.
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Database tables:

DBTable1l_Candidate Application Table:

. Table ID Number

. Candidate identification number

. Candidate name and surname

. Education Table ID number

. Project Area Table ID number

. Experience Chart ID number

. Results Table ID number

DBTable 2_Project Field Table:

. Table ID Number

. Project name

. Project Score (is determined by company)
DBTable 3_Education Table:

. Table ID Number

. Education Name

. Education Score (is determined by company)
DBTable 5_Experience Table:

. Table ID Number

. Experience Name

DBTable 6_Score Table:

. Table ID Number

. Application ID number

. Total Score

DBTable 7_Results Table:

. Table ID Number

. Result (Information on whether the candidate has been accepted)

ESR DSS security requirements should provide system and information security with username control,
password policies, ports, database authorization, permissions, roles, schemas security in database and secure
code development.

As privacy requirements; system does not allow unauthorized users to access the screens of different modules’.
As computer resource requirements; the software requirements are configured by C# programming language
and MySql database platform. As a design and implementation constraints of the development; user interaction
with the system is provided by authorized users. In addition, every user interface will have a standard screen
view and will differ according to its functionality. In staff requirements; staff is expected to have a basic
knowledge of computer use in order to use the ESR DSS application. In system test requirements phase; after the
system development phase is completed, functional system accuracy tests are made.

In terms of development design, inheritance and encapsulation in OOP provided heritage case in classes that
have more than one function and these functions are used in other pages and classes. For capsulation case; ESR
DSS defines public variable to access global variable that is created in outer class. Sometimes developers may
need to use these variables even though they don't want to change their values. In this case, there is no need to
encapsulate the variable. So, developer need to define this variable as private and remove write permission of
this variable with a read only property.

Authorized user enters all the the required applicants information such as; identity no, name, surname,
telephone no, e-mail, education, experience, project field into the application interface. User can search, edit and
update previous records from application interface. In application check interface user can query for recorded
candidates and can query candidates according to their ranked scores.

Total score of a candidate is calculated from education scores and project scores of related tables and these
scores are determined by company. The addition of education and project scores are inserted into total score
field.

Total scores of score table results determine the information whether the candidate has been accepted or not in
the results table.
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Application results interface includes both “query for candidate” button and “report” button. “Report” button
provides ESR DSS objective that want to show decision on candidates according to their total score and want to
choose best candidate for planned budget project and document project resource management. Figure 6 shows
application result interface and ESR DSS’s aimed result report.

(1] Identity No = | Name Surname = Education_ID - ProjectField_ID - Experience_ID = Experience_Year - Total Score - Decision

1 12457896631 Daniel Worth 1 1 1 5 4 Denied

2 45243234478 Cliff Dan 2 2 2 1 v Denled

3 56456548787 John Smith 2 2 3 4 16 Pending

4 TETES4TIES Jane Doe 1 2 2 5 14 Denied

5 TETES445112 Nick Cave 1 2 3 5 12 Denied

[ TE7E5324539 Daniel Dan 1 2 3 5 12 Denled

7 11983355666 Ridge Doe 3 2 2 L) 19 Budget Project-ACCEPTED

8 11985082475 Cindy Smith 3 2z Z 9 13 Budget Project-ACCEPTED

9 TIBA0ETABES Brooke Doe 3 2 2 7 17 Document Management Project-ACCEPTED
10 89840909798 Julie Cave 3 2 2 7 0 Eudget Project-ACCEPTED

11 IBEFGTESTE Julia John 3 2 2 T 20 Budget Project-ACCEPTED

12 10584508704 Mike Penn 3 2 2 7 20 Budget Project-ACCEPTED

13 14909245887 Marta Mile 3 2 2 7 20 Budget Project-ACCERTED

14 15524136544 Merie Can 3 2 2 7 0 Budget Project-ACCERTED

15 TISE0IBEEE5 Martin Rude 3 3 3 3 17 Document Management Project-ACCEPTED
16 78354085765 Amanda Can 1 3 = 1 10 Denied

17 89234567587 Jonh Mile 2 2 2 8 19 Budget Project-ACCEPTED

Figure 6. Interfaces and running principles of the ESR DSS-Application results interface and DSS’s aimed result
report.

3.3. Implemented Software Architecture Framework

A personnel recruitment system is very important for a company’s HRS DSS. This is an essential decision for a
company in which the organizational development fosters. A long term and necessary success of an organization
depends on its capacity to assess personnels’ experience in recruitment process. A HRS DSS development has
more strategic aspect and it is the key of qualified personnel of the organization.

A DSS software architecture is a set of software components, their relationships with connectors and features of
both components and connectors [23].

While preparing a DSS software, layers can be created according to intended use of the software or it can be run
on a single layer. Data layer, information layer, knowledge layer and presentation layer can be stated within the
concept of sofware layers. Data layer is the first step that is used to bring and manage distributed data and meta
information from the database system. Business layer enable data that is organized and controlled in accordance
with our business. In detail, it is a set of business logic, a group of domain specific components and connectors
that give valuable information for decision making and it includes components and connectors. Presentation
layer has interfaces that receive the meta information that is proccessed in the previous layers and it also uses
the web for a web based DSS [23,24,25,26].

In this paper, a multi layered sofware achitecture is planned in ESR DSS. The hierarchical sofware design consists
of data access, business, application, security and presentation layers. These layers are devised through OOP
design and concepts. They are used to share OOP components to make most effective use of code.

In our ESR DSS OOP software architecture; data layer designs database tables, variables and relations through
analysis and requirements, in addition it includes sql queries, functions, views and stored procedures. Data
access layer includes data access components and service gateways that configures security roles for providing
multiple databases access to application. Business layer provides value added information from database to
aggregate data into information by business logic for reporting on decision making process. Application level
security layer links the credentials to active directory, manages authentication for user accounts on domain, in
summary ensures security and access to application. In big DSS systems security layer should include logging
and security credentials should be encrypted and stored in database. In conclusion; presentation layer presents
user interface to provide communication between the user and the DSS. This layer includes forms, reports, user
and application controls, master pages, scripts, configuration files, presentation logic.

This study, implements a hierarchical structure of ESR DSS processes. Figure 7 presents the multi layered
software architecture of web-based ESR DSS as implemented software architecture.
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Decision Making
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y gic Rules alue-added Information
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Enter all neccessary
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Figure 7: Implemented and proposed layered ESR DSS Framework

In designing the software the study tried to apply waterfall methodology for easy going and easy arrangement by
a sequential project life cycle management and implemented OOP concepts.

4. The Implemented and Proposed Software ESR DSS Life Cycle with Integration of Waterfall
Methodology and OOP Approach

During the development, implementation of waterfall methodology was done by requirement analysis, system
design, coding, testing and debugging, deployment and maintenance life cycle project management phases.

These phases are implemented through ESR DSS objectives that try to provide easy and accurate decision
making on a recruitment decision and assignment and evaluation of candidates for determined projects of
company.

In development process; software developers must identify what they are going to develop. Structured analysis
and design techniques are mentioned in section 3 with activity diagram, use case diagram, flowchart and
relational database table components. To overcome the different understanding levels of objectives between
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stakeholders, system requirements should be written down as a requirement document and in the literature this
document known as Software Requirements Specification (SRS) document [21]. SRS contains both functional and
nonfunctional requirements, such as; what the application does and what the end user wants. In this study’s
concept, requirements gathered from stakeholders should be written in a SRS document for preventing conflicts
and saving time between developers and stakeholders. This document also decreases project costs since it
provides agreement and time saving.

SRS helps fast and easy going system design, coding, testing and debugging, deployment and maintenance
facilities.

OOP software design is a visualization of SRS that consists of application architecture, detailed software design,
implementations of all customers’ specifications, relationships between different components of system such as
database and software relationships. In previous sections, study explained how ESR DSS software design is
planned through user requirements, software requirements, processes, algorithm, database design and OOP
approach software design. This phase allows developers to provide the accuracy of the all system since it is a
communicator between SRS document and implementation.

In HRS DSS projects, design of database is an essential part of system design phase and development phase
which includes instance mapping, data and schemas. In the database concepts of the OOP approach provides,
efficiency for reusability of its application layers and transferring the existing data to planned database shema.

Functional, non-functional, unit tests should be made for user acceptance and validation, to see whether the
system meet the requirements or not. System should be user friendly, easy to use and should has user
application permissions. The deployment and maintenance phase should consist of taking feedbacks to enhance
better versions and requirements. For example, there should be verification of ID number and project types can
be determined by the end user on application interface.

In this perspective; study wants to present an integrated waterfall methodology and OOP approach that is used
during ESR DSS project life cycle management.

ESR DSS Feasibility
Feasibility Documentation Validation Acceptance Testing Validation
Requirement Analysis
User Database . Software Requirements System Architecture L
Requirements Requirements 0OP Analysis Specification (SRS) Testing Validation
System Design
Database Design 0O0P Design Integration Testing Validation
Development
Functional, Nonfunctional L User Acceptance L
00P Approach or Unit Testing Validation Testing Validation
Implementation
Releasing Better System Acceptance N .
Program use Feedbacks v ersi%n S M Testin gp Validation Maintenance

Figure 8: Proposed ESR DSS software life cycle with integration of Waterfall methodology and OOP approach
The software development project life cycle management framework of our study is presented in Figure 8 within

OOP design strategies and Waterfall methodology. This framework integrates a hierarchical life cycle with
related OOP analysis, design and approach, documentation phases, testing phases before validations. This
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framework will help gaining necesseary testing, reducing project time and cost, implementing a hierarchical life
cycle management and releasing better versions.

5. Conclusion

The quality of a DSS depends on approprite project life cycle methodology, accurately specified requirements,
objectives, software architectural design within OOP concepts and developer’s competence through expected
implementation. This study discussed and introduced an accurate and hierarchical DSS software life cycle
framework to assist in the development of web based HRS DSSs. The intention of this research is to propose a
DSS that provides necessary information and guidance to human resource systems’ decision makers to be more
neutral and fair in their recruitment process evaluation and to make true decision at present and in the future for
their software project team.

The study tried to show importance of the development phases of a specified DSS project. The proposed system
helps to solve human resource DSS problems by reducing project time and cost and assisting the managers in
decision making. In addition, sequential project phases help to be consistent in development as in waterfall
methodology due to it provides consistency with specified requirements analysis and system design at the
beginning. The proposed multi-layered ESR DSS framework of the study divides each layer into two components
in the context of security, value-added information and authentication within the decision support system. With
the multi-layered structure, functional and adaptable architecture is aimed in line with the needs of the system
and the users. The proposed ESR DSS software life cycle with integration of Waterfall methodology and OOP
approach provides gaining necesseary testing, reducing project time and cost, implementing hierarchical life
cycle managemenet and releasing better versions.

In the future, it is intended to try DSS with other project life cycle methodologies and develope new modules in a
HRS DSS.
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Keywords Abstract: Due to the harsh environmental conditions in Antarctica, the life of living
A.nta.rCtiC@} organisms is very limited. Lichenized fungi, which can survive in harsh
Biodiversity environmental conditions, form the dominant vegetation of Antarctica. Studies on
DNA barcoding

the biodiversity of lichenized fungi in Antarctica have been conducted for many

James Ross Island . . . .

Lichenized fungi years based on anatomical and morph.ologlcal observations. .Hovyever, with the use

nrITS of DNA barcoding methods, these studies have been accelerating in recent years and
new species are being discovered day to day. On the other hand, DNA barcoding of
known species from the past is also done and anatomical/morphological diagnoses
are confirmed. In this study, Catillaria contristans (Nyl.) Zahlbr., Gyalidea antarctica
@vstedal & Vézda, Physconia muscigena (Ach.) Poelt, Rhizocarpon geminatum Korb.,
Steinera intricata (@vstedal) Ertz and Xanthocarpia tominii (Savicz) Frodén, Arup &
Sgchting species based on nr/TS DNA barcoding were performed. In addition,
detailed descriptions of the species are also included in the study.

James Ross Adasi (Antarktika Yarimadasi, Antarktika)'ndan Bazi Likenlesmis
Mantarlarin DNA Barkodlamasi

Anahtar Kelimeler Oz: Antarktika’da zorlu cevresel kosullar nedeniyle canhlarin yasami oldukca
A_ntarkt_ikz_i_ siirlanmistir. Zorlu cevresel kosullarda hayatta kalabilen likenlesmis mantarlar
Biyogesitlilik Antarktika'nin baskin vejetasyonunu olusturmaktadir. Antarktika’da likenlesmis
DNA barkodlama

mantarlarin biyocesitliligi ile ilgili calismalar anatomik ve morfolojik gozlemlere

James Ross Adasi .

Li . dayali olarak wuzun yillardir devam etmektedir. Ancak DNA barkodlama

ikenlesmis Mantar n .

nrITS yontemlerinin kullanilmasiyla son yillarda bu ¢alismalar hiz kazanmaktadir ve her
gecen giin yeni tiirler kesfedilmektedir. Ote yandan gegmisten bu yana bilinen
tiirlerin DNA barkodlamalar1 da yapilmakta ve anatomik/morfolojik teshislerin
dogrulanmaktadir. Bu baglamda bu c¢alismada James Ross Adasi (Antarktika
Yarimadasi, Antarktika)'ndan daha o6nce rapor edilen likenlesmis mantar
tlrlerinden Catillaria contristans (Nyl.) Zahlbr., Gyalidea antarctica @vstedal &
Vézda, Physconia muscigena (Ach.) Poelt, Rhizocarpon geminatum Koérb., Steinera
intricata (@vstedal) Ertz ve Xanthocarpia tominii (Savicz) Frodén, Arup & Sgchting
tiirlerinin nriTS e dayali DNA barkodlamalari yapilmistir. Ayrica ¢alismada tiirlere
ait detayli deskripsiyonlara da yer verilmistir.

*Corresponding Author, email: amervekahramann@gmail.com

1. Introduction

The dominant organisms of the Antarctic terrestrial vegetation are lichenised fungi. It constitutes the largest
macroorganism group in terms of the number of species [1]. Studies on lichenized fungi in Antarctica have been
going on for about 2 centuries. Today, with DNA-based research, the number of lichenized fungi known from
Antarctica is nearly 500 [2].
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DNA barcoding of some lichenized fungi from James Ross Island (Antarctic Peninsula, Antarctica)

James Ross Island, located in the north-east tip of Antarctic Peninsula “(64° 15'S, 57° 45' W)” is known as one of
the most lichen-rich islands in Antarctica, with more than 140 species of lichenized fungi reported. As usually the
anatomical and morphological characters were used in identification of lichenized fungi species on James Ross
Island; it is thought that the lichens of the island should be examined by molecular methods to accurately [3]. For
several years some researchers studied the island's lichenized fungi biodiversity; identified and/or reported new
species from the island [3-15]. DNA barcoding plays an important role in making these identifications especially
in the last years.

In this study, it is aimed to perform DNA barcoding of some previously known and reported species from James
Ross Island. For this purpose, Catillaria contristans (Nyl.) Zahlbr., Gyalidea antarctica @vstedal & Vézda, Physconia
muscigena (Ach.) Poelt, Rhizocarpon geminatum Korb, Steinera intricata (@vstedal) Ertz and Xanthocarpia tominii
(Savicz) Frodén, Arup & Sgchting are identified in species level based on nr/TS phylogeny.

2. Material and Method
2.1. Materials and morphological observation

Samples of lichenized fungi were collected by the third author from James Ross Island (Antarctic Peninsula).
Collected specimens are deposited in “Erciyes University Herbarium (ERCH-Kayseri, Turkey)”. The specimens
were identified by using standard microscope methods. Sections were taken in Lugol's solution, potassium
hydroxide (K) and water. However, measurements were made only from sections in water. The measurements are
written in as “(smallest value) mean minus standard deviation-mean-mean plus standard deviation-(largest

value)” format by calculating mean, standard deviation, maximum and minimum values. “n” was the total number
of measurements for all samples of that species.

2.2.Isolation, DNA extraction, amplification, and sequencing

An average of five to six apothecia were taken for DNA isolation and a commercial DNA isolation kit (“DNeasy Plant
Mini Kit; Qiagen”) was used for DNA isolation. The isolation was carried out according to the instructions prepared
by the manufacturer in the kit. “Internal transcribed spacer region (/T7S1-5.8S-ITS2 rDNA)” genes were used for
PCR amplification. Each sample was prepared for a total of 50 pl of standard reaction. Optimum amplification
conditions were obtained with 25 pl of 2 x Taq PCR MasterMix in each tube with 2 pl of the primers ITS1F and
ITS4, 2 pl of DNA extracts and 19 pl of distilled water [16-17]. The thermal cycling conditions are as follows: an
initial denaturation step of “95°C for 5min”, followed by “35 cycles of 95°C for 45sec” (denaturation), “54°C for
45sec” (annealing), and “72°C for 60sec” (extension) followed by a final extension period of “72°C for 10min”.
Sequence analyzes of lichen samples from which PCR products were obtained were performed by BM Labosis
Laboratory (Ankara, Turkey).

2.3. Phylogenetic analyses

ITS sequences of all species were aligned and optimized manually using ClustalW in BioEdit V7.2.6.1 for preparing
the phylogenetic trees. In MEGA XI, only parsimony-informative regions were used for analysis. Indeterminate
regions were excluded from the alignment. [18-19].

1000 bootstrap replications were performed by bootstrap analysis for the estimation of confidence levels of the
clades. Phylogenetic relationships and support values were investigated using maximum likelihood (ML)
bootstrapping, as implemented in MEGA XI. Kimura two-parameter model was used for the analysis of the ML
method. Genbank numbers of used sequences in phylogenetic trees within this study are given in Appendix Table
1 (Appendix 1).

3. Results

3.1. Catillaria contristans (Nyl.) Zahlbr.

Thallus crustose, as clumps of warty granulose squamules, chalky white. Apothecia lecidein, plane or convex,
angular, black, weakly whitish pruinose, clustered or dispersed as single ones, (0.2-)-0.3-(-0.6) mm (n=10).
Epihymenium bluish-black, 50 um. Hymenium hyaline sometimes with a blackish tinge, 80-90 pm. Hypothecium
hyaline and 45-50 um. Asci 8-spored. Ascospores hyaline, one-septate, ellipsoid or narrowly ellipsoid, sometimes
slightly curved, (9-)9,6-10,6-11,5(-12) x (3,5-)-4,5-(-5) pum (n=20) and ascospores l/w ratio: (2-)-2,4-(-3) um
(n=20). Paraphyses are not branched, adnate, tips capitate with blackish pigment and 3-7 pm diam. Pycnidium
was not observed (Figure 1). Thallus and medulla K-, C-, KC-, Pd-, KI-.
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U pum

Figure 1. Catillaria contristans, A. Habitus, B. Ascospores.

For the phylogenetic analysis of the species C. contristans, a total of 16 ITS rDNA sequences were analyzed. In the
BLASTn search, the final alignment of the ITS sequence of Catillaria contristans contained 550 bp after trimming.
Altogether, 273 nucleotides were found to be conserved sites (C), and 270 nucleotides were found to be variable
sites (V) in the ITS gene region. Bryobilimbia diapensiae (Th. Fr.) Fryday, Printzen & S. Ekman is used as an
outgroup which is a member of the genus Bryobilimbia Fryday, Printzen & S. Ekman, phylogenetically related to
the genus Catillaria A . Massal [20] (Figure 2).

MT248986.1 Catillara flexuosa
MWO045827 1 Catillana flexuosa
KF360370.1 Catillaria chalybeia
OK332960.1 Catillaria fungoides
OL453196.1 Catillania nigroisidiata
FRV99312.1 Catillaria nigroclavata
g3 - FR799313.1 Catillaria nigroclavata
MZ159742 1 Catillaria chalybeia
KFB89898.1 Catillara lenticulans
100 E MG925962.1 Catillaria contristans

JR 0.026 Catillaria constristans
83 DQ534457. 2 Catillaria corymbosa
MG925964.1 Catillana scotinodes
HQB50651.1 Catillara erysiboides

100 - MG925963.1 Catillania erysiboides
—— MKB12677.1 Bryobilimbia diapensiae

91

—

0.050

Figure 2. ML phylogeny based on ITS gene region of Catillaria contristans.

C. contristans grows on gravelly soil and terricolous crustose lichens in stony fellfield [21]. It can grow over
bryophytes (Andreaea spp.) on sheltered, vertical rock face with no calcareous influence [22], and also it has been
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reported from plant debris on rock or bryophytes in acid habitats, in higher mountains or on the ground [23]. In
James Ross Island, it grows on soil near streams at low altitudes.

It is a bipolar species [21]. It has been reported from Tasmania [21], Australia (24), New Zealand, North America
(22), Poland (23), Germany (25), Scotland (26), Panarctic (27), England (28), Ireland (29), Iceland (30), USA (31),
France (32), North Norway (33), British Isles (26), Greenland (34) and Antarctica.

In Antarctica; it has been reported from Antarctic Peninsula, South Shetland and Orkney Islands [21, 35], King
George Island [36, 37], Singy Island (38). C. contristans is a new record for James Ross Island.

Specimen examined: “Antarctica, Antarctic Peninsula, James Ross Island, Solorina Valley 63° 52’ 39.0” S, 57° 46’
51.6" W, alt. 2 m., on soil, 26 January 2017, Leg. M. G. Halic (JR 0.026)".

3.2. Gyalidea antarctica @vstedal & Vézda

Thallus granulate, mostly not conspicuous. Apothecia dispersed in various parts of the substrate, immersed to the
thallus, 0.2-0.25 mm diam. Mature apothecia porous, honey-brown. Epihymenium light yellowish brown, 25-30
pm. Hymenium honey brown, 75-110 pm, Hypothecium hyaline, 30-40 pm. Asci 8-spored, 80-91 x 28-36 pm.
Ascospores wide ellipsoid, simple, hyaline, with many oil droplets, (16-)16.5-21.5-27.5(-28) x (11-)11.5-13.5-
15.5(-16) pm (n=10). Ascospores 1/w ratio: (1.14-)1.25-1.6-1.95(-2) pum. Paraphyses are branched, slender, 1-
1.5 um. Pycnidium was not observed (Figure 3). All spot tests are negative.
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Figure 3. Gyalidea antarctica, A. Habitus, B. Ascospores.

For the phylogenetic analysis of the species G. antarctica, a total of 4 ITS rDNA sequences were analyzed. In the
BLASTn search, the final alignment of the ITS sequence of G. antarctica contained 512 bp after trimming.
Altogether, 200 nucleotides were found to be conserved sites (C), and 304 nucleotides were found to be variable
sites (V) in ITS gene region. G. antarctica is classified in the family Gomphillaceae. There are 23 genera and about
450 species in this family but in GenBANK there is only two other ITS data from family members (Gyalidea fritzei
(Stein) Vézda and Gyalidea aff. lecideopsis var. eucarpa (Servit) Vézda). Therefore, Diploschistes scruposus (Schreb.)
Norman, belonging to the family Thelotrematacea which is phylogenetically closely related to the family
Gomphillaceae [39] was used as an outgroup (Figure 4).
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96 —— MZ159569.1 Gyalidea fritzei

—— MMN483071.1 Gyalidea aff. lecidecpsis var. eucarpa

JR 0,167 Gyalidea antarctica

KJ542546.1 Diploschistes scruposus

010

Figure 4. ML phylogeny based on ITS gene region of Gyalidea antarctica

It is an Antarctic endemic species and it has only been reported from James Ross Island so far and it grows at an
altitude of 10-35 m on moist Bryum pseudotriquetrum located on the banks of the stream [21].

Specimen examined: “Antarctica, Antarctic Peninsula, James Ross Island, Long Term Research Spot 7-8, 63° 48’
03"S,57°52' 50" W, alt. 3 m., on moss, 24 January 2017, Leg. M. G. Halic1 (JR 0.167)".

3.3. Physconia muscigena (Ach.) Poelt

Thallus foliose, up to 4 cm diam, upper surface grey and margins has purple tinge. Whitish pruinose patches are
present. Lobes regular or irregular, 1-2 mm broad and 2-4 mm long. Margins of the lobes sometimes upturned.
Vegetative propagules not present. Lower surface i whitish brown or white and black rhizines present. Apothecia
and pycnidia not observed (Figure 5). All spot tests are negative.

Figure 5. Physconia muscigena, A. Thallus, B. Lobes.

For the phylogenetic analysis of the species P. muscigena, a total of 44 ITS rDNA sequences were analyzed. In the
BLASTn search, the final alignment of the ITS sequence of P. muscigena contained 544 bp after trimming.
Altogether, 343 nucleotides were found to be conserved sites (C), and 149 nucleotides were found to be variable
sites (V) in ITS gene region. Anaptychia ciliaris (L.) Korb. ex A. Massal, a species belonging to the same family with
P. muscigena [40] was used as an outgroup (Figure 6).
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69 LS483126.1 Physconia muscigena
| JQ301696.1 Physconia muscigena
37 LS483125.1 Physconia muscigena
JR 0.317 Phsyconia muscigena
41 | | AY368136.1 Physconia muscigena
88 AY368135.1 Physconia muscigena
2g | MK811781.1 Physconia muscigena
"1 LS483123.1 Physconia muscigena
AY368131.1 Physconia kurokawae
g AY368133.1 Physconia leucoleiptes
sg - EF582773.1 Physconia leucoleiptes
92 — KY990718.1 Physconia labrata
- KY990717.1 Physconia labrata
\ KY990716.1 Physconia grumosa
99 ' AY498684.1 Physconia grumosa
AY368137.1 Physconia muscigena
81/, JR 0.025 Physconia muscigena
| JR 0.202 Physconia muscigena
JR 0.300 Physconia muscigena
86 — JR 0.189 Physconia muscigena
72 JR 0.159 Physconia muscigena
‘ JR 0.393 Physconia muscigena
LS483124 1 Physconia muscigena
22" JR 0.327 Physconia muscigena
68 — DQB62496.1 Physconia thorstenii
~——— AY368114.1 Physconia americana

34

17 AY368130.1 Physconia isidiigera
2 AY368124.1 Physconia enteroxantha
- AY368143.1 Physconia servitii
L DQ8e2487.1 Physconia distorta
8 EF582765.1 Physconia serviti

89 MK812071.1 Physconia distorta
3463T KY990715.1 Physconia detersa

DQ862491.1 Physconia subpulverulenta
99 | DQB62488.1 Physconia grisea
- AY368128.1 Physconia grisea
L 100 - AY368119.1 Physconia elegantula
70 EF582757.1 Physconia elegantula
— DQ862498.1 Physconia venusta
KY990723.1 Physconia perisidiosa
5 - AJ421422.1 Physconia perisidiosa
39| AY368147.1 Physconia venusta
80 - AY368142.1 Physconia perisidiosa
KC559095.1 Anaptychia ciliaris
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Figure 6. ML phylogeny based on ITS gene region of Physconia muscigena

P. muscigena is a bipolar cosmopolite species and has a wide distribution in the world. In Antarctica it has been
known from, South Shetland Islands (King George Island), South Orkney Islands [21], James Ross Island (41), Cape

Lion (42), King George Island (43), Dronning Maud Land (44), Alexander Island, Cockburn Island (45), South
Shetland Island (46), Half Moon Island (47) on soil or mosses.

Specimens examined: “Antarctica, Antarctic Peninsula, James Ross Island: Berry Hill Point, 63° 48’ 42.0" S, 57° 50’
5,4" W, alt. 300 m., on soil (JR 0.025); Neck of Lachman, 63° 47’ 22.5" S, 57° 48’ 12" W, alt. 36 m., on moss (JR
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0.089); Lachman Bay, 63° 47’ 22.5" S, 57° 48" 12" W, alt. 36 m., on soil (JR 0.159, JR 0.202); SE Tip of Johnson Mesa,
63° 49’ 46.2" S, 57° 54’ 21.6" W, alt. 292 m., on soil (JR 0.300); Panoramic Pass, 63° 48' 56" S, 57° 50' 36" W, alt.
220 m., on soil (JR 0.317); Berry Hill Mesa, 63° 48’ 42.0", 57° 50’ 5.4" W, alt. 345 m., on moss (JR 0.327); Puchau,
63°48'24.9" S,57°50' 27.6" W, alt. 142 m., on soil (JR 0.397); Leg. M. G. Halic..”

3.4. Rhizocarpon geminatum Koérb.

Thallus crustose, well developed, areolate verrucose, blackish dark brown. Areoles convex and swollen, circular,
dispersed through thallus. Apothecia black, immersed between areoles, (0.1-)0.15-0.2-0.35(-0.5) mm (n=90).
Epihymenium dark brown to black, (10-)21-35-49(-70) um (n=25). Hymenium hyaline, (40-)78-107-136(-
170) pm (n=25). Hypothecium dark brown, (10-)32.5-67.5-102.5(-130) um (n=25). Asci 2-spored, (42-)56.5-
76.5-96.5(-113) x (10-)17-27-37(-54) um (n=25). Ascospores greenish to dark brown, ellipsoid, murriform,
(23-)37-48-59(-90) x (11-)18-24-30(-40) pm (n=85). Ascospores 1/w ratio: (1.17-)1.49-2.1-2.71(-4.82) um
(n=85). Paraphyses are simple, branched or not branched, tips are slightly enlarged, (2-)2.5-3-3.5(-4) um (n=30).
Pycnidium not observed (Figure 7). All spot tests are negative.

Figure 7. Rhizocarpon geminatum, A. Thallus and apothecia, B. Ascus and ascospores

For the phylogenetic analysis of the species R. geminatum, a total of 26 ITS rDNA sequences were analyzed. In the
BLASTn search, the final alignment of the ITS sequence of R. geminatum contained 652 bp after trimming.
Altogether, 301 nucleotides were found to be conserved sites (C), and 257 nucleotides were found to be variable
sites (V) in ITS gene region. Catolechia wahlenbergii (Ach.) Flot., a species belonging to the same family with R.
geminatum [48] was used as an outgroup (Figure 8).
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Figure 8. ML phylogeny based on ITS gene region of Rhizocarpon geminatum

R. geminatum is a bipolar cosmopolite species. It has been reported from Europe, North America, Antarctica [21],
Australia (49), Turkey (50), Northern Hemisphere (51). In Antarctica; it has been reported from James Ross Island,
South Shetland Islands, Argentina Island [21], King George Island (52), Livingstone Island (53) Botany-Bay (54),
Redcastle Ridge, Cape King, Gondwana, Finger Point (55), Victoria Land (56), Terra Nova Bay (57), Schirmacher
Oasis- Larsemann Hill (58), Cape Lion (42), Ross Sea Region (59).

Specimens examined: “Antarctica, Antarctic Peninsula, James Ross Island: British Navy Point, on rock (JR 0.010);
Peters Collection, on rock (JR 0.054); Solorina Valley 63° 52’ 39.0” S, 57° 46’ 51.6” W, alt. 2 m., on rock (JR 0.231,
JR 0.400); Leg. M. G. Halic.”

3.5. Steinera intricata (@vstedal) Ertz

Thallus brown, foliose, 3 cm wide, straight and circular, lobate. Lobes terete, branched, 1-2 cm diam and 0.5-1 cm
length. Cortex of lobes up to 7 pm thick, composed of densely conglutinated isodiametric cells. Medulla dense and
full of photobiont. Photobiont cyanobacteria. Isidia present. Apothecia not observed (Figure 11). All spot tests are
negative.
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Figure 9. Steinera intricata, A. Thallus, B. Lobes.

For the phylogenetic analysis of the species S. intricata, a total of 19 ITS rDNA sequences were analyzed. In the
BLASTn search, the final alignment of the ITS sequence of S. intricata contained 494 bp after trimming. Altogether,
338 nucleotides were found to be conserved sites (C), and 147 nucleotides were found to be variable sites (V) in
ITS gene region. Gregorella humida (Kullh.) Lumbsch, a species belonging to the same family with S. intricata [60]
was used as an outgroup (Figure 10).

MHT717167 .1 Steinera intricata
- JR 0.297 Sreinera intricata
100 | MHTA7165.1 Steinera intricaia
MHT717164 1 Steinera intricata
MH717163.1 Steinera intricaia
MHT717162 1 Steinera intricata
MF293108 1 Steinera subantarctica
Y MR152550.1 Steinera isidiata
MF283083 1 Steinera isidiata
1o0 | MFB93103 .1 Steinera molybdopiaca
21 MF&93102 1 Steinera molybdoplaca
85 MR152552 1 Steinera membranacea
100 ' MFE93093 1 Steinera mambranacea
_| MFE93107 .1 Steinera pannanoides
MF293106.1 Steinera pannaricides
_| MF293090 1 Steinera lebouvier
MF293029 1 Steinera lebouvier
- MF393088 .1 Steinera latispora
K.CE06067 .1 Gregorelia humida

=

89

Qa2

Figure 10. ML phylogeny based on ITS gene region of Steinera intricata

S. intricata occurs on mosses and rocks [21]. It has been reported from South Shetland Islands, James Ross Island,
Charcot Island, Southern South America (Terra del Fuego)[61]. In James Ross Island, it was collected on mosses in
high altitudes.

Specimen examined: “Antarctica, Antarctic Peninsula, James Ross Island, SE Tip of Johnson Mesa, 63° 49’ 46.2" S,
57°54' 21.6" W, alt. 292 m., on moss (JR 0.297), Leg. M. G. Halic1”.
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3.6. Xanthocarpia tominii (Savicz) Frodén, Arup & Sgchting

Thallus crustose, squamulose, yellow-orange. Soredia present. Especially the margins of the thallus are covered
with dense soralia. Soralia are lighter yellow than thallus, almost lemon yellow. Apothecia was not observed
(Figure 11). Thallus and soralia K+ purple.

Figure 11. Xanthocarpia tominii, A. Thallus, B. Soralia.

For the phylogenetic analysis of the species X. tominii, a total of 26 ITS rDNA sequences were analyzed. In the
BLASTn search, the final alignment of the ITS sequence of X. tominii contained 588 bp after trimming. Altogether,
353 nucleotides were found to be conserved sites (C), and 158 nucleotides were found to be variable sites (V) in
ITS gene region. Calogaya saxicola (Hoffm.) Vondrak, a species belonging to the same family with X. tominii [62]
was used as an outgroup (Figure 12).

JR 0.325 Xanthocarpia tominii

JR 0.360 Xanthocarpia rominii

= | JR 0.088 Xanthocarpia tominii

JR 0.129 Xanthocarpia tominii

CL 1.010 Xanthocarpia tominii

CL 0,925 Xanthocarpia tominii

MG954185.1 Xanthocarpia tomimii

KUS26971.1 Xanthocarpia interfulgens

KC179126.1 Xanthocarpia crenulatelia

MG954186 .1 Xanthocarpia interfuigens

KUS26973 .1 Xanthocarpia interfulgens

MGA54187 1 Xanthocarpia interfulgens

KC416124 .1 Xanthocarpia lactea

KC179132 1 Xanthocarpia ochracea

a8 KJ133483 .1 Xanthocarpia ochracea

93 | MN512254 .1 Xanthocarpia marmorata

KC179131.1 Xanthocarpia marmorata

KU926974 .1 Xanthocarpia marmorata
MG954190.1 Xanthocarpia ferrarii

92 KC179128 .1 Xanthocarpia erichansernii

MG552488.1 Xanthocarpia crenulatela
MG954191 1 Xanthocarpia ferrarii

KC179127 1 Xanthocarpia epigaea

2 - MK110661.1 Xanthocarpia feracissima

KC179129 1 Xanthocarpia feracissima

WMW3E67452 1 Calogaya saxicola

ooz

Figure 12. ML phylogeny based on ITS gene region of Xanthocarpia tominii.
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X. tominii is a species that develops widely on calcareous and non-calcareous soils and plant residues (63). It has
been known from North America, Greenland, Norway, Austria, Ukraine, Central Asia, Peru and Antarctica [21]. In
Antarctica, it has been reported from Victoria Land (63), Utsteinen Nunatak (60) and Enderbyland (64). It is a new
record for James Ross Island.

Specimens examined: “Antarctica, Antarctic Peninsula, James Ross Island: Neck of Lachman, 63° 47’ 22.5" S, 57°
48' 12" W, alt. 36 m., on soil (JR 0.088); Dirty Valley 63° 48’ 38.1" S, 57° 51' 36" W, alt. 92 m., on soil (JR 0.129);
Panoramic Pass 63°48' 56" S, 57° 50" 36" W, alt. 220 m., on soil (JR 0.325, JR 0.360), Leg. M. G. Halic1.”

4., Discussion and Conclusion

In this study, we performed DNA barcoding of some previously known and reported species from James Ross
Island. For this purpose, we studied Catillaria contristans (Nyl.) Zahlbr., Gyalidea antarctica @vstedal & Vézda,
Physconia muscigena (Ach.) Poelt, Rhizocarpon geminatum Korb, Steinera intricata (@vstedal) Ertz and
Xanthocarpia tominii (Savicz) Frodén, Arup & Sgchting species based on nriITS phylogeny.

According to ITS phylogeny (Figure 2), it is clear that JR 0.026 belongs to C. contristans. It matches 100% with the
species data from Genbank. Phylogenetically C. contristans is closely related to Catillaria corymbosa (Hue) .M.
Lamb. C. corymbosa has fruticose thallus, while C. constristans has crustose thallus. C. contristans is anatomically
and morphologically similar to Bilimbia lobulata (Sommerf.) Hafellner & Coppins. Two species differ from each
other by ascus types. C. contristans has Catillaria-type ascus, while B. lobulata has Biatoria-type ascus [21].

G. antarctica is classified under the genus Gyalidea in the family Gomphillaceae. There are 23 genera in the
Gomphilaceae family. These 23 genera contain about 450 species [indexfungorum.org]. However, GenBANK does
have only two ITS data for family species (G. fritzei and G. aff. lecideopsis var. eucarpa). These two data were used
for phylogenetic tree. It is very clear in the phylogenetic tree (in Figure 4) that the species is G. antarctica, as well
as with its anatomical and morphological features. Its data was uploaded to GenBANK within this publication for
the first time.

According to ITS phylogeny (Figure 6), all eight JR specimens (JR 0.025, JR 0.089, JR 0.159, JR 0.202, JR 0.300, JR
0.317,]JR 0.327, and ]JR 0.393) clearly match with P. muscigena. P. muscigena is anatomically and morphologically
similar to Physconia distorta (With.) ].R. Laundon. It is quite similar in that it does not contain isidia and soredia in
two species and P. muscigena differs from P. distorta with irregular and ascending lobes [21].

According to ITS phylogeny (Figure 8), all four JR specimens (JR 0.010, JR 0.054, JR 0.231 and ]JR 0.400) clearly
match with R. geminatum. R. geminatum is similar to Rhizocarpon disporum (Nageli ex Hepp) Miill. Arg. both
phylogenetically and morphologically. While there is one ascospore in the ascus in R. disporum, there are two
ascospores in R. geminatum [21].

According to ITS phylogeny (Figure 10), it is clear that JR 0.297 belongs to S. intricata. It matches 100% with the
species data from Genbank. S. intricata is anatomically and morphologically similar to Steinera isidiata Ertz & R.S.
Poulsen. Both specimens are isidiate. But S. isidiata has a thallus which is usually well visible lobed margin and it
is endemic to Crozet and Kerguelen islands. S. intricata has a thallus with ramified lobes and it has distribution
around Antarctic Peninsula and surrounding islands [60]. On the other hand, when there is no apothecium
development in Antarctic material, it can be thought that isidia development has not started yet when the sample
is young and it can be confused with a sorediate species, Massalongia carnosa (Dicks.) Korb. [21]. However, the ITS
region data clearly shows that the species is S. intricata. Molecularly, it is seen that Steinera subantarctica
(@vstedal) Ertz and S. isidiata are in the same clade in the ITS tree and these species are closely related to S.
intricata. In S. subantarctica species it has 5-7 septate ascospores; S. intricata predominantly has three septate
ascospores [60]. This comparison could not be made because there was no ascospore development in this sample.

According to ITS phylogeny (Figure 12), all four specimens (JR 0.088,JR 0.129, JR 0.325 and JR 0.360) clearly match
with X. tominii. Phylogenetically, the closest species to this species is Xanthocarpia interfulgens (Nyl.) Frodén, Arup
& Sgchting. It is distinguished morphologically by the absence of vegetative diaspores. On the other hand, it is
extremely difficult to distinguish phenotypically from the other sorediate species Xanthocarpia erichansenii (S.Y.
Kondr., A. Thell, Karnefelt & Elix) Frodén, Arup & Sgchting in the same genus [62].

As a result of this study, the specimens belonging to Catillaria contristans, Gyalidea antarctica, Physconia

muscigena, Rhizocarpon geminatum, Steinera intricata and Xanthocarpia tominii were studied, nrITS DNA
barcoding were performed on these specimens and descriptions along with photographes were given for each
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species. With this study, the lichen biodiversity studies of James Ross Island have been taken one step further and
it is thought that it will shed light on future studies in this area by providing molecular data.
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Appendices

Appendix A.

DNA barcoding of some lichenized fungi from James Ross Island (Antarctic Peninsula, Antarctica)

Table 1. Genbank numbers of used sequences in phylogenetic trees within this study.

Genbank Number Species Locality
0P324602 JR 0.026 Catillaria constristans James Ross Island, Antarctica
0P324601 JR 0.167 Gyalidea antarctica James Ross Island, Antarctica
0P324609 JR 0.025 Physconia muscigena James Ross Island, Antarctica
0P324610 JR 0.089 Physconia muscigena James Ross Island, Antarctica
0P324611 JR 0.159 Physconia muscigena James Ross Island, Antarctica
0P324612 JR 0.202 Physconia muscigena James Ross Island, Antarctica
0P324613 JR 0.300 Physconia muscigena James Ross Island, Antarctica
0P324614 JR 0.317 Physconia muscigena James Ross Island, Antarctica
0P324615 JR 0.327 Physconia muscigena James Ross Island, Antarctica
0P324616 JR 0.393 Physconia muscigena James Ross Island, Antarctica
0P324605 JR 0.010 Rhizocarpon geminatum James Ross Island, Antarctica
0OP324606 JR 0.054 Rhizocarpon geminatum James Ross Island, Antarctica
0P324607 JR 0.231 Rhizocarpon geminatum James Ross Island, Antarctica
0P324608 JR 0.400 Rhizocarpon geminatum James Ross Island, Antarctica
0OP324671 JR 0.297 Steinera intricata James Ross Island, Antarctica
0OP324618 JR 0.088 Xanthocarpia tominii James Ross Island, Antarctica
0P324619 JR 0.129 Xanthocarpia tominii James Ross Island, Antarctica
0P324620 JR 0.325 Xanthocarpia tominii James Ross Island, Antarctica
0P324621 JR 0.360 Xanthocarpia tominii James Ross Island, Antarctica
0P324603 CL 0.925 Xanthocarpia tominii Turkey
0P324604 CL 1.010 Xanthocarpia tominii Turkey

KC559095 Anaptychia ciliaris Spain
MK812677 Bryobilimbia diapensiae Norway
MW367452 Calogaya saxicola Canada
KF360370 Catillaria chalybeia Norway
MZ159742 Catillaria chalybeia United Kingdom
MG925962 Catillaria contristans Norway
DQ534457 Catillaria corymbosa King George Island, Antarctica
HQ650651 Catillaria erysiboides Sweden
MG925963 Catillaria erysiboides Ireland
MT248986 Catillaria flexuosa Netherlands
MW045827 Catillaria flexuosa Netherlands
0K332960 Catillaria fungoides Czech Republic
KF689898 Catillaria lenticularis Slovakia
FR799312 Catillaria nigroclavata United Kingdom
FR799313 Catillaria nigroclavata United Kingdom
0L453196 Catillaria nigroisidiata Czech Republic
MG925964 Catillaria scotinodes Norway
HQ650649 Catolechia wahlenbergii -
KJ542546 Diploschistes scruposus Spain
KC806067 Gregorella humida -
MZ159569 Gyalidea fritzei United Kingdom
MN483071 Gyalidea aff. lecideopsis var. eucarpa USA
AY368114 Physconia americana Spain
KY990715 Physconia detersa USA
DQ862487 Physconia distorta Portugal
MK812071 Physconia distorta Norway
AY368119 Physconia elegantula USA
EF582757 Physconia elegantula USA
AY368124 Physconia enteroxantha Spain
AY368128 Physconia grisea Spain
DQ862488 Physconia grisea Spain
AY498684 Physconia grumosa Spain
KY990716 Physconia grumosa USA
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AY368130
AY368131
KY990717
KY990718
AY368133
EF582773
AY368135
AY368136
AY368137
Q301696
LS483123
LS483124
LS483125
LS483126
MK811781
AJ421422
AY368142
KY990723
AY368143
EF582765
DQ862491
DQ862496
AY368147
DQ862498
KU687450
KU687451
AF483617
KU687455
HQ650708
KY680774
AF483615
AF483614
KP314320
KY266908
MK629880
KU687446
KU687449
AF483616
KX079701
KU687458
KU687459
KU687452
KU687457
AF483613
KU687448
MH717162
MH717163
MH717164
MH717165
MH717167
MF893083
NR152550
MF893088
MF893089
MF893090
MF893093
NR152552
MF893102
MF893103
MF893106
MF893107

Physconia isidiigera
Physconia kurokawae
Physconia labrata
Physconia labrata
Physconia leucoleiptes
Physconia leucoleiptes
Physconia muscigena
Physconia muscigena
Physconia muscigena
Physconia muscigena
Physconia muscigena
Physconia muscigena
Physconia muscigena
Physconia muscigena
Physconia muscigena
Physconia perisidiosa
Physconia perisidiosa
Physconia perisidiosa
Physconia servitii
Physconia servitii
Physconia subpulverulenta
Physconia thorstenii
Physconia venusta
Physconia venusta
Rhizocarpon badioatrum
Rhizocarpon bolanderi
Rhizocarpon copelandii
Rhizocarpon copelandii
Rhizocarpon disporum
Rhizocarpon disporum
Rhizocarpon distinctum
Rhizocarpon geminatum
Rhizocarpon geminatum
Rhizocarpon geminatum
Rhizocarpon geminatum
Rhizocarpon jemtlandicum
Rhizocarpon leptolepis
Rhizocarpon polycarpum
Rhizocarpon quinonum
Rhizocarpon rittokense
Rhizocarpon rittokense
Rhizocarpon subgeminatum
Rhizocarpon subgeminatum
Rhizocarpon suomiense
Rhizocarpon suomiense
Steinera intricata
Steinera intricata
Steinera intricata
Steinera intricata
Steinera intricata
Steinera isidiata
Steinera isidiata
Steinera latispora
Steinera lebouvieri
Steinera lebouvieri
Steinera membranacea
Steinera membranacea
Steinera molybdoplaca
Steinera molybdoplaca
Steinera pannarioides
Steinera pannarioides

USA
USA
Canada
USA
USA
USA
USA
Canada
USA
Canada
Slovakia
Slovakia
Slovakia
Slovakia
Norway
Germany
USA
USA
Portugal
Somalia
Spain
Spain
Spain
Spain
Norway
Norway
Norway
Norway
Russia
Norway
Norway
Svalbard
Norway
China
Norway
Finland
Norway
USA
Norway
Norway
Norway
Norway
Norway
Norway
King George Island, Antarctica
Livingston Island, Antarctica
King George Island, Antarctica
King George Island, Antarctica
Livingston Island, Antarctica
Crozet Island, Subantarctica
Crozet Island, Subantarctica
Crozet Island, Subantarctica
Crozet Island, Subantarctica
Kerguelen Island, Subantarctica
Kerguelen Island, Subantarctica
Kerguelen Island, Subantarctica
Kerguelen Island, Subantarctica
Crozet Island, Subantarctica
Crozet Island, Subantarctica
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MF893108
KC179126
MG552488
KC179127
KC179128
KC179129
MK110661
MG954190
MG954191
KU926971
KU926973
MG954186
MG954187
KC416124
KC179131
KU926974
MN512254
KC179132
KJ133483
MG954185

Steinera subantarctica
Xanthocarpia crenulatella
Xanthocarpia crenulatella
Xanthocarpia epigaea
Xanthocarpia erichansenii
Xanthocarpia feracissima
Xanthocarpia feracissima
Xanthocarpia ferrarii
Xanthocarpia ferrarii
Xanthocarpia interfulgens
Xanthocarpia interfulgens
Xanthocarpia interfulgens
Xanthocarpia interfulgens
Xanthocarpia lactea
Xanthocarpia marmorata
Xanthocarpia marmorata
Xanthocarpia marmorata
Xanthocarpia ochracea
Xanthocarpia ochracea
Xanthocarpia tominii

Prince Edward Island, Subantarctica
Austria
Pakistan
Spain
Greenland
USA
Russia
Russia
Russia
Russia
Russia
Russia
[taly
[taly
Russia
Greece
France
Ukraine
Russia
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Anahtar Kelimeler O0z: Otomatik ara¢ gecis sistemleri (OGS) yalnizca yetkilendirilmis Kisilerin

Otomatik Arag Gegis, kullanimina acgilmis alanlarin insansiz Kontroliine imkan veren hizmetlerdir.

Sistem U¢ Hesaplama, Veri Gergek zamanli hizmetlerden olan gecis sistemlerinde en ¢ok Kkarsilasilan

Merkezi, Ug Veri Merkezi sorunlar ag tikanikliklarindan dolay1 yasanan gecikmelerdir. Gegis sistemleri icin
yaygin olarak tercih edilen sistem tasarimlarina bakildiginda geleneksel olarak
istemci sunucu mimarisi ile merkezilestirilmis veri merkezi ve internet alt
yapis1t Uzerinde haberlesen cihazlardan olusan bir yapi oldugu goérmekteyiz.
Giinden giine artan veri miktar1 ve bundan dolay1 olusan ag trafik yogunlugunda
verileri isleyip yonetmek ve sistem kurulumlari icin farkli disiplinlerin ortaya
cikis1 kac¢inilmaz olmaktadir. Verinin Uretildigi yerde islenmesi prensibine
dayanan u¢ hesaplama (edge computing) tam bu noktada karsimiza
cikmaktadir. Bu calismada Erciyes Universitesi otomatik gegis sistemi icin edge
tabanli hibrit bir veri merkezi modeli sunulmustur. Geleneksel ydntem ile
olusturulan OGS ’lerde yasanan gecikme sorunlarini ortadan kaldirmak icgin
onerilen bu model bir¢ok kurum ve iiniversite tarafindan da kullanilacaktir.
Ihtiyac ve fayda analizi yapilarak ortaya cikartilan érnek sistem tasarimy,
uygulama ve sonuglariyla birlikte sunulacaktir. Sonu¢ bélimiinde ise
uygulanan yeni modelin performans verimliligi agisindan geleneksel yapi ile
degerlendirme sonug¢larindan bahsedilecektir.

A Hybrid Data Center Model for Distributed Automatic Vehicle Access System

Keywords Abstract: Automatic vehicle access systems (OGS) are services that allow
Automatic Vehicle Access unmanned control of areas that are only available to authorized persons. The most
System, _ common problems in relay systems, which are real-time services, are delays due to
Edge Computing,

network congestion. When we look at the system designs that are widely preferred
for transition systems, we see that traditionally it is a structure consisting of client
server architecture, centralized data center and devices communicating on the
internet infrastructure. The emergence of different disciplines for processing and
managing data and system installations is inevitable in the increasing amount of
data day by day and the resulting network traffic density. Edge computing, which is
based on the principle of processing data where it is produced, appears at this point.
In this study, an edge-based hybrid data center model for Erciyes University
automatic transition system is presented. This model, which is proposed to
eliminate the delay problems experienced in OGS created with the traditional
method, will also be used by many institutions and universities. The sample system
design, which was revealed by performing a need and benefit analysis, will be
presented with its implementation and results. In the conclusion part, the
traditional structure and evaluation results will be mentioned in terms of
performance efficiency of the new model applied.

Data Center,
Edge Data Center
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1. Giris

Otomatik gecis sistemleri (OGS) belirli kisilerin kullanimina a¢ilmis alanlara araglarin giris ¢ikis yapmasina izin
veren radyo frekansi kullanilarak olusturulan yapilar olup énceleri sadece otobanlarda kullanilmaya baslanmis
sonrasinda bircok kamu, kurulus, iiniversiteler ve binalar tarafindan kullanilmaktadir. OGS ’ler sinirlandirilmis
alanlarin trafiginin kontrol etmek, izlemek ve ileriye yonelik ek planlamalar olusturabilmek adina raporlamalar
iretmede de tercih edilen gercek zamanli hizmetlerdir.

Modern diinyanin getirisi olarak her nesnenin bir bilgi tasiyabilir olmasi ve akilli sistemlerin hayatimizdaki
rolliniin giderek cogalmasi teknolojik yenilikleri de beraberinde getirmistir. Hizla miktar1 artan veriler kurulan
sistemlerde ag lizerinde tasinmakta ve bu yogun veri trafiginin kontrol altina alinabilmesi adina farkli metotlar
gelistirilmektedir. Daha 6nce yapilan ¢alismalara baktigimizda OGS ’ler i¢in kurulan veri merkezlerinde klasik
mantikla yani merkezde bir sunucuyla tiim cihaz isteklerinin degerlendirip sonuglar1 cihazlara yollandig1 bir
yapinin kuruldugu goriilmektedir. Bu yapilarda servis kalitesinin ¢ok yiiksek olamadigin1 yasanan zaman
problemlerinden dolay1 sdyleyebilmekteyiz. Sorunun oniine gegebilmek adina diger yayinlarimizda ug¢ veri
merkezleri kullanilarak olusturulan yapilar gelistirilerek gecikme siirelerinin mevcuttan daha iyi hale
getirilebildigi gosterilmistir [1]. Ug bilisim, gecikmeyi ve bant genisligi kullanimini azaltmak i¢in bilgi islemi veri
kaynagina miimkiin oldugunca yaklastirmaya odaklanan bir ag felsefesidir. Daha basit bir ifadeyle, ug bilgi islem,
bulutta daha az islem calistirmak ve bu islemleri bir kullanicinin bilgisayari, bir [oT (nesnelerin interneti cihazi)
cihazi veya bir u¢ sunucu gibi yerel yerlere tasimak anlamina gelir. Hesaplamay1 agin ucuna getirmek, bir istemci
ve sunucu arasinda gerceklesmesi gereken uzun mesafeli iletisim miktarini en aza indirilmektedir.

Tiim verilerin bulut ya da merkezdeki sunuculara yénlendirip buradan cevap dénmesini beklemek ag tizerinde
ciddi anlamda trafik yogunluguna sebep olarak hizmetlerde beklemelere neden olmaktadir [2]. Verilerin liretildigi
noktada toplanip degerlendirilmesi calisma prensibine dayanan edge computing kavrami ag tikaniklarindan
dolay1 yasanacak gecikmelerin 6niine gecerek kullanimi her gecen giin artan bir teknolojidir. 1990’1 yillarin
sonlarinda kullanicilara web ve video igerigi sunmak i¢in kullanilmis oldugu goériilmektedir [3]. Donanim
maliyetlerinin zaman iginde azalmasiyla birlikte avantajlar1 da goéz oniine alindiginda popiilerliginin arttigi
gorilmektedir. Bu teknolojiyi tercih eden gercek zamanli veri ile ¢alisan uygulamalar arasinda akilli sehir
uygulamalari, iretim tesis takip otomasyonlarina sahip endiistriyel kuruluslar ve hastaneler siralanabilir.

Bu ¢alismada otomatik gecis sistemi i¢in klasik ve edge mimarisinin birlikte kullanildig1 hibrit bir model 6nerilerek
hizmet siiresi iyilestirilirken optimum bir maliyet tablosu ile Erciyes Universitesi gecis sistemine yeni bir model
sunulmustur.

2. Materyal ve Metot
2.1 Otomatik Gegis Sistemleri

Gegis sisteminde akilli kartlar ve arag etiketleri okuyuculara okutularak giris ¢ikis yapilmaktadir. Bu kartlar bir
cesit elektromanyetik dalga olan radyo frekansiyla iletisimi ifade eden kablosuz baglant tiirii sayesinde iletisim
saglarlar. Sistem genel olarak kontrol tniteleri, rfid (radyo frekansi ile tanimlama) okuyucular, etiketler, antenler,
yonetim yazilimi ve bunlarin barindirildigi ag tabanh bilgi islem mimarisinden olusmakta olup sekil 1'de
gosterilmistir. Kontrol {initeleri kendine ait islemcisi, bellegi, motor siiriiciileri ve giris ¢ikis portlar1 olan
otomasyon sistemlerinde kullanilan elektronik devrelerdir [4]. Kontrol {initeleri agdan gelen ya da iizerlerindeki
hafizada olan veriyi isleyebilen akilli cihazlardir. Okuyucular Kkartlarin iizerlerindeki bilgiyi okuyup
degerlendirmek iizere yazilima yollayan donanimsal alettir. Sistem bilesenleri ve c¢alisma prensiplerine
baktigimizda OGS ’lerin ¢ift yonli veri iletimiyle izleme, takip, kontrol ve raporlamaya imkan sunan hizmetler
oldugunu goérmekteyiz [5].

Gegis noktasina gelen bir aracin etiketinden antene gelen sinyaller algilanmakta ve sahibi ile ilgili bilgiyi tasiyan

bu nesnenin gecis hakki sorgulanmak iizere merkez sunucuya yollanmakta islem sonuca gore ise gecisi
saglanmaktadir.
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OTOMATIK GECIS SISTEMI BILESENLERI
Sekil 1. Sistem bilegenleri

Dagitik yapidaki yani genis alana yayilmis ¢ok sayida kontrol noktasi bulunan sahalarda ayni anda merkez
sunucuya c¢ok fazla sorgu gidip cevabi donmektedir. Bu cift yonli veri alis verisi ag tlzerinde fazla yik
olusturdugundan girislerde kullanicilarin zaman kaybetmesine dolayisiyla sunulan hizmetin kalitesinin
diismesine neden olmaktadir. Akilli sistemlere olan talebin ve nesnelerin kullanim oranlarinin arttig1 giiniimiiz
uygulamalarinda yasanilan bant genisliginden tasarruf etme ihtiyaci ve gecikme sorunlarinin giderilme ihtiyaci
verinin Uretildigi noktaya yakin yere depolanip islenmesine olanak saglayan uc¢ hesaplama tekniginin
gelistirilmesini saglamistir. Otomatik gecis sisteminde yasanan gecikmelerin dniine ge¢gmek adina daha dnceki
yayinlarimizda u¢ veri merkezi dnerisinde bulunmustuk.

2.2. Edge Bilisim ve Kullanim Alanlari

Ug bilgi islem modelinin, bulutta veya merkezi bir sunucuda degil, verilerin toplandig1 ve analiz edildigi konumun
yakininda bilgi islem icerdigi goz 6niine alindiginda, genellikle verilerin islendigi bir modeli tanimlamak i¢cin "bulut
bilisim" ile birbirinin yerine kullanilir [6]. Bununla birlikte, bulut bilisim tipik olarak Cisco Systems, Dell, Intel,
Microsoft ve Princeton Universitesi gibi iiye sirketlerle birlikte OpenFog Konsorsiyumu tarafindan tercih edilirken,
ug¢ bilisim, 6zellikle nesnelerin interneti (IoT) ile daha ticari olarak kullanilmaktadir. Veri iireten ve toplayan
nesnelerin interneti cihazlarinin sayisi giinden giine artis géostermek ve bu cihazlar ile ortaya koyulan kontrol ile
izleme uygulamalar1 yasamimizda genis dl¢lide yer almaktadir. Akilli ve otomatik sistemlerin hayatimizdaki yeri
arttikca evlerde, ofislerde, isletmelerde ve araclarimizda biiyiik sicramalar olacaktir. Milyonlarca sensor ve
cihazlardan gelen verileri ile gerceklestirilen hizmetlerde ag karmasikligi ve hizmet kalitesi dogru orantili
olmaktadir. Bu kapsamda omurga agin kenarinda olusturulan u¢ noktalar genel ag yogunlugunu azaltilmasina
imkan tanimaktadir. Ag diyagramindaki uc ifadesi, trafigin aga girdigi veya ¢iktig1 noktayi belirtmektedir. Ug
noktalarda hem ¢6ziimleme hem barindirmanin yapilabiliyor olmasinda donanim maliyetlerindeki yillar icindeki
diists stiphesiz etkili olmustur [7]. Klasik yaklasimda tiim veriler merkezi sisteme yiiklenmekte ve hesaplama
sonuglarinin da tekrar u¢ cihazlara iletilmesi gereklidir ki is siireci tamamlanmis olsun. Anlamli anlamsiz tiim
verilerin biylik veri merkezine yonlendirilmesi karmasikliga sebep olacagindan 6tiirii u¢ hesaplama ile 6nemli
olanlari siralamak, saklamak ardindan analiz etmek ve istediginiz 6nemli olanlar1 aktarmis olmaktayiz. Ger¢ek
zamanli ¢alismalarda yanit siiresi olduk¢a 6nemli bir unsur olmasindan dolay: klasik mimari ile gerceklestirilen
sistemler nitelikli hizmet sunmamizda yeterli olamamaktadir. U¢ hesaplama, veri toplama ve kontrol
fonksiyonlarini, yiiksek bant genisligine sahip icerik deposunu ve uygulamalari son kullaniciya
yakinlastirmaktadir [8]. Daha biiyiik bir bulut bilisim mimarisinin bir parc¢asi olarak da bir agin (internet veya
6zel ag) mantiksal bir u¢ noktasina yerlestirilmekte oldugu seklinde de ifade edebilmekteyiz.

U¢ hesaplama kaynak kullanimini uygunlastirarak ta geleneksel mimarilerin 6tesinde performans avantaji
sunmaktadir [9]. U¢ cihazlarda kullanilan islemciler daha diisiik gii¢ gereksinimiyle daha gelismis donanim
glivenligi sunar. U¢'lar ayni1 zamanda veri aktarimi i¢cin temel protokoliin degisebilecegi noktalardir. Ug bilgi islem,
isleme ve depolama yeteneklerini ihtiya¢c duyulan yere yaklastirmakta oldugu i¢cin otonom arag, bankacilik, imalat,
perakende, saglik sektorleri ve siiriicli izleme gibi alanlarda yaygin kullanimi goriilmektedir [11]. Ayrica gii¢
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iretimi, akilli trafik 1siklari, cihazlarin arizalanmasim 6nleyen sensoérli sistemler, akilli ev uygulamalari, trafigi
yeniden ydnlendirme, iretimi optimize etme gibi bir¢ok alanda u¢ hesaplamanin kullanildigi goriilmektedir [9].

2.3. Hibrit Veri Merkezi Modeli

Modelde gecis noktalarindan kullanim yogunlugu yiiksek olan noktalar merkez sunucuya dogrudan bagl olarak
yonetilirken daha az kullanilan noktalarinin u¢ hesaplama ile kontrol edilmesi saglanarak hibrit model ortaya
koyulmustur. Sekil 2’de goriildigi gibi u¢ hesaplama noktalarinda akilli kontrol kartlar1 kullanilmakta diger
noktalar merkez ile direkt ag tizerinden baglantilidir.

Erciyes liniversitesinde kullanilmakta olan sistemde 18 ara¢ gecis noktasi ve 280 bina giris kapisi her noktanin
merkez sunucuya bagh oldugu klasik yontem ile gerceklestirilmekte olup ag topolojisi sekil 3’te gosterilmektedir.
Trafik yogunlugunun ve internet kesintilerinin olmasi durumunda verilen hizmet te kesintiye ugramaktadir.
Kampiis yogunlugu goéze alindiginda giris ¢ikislarin en yogun oldugu zaman dilimleri olan sabah ve aksam
saatlerinde gecis noktalarinda beklemelerin ve tikanmalarin yasanmakta oldugu gézlemlenmistir. Sekil 4‘te
onerilen veri modeli gdsterilmis olup model’de ara¢ gecgis noktalarinin akilli kontrol kartlari ile yonetildigi diger
tlim noktalarin merkez sunucuya direkt bagli oldugu bir yap1 ortaya koyulmustur. Sunucuya yogun talep gonderen
noktalar u¢ nokta olarak yonetilip omurga agin bant genisliginden iktisat saglanmis ve buna bagli hizmet kalitesi
arttirllmasi saglanmaktadir.

Ug Noktalar
¢ Ug Noktalar
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Sekil 2. Hibrit Veri Merkezi
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Sekil 3. Ag topolojisi

3. Bulgular

Geleneksel yaklasim ile sistem tasarimi yapilan gegis kontrol hizmetlerinde yasanan gecikmelerden yola ¢ikilarak
onerilen model ile bekleme siireleri mevcut durumdan daha asagi c¢ekilmistir. Hizmet kalitesine yonelik
degerlendirmede calisan servislerin sunucunun merkezi islem birimini kullanim orani ile yapilmis ve sekil 4 ‘te
gosterilmistir. Tiim gecis noktalarinin agda aktif oldugu zaman baz alinarak merkez sunucunun merkezi islem
birimdeki is yiikii %4 liikk oranda ve 2.30 GHz hizinda oldugu goértulmiistiir. Klasik yaklasimdaki kullanim durumu
ise sekil 5 'te gosterilmekte olup ayni is yiikiinde iken sunucunun merkezi islem biriminin %100 'de ¢alistig1
gozlemlenmistir.

Hibrit veri merkezi modeli ile yonettigimiz sistemde u¢ hesaplama sayesinde sunucu iizerinde olusturdugu sorgu
yukinin azaltilmasindan 6tiirii hizmet kalitesini iyilestirildigi bir sistem ortaya koyulmustur.
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Sekil 4. Yeni model merkezi islem birimi kullanim orani
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Sekil 5. Geleneksel model merkezi islem birimi kullanim orani
4. Tartisma ve Sonug¢

Otomatik gecis sistemlerinde belirli alanlara giris ¢ikis yapan araglari kontrol ve yonetimi i¢in kullanilan sistemler
olup verilen hizmette zaman kaybi1 yasanmadan trafik akisinin siirdiirilebilirligi cok 6nemli bir parametredir.
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0GS’lerde yaygin olarak tercih edilen tiim gecis noktalarinin merkez sunucu tarafindan islendigi yapinin hizmet
kalitesi icin yeterli gelmedigi bulgulardan da anlasilmaktadir. Bu calismada sunulan u¢ hesaplama mimarisi ile
harmanlanmis hibrit bir modeli 6nerisinin basarili sonuglari bulgular ile de belirtilmis ve sahada da uygulamasi
yapimistir. Gecikme sorunlarinin éniine ge¢medeki yiiksek basarisindan dolay1 bu yapinin birgok kurum ve
isletme tarafindan da ileride tercih edilebilecegi 6ngoriilmektedir. U¢ hesaplama yontemlerindeki yiiksek
basarim oranlarindan daha fazla yararlanmak i¢in gelecek ¢alismalar olarak makine 6grenmesiyle tiim kontrol
noktalarinin u¢ hesaplama mimarisinde olan yap1 kurulmasi hedeflenmektedir.
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Abstract: The present study aims to balance an inverted pendulum (IP) system on
cart using fuzzy controllers with different membership functions (MFs) based on
proportional-derivative control. To this end, a cart was designed to track an intended
trajectory in a horizontal (linear) position, while IP was balanced in a vertical
(angular) position. This controller system was simulated in Matlab/Simulink, and
performance rates were measured for IP’s vertical position and cart’s horizontal
position. Simulation results demonstrated that triangular fuzzy membership function
(MF) improved rise time, settling time and overshoot for the IP’s vertical position by
8%, 4.35% and 7.7%, respectively, compared to gaussian fuzzy MF. Similarly, for the
cart’s horizontal position, triangular fuzzy MF improved rise time, settling time and
overshoot by 3.8%, 3 and 30%, respectively, compared to gaussian fuzzy MF. When
all performance rates are analyzed in terms of IP’s vertical position and cart’s
horizontal position, it was found that triangular fuzzy MF displayed a more
satisfactory performance compared to gaussian fuzzy MF.

Arabali Ters Sarkacin Dengelenmesi icin Farkli Oransal-Tiirevsel Denetim Tabanh
Bulanik Uyelik Fonksiyonlarinin Bagsarimlarinin incelenmesi

Anahtar Kelimeler
Anahtar Kelime 1, Arabali
Ters Sarkag

Anahtar Kelime 2, Farkh
Bulanik iiyelik
fonksiyonlari

Anahtar Kelime 3, Oransal-
Tiirevsel Denetim

0z: Bu calismada, arabal bir ters sarkag (TS) sisteminin oransal-tiirevsel denetim
tabanli farklh iiyelik fonksiyonlu (MF) bulanik denetleyiciler kullanilarak
dengelenmesi amag¢lanmistir. Bu amagla araba yatay konumda (¢izgisel konum) arzu
edilen yoriingeyi takip ederken, sarkacin da dikey konumda (agisal konum) dengede
kalmas1 saglanmistir. Tasarlanan denetim sistemine ait benzetim c¢alismalar
Matlab/Simulink ortaminda yapilmis olup sarkacin dikey ve arabanin yatay konum
denetimi icin elde edilen basarim degerleri ayri ayr1 verilmistir. Benzetim
calismasindan edilen denetim basarim degerleri incelendiginde sarkacin dikey
konumu i¢in yiikselme zamani, yerlesme zamani ve asim bakimindan iiggen bulanik
iiyelik fonksiyonunun gauss bulanik tiyelik fonksiyonuna gore sirasiyla %8, %4.35 ve
%7.7 oranlarinda iyilestirme yaptig1 goriilmiistiir. Benzer sekilde arabanin yatay
konumu i¢in de yiikselme zamani, yerlesme zamani ve asim bakimindan iiggen
bulanik tiyelik fonksiyonunun (UF) gauss bulanik UF’ye gére sirasiyla %3.8, %3 ve
%30 oranlarinda daha iyi denetim basarimina sahip oldugu goriilmiistiir. Sarkacin
dikey konum ve arabanin yatay konum denetimi i¢in tiim denetim basarim degerleri
analiz edildiginde tiggen bulanik UF’'nin gauss bulanik UF’ye gére daha tatmin edici
sonuglar verdigi agikca gorilmiistiir.
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The Investigation of Performances of Different Proportional-Derivative Control Based Fuzzy Membership Functions in Balancing the Inverted Pendulum System on Cart
1. Introduction

Inverted pendulum (IP) on cart is an unstable and non-linear system. It is an important field of study which offers
the opportunity to test existing controller systems and develop new controller mechanisms [1]. There are various
IP systems in the field of engineering. Among the most popular systems are IP on cart [2-4], double IP [5-6] and
rotational single-arm pendulum (Furuta pendulum) [7-8]. Due to the difficulty of control and the need for further
improvements on the system, numerous studies have been so far carried out on IP. Many studies on IP in the
existing literature focus on the performance of a controller system in balancing IP in a vertical (angular) position
[9]. In the current literature, intelligent control systems, linear and non-linear systems and hybrid systems as a
combination of different methods have been so far proposed to balance IP [10]. While the most well-known linear
control methods can be listed as proportional-integral, proportional-derivative, proportional-integral-derivative
[11-12] and linear-quadratic regulator [13-20], non-linear control methods are sliding mode control [21-24] and
back-stepping control [25-28]. On the other hand, fuzzy neural networks [29-32], adaptive neuro-fuzzy inference
system [33-37], optimization algorithms [38-41] and fuzzy logic (FL) [42-54] are intelligent control systems. It is
also possible to benefit from hybrid control systems [55-61] with a combination of different control systems. The
literature review above indicates that a high number of control methods have been so far proposed in order to
balance an unstable and vertical IP system on cart.

In the present study, a mathematical model was designed for an IP system on cart via Matlab/Simulink. Thanks to
a single input-multiple output (SIMO) control approach, different proportional-derivative based fuzzy
membership functions (MFs) were used to help the cart track an intended horizontal trajectory and balance the
pendulum in a vertical position. Unlike some control methods such as proportional-derivative-integral [57, 59-
60], linear quadratic [62], self-tuning fuzzy [61-62] and fuzzy sugeno [53, 57], which were used by the authors in
their previous studies on the IP system on cart, the control performances of different proportional-derivative
based fuzzy MFs (triangular and gaussian) were analyzed. The main contribution of the present study is that it is
the first in the existing literature to have analyzed the control performances of different proportional-derivative
based fuzzy MFs in balancing an IP system on cart, which contributes to the originality of the present study.

The rest of the present study is organized as follows: The mathematical model of IP system on cart, basic structure
of the FL control system and proportional-derivative FL system are described in Section 2. The comparative
results of the detailed simulation studies are presented in Section 3. The obtained numerical data from simulation
studies are discussed in Section 4.

2. Material and Method

The present section describes the mathematical modelling of IP system on cart and design of and proportional-
derivative FL system.

2.1 The Mathematical Modelling of IP System on Cart

IP on cart system requires a mathematical modelling in order for the cart to track an intended horizontal trajectory
and to keep its pendulum in a vertical position. This mathematical model is created using laws of physics. As shown
in Figure 1, IP on cart involves the movements of a condensed pendulum pole with a length of L and mass of m
along a cart with a mass of M. The angle between the pole and vertical position intersecting its area of movement
is represented by 6, while its distance to a certain reference point in a horizontal position is denoted by x,
respectively. While the movement of a pole is limited to x-y axis, the cart is allowed to only move along x axis. At
this point, non-linear model of IP is calculated using Newton’s laws of motion [63-65].
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L sin(@)

L cos(&)

- >

Figure 1. IP on cart

The center of gravity for a mass of m is defined in (x,y) coordinates in Equation (1) and (2).

X, =X+Lsing (1)
y, =Lcosd (2)
If Newton'’s second law is applied to the movement towards x, it gives a differential equation in Equation (3).
2
d?x  d°x
M ST +m 29 =Uu (3)
dt dt

When the expression in Equation (1) is put back in its position in Equation (3), it gives Equation (4).

(M+m) x—mL(sin 8) 8+ mL(cos8) & = u (4)

Secondly, if Newton’s second law is applied to the movement of m around the pole, it gives a differential equation
in Equation (5).

d’x d’ (5)

m—>Lcosd—m {g Lsin@=mgLsin @
dt dt

When the expressions in Equation (1) and (2) are put back in their respective positions in Equation (5), it gives
Equation (6).

m{k— L(sin8) 8%+ L(cos ) éJ Lcosd — mL—L(cose)éz— L(sin®) éJ Lsing = mgLsin & 6)

Element values for IP system on cart are given in Table 1.
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Table 1. Element values for IP on cart system

Parameters Symbol | Value Unit
Mass of the cart M 2.4 kg
Mass of the IP m 0.23 kg
The length of the pole L 0.36 m
Gravitational acceleration g 9.8 m/sec?
Track length l 0.5 m

2.2. FL Control System

FL toolbox module was used to control the IP’s vertical position and the cart’s horizontal position via a FL
controller. Matlab FL toolbox window is shown in Figure 2.

4| Fuzzy Logic Designer: Untitled — O X

File Edit View

Lntitled
[mamdani)
t1 output1

FIS Mame: Untitled FIS Type: mamdani
And method — s Current Wariable
Or method max - || Name input1

Type input
implication i 1 o

Range [01]
Aggregation — v
Defuzzification centroid ~ Help Close
System "Untitled™ 1 input, 1 output, and 0 rules

Figure 2. Matlab FL toolbox menu

After the number of optimal input and output variables is selected for the control system on this window, it is
possible to select any MFs and types by entering input and output values. In addition, and/or methods, decision,
fuzzification, defuzzification, mamdani and sugeno fuzzy inference methods can also be selected from this menu.
The membership function (MF) and fuzzy inference windows in Matlab FL toolbox are shown in Figure 3 and 4,
respectively.
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4] Membership Function Editor: Untitled — O *

File Edit View

e Membership function plots ! B9iM=:

DN A .
| |

input2

[-0.4167 0 0.4157]
o1

o e ] ewe |

Figure 3. Matlab FL toolbox MF window

Types and ranges of MFs can be selected on Matlab FL toolbox MF window to determine optimal MFs for the
designed control system. “Edit” button can be used to add or delete any MFs.

"4 Rule Editor: Untitled - O X

File Edit View Options

Figure 4. Matlab FL toolbox fuzzy inference window
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Using Matlab FL toolbox fuzzy inference window, connection methods are selected to create a rule base suitable
to the control system, and MFs are connected to each other via linguistic connectors. It must be noted that a higher
number of rules and MFs in a fuzzy controller decreases oscillation and increases stability in the control system.
The definition of MFs in a fuzzy controller directly affects the system response. Therefore, input values must be
always entered within the range of MFs in the control system to operate rule base effectively.

Maximum error (e) range for cart’s horizontal (linear) position is [-1,1]. Error (e), change in error (de) and output
value (u) range were selected as [-1,1]. Linguistic variables for triangular and gaussian MFs are negative big (NB),
negative medium (NM), negative small (NS), Zero (ZR), positive small (PS), positive medium (PM) and positive big
(PB). Meanwhile, 7 different linguistic variables were selected for each input using triangular and gaussian MFs in
the design of FL controller. As a result, rule base consisted of 49 rules without excluding any ordered pairs. It was
created based on the expert’s abilities, observations and system experiments. Mamdani was used as a fuzzy
inference method in the designed FL controller. Center of gravity was used as a defuzzification method. In the
designed system, regions with a change in (e) value higher than 0 are where the linear position starts to decrease.
In particular, impact values in a region with an (e) value higher than 0 must be higher than impact values in other
regions. A region with an (e) value higher than 0 and (de) value lower than 0 is the point where linear position
attempts to reach a reference value. Settling time and overshoot were taken into account to determine impact
values in this region. The region with an (e) value and (de) value equal to 0 is the most critical point for the system,
and therefore its impact values must be selected accurately. (e) and (de) were used as inputs in the designed fuzzy
control system, and all rules in the rule table were processed to check all probabilities.

(e), (de) and linguistic variables for output (u) in triangular MF are as follows:
NB=[-1.333-1-0.6667],

NM=[-1-0.6667 -0.3333],

NS=[-0.6667 -0.3333 -5.551e-17],

ZR=[-0.3333 0 0.3333],

PS=[-5.551e-17 0.3333 0.6667],

PM=[0.3333 0.6667 1]

PB=[0.672 1.005 1.338],

Triangular MF for (e), (de) and (u) is shown in Matlab FL toolbox in Figure 5.

T T T

NB " NM NS | ZR " Ps

< g o
o fa)] [es] —
1 Q 9

Degree of membership
o
I\I\

1 08 06 04 02 0 02 04 06 08 1
Figure 5. Triangular MF for (e), (de) and (u)
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(e), (de) and linguistic variables for (u) in gaussian MF are as follows:
NB=[0.1416 -1],
NM=[0.142 -0.6613],
NS=[0.1416 -0.3334],
ZR=[0.1416 0],
PS=[0.1416 0.3334],
PM=[0.1416 0.6666],
PB=[0.1416 -1],

Gaussian MF for (e), (de) and (u) is shown in Matlab FL toolbox in Figure 6.

zR

© e ©
~ o o™

Degree of membership
o
()

| | 1
-1 -0.8 -0.6 -04 0.2 0 0.2 04 0.6 0.8 1
Figure 6. Gaussian MF for (e), (de) and (u)

Maximum (e) range for IP’s angular position is [-0.3, 0.3]. (e) value range in triangular and gaussian MF was
selected as [-0.3, 0.3]. (de) and (u) value range was selected as [-1,1]. Linguistic variables for triangular and
gaussian MFs are (NB), (NM), (NS), (ZR), (PS), (PM) and (PB). Meanwhile, 7 different linguistic variables were
selected for each input using triangular and gaussian MFs for IP’s vertical (angular) position in the design of FL
controller. As a result, rule base consisted of 49 rules without excluding any ordered pairs. Mamdani was used as
a fuzzy inference structure in the designed FL controller. Center of gravity was used as a defuzzification method.
In the designed system, regions with a change in (e) value higher than 0 are those where the angular position starts
to decrease. In particular, impact values in a region with an (e) value higher than 0 must be higher than impact
values in other regions. A region with an (e) value higher than 0 and (de) value lower than 0 is the point where the
angular position attempts to reach a reference value. Settling time and overshoot were taken into account to
determine impact values in this region. The region with an (e) value and (de) value equal to 0 is the most critical
point for the system, and therefore its impact values must be selected accurately. (e) and (de) were used as inputs
in the designed fuzzy control system, and all rules in the rule table were processed to check all probabilities.

Linguistic variables for (e) in triangular MF are as follows:
NB=[-0.4-0.3-0.2],

NM=[-0.3-0.2-0.1],

NS=[-0.2-0.1-1.388e-17],

ZR=1[-0.1 8.674e-19 0.1],

PS=[-1.388e-17 0.1 0.2],
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PM=[0.1 0.2 0.3],
PB=1[0.2 0.3 0.4],

Membership functions for (e) in triangular MF are shown in Matlab FL toolbox in Figure 7.

NB NM NS ZR PS PM PB

<
o
|

<
[o}]
|

o
~
T

o
N
|

Degree of membership

[=]

1 1 1 | 1 |
-025 02 -015 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25

Figure 7. Triangular membership function for (e)
Membership functions for (de) and (u) in triangular MF are shown in Matlab FL toolbox in Figure 8.
(de) and linguistic variables for (u) in triangular MF are as follows:
NB=[-1.333-1-0.6667],
NM=[-1-0.6667 -0.3333],
NS=[-0.6667 -0.3333 -5.551e-17],
ZR=[-0.3333 0 0.3333],
PS=[-5.551e-17 0.3333 0.6667],
PM=[0.3386 0.672 1.005],

PB=[0.6667 1 1.333],

NB NM "NS ZR PS

0.6
0.4

0.2-

Degree of membership

| 1 1
-1 -0.8 -0.6 -04 -0.2 0 0.2 0.4
Figure 8. Triangular MF for (de) and (u)
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Linguistic variables for the (e) in gaussian MF are as follows:

NB=[0.04247 -0.3],

NM=[0.0425 -0.203],

NS=1[0.04247 -0.09842],

ZR=[0.04247 0],

PS=[0.0425 0.1],

PM=[0.04247 0.2],

PB=[0.0425 0.3],

MFs for (e) in gaussian MF are shown in Matlab FL toolbox in Figure 9.

NB NM ZR

Degree of membership

1 1 |
-025 -02 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25

Figure 9. Gaussian MF for (e)
(de) and linguistic variables for (u) in Gaussian MF are as follows;
NB=[0.1416 -1],
NM=[0.1416 -0.6667],
NS=10.1416 -0.3333],
ZR=10.1416 0],
PS=1[0.142 0.339],
PM=10.1416 0.6667],

PB=[0.1416 1],
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Figure 10. Gaussian MF for the (de) and (u)

Rule table used for IP system on cart is given in Table 2.

Table 2. The rule table used for IP system on cart

NB

NM

NS

ZR

PS

PM

PB

NB

NB

NB

NB

NB

NM

NS

ZR

NM

NB

NB

NB

NM

NS

ZR

PS

NS

NB

NB

NM

NS

ZR

PS

PM

2.3. Proportional-Derivate Control Based FL System

de
ZR
NB
NM
NS
ZR
PS
PM

PB

PS

NM

NS

ZR

PS

PM

PB

PB

PM

NS

ZR

PS

PM

PB

PB

PB

PB

ZR

PS

PM

PB

PB

PB

PB

Proportional-derivative control based FL system is a two-input single-output control system which was developed
based on conventional proportional-derivative. A proportional-derivative controller consists of proportional and
derivative gain factors. It is used to minimize rise time, overshoot and instability in a control system. The output
of proportional-derivative controller is given in Equation (7). Matlab/Simulink diagram of a proportional-
derivative control based FL system is shown in Figure 11.

&

e

B>

Figure 11. Matlab/Simulink diagram of a proportional-derivative control based FL system

u(t):Kp.e(t)md.%e(t)
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Ky and Kq gains are particularly important for the design of a proportional-derivative control based fuzzy
controller. When changing gains, to determine the most optimal values for the designed control system, K value
was increased if the system response was slow, while K4 value was increased if overshoot and oscillation rates
were high (65). Proportional and derivative gains for the control of IP’s vertical (angular) position were adjusted
as Kp=8 and Ka=5, respectively. On the other hand, for the control of cart’s horizontal (linear) position, the
proportional and derivative gains were adjusted as Kp=1.6 and K4=3, respectively. The initial and reference vertical
(angular) positions were set to 0.035 radians (2 degrees) and 0 radians, respectively, for IP. On the other hand,
initial and reference horizontal (linear) positions were set to 0 m and 0.1 m, respectively, for cart [4]. As shown in
Figure 12, disturbance in the designed system was a pulse signal with an amplitude of 0.25N. The model designed
for the control system simulated on Matlab/Simulink is shown in Figure 13.

0.25 m .
~ 0.2} .
=3
(V]

o
2 015 -
=
£
< 04} :
0.05 -
0 L L | | L
0 5 10 15 20 25 30
Time(sec)

Figure 12, Disturbance Input Signal

B

M\

Figure 13. Matlab/Simulink model designed for the proportional-derivative control-based FL system
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3. Results
3.1 Simulation Studies for the IP System on Cart

IP system on cart is a single-input multiple-output (SIMO) one. In the current literature, there are several studies
which focused on independent control of cart’s horizontal (linear) position against the reference input or IP’s
vertical (angular) position against the reference input. However, the present study proposes a proportional-
derivative control based controller with different fuzzy (MFs) for the simultaneous control of cart’s horizontal
(linear) position and IP’s vertical (angular) position. The disturbances for I[P on cart’s horizontal (linear) and
vertical (angular) position were added to control signals and given to the system as an input. The disturbance
pulse signal was applied to the system at the 15t second and lasted 1 second. The control signal was limited within
a range of u=[-1,1]. The control of IP on cart’s vertical (angular) position using triangular and Gaussian MFs are
shown in Figure 14.

10 1 ] 1 1 1
Triangular
8- -
Gauss
@ 6Ff .
o
g af -
Q
c 2 ’
9
= 0 ~~
o
o -2 -
©
O -ar 1
Tt
S 6f -
8F -
_10 1 L 1 1 1
0 5 10 15 20 25 30

Time(sec)
Figure 14. The control of IP on cart’s vertical (angular) position using triangular and gaussian MFs

The control of IP on cart’s horizontal (linear) position using triangular and gaussian MFs is shown in Figure 15.

494



The Investigation of Performances of Different Proportional-Derivative Control Based Fuzzy Membership Functions in Balancing the Inverted Pendulum System on Cart

0.25 T T T r T
02} G?uss i
Triangular
—_ 0.15 B T
E
c 0.1 B
2 \ ! v
= 0.0S/v .
o
e}
o 0 -
©
€ -0.05 .
N
= -01F .
o
T 045} )
0.2 .
-0-25 1 L 1 1 1
0 5 10 15 20 25 30
Time(sec)

Figure 15. The control of IP on cart’s horizontal (linear) position using triangular and gaussian MFs

The impact of triangular and gaussian MFs on the proposed controller’s performance in terms of IP on cart’s
vertical (angular) position was analyzed. As shown in Figure 14, three important performance parameters for the
proposed controller, namely rise time (tr), settling time (ty) and overshoot (M%), were assessed in terms of IP on
cart’s vertical (angular) position. The results are summarized in Table 3.

Table 3. The control performance for IP on cart’s vertical (angular) position

Performance values tr(sec) ty(sec) M%
Triangular 0.23 4.4 12
Gaussian 0.25 4.6 13

The impact of triangular and gaussian MFs on the proposed controller’s performance in terms of IP on cart’s
horizontal (linear) position was analyzed. As shown in Figure 15, three important performance parameters for the
proposed controller, namely rise time (tr), settling time (ty) and overshoot (M%), were assessed in terms of IP on
cart’s vertical (angular) position. The results are summarized in Table 4.

Table 4. The control performance for IP on cart’s horizontal (linear) position
Performance Values tr(sec) ty(sec) M%
Triangular 0.625 3.3 7
Gaussian 0.650 3.4 10

According to Tables 3 and 4, improved performance values of triangular membership function for controlling IP’s
vertical and the cart’s horizontal position are shown in Figure 16.
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Figure 16. Improved performance values of triangular membership function for controlling IP’s vertical and
cart’s horizontal position

As for the control of [P’s vertical position, a disturbance signal was applied at the 15% second for 1 second, and the
system with triangular membership function was balanced and came to a steady-state (without oscillation)
position after 4 seconds. On the other hand, the system with gaussian membership function underwent oscillation
and was balanced after 6 seconds. Similarly, as for the control of cart’s horizontal position, the system with a
gaussian membership function underwent oscillation and was balanced in an unstable position. However, the
system with a triangular membership function was balanced in a steady-state position. Settling time performance
values of both membership functions for vertical and horizontal positions following disturbance signals are given
in Tables 5 and 6, respectively.

Table. 5 IP’s vertical position control values following a disturbance signal

Performance Values ty(sec)
Triangular 4
Gaussian 6

Table. 6 Cart’s horizontal position control values following a disturbance signal

Performance Values ty(sec)
Triangular 10
Gaussian 10
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4. Discussion and Conclusion

The present study designed a non-linear model for an IP system on a cart to control the IP’s vertical (angular)
position and the cart’s horizontal (linear) position simultaneously using different proportional-derivative control-
based fuzzy MFs against disturbance signals. The results demonstrated that fuzzy triangular MF displayed the
highest performance in the control of the IP on cart’s vertical (angular) and horizontal (linear) position thanks to
its narrower peak, higher slope, and quicker response to change in error. It was also observed that steady-state
error in the system response was caused by the system input value range and that a narrower range would
contribute to a more accurate system. In addition to the methods used in the present study, future studies are
recommended to focus on obtaining better system responses through the optimization of the most optimal rules
and membership functions for FL control systems.
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Keywords Abstract: In today’s urban life, modern buildings such as apartments, schools,

HVAC, hospitals, and work offices are quite important for people’s life. Since people spend

Intuitionistic Fuzzy-covering,  yogt of their time in these buildings, a significant decision-making process is

?S?zg;sseit:;s:orzmations required for the design and selection of heating (H), ventilation (V), and air
conditioning (AC) systems. The most important criteria in these decision-making
processes are the low effect on the environment, high comfort, low cost, and high
energy productivity. These basic parameters considered to select the most suitable
HVAC systems in the buildings may not have crisp values every time. Since some of
the criteria for HVAC systems are described as linguistic, it is not possible to
evaluate the systems with traditional methods using crisp values. Therefore, we
propose new and flexible method called covering-based generalized intuitionistic
fuzzy (IF)-rough set models based on IF-technique for order preference by
similarity to ideal solution (TOPSIS) principles. The wupper and lower
approximations in the rough set theory, and IF-implicator and IF-t norms
operators in the IF-neighborhoods are utilized for the proposed methodology. In
this study, nine different HVAC systems are investigated according to nine
different criteria for four main factors in the selection of HVAC systems. According
to the obtained results, it can be seen that the proposed method is a suitable multi
criteria decision-making (MCDM) approach that considers the linguistic
uncertainties in order to determine the most suitable HVAC system.

Bir HVAC Sistemi Secimi icin Ortme Tabanlh Genellestirilmis Sezgisel Bulanik-Kaba
Kiime Modelleri

Anahtar Kelimeler 0z: Giiniimiiz kent yasaminda apartman, okul, hastane, isyeri gibi modern yapilar

HVAC, ) insan yasami icin oldukca énemlidir. Insanlar zamanlarinin ¢ogunu bu binalarda

Sezgisel Bulanik-Ortme, gecirdikleri i¢in 1sitma (H), havalandirma (V) ve iklimlendirme (AC) sistemlerinin

Kaba Kum"e Teorisi, tasarimi ve se¢imi icin dnemli bir karar verme siireci gerekmektedir. Bu karar

Bulanik Kiime Yaklasimlari .. . N S A .
verme slreclerinde en 6nemli kriterler; ¢evreye az etki, yliksek konfor, disiik
maliyet ve yiiksek enerji verimliligidir. Binalarda en uygun HVAC sistemlerini
se¢cmek icin diisiiniilen bu temel parametreler her zaman net degerlere sahip
olmayabilir. HVAC sistemleri i¢in bazi kriterler dilsel olarak tanimlandigindan,
sistemlerin kesin degerler kullanilarak geleneksel yontemlerle degerlendirilmesi
miimkiin degildir. Bu nedenle, IF-TOPSIS prensiplerine dayali, kapsama tabanl
genellestirilmis sezgisel bulanik-kaba kiime modelleri ad1 verilen yeni ve esnek bir
yontem 6neriyoruz. Onerilen metodoloji i¢in kaba kiime teorisindeki iist ve alt
yaklasimlar ve sezgisel bulanik-komsularindaki sezgisel bulanik-anlamlandirici ve
sezgisel bulanik-t norm operatorleri kullanilmistir. Bu g¢alismada, HVAC
sistemlerinin seciminde dort ana faktor icin dokuz farkl kritere gére dokuz farkh
HVAC sistemi incelenmistir. Elde edilen sonuclara goére, onerilen yontemin en
uygun HVAC sistemini belirlemek i¢in dilsel belirsizlikleri dikkate alan uygun ¢ok
kriterli karar verme yaklasimi oldugu goériilmektedir.
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1. Introduction

Buildings are very important for people in modern city life. Due to developing cities with the industrial
revolution, the population of cities increased and socio-economic structure changed. This situation affects the
shape of the structure and the purpose of the materials used. The population growth in the cities forced people
to build a multi-storey building. This caused the problems of heating, lighting and ventilation in multi-storey
buildings. Because heating, cooling, ventilation and lighting services must be equally provided to many
households at the same time. With the development of technology, the increase in living standards positively
affected the comfort of people’s living and working areas. Heating, lighting, ventilation and air conditioning in
buildings are the main factors that determine the comfort level. Through the today’s technology, HVAC systems
can control these factors. We can say that HVAC systems have four main evaluation criteria. These are energy
consumption, comfort, environmental impacts and costs. Most of the energy consumed in buildings is used for
heating, ventilation, air conditioning and lighting. The International Energy Agency states that the construction
sector has an important position in global energy consumption. although HVAC systems have an important
function to meet the basic need of the buildings, the environmental and climate problems caused by energy used
cannot be ignored. Especially, greenhouse gases and air pollution (foggy, smoke, etc.) occurring because of
energy consumption may cause undesirable environmental and climatic problems while providing comfort in
structures. Moreover, considering that one third of global CO, emissions are due to buildings, the importance of
HVAC systems to be used in structures becomes even more important. It is important to evaluate HVAC systems
in terms of human comfort such as thermal comfort, noise, and pollution. In addition, setup costs, operational
and maintenance costs are important criteria to be taken into consideration for setup and use of HVAC systems.
While evaluating a HVAC system, there are many factors as mentioned above and, there is a holistic and dynamic
interaction between these factors [1]. HVAC systems to be used in buildings must be integrated with cost, energy
and environment.

MCDM methods, which give very effective results in decision-making problems with crisp values, are widely
applied in the literature. However, real-life decision-making processes may not always depend on exact decisions
and values. In the absence of crisp values when using only multi-criteria decision-making (MCDM) methods, it is
very difficult to make a clear evaluation using traditional methods [2]. The methods defined with a binary
function may remain incapable in problems involving human judgment. Therefore, the fuzzy set theory used for
solving the problems including imprecise values was first presented by Zadeh [3]. Membership degrees can be
between 0 and 1 in the fuzzy set theory, which gives good results for problems in many branches such as
engineering, economy, and management, instead of the sets consisting of 0 or 1 value such as classical methods.
In the fuzzy set theory, the sum of membership and non-membership degrees equals to 1. In this situation, an
alternative is either member or not member to a set at a certain degree. That is, while membership degrees in
the fuzzy set theory are considered, the uncertainty of the membership situations is not defined. In the fuzzy set
theory, the sum of membership and non-membership degrees equals to 1. In this situation, an alternative is
either member or not member to a set at a certain degree. That is, while membership degrees in the fuzzy set
theory are considered, the uncertainty of the membership situations is not defined. An alternative has no
information of any degree about the related set. Therefore, the intuitionistic fuzzy (IF) set approach is presented
by Atanassov [4]. He takes into account the degree of ‘indeterminacy or hesitancy’ along with the membership
and non-membership degrees. It has been determined by studies that IF set theory is more effective than
traditional fuzzy set theory in overcoming uncertainty [5]. Therefore, intuitionistic fuzzy (IF) set models can be
used to evaluate uncertain linguistic expressions. Traditional MCDM problems with IF information are mainly
focused on an IF binary relation [6]. However, some complicated problems cannot be effectively solved by an IF
relation [6]. Although some alternatives have IF logic, some alternatives do not. Therefore, the IF approach may
not obtain effective and consistent results. There is a need to apply new methods that make important
contributions and offer different perspectives to MCDM problems by increasing the effect of IF set models and
reducing their negative effects. Accordingly, in this study, covering-based generalized IF-rough models based on
IF-TOPSIS principles are used. [F-neighborhoods are created by using IF-implicator and IF-triangular norm (t
norm) operators. Upper and lower approximation values are calculated according to these neighborhoods.
Obtained upper and lower approximations are integrated into the IF-TOPSIS principle and the most suitable
system is determined. It is aimed to determine the most suitable HVAC system by using the upper and lower
approximation in the rough set theory in cases where the traditional MCDM methods and IF models are
ineffective.

In the literature, considering the cost, electricity consumption, and comfort, HVAC systems become MCDM
problems [7]. Decision-making methods in building energy management are one of the commonly used methods
[8]. However, there are very limited papers in the literature about the related subject. Balcomb [9] used the
decision-making methods to compare design alternatives of the building strategies. The study is related to
insulation, glazing, duct leakage, thermal mass. De Wit and Augenbroe [10] made a choice in order to compare
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two design strategies using Bayesian decision theory. They discussed whether adding a cooling system in
thermal zone considering uncertainties. Wang et al. [11] proposed a fuzzy-MCDM method for the selection of the
cool storage system. The subjective judgments (dependent on the decision-maker) and objective (dependent on
numerical values) values are considered together to determine the most suitable alternative. They evaluate the
storage systems according to high-temperature water cooling storage, phase change material cooling storage, ice
storage, chilled water storage, and air conditioning criteria. Hopfe [12] adopted the analytic hierarchy process,
one of the MCDM methods, in order to make a decision about set-up cost, architectural form, and symbolism
performances criteria of two buildings. Kim and Augenbroe [13] studied a multi-criterion assessment
considering organizational behavior for ventilation operation in a hospital isolation room. They adapted a
variable air volume (VAV) in response to the complaint that the current operation was not sufficient since the
related fan material caused excessive energy consumption. The study evaluated the current practice by
supporting a rational selection of ventilation operation through a set of objective performance criteria in order
to demonstrate the efficiencies of the adaptive VAV operation. Zhang et al. [14] apply fuzzy-MCDM for the
scheme selection processes of heating and cooling recourses in HVAC systems. They consider initial investment
cost, annual operating expense, cycle life, and reliability as the evaluation criteria. Kim et al. [15] studied the
decision making of the HVAC system using Bayesian Markov Chain Monte Carlo method. They present MCDM of
HVAC systems under uncertainty. Using EnergyPlus 6.0, they studied about construction cost and total energy
consumption criteria for two HVAC candidates. Former HVAC candidate has VAV for the interior zone, fan coil
unit for perimeter zone gas boiler and electric chiller. Latter candidate has VAV for the interior zone, fan coil unit
for perimeter zone, gas boiler and electric chiller as well as ice thermal storage system [15]. Huang et al. [16]
decided a HVAC system design under peak load prediction uncertainty using MCDM technique. Case studies are
used to illustrate the design procedure, and the result is compared with that of a conventional design method.
Baki et al. [17] consider environmental, economic, social, and competency criteria by using an approach based on
fuzzy-MCDM and best-worst methods. Poongavanam et al. [18] evaluate 14 different automotive air conditioning
systems by using TOPSIS, EDAS, and MOORA methods. They use the latent heat of vaporization, thermal
conductivity, vapor pressure, saturated fluid density, specific heat capacity, dynamic viscosity, GWP, ozone
depletion potential, and cost per pound as performance criteria. Wan et al. [19] evaluate the effects of the supply
vane angles and supply air temperature on ventilation performance by considering both 13 different heat
comfort scales and human factors. They propose the TOPSIS method based on set pair analysis.

Unlike the above studies, it is aimed to select the most suitable HVAC systems by using the MCDM method based
on IF and rough set theories. The IF and rough set methods are integrated with each other to obtain more
consistent solutions in real-life problems. Finally, the MCDM method based on the IF-TOPSIS principle has been
applied. The investment cost, operational cost, maintenance cost, green gas effect, energy consumption effect,
thermal comfort, air quality, noise, and smog are considered as performance criteria for nine different HVAC
systems.

Rest of the paper is structured as follows. Section 2 includes a brief review of the relevant literature. In Section 3,
a brief definition of IF-TOPSIS and the covering-based generalized IF-rough set models are given. Section 4
presents IF-TOPSIS and covering-based generalized IF-rough set model for selecting HVAC system. Finally, a
conclusion is presented in Section 5.

2. Material and Method
2.1.IF sets

Attonasov [20] defines the degree of the membership 1, (x), degree of non-membership v,(x) as well as degree
of indeterminacy m,(x) in IF sets. In IF set theory, sum of u,(x) and v,(x) is smaller than 1. If sum of u,(x) and
v,4(x) equals 1, IF set returns fuzzy set. The lower value of p,(x), the more accurate the as relative crisp
information about the x element. Assume that X is a non-empty set. An IF set in X is shown in equations (1), (2)
and (3).

A = {{x, 1y (x), v, (x))x € X} (1)
0<p () +v,(x) <1 (2)
Ta(x) = 1 — pa(x) + va(x) (3)

2.2. IF-neighborhood, IF-implicator, and IF-t norm
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[F-neighborhood is a model which determines distances of alternatives for each criterion. Assume that
C ={C,,C,,...,C,} is an IF-covering set representing criteria; U = {x;, x5, ..., X, } is a set of alternatives, I is IF-
implicator operator and N¢(x;) is IF-neighborhood of alternative i. N¢(x;) is shown with formula equation (4) in
[21].

Nc(xi)(xj) = /\I (A(xi),A(xj)) i,j ef{1,.., m} (4)
AeC

where N¢ is reflective, T-transitive, serial, and IF-covering. I(A(xi),A(xj)) = (min(l + oty — Uiy 1+ Uy —
vx]-) , max(O, Vyj — in)), where [ is IF-implicator operator. T(A(xi),A(xj)) = (max(O,uxi + py; — 1), min(1, vy +
vxj)), where T is IF-t norm operator.

2.3. Lower and upper approximations for covering based IF-rough set models

Assume that C is IF-covering set, U is a non-empty universe, I is an implicator, and T is a t-norm. In [6, 7], two
pair of covering-based generalized IF-rough approximations are defined as follows:

Co(A)(x;) = )MJT NC(xj)(xi),x{e\U 1(N€(x) (), AG)) (5)
(M) (x) = ){E\U I Nf(x,-)(xi),bér (N€(5) (), A 6)
CLA) (%) = ){E\U 1 N(x) (o), X{E\U 1(N€() (), A )
CH(A)(x) = M}T Nc(xj)(xl-),xMJT(Nc(xj)(xk),A(xk)) 8)

2.4. IF-TOPSIS decision making approach

After C IF-covering set is built, N¢(x;) is calculated for each alternative x; € U. According to IF-covering C set,
positive ideal solution A* and negative ideal solution A~ required for TOPSIS approach are calculated. The
formulation for A* and A~ are shown in equation (9) and (10), respectively.

b (), v () = max (e, () ) min (ve, (1)) (9)
- (e, va- () = min (e, () ) max (ve, () (10)

C., Cy, C;, and Cj; are calculated by using A* and A~. According to obtained lower and upper approximations, two
ranking functions for each x; using formula in equation (11), and (12) in [6, 7]. (#(xi), U(xi)) (+)(u(xj), v(xj) )=
u(x) + ,u(xj) — u(x;) * ,u(xj), v(x;) * v(x;) is IF set summation formula, where i and j € {1, ..., m}.

57 = a (L(C.(AND ) ()6 (A (D) ) + (1 = @) (L(CLAD () ()Ch (A () (11)

§* () = a (L(C.(AN ) ()6 (AN (D) ) + (1 = @) (L(CLUAD () (H)Ch A ())) (12)

where, a is a level adjustment value. L(4)(x;) = u(x;) + v(x;) * m(x;) is score function. Finally, relative closeness
coefficient C* is calculated by using the TOPSIS method principle for each alternative with equation (13).

S7(x)

C @t

(13)
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In this study, it is aimed to determine the most suitable system among nine different HVAC systems for a public
building HVAC systems have four basic assessment factors as mentioned Section 1. According to these factors,
nine criteria were determined. These are investment cost, operational cost, maintenance cost, green gas effect,
energy consume effect, thermal comfort, air quality, noise, and smog labeled C;,C,, Cs, C,,Cs, Cgs, Cy, Cg, Co,
respectively. Since the calculations are quite complicated, the solution structure was coded in MATLAB®. Also, a
framework was formed over MATLAB in order to apply the software to different problems. The results were
easily obtained. Linguistic terms and their IF degrees in terms of criteria for each HVAC system are shown in

Table 1.

Table 1. Linguistic terms to evaluate the alternatives

Linguistic IF degrees

Terms n \ 1

Excellent 1 0 0
Quite good 0.75 0.1 0.15
Good 0.6 0.25 0.15

Medium 0.5 0.5 0
Bad 0.25 0.6 0.15
Quite bad 0.1 0.75 0.15

In order to properly operate the decision-making process, the decision matrix must be carefully created by the
decision-makers. IF-decision matrix determined according to linguistic terms is shown in Table 2.

Table 2. IF-decision matrix

HVAC Assessment Criteria
C1 C2 C3 Cq Cs Ce C7 Cs Co
X1 0.6;0.25; 0.75;0.1; 0.1;0.75; 0.5;0.5;0 1;0;0 0.5;0.5;0 0.5;0.5;0 0.25;0.6; 0.75;0.1;
0.15 0.15 0.15 0.15 0.15
X2 0.5;0.5;0 1;0;0 0.6;0.25; 0.6;0.25; 0.6;0.25; 0.6;0.25; 0.5;0.5;0 0.5;0.5;0 0.6;0.25;
0.15 0.15 0.15 0.15 0.15
X3 0.75;0.1; 0.1;0.75; 0.5;0.5;0 0.5;0.5;0 0.75;0.1; 0.25;0.6; 0.25;0.6; 0.5;0.5;0 1;0;0
0.15 0.15 0.15 0.15 0.15
X4 0.1;0.75; 0.75;0.1; 0.6;0.25; 0.75;0.1; 0.75;0.1; 0.6;0.25; 1;0;0 0.75;0.1; 0.25;0.6;
0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Xs 0.5;0.5;0 0.25;0.6; 0.5;0.5;0 0.5;0.5;0 0.75;0.1; 0.75;0.1; 0.6;0.25; 1;0;0 0.75;0.1;
0.15 0.15 0.15 0.15 0.15
X6 0.25;0.6; 0.6;0.25; 1;0;0 0.25;0.6; 0.1;0.75; 0.6;0.25; 0.6;0.25; 0.75;0.1; | 0.75;0.1;
0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
X7 1;0;0 0.25;0.6; 0.5;0.5;0 0.1;0.75; 0.5;0.5;0 0.5;0.5;0 0.5;0.5;0 0.25;0.6; 0.6;0.25;
0.15 0.15 0.15 0.15
Xs 0.1;0.75; 0.5;0.5;0 0.6;0.25; 0.75;0.1; 0.75;0.1; 1;0;0 0.75;0.1; 0.6;0.25; 0.75;0.1;
0.15 0.15 0.15 0.15 0.15 0.15 0.15
Xo 0.25;0.6;0 | 0.75;0.1;0 | 0.6;0.25;0 1;0;0 0.5;0.5;0 | 0.6;0.25;0 | 0.75;0.1;0 | 0.6;0.25;0 | 0.6;0.25;
.15 .15 .15 .15 .15 .15 0.15

As shown in Table 2, at least one criterion equals to the value (1;0; 0) for each alternative. Therefore, decision
matrix s an IF-covering set. That is, the methodology mentioned in Section 3 is proper for this application. Firstly,
IF-neighborhood N¢(x;) is calculated for each alternative x; by using equation (4). IF-neighborhood results are
obtained in Table 3.

Table3. IF-neighborhood relations

Relation HVAC Alternatives
X1 X2 X3 X4 X5 X6 X7 Xs X9
1;0;0 0.6;0.25; 0.35;0.65; 0.5;0.5;0 0.5;0.5;0 | 0.1;0.75;0 | 0.5;0.5;0 0.5;0.5;0 0.5;0.5;0
NC(x1)
0.15 0 .15
NC(X2) 0.5;0.5;0 1;0;0 0.1;0.75;0 | 0.6;0.25;0 | 0.25;0.65; | 0.5;0.5;0 | 0.25;0.6;0 | 0.5;0.5;0 | 0.75;0.25
§ 15 15 0.15 15 ;0
0.6;0.25; 0.6;0.4;0 1;0;0 0.35;0.65; 0.6;0.4;0 | 0.35;0.65; 0.6;0.4;0 | 0.35;0.65; | 0.5;0.5;0
NE(Xs) 0.15 0 0 0
0.5;0.5;0 | 0.85;0.15; | 0.35;0.65; 1;0;0 0.5;0.5;0 | 0.35;0.65; | 0.35;0.65; | 0.6;0.4;0 0.6;0.4;0
NE(Xa) 0 0 0 0
NC(Xs) 0.6;0.25; 0.85;0.15; | 0.85;0.15; | 0.6;0.25;0 1;0;0 0.35;0.65; 0.6;0.4;0 | 0.6;0.25;0 | 0.6;0.4;0
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0.15 0 0 .15 0 .15
NC(Xe) 0.1;0.75; 0.6;0.25; 0.5;0.5;0 | 0.6;0.25;0 0.5;0.5;0 1;0;0 0.5;0.5;0 | 0.6;0.25;0 | 0.6;0.25;
0.15 0.15 .15 .15 0.15
NC(X7) 0.6;0.25; 0.5;0.5;0 | 0.75;0.15; | 0.1;0.75;0 0.5;0.5;0 | 0.25;0.6;0 1;0;0 0.1;0.75;0 | 0.25;0.6;
0.15 0.1 .15 .15 .15 0.15
0.5;0.5;0 | 0.85;0.15; 0.6;0.4;0 1;0;0 0.6;0.4;0 | 0.35;0.65; | 0.35;0.65; 1;0;0 0.6;0.4;0
NC¢(Xs) 0 0 0
NC(Xo) 0.5;0.5;0 0.6;0.25; 0.35;0.65; | 0.75,0.15; 0.5;0.5;0 | 0.25;0.6;0 | 0.1;0.7;0. 0.6;0.4;0 1;0;0
0.15 0 0.1 .15 15

After the IF-neighborhood relations are calculated with equation (4), positive ideal solution A* and negative
ideal solution A~ are computed. For both the ideal solutions, each lower and upper approximation is calculated
by using equations (5), (6), (7), and (8). It is obvious that A* is (1;0;0) for each alternative x;. Therefore, all
approximations equal to U for A*. The results of the ideal solutions and each A~ approximation values are shown
in Table 4.

Table 4. Ideal solutions and approximations

Relation HVAC Alternatives
X1 X2 X3 Xa Xs Xe X7 Xs X9
A+ 1;0;0 1;0;0 1;0;0 1;0;0 1;0;0 1;0;0 1;0;0 1;0;0 1;0;0
A 0.1;0.75 | 0.5;0.5;0 0.1;0.75; 0.1;0.75; 0.25;0.6; 0.1;0.75; 0.1;0.75; | 0.1;0.75; | 0.25;0.6;
; 0.15 0.15 0.15 0.15 0.15 0.1 0.15 0.15
CL(A)(x) 0.1;0.75 | 0.5;0.5;0 0.1;0.75; 0.1;0.75; 0.25;0.6; 0.1;0.75; 0.1;0.75; | 0.1;0.75; | 0.25;0.6;0
; 0.15 0.15 0.15 0.15 0.15 0.15 0.15 .15
Cu(A) (%) 0.1;0.75 | 0.5;0.5,0 0.1;0.75; 0.1;0.75; 0.25;0.6; 0.1;0.75; 0.1;0.75; | 0.1;0.75; | 0.25;0.6;0
; 0.15 0.15 0.15 0.15 0.15 0.15 0.15 .15
CU(A)(x) 0.1;0.75 | 0.5;0.5;0 0.1;0.75; 0.1;0.75; 0.25;0.6; 0.1;0.75; 0.1;0.75; | 0.1;0.75; | 0.25;0.6;0
; 0.15 0.15 0.15 0.15 0.15 0.15 0.15 .15
CU(A)(x) 0.1;0.75 | 0.5;0.5;0 0.1;0.75; | 0.35;0.65; | 0.35;0.65; 0.1;0.75; 0.1;0.75; | 0.35;0.6 | 0.25;0.6;0
;0.15 0.15 0 0 0.15 0.15 5;0 .15

According to equations (11) and (12), two ranking functions ST and S~ are calculated by using lower and upper
approximation values. Here, a is a level adjustment value, and is assumed as 0.5. Then, the values of the S*, S~
and closeness function C* are calculated in Table 5.

Table 5. Ranking values and closeness coefficient

Relation HVAC Alternatives
X1 X2 X3 Xa Xs Xe X7 Xs X9
S- 0.3292 0.6987 0.3489 0.4625 0.5584 0.3292 0.3292 0.4625 0.5104
S+ 1 1 1 1 1 1 1 1 1
Cc* 0.2477 0.4113 0.2587 0.3163 0.3583 0.2477 0.2477 0.3163 0.3379

Finally, alternative having the highest closeness coefficient is the best choice, and alternative having the lowest
closeness is the worst choice. According to the value of C*, nine HVAC systems are ranked as follows:
Xo>Xs>Xog>Xg = X, > X3 > X, = Xg = X

If traditional IF methods are used for the problems with an IF-covering structure, the effective results may not be

obtained. Many conventional IF operators are available in the literature. One of the most widely used operators
is fuzzy weighted averaging (IFWA) operator proposed by Xu [21] in equation (14).

n n n n
1- 1_[(1 — i), n(vij)aj ; H(l — )" - H(Uij)aj
j=1 j=1 j=1 j=1

where, x; is IF value of alternative i, n is number of the performance criteria (j = 1, ...,n) and «; is the weight of
each criterion for IFWA operator.

Assume that the weights equal to each other for each criterion in Table 2. Once the IFWA operator is applied for
IF matrix in table 2, we obtain following results for X;,(j = 1, ...,9):

Xl(.ulj) =1- (1 _ 0.6)0'111(1 _ 0_75)0.111(1 _ 0_1)0.111(1 _ 0_5)0.111(1 _ 1)0.111(1 _ 0_5)0.111(1 _ 0_5)0.111(1 _
0.25)°111(1 - 0.75)°111 = 1.
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Xl(vlj) — (0.25)0'111(0.1)0'111(0.75)0'111(0.5)0'111(0)0'111(0.5)0'111(0.5)0'111(0.6)0'111 =0.

X1(7T1j) — (1 _ 0.6)0'111(1 _ 0'75)0.111(1 _ 0.1)0.111(1 _ 0.5)0.111(1 _ 1)0.111(1 _ 0'5)0.111(1 _ 0.5)0.111(1 _
0.25)0.111(1 _ 0.75)0.111 _ (0.25)0'111(0.1)0'111(0.75)0'111(0.5)0'111(0)0'111(0.5)0'111(0.5)0'111(0.6)0'111 =0.

If the same computation is applied for other alternatives, we obtain the same results. That is, scores of all
alternatives equal to each other such as X, = X5 = Xg = Xg = X, = X3 = X; = X¢ = X;. The I[FWA operator
cannot make a ranking. Therefore, we cannot choose the most suitable alternative for problems with the IF-
covering structure.

4, Discussion and Conclusion

It is very important that the building provides comfort to people in terms of HVAC systems. In addition, HVAC
systems should not cause problems in the climate and environment. Since some of the criteria for HVAC systems
are described as linguistic, it is not possible to evaluate the systems with traditional methods using crisp values.
Moreover, even traditional IF operators may not provide an effective solution for the problems described as
linguistic such as IF-covering. In this study, covering-based generalized IF-rough set model was utilized for
selecting HVAC system to be used in a public building. Also, According to IF-decision matrix generated, IF-
neighborhood was calculated. Approximation operators in rough set theory adapted covering-based IF structure.
Through IF-TOPSIS principle and using approximation values, closeness coefficients were calculated for each
HVAC alternative system. HVAC systems were ranked according to the results and the best solution has been
determined. If there is the IF-covering structure under the linguistic expressions, the proposed structure offers
appropriate solutions. Although the IFWA operator, which is one of the IF methods for certain alternatives,
cannot find a solution, the proposed covering-based generalized IF-rough set model provides a solution.
According to the solution obtained, alternative 2 is obtained as the best option. Alternatives 1, 6, and 7 are
determined as the worst options. In future studies, the scope of the study can be expanded by making
comparisons with different methods. In addition, the proposed approach can be applied to different problems in
construction, industry, economics, social, and management branches.
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Abstract: Examination of infant brain development is extremely important in terms
of early diagnosis of possible brain dysfunctions. Brain MRI structures are usually
studied by segmentation into white matter (WM), gray matter (GM) and
cerebrospinal fluid (CSF) tissues. Low-density contrast between tissues in infant
brains complicates the segmentation process. It is seen that the segmentation
process is done very well with the Deep Learning architectures that have been
developed recently. In this study, an architecture called Deep Learning-based iSeg-
WNet is proposed for segmentation of infant brain MRI images. Appropriate
hyperparameters were determined by different studies and the performances of
different architectures were compared. Performance comparison was made
according to Dice metric. In experimental studies, it has been observed that the use
of MRI images in Tlw and T2w images together increases the segmentation
performance. At the same time, high performance was obtained by using Dice Loss
as a cost function and MinMax normalization as a data normalization process. When
the segmentation performances of different architectures are examined, it is seen
that the proposed architecture segments CSF (%91.8), GM (%89) and WM (%86)
tissues with the highest success. The proposed architecture is available at
https://github.com/GaffariCelik/iSeg-WNet.

iSeg-WNet: Bebek Beyin MRI Goériintiilerinin Volumetrik Boliitlemesi

Anahtar Kelimeler
Derin Ogrenme,
CNN,

Bolitleme,

Dice Loss,

3D MRI Boliitleme,
iseg-2019,
iseg-2017

0z: Bebek beyin gelisiminin incelenmesi, dogabilecek beyin fonksiyon bozuklarinin
erken teshisi agisindan son derece dnemlidir. Beyin MRI yapilar1 genellikle beyaz
madde (WM), gri madde (GM) ve beyin omurilik sivisi (CSF) dokularina
boliitlenmesi ile islemi ile incelenmektedir. Bebek beyinlerinde dokular arasindaki
diistik yogunluklu kontrast boliitleme islemini zorlastirmaktadir. Son dénemlerde
gelistirilen Derin Ogrenme mimarileri ile béliitleme isleminin son derece ¢ok iyi
yapildigi gorilmektedir. Bu ¢alismada bebek beyin MRI goriintiilerinin
béliitlenmesi i¢in Derin Ogrenme tabanl iSeg-WNet adiyla bir mimari énerilmistir.
Farkli ¢alismalar ile uygun hiperparametreler belirlenmis ve farkli mimarilerin
performanslari karsilastirilmistir. Performans karsilastirilmasi Dice metrigine gore
yapilmistir. Yapilan deneysel c¢alismalarda, Tlw ve T2w ¢ekimlerdeki MRI
gorlintiilerinin beraber kullanilmasi béliitleme performansinin  artirdig
gozlemlenmistir. Aym1 zamanda maliyet fonksiyonu olarak Dice Loss ve veri
normalizasyon islemi olarak da MinMax normalizasyonun kullanilmasi ile ytiksek
basarim elde edilmistir. Farkli mimarilerin bdliitleme performanslari
incelendiginde, oOnerilen mimari ile CSF(%91.8), GM (%89) ve WM (%86)
dokularim1 en yiiksek basar1 ile béliitledigi gorilmiistiir. Onerilen mimariye
https://github.com/GaffariCelik/iSeg-WNet adresinden erisilebilir.
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iSeg-WNet: Volumetric Segmentation of Infant Brain MRI Images

1. Introduction

The advancement of brain imaging techniques has played an important role in the study of brain anatomy and
functions. Magnetic Resonance Imaging (MRI) technique is widely used to characterize disorders in brain structure
and to extract structural information from various contrast images. Brain MRI segmentation plays an important
role in analyzing changes in brain structures that occur over time. Brain MRI segmentation is very important in
the pre-diagnosis of Alzheimer's, Parkinson's, Schizophrenia Multiple Sclerosis and other brain diseases, and the
detection of diseased tissues in the post-diagnostic stages [1]. However, brain MRI segmentation is a difficult task
due to the presence of noise, density irregularity, movement, and partial volume effects during image acquisition

[2].

Thanks to the advances in MRI imaging of the infant brain anatomy, it was ensured that a healthy image was
obtained with the obtained high-resolution images. MRI images can be viewed in different scans such as T1-
weighted (T1w), T2-weighted (T2w), resting state functional MRI (rsfMRI), and diffusion-weighted MRI (dMRI).
MRI images taken in different modalities offer important opportunities in the study of brain anatomy and analysis
of early postnatal brain development. There are significant differences in MRI images according to age groups. This
difference is clearly understood in Figure 1. Baby brain images are more difficult to process and analyze than adult
brains. There are great differences in a baby's brain structure, brain size, density changes, intra-tissue
inhomogeneity, tissue contrast and regionally different tissue images depending on age [3-6]. However, in infants'
brain MRIs, increased noise, low contrast between tissues, and continued white matter myelination lead to
misclassification of brain tissues [7].

In examining both normal and abnormal early brain development of infants, it is important to examine brain MRIs
by segmenting white matter (WM), gray matter (GM) and cerebrospinal fluid (CSF) tissues [8]. Early examination
of brain growth patterns and morphological changes in neurologically developmental disorders, accurate
segmentation of MRI images into WM, GM and CSF tissues is crucial [9]. With segmentation, it is aimed to segment
brain tissues. This process is performed manually by clinical experts. However, this process, which is an extremely
sensitive issue, is time consuming, subject to intra- or inter-observational variables and requires specialist
physicians. Consistent results have been obtained with automatic segmentation methods developed using deep
learning methods recently. This is considered as alternative methods for manual partitioning problems [7,10].

Deep learning has a deep network architecture consisting of many layers, unlike neural networks that can have a
single layer. Having such a deep network architecture enables a detailed feature map to be extracted from the
input data by self-learning, as opposed to manual feature extraction from input data in machine learning
algorithms. Deep learning performs impressively on large amounts of data. In addition, this success has been
greatly contributed by the rapid development of graphics processing units (GPUs). Due to rapid advances in the
computing power of GPUs, it has enabled the rapid development of complex deep learning models [6]. Deep
learning, image resolution [11], brain MRI segmentation [10, 12, 13], image registration [14], generating images
from EEG signal [15], mammographic lesions detection [16], lung segmentation [17, 18], classification of white
blood cells [19], brain disease classification [20], detection of arrhythmia [21-23] and detecting pneumonia from
chest X-ray images [24], determination of basic physical movements of people [25], Classification of Breast Cancer
[26] and breast lymph node segmentation [27].

Our main contributions in this study can be summarized as follows:

*  Development of a new deep learning-based architecture that segments 3D Brain MRIs

* Segmentation of pediatric brain MRIs using different datasets

*  Segmentation of MRI images in different modalities (T1w,T2w) and examination of their success
*  Performance evaluation of the proposed architecture in different Hyperparameters

* Evaluation of 3D MRI segmentation performances of different architectures
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0-month 3-month 6-month 12-month 24-month

Figure 1. Baby brain MRI sample images taken between 0-24 months at T1w weight [6].

2. Material and Method

In this study, two datasets, iseg-2017 [9] and iseg-2019 [28], were used for segmentation of child brain MRI
images. A CNN-based architecture is proposed for segmentation of MRI images.

2.1. Material

iseg-2017 [9] and iseg-2019 [28] datasets were published by the MICCAI (Medical Image Computing and
Computer-Aided Intervention) community to conduct research on brain tissue segmentation, which includes MRI
images of the 6-month-old infant brain. The characteristics of the datasets are presented in Table 1. The datasets
consist of 10 MRIs taken in the T1w and T2w modalities. Each data sample has dimensions of 144 x 192 x 256 and
aresolution of 1.0 x1.0 x1.0 mm3. In addition, each MRI is supplied with masks (groundTrue, GT) labeled to three
brain tissues, GM, WM, and CSF, to guide the learning of algorithms during the training phase. In the iseg-2017
dataset, the background (BGR) is labeled 0, the CSF region 10, the GM region 150, and the WM region 250. In the
iseg-2019 dataset, it is labeled as BGR 0, CSF region 1, GM region 2, and WM region 3.

Table 1. Properties of data sets

MRI Voxel size o Number .
Data Sets dimension (mm3 ) Modalities of MRI Labelling
. BGR:0, CSF:10,
iseg-2017 144x192x256 1.0x1.0x1.0 Tlw, T2w 10 GM:150, WM:250
. BGR:0, CSF:1,
iseg-2019 144x192x256 1.0x1.0x1.0 Tlw, T2w 10 GM:2, WM:3

Table 1. shows that the labeling of brain regions (GT) of the data sets is different. GTs are relabeled according to
Eq. 1.

if GTiseg—2017(x) ==10
else if GTiseg—2017(x) == 150
else if GTiseg—2017(x) == 250
else

GTi?gg—2017(x) =

(1)

o W N

Figure 2 shows the modalities of an image taken from an exemplary MRI and the segmented GT. In GT, red indicates
CSF tissue, blue indicates WM tissue, and green indicates GM tissue. Datasets are available at
https://iseg2017.web.unc.edu/ and https://iseg2019.web.unc.edu/.
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Tiw T2w GT

Figure 2. T1w, T2w modalities and mask(GT) of an MRI image. Red indicates CSF tissue, blue indicates WM tissue, and green
GM tissue.

2.2 Method

Although Machine learning has shown high success in various fields, its performance is largely dependent on the
features extracted from the training datasets, which is seen as a significant disadvantage. It has received a lot of
attention recently that deep learning architectures automatically extract the best features from the raw input data
with the help of convolutional neural network (CNN) without any preprocessing. CNNs form the basic building
block of Deep learning algorithms [29, 30]. CNNs architectures are considered feedforward networks consisting
of convolution layers, pool layers, and fully connected layers, as shown in Figure 3. These networks provide
information flow from the input layer to the output layer. While the convolution and pooling layers feature
mapping from the input data, the last fully connected layer is fed in a coordinated manner by the previous fully
connected layers, giving the information of each class [31].

Output
(Classes)
Q:::::Zi:::::' }?j
@ S
Convolution Poolin onvoluti Pooling >
| 7 7 Dense
input(image) Dense

Figure 3. Basic lines of CNN architecture

In this study, a CNN-based architecture is proposed that enables segmentation of infant brain MRI images. This
architecture, called iSeg-WNet, is shown in Figure 4. The architecture consists of input, encoder, bottleneck,
decoder and output stages. In the entry phase, MRIs in T1w and T2w modalities are given as input. After the input
data is passed through the encoder, bottleneck and decoder processes, respectively, the same processes are
repeated and given to the output unit.

In the encoder part, convolution, normalization, activation and refutation processes were applied gradually.
Except for the last stage, decay was used after the activation process in all the other stages. In the first and second
stages, the 3D Convolution process with stride 2 and kernel size 3 was used. After the convolution process, instance
normalization [32], Leaky ReLU activation function and dropout with a ratio of 0.2 were used, respectively. At each
stage, provided that the previous operations and parameters are kept constant, only the stride value is renewed
in the 3D convolution process by giving 1 to it. In the last stage, the kernel ratio value of 5 is given in the 3D
convolution process. The other processes were repeated and connected to the Bottlenek section. In the encoder
section, the initial filter number was given 64 and increased 2 times at each stage. The feature map was expanded
with the progressively increasing number of filters. In addition, with the stride parameter, the data size is reduced
and unnecessary features are eliminated.

In the bottleneck section that combines the encoder and decoder, the number of filters is 256 and the kernel size
is 5, and 3D convolution process is applied. After the convolution process, the result obtained by applying the
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normalization and activation process is combined with the result of the initial convolution process. The same
operations were repeated four times and connected to the decoder section.

With the Conv3DTranspose operation in the decoder section, both the convolution operation and the data size are
gradually enlarged. After the Conv3DTranspose process, the results obtained by applying normalization and
activation processes are combined with the result at the same stage in the Encoder section. In this way, it is ensured
that the features are reused. After the assembly stage, the dropout process was carried out. At the same stage,
provided that the number of filters remains the same, 3D convolution, normalization, activation and decay
processes are applied. These processes were repeated by gradually reducing the number of filters by two times.
Encoder, bottleneck and decoder sections were repeated for the second time and connected to the output section.
After the Conv3DTranspose process in the output section, the segmentation of the brain tissue sections was
performed with the softmax activation function. Dice Loss cost function was used for the training of the
architecture [33].

21XnY|

Lo, = ——
Dice |X| + |Y| (2)

Here, X and Y represent GT and segmentation result information.

iSeg-WNet
< >
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- _ IN, LR
I *‘CNOnLv;D(ﬂkerne\-ﬁ.slr\des-Z)‘ I Conv3DTranspose(f,kernel=3,strides=2), ®
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Figure 4. iSeg-WNet architecture

OneNet architecture has an architecture similar to UNet architecture. The OneNet architecture is the first part of
the iSeg-WNet architecture, as shown in Figure 4. Only in the last layer, the number of filters is 4 and the softmax
optimization function is used. Softmax activation function is expressed mathematically as in Eq. 3 [34]:
k
ex

Zk=n— (3)

xn
i=1€
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Here, x and n represent the input vector and the number of classes, respectively. Up to k=1 ....n and Z represents
the output vector. The sum of the values of Z is 1.

3. Results

In this section, different studies have been carried out using the iSeg-WNet architecture for segmentation of child
brain MRIs. First of all, a study was conducted according to the different modalities in the datasets. The goal here
is to find the appropriate modality for appropriate tissue segmentation. In the second study, a study was carried
out according to the loss functions in order to increase the segmentation performance. Thirdly, performance
evaluation was made according to different normalization processes. Finally, after the appropriate parameters
were determined, the successes of different architectures were evaluated.

The most widely used Dice metric in the literature was used to evaluate the performances of the studies. The Dice
metric is given in Equation 2. In the studies, 80% of the data set is reserved for training and 20% for testing. An
out-of-memory error occurs when training architectures without any changes in MRI dimensions during the
training phase. To solve this problem, MRIs are cropped in 128x144x128 size and given as an input to
architectures, provided that they remain within the brain region. The Adam (Learning_rate=0.0001) optimization
function is used as the optimization function in the architectures. In each work, Architectures 180 min. has been
trained. Weights were recorded every 60 minutes and their performance was observed.

In the first application, it was made on how MRIs taken in different modalities affect segmentation performance.
As an introduction to the iSeg-WNet architecture, T1w, then T2w, and finally both modalities were given to the
architecture network together and trained separately. In this application, categorical crossentropy is used as a cost
function. The results of the first application to select the best modality as data input are given in Table 2. When the
results are examined, it is seen that the highest performance is achieved when T1w and T2w modalities are given
together as an introduction to architecture. We can say that a high performance has been achieved with the T1w
weight. A lower performance was obtained with the T2w modality. Categorical crossentropy can be expressed as
[35]:

Cc
Leg = Z Verue lOg (ypre) (4)
i=1
Here y,,cq € (0, 1), i. for example the forecast distribution and ¥, € (0, 1), i.represents the true distribution of
the sample.

Table 2. Performance evaluation according to modalities in different modalities using the categorical crossentropy cost function

Tiw T2w Tiw+T2w
Train(min.) | Mri CSF GM WM Avg CSF GM WM Avg CSF GM WM | Mean
1 0,894 | 0,868 | 0,854 | 0,872 | 0,89 | 0,824 | 0,752 | 0,822 | 0,889 | 0,876 | 0,868 | 0,878
60 2 0,894 | 0,868 | 0,854 | 0,872 | 0,83 0,79 | 0,776 | 0,799 | 0914 | 0,879 | 0,825 | 0,873
3 0911 | 0,87 | 0,813 | 0,865| 0,89 | 0,824 | 0,752 | 0,822 | 0,914 | 0,879 | 0,825 | 0,873
4 0912 | 0,87 | 0,813 | 0,865 | 0,83 0,79 | 0,776 | 0,799 | 0,889 | 0,876 | 0,868 | 0,878
Mean | 0,903 | 0,869 | 0,834 | 0,87 | 086 | 0,807 | 0,764 | 0,81 | 0,902 | 0,878 | 0,847 | 0,876
1 0,909 | 0,877 | 0,867 | 0,884 | 0,895 | 0,883 | 0,763 | 0,847 | 0,926 | 0,883 | 0,83 0,88
120 2 0,923 | 0,874 | 0,816 | 0,871 | 0,938 | 0,796 | 0,786 | 0,84 | 0,926 | 0,883 | 0,83 0,88
3 0,909 | 0,877 | 0,867 | 0,884 | 0,895 | 0,833 | 0,763 | 0,83 | 0,895 | 0,877 | 0,875 | 0,882
4 0,923 | 0,874 | 0,816 | 0,871 | 0,838 | 0,796 | 0,786 | 0,807 | 0,895 | 0,877 | 0,875 | 0,882
Mean | 0,916 | 0,876 | 0,842 | 0,878 | 0,892 | 0,827 | 0,775 | 0,831 | 0,911 | 0,88 | 0,853 | 0,881
1 0923 1 0879 | 0,82 | 0874 0,851 | 0,806 | 0,79 | 0,816 | 0,907 | 0,885 | 0,879 | 0,89
180 2 0923 1 0,879 | 0,82 | 0874 0,899 | 0,84 | 0,766 | 0,835 | 0,931 | 0,886 | 0,833 | 0,883
3 0916 | 0,884 | 0,869 | 0,89 | 0,899 | 0,84 | 0,766 | 0,835 | 0,931 | 0,886 | 0,833 | 0,883
4 0916 | 0,884 | 0,869 | 0,89 | 0,851 | 0,806 | 0,79 | 0,816 | 0,907 | 0,885 | 0,879 | 0,89
Mean | 092 | 0,882 | 0,845 | 0,882 | 0,875 | 0,823 | 0,778 | 0,825 | 0,919 | 0,886 | 0,856 | 0,887

After determining the data in the appropriate modality in the first application, T1w and T2w modalities are given
together as data input for the training of architectures and testing in other studies.

In the second application, the performance of the iSeg-WNet architecture was examined according to different cost
functions and the results are presented in Table 3. Although the results are close to each other, it is seen that the
highest performance is obtained with Dice Loss as a cost function.
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Table 3. Performance evaluation according to loss functions

Categorical_Loss Dice_Loss_class_weight [33] Dice_Loss
Train(min.) | Mri CSF GM WM | Mean | CSF GM WM | Mean | CSF GM WM | Mean
1 0,889 | 0,876 | 0,868 | 0,878 | 0,882 | 0,865 | 0,86 | 0,869 | 0,897 | 0,872 | 0,868 | 0,879
60 2 0914 | 0,879 | 0,825 | 0,873 | 0,904 | 0,866 | 0,816 | 0,862 | 0,915 | 0,874 | 0,823 | 0,871
3 0914 | 0,879 | 0,825 | 0,873 | 0,904 | 0,866 | 0,816 | 0,862 | 0,915 | 0,874 | 0,823 | 0,871
4 0,889 | 0,876 | 0,868 | 0,878 | 0,882 | 0,865 | 0,86 | 0,869 | 0,89 | 0,872 | 0,868 | 0,877
Mean | 0,902 | 0,878 | 0,847 | 0,876 | 0,893 | 0,866 | 0,838 | 0,866 | 0,904 | 0,873 | 0,846 | 0,874
1 0,926 | 0,883 | 0,83 0,88 | 0,889 | 0,875 | 0,872 | 0,879 | 0,897 | 0,883 | 0,878 | 0,886
120 2 0,926 | 0,883 | 0,83 0,88 | 0,889 | 0,875 | 0,872 | 0,879 | 0,897 | 0,883 | 0,878 | 0,886
3 0,895 | 0,877 | 0,875 ] 0,882 | 0,918 | 0,878 | 0,827 | 0,874 | 0,926 | 0,885 | 0,831 | 0,881
4 0,895 | 0,877 | 0,875 | 0,882 | 0,918 | 0,878 | 0,827 | 0,874 | 0,926 | 0,885 | 0,831 | 0,881
Mean| 0911 | 0,88 | 0,853 | 0,881 | 0,904 | 0,877 | 0,85 | 0,877 | 0,912 | 0,884 | 0,855 | 0,884
1 0,907 | 0,885 0879 | 0,89 | 0,893 | 0,881 | 0,878 | 0,884 | 0,906 | 0,887 | 0,88 | 0,891
180 2 0931 | 0,886 | 0,833 | 0,883 | 0,919 | 0,883 | 0,831 | 0,878 | 0,906 | 0,887 | 0,88 | 0,891
3 0,931 | 0,886 | 0,833 | 0,883 | 0,919 | 0,883 | 0,831 | 0,878 | 0,931 | 0,889 | 0,835 | 0,885
4 0,907 | 0,885 | 0879 | 0,89 | 0,893 | 0,881 | 0,878 | 0,884 | 0,931 | 0,889 | 0,835 | 0,885
Mean| 0,919 | 0,886 | 0,856 | 0,887 | 0,906 | 0,882 | 0,855 | 0,881 | 0,919 | 0,888 | 0,858 | 0,888

In the third application, performance evaluation was made according to the normalization processes in the data
preprocessing stage. The proposed architecture is trained with different normalization processes and the results
are given in Table 4. When the results are examined, it is seen that the highest MinMax normalization is achieved
with a performance of 88.9%. Minmax normalization is given in Eq. 5, z-score normalization is given in Eq. 6 [36].

v —miny
. — (5)
man, — miny
UV — Uy
2=— (6)

Here, v’ and z represent the normalized feature, and v represents the original feature. Expression A properties,
miny, is the smallest value of property A, max, is the largest value of property 4; u indicates the mean and o4 the
standard deviation.

Table 4. Segmentation results according to different normalization processes in the data preprocessing stage

Notnormalization MinMaxNorm. Zscore_Norm.
Train(min.) | Mri CSF GM WM Mean CSF GM WM | Mean CSF GM WM | Mean
1 0,897 0,872 0,868 0,879 0,891 | 0,877 | 0,868 | 0,879 | 0,902 | 0,873 | 0,822 | 0,866
2 0,915 0,874 0,823 0,871 0,891 | 0,877 | 0,868 | 0,879 | 0,89 | 0,882 | 0,875 | 0,882
60 3 0,915 0,874 0,823 0,871 0,916 | 0,881 | 0,83 | 0,876 | 0,902 | 0,873 | 0,822 | 0,866
4 0,89 0,872 0,868 0,877 0,916 | 0,881 | 0,83 | 0,876 | 0,89 | 0,882 | 0,875 | 0,882
Mean | 0,904 0,873 0,846 0,874 0,904 | 0,879 | 0,849 | 0,877 | 0,896 | 0,878 | 0,849 | 0,874
1 0,897 0,883 0,878 0,886 0,901 | 0,884 | 0,878 | 0,888 | 0,902 | 0,89 | 0,882 | 0,891
2 0,897 0,883 0,878 0,886 0,901 | 0,884 | 0,878 | 0,888 | 0,917 | 0,883 | 0,829 | 0,876
120 3 0,926 0,885 0,831 0,881 0,927 | 0,888 | 0,836 | 0,884 | 0,917 | 0,883 | 0,829 | 0,876
4 0,926 0,885 0,831 0,881 0,927 | 0,888 | 0,836 | 0,884 | 0,902 | 0,89 | 0,882 | 0,891
Mean | 0,912 0,884 0,855 0,884 0,914 | 0,886 | 0,857 | 0,886 | 0,91 | 0,887 | 0,856 | 0,834
1 0,906 0,887 0,88 0,891 0,931 | 0,892 | 0,839 | 0,887 | 0,912 | 0,882 | 0,829 | 0,874
2 0,906 0,887 0,88 0,891 0,904 | 0,888 | 0,881 | 0,891 | 0,912 | 0,882 | 0,829 | 0,874
180 3 0,931 0,889 0,835 0,885 0,931 | 0,892 | 0,839 | 0,887 | 0,899 | 0,891 | 0,883 | 0,891
4 0,931 0,889 0,835 0,885 0,904 | 0,888 | 0,881 | 0,891 | 0,899 | 0,891 | 0,883 | 0,891
Mean | 0,919 0,888 0,858 0,888 0,918 0,89 0,86 | 0,889 | 0,906 | 0,887 | 0,856 | 0,883

After obtaining the best hyperparameters that increase the success of the iSeg-WNet architecture, a new
application has been carried out to compare the performances of different architectures. In this application, the
performances of iSeg-WNet, OneNet and 3D-UNet [37] architectures were compared by keeping the
hyperparameters the same, and the results are shown in Table 5. U-Net architecture consists of encoder,
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bottleneck and decoder parts. The encoder section consists of 3 stages, and at each stage, convolution, RELU
activation and subsampling (maxpooling) processes are applied. The bottleneck section acts as a transition that
connects the Encoder and Decoder sections to each other. This is the section where the relu activation operations
are applied after the convolution and each convolution operation. Another part, Decoder, has a 3-stage structure.
At each stage, the oversampling, convolution and relu operation is applied after each convolution operation. At the
same time, the feature outputs of the encoder section at each stage are transferred to the decoder section and

reused.

When the results in Table 5 are examined, it is seen that the proposed architecture has a higher success rate of
88.9% compared to other architectures.

Table 5. Segmentation results of different architectures

3D U-Net [37] OneNET Our(iSeg-WNet)
Train(min.) | Mri CSF GM WM Mean CSF GM WM | Mean CSF GM WM | Mean
1 0,922 | 0,883 | 0,776 | 0,86 0,88 | 0,868 | 0,864 | 0,871 | 0,891 | 0,877 | 0,868 | 0,879
60 2 0,897 | 0,862 | 0,826 | 0,862 | 0,908 | 0,874 | 0,822 | 0,868 | 0,891 | 0,877 | 0,868 | 0,879
3 0,922 | 0,883 | 0,776 | 0,86 0,88 | 0,868 | 0,864 | 0,871 | 0916 | 0,881 | 0,83 | 0,876
4 0,922 | 0,883 | 0,776 | 0,86 | 0,908 | 0,874 | 0,822 | 0,868 | 0,916 | 0,881 | 0,83 | 0,876
Mean | 0,916 | 0,878 | 0,789 | 0,861 | 0,894 | 0,871 | 0,843 | 0,869 | 0,904 | 0,879 | 0,849 | 0,877
1 0,924 | 0,884 | 0,786 | 0,865 | 0,924 | 0,877 | 0,819 | 0,873 | 0,901 | 0,884 | 0,878 | 0,888
120 2 0,894 | 086 | 0,832 | 0,862 | 0,898 | 0,869 | 0,858 | 0,875 | 0,901 | 0,884 | 0,878 | 0,888
3 0894 | 086 | 0,832 | 0,862 | 0,924 | 0,877 | 0,819 | 0,873 | 0,927 | 0,888 | 0,836 | 0,884
4 0,924 | 0,884 | 0,786 | 0,865 | 0,898 | 0,869 | 0,858 | 0,875 | 0,927 | 0,888 | 0,836 | 0,384
Mean | 0,909 | 0,872 | 0,809 | 0,863 | 0,911 | 0,873 | 0,839 | 0,874 | 0,914 | 0,886 | 0,857 | 0,886
1 0,923 | 0,884 | 0,793 | 0,867 | 0,917 | 0,87 | 0,808 | 0,865 | 0,931 | 0,892 | 0,839 | 0,887
180 2 0,923 | 0,884 | 0,793 | 0,867 | 0,897 | 0,86 | 0,844 | 0,867 | 0,904 | 0,888 | 0,881 | 0,891
3 0,894 | 0,861 | 0,836 | 0,864 | 0,897 | 0,86 | 0,844 | 0,867 | 0,931 | 0,892 | 0,839 | 0,887
4 0,894 | 0,861 | 0,836 | 0,864 | 0,917 | 0,87 | 0,808 | 0,865 | 0,904 | 0,888 | 0,881 | 0,891
Mean | 0,909 | 0,873 | 0,815 | 0,866 | 0,907 | 0,865 | 0,826 | 0,866 | 0,918 | 0,89 | 0,86 | 0,889

Example images obtained as a result of segmentation of an MRI by the architectures are given in Figure 5. The first
line shows the whole brain, the second, third and fourth lines show the axial, coronal and sagittal images,

respectively.
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3D U-Net iSeg-WNet

Figure 5. Sample images obtained as a result of segmentation of a sample MRI from the test dataset by architectures

4., Discussion and Conclusion

In the study of the development of infant brains, prevention of brain growth patterns and morphological changes
in neurological developmental disorders is very important. In this respect, it is important to examine and correctly
segment the brain tissues of the white matter (WM), gray matter (GM) and cerebrospinal fluid (CSF) brain regions.
In this study, a deep learning-based architecture called iSeg-WNet is proposed, which provides segmentation of
brain tissues using the iseg-2017 and iseg-2019 datasets containing 6-month 3D brain MRI images. The iseg-WNet
architecture is formed by repeating these structures based on Encoder, Bottlenech and Decoder structures twice.

Different experimental studies have been carried out with the proposed architecture and appropriate
hyperparameters have been found. In addition, the appropriate modality that will increase the segmentation
performance has been determined for MRI images with different modalities (T1w, T2w) in the datasets. Finally,
the performances of different architectures are compared.

With the first experimental study, the appropriate modality was determined. Accordingly, when the images in T1w
and T2w modalities were given together as an input to the architecture, it was seen that it showed the highest
success with an average success rate of 88.7%. In the second application, the performance evaluation of the
proposed architecture was made according to different cost functions. The highest success rate of 88.8% was
achieved with the Dice_Loss cost function. In the third application made according to different normalization
processes, the highest performance was obtained by using MinMax normalization with a success rate of 88.9%.
In the last experimental study to examine the performances of different architectures, it was seen that the iSeg-
WNet architecture exhibited the highest segmentation performance with 91.8% CSF tissue, 89% GM tissue, 86%
WM tissue and 88.9% on average.
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Keywords Abstract: In this study, firstly, it is shown that the geometric structure, which is
Projective Space, the image under the projection and the Veronesean map of the projective plane
Projective Plane, over the field GF(4) is the projective plane of order 4 such that the set of points
Veronesean Map, spans PG(4,4) and the lines set consists of conics in PG(4,4) by introducing with
Conic coordinates. Then taking points span PG(4,4), the projective plane of order 4 is

determined such that every line of the plane is a conic plane in PG(4,4).

PG(4,4) Projektif Uzayindaki Projektif Diizlemler Uzerine

Anahtar kelimeler 0z: Bu calismada 6énce GF(4) cismi iizerindeki projektif diizlemin Veronesean
Projektif Uzay, dontisiim ve izdiisiim altinda goriintiisii olan geometrik yapinin, noktalar kiimesi
Projektif Diizlem, PG(4,4) projektif uzayini geren noktalardan ve dogrular kiimesi PG(4,4)
Veronesean Doniigim, uzayindaki koniklerden olusan, 4. mertebeden projektif diizlem oldugu
Konik koordinatlarinin sunumu ile verilmektedir. Daha sonra PG(4,4) uzaymi geren

noktalar kiimesi alinarak, dogrulari konik diizlemleri olan 4. mertebeden projektif
dizlem koordinatlari belirlenmektedir.

*Corresponding Author, email: sekmekci@ogu.edu.tr

1. Introduction

The n-dimensional projective space over the Galois field GF(q) is denoted by PG(n, q). The Veronesean map
n(n+3)

P
(X2,X2, o) X2, X0X1, ooy XgXpy ey X1 Xy e, Xn—1Xpn). The image of the Veronesean map is called the quadric
Veronesean. The quadric Veronesean has the geometric and combinatorial properties. Many researchers have
studied using the quadric Veroneseans in classical algebraic and finite geometry. A characterization of the
Veronese spaces by means of their maximal subspaces was presented in [7]. In [6], the combinatorial
characterization of Veronesean in PG(n,q) was given. In [2], Veronese varieties of degree d over a Galois field
were studied and it was shown that the projections of Veronese varieties were some of known caps. Authors in
[8] showed that all Veronesean caps in finite projective spaces are projections of quadric Veroneseans and got
the stronger result by weaking one of the conditions in [6] . In [9], they presented that the classification all

embeddings 6: PG(n,q) = PG(d, q), with d = n(nz+3)’
and such that the image of 6 generates PG(d, q), gave the characterization on quadric Veroneseans and union of
projections and introduced the notation of a generalized Veronesean embedding. In [1], the classification all

maps the point of PG(n,q) with coordinates (xg, x4, ..., x,) onto the point ofPG( q) with coordinates

such that 8 maps the points on each line to a coplanar points
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n(n+3)

embeddings 6: PG(n,K) = PG(d,F), withd = Tand K, F skew field, such that 8 maps the points on each

line in PG (d, K) to a coplanar points in PG (d, F), and such that the image of 8 generates PG (d, F) is given and to
relax the conditions in [9] is studied.

In present study firstly it is introduced that the image under the projection and the Veronesean map of PG (2,4) is
the projective plane of order 4 in 4-dimensional projective space. Then, when the points spanning PG (4,4)are
taken in three conic planes, the projective plane of order 4 is determined such that every line of the plane is a
conic plane in PG(4,4). This is handled with introducing coordinates in PG(2,4) and in PG(4,4) and the
computations are done with coordinates based on the field GF (4).

2. Material and Method
In sequel, the basic definitions and theorems required for this study are summarized as the following:
2.1 Projective Plane

Definition 2.1.1. A projective plane P is an incidence structure (V, D,o) where IV is a set whose elements are
called points, D is a set whose elements are called lines and cc ' X D is an incidence relation such that the
following axioms are satisfied:

P1) Any two distinct points are on a unique line,

P2) Any two distinct lines are intersect at a unique point,

P3) There are four points in P such that no three points of them are collinear, [5].

Theorem 2.1.2. The positive integer n that satisfies the following properties is called the order of the finite
projective plane P.

i) There are n + 1 points on every line in P

ii) There are n + 1 lines passing through each point in P

iii) There exist n? + n + 1 points in P,

iv) There exist n? + n + 1 lines in P, [5].

Theorem 2.1.3. Let F be any field. A point-line geometry is a triple (W, D,o) consisting of the points set V', the
lines set D determined algebraically with the elements of the field F and the incidence relation o . Obviously,

N = {(xl,xz,x3):xl-e}", (xq, x5, x3) #= (0,0,0), (x4, x5, x3) = A(x1, x5, %3), e F — {0}}
D= {[‘11' ay, az): a;€F, [ay, ay, az] # [0,0,0], [ay, a5, as] = ulay, ay, as], ue F — {0}}:
o1 (x4, x5, x3) ° [ag,ay,a3] © a;x; + azx, + azx; = 0.

Any point in IV is represented by a triple (xy, X3, x3) where x4, x,, x5 are not all zero. Nonzero multiples of a triple
represent the same point. D has the same properties. This point-line geometry (IV,D,o) defined by F, is a
projective plane and is denoted by P,F. Let r and p be a positive integer and a prime number, respectively. The
projective plane of order n = p" over the finite Galois field F = GF(p") of p” elements is denoted by P,F =
PG(2,p7), [5].

A polynomial p(x) = x% + x + 1 over the field F = GF(2) is irreducible. The field GF(4) = GF(ZZ) ={0,1,t,t%}is
the extension of the field GF(2). The set of points in the projective plane PG(2,4) over GF(4) is
N ={Ny, Ny, ..., Nyy}, where

N, = (0,1,0),N, = (0,0,1), N, = (0,1,1), N5 =(0,1,t*), N, = (0,1,t), Ns = (1,1,1), N, = (1,0,1), N, =(1,t,1),
N8 = (1, tz, 1), Ng . [1,1,0), NlO = (1,1, tz), Nll =(1,1,t), le = (1, t, tz), N13 = (1, tz, t), N14 = (1,0,0),]\]15 =(1,t,0),
N16 = (11 tz' 0)1N17 = (L 01 tz): N18 = (110' t)' N19 =(1l tZ’tZ)’ NZO = (1' t, t)'

The lines set of PG(2,4) is D = {Dy, D, ..., D5y}, where
D, =[1,0,0], D = [1,0,1], D, = [0,0,1], D5 = [1,0,t], D4 = [1,0, tz],Ds =[1,1,0], D¢ = [0,1,0], D; = [1,¢,0],

D8 = [1' tz' 0]'D9 = [0'1;1]'D10 = [1: tz:t]lDll = [1' ¢, tz]' D12 = [1'1’1]rD13 = [1r t, t],D14 = [1: tzﬁt2]1D15 = [1!t2: 1]!
D16 = [1, t, 1],D17 = [1,1, tz], DlB = [1,1, t], D19 = [0,1, tz], DZO = [0,1, t]

no_»

Incidence relation " ©” is as in table 2.1.
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Table 2.1. Incidence Relation of PG(2,4)

DO Dl DZ D3 D4 DS D6 D7 D8 D9 D10 D11 D12 D13 D14- D15 D16 D17 D18 D19 DZO

2.2 The Projective Spaces

Let V be an n+1-dimensional vector space over the field F. For any two nonzero vectors A = (ay,a,, ..., a,) and
B= (bo,bl, v, by)inV,A~B © a; = Ab;,i=1,2,...,n,2eF and 1 # 0, is the equivalence relation on the nonzero
vectors in V. The equivalence classes are the 1-dimensional subspaces of the vector space with the origin
removed. The set of them is called n-dimensional projective space over F and is denoted by PG (n,F). The
elements of PG (n, F) are called points of projective space. If F = GF(q), the projective space of order q is shown
by PG (n, q), [3].

A Kk-space (k-dimensional subspace) in PG(n,F)is a set of points all of whose corresponding to vectors
determine a k + 1-dimensional subspace in V. i-dimensional subspaces i=0,1,2 are called a point, a line, a plane,
respectively.

A k-space m;, is the set of points represented by the vector t,X, + t;X; + -+ + t, X}, , where X, X;, ..., X arek + 1
linearly independent vectors and t;eF — {0}.

2.3 The Veronesean Map

The Veronesean map is a map

9:PG(n,F) - PG n>1

= 4

nn+ 3)
T'T)'

P(Xg, X1, ey Xp) = (yOO'yllr ---ryn—l,n)tyij =xx,0<i,j<n
n(n+3)

2
,F). The Veronesean map maps a point P(xg, X1, ..., X,,) of PG(n, F) onto the point
n(n+3)

. ,F). The set of these points ofPG(n(n+3),f]—") is called the

2
quadric Veronesean and is denoted by V2", or, for short V,, [4].
Forn = 1, the Veronesean V? is a conic in PG(2,F). Forn = 2, the Veronesean is a surface V;} of order 4 in
PG (5,F). The quadric Veronesean V, is a set of 6(n) points in PG n(7;+3),fF) such that no three points are

collinear. In particular, forn = 1, |V;| =8(1) = q+ landforn = 2,|V,| =0(2) = q*+ q+ 1, F = GF(q).

O maps the set of points of each line of PG (n,F) to a set of coplanar points of PG ,F) and such that the
n(n+3)
2

2 2
P(X§, ey X5y X0 X1, ey Xg Xy weey X_1Xp) Of PG (

image of 9 generates PG (

Theorem 2.3.1. Let mg be s-dimensional subspace of PG (n,F). The image of g under the Veronesean map is a
quadric Veronesean Vg, which is the complete intersection of V,, and the space PG (@,T) containing Vs, [4].

As a particular case, the Veronesean map maps the lines (1-dimensional subspace) in PG (n,F) to conics of V,,.
Theorem 2.3.2. Any two points of the quadric Veronesean V,, are contained in a unique conic of V,, [4].

Theorem 2.3.3. The quadric Veronesean V, contains ®(s; n, q) quadric Veroneseans V;, (®(s; n, q) is the number
of s-dimensional subspace of PG(n,q)), [4].

3. Results

In this section, firstly that the image under the projection and the Veronesean map of PG(2,4) is the projective
plane of order 4 in 4-dimensional projective space is shown by giving the computations made with the
coordinates in PG(2,4) and in PG (4,4).

Theorem 3.1. The image under the projection and the Veronesean map of PG(2,4) is the projective plane of

order 4 in 4-dimensional projective space over GF (4) such that the set of points spans 4-dimensional projective
space and every line of the plane is a conic.
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Proof. Let the image under the projection and the Veronesean map of PG(2,4) be denoted by P. It will be shown
that P is a projective plane in PG (4,4) such that the points set of P spans PG (4,4) and every line of PP is a conic. It
is well known that the projective plane of order 4 is embedded in the projective space PG(5,4) by the
Veronesean Map. This embedding is identified on each point of PG(2,4) with its image under the Veronesean
map. For F = GF(4) and n = 2, the Veronesean map is

9: PG(2,4) — PG(5,4)
(x,v,2) = (x?,y%, 2%, xy,x2,7)
N; > 9(N)) =P;.

The images of points of PG (2,4) under the Veronesean map are as the following:

P, = (0,1,0,0,0,0), P, = (0,0,1,0,0,0), P, = (0,1,1,0,0,1), P; = (0,1,¢,0,0,t?), P, = (0,1,t2,0,0,¢), Ps = (1,1,1,1,1,1),
P¢ =(1,0,1,0,1,0),P, = (1,t3,1,t,1,1), Pg = (1,t,1,t%,1,t), Py = (1,1,0,1,0,0), Pio=(11,t1,t5t%), Py =
(1,1,6%,1,t,t), Py = (L5t tt%1), P53 = (1,6, t%,t%,t,1), Py =(1,00,0,00),P;s = (1,¢t%0,£0,0), Py =
(1,¢,1,t%,1,t%),P1; = (1,0,t,0,t2,0), P1g = (1,0,t2,0,¢,0), P1o = (1, ¢, t,t2, t%,t), Pyy = (1, t%, t2, t, t, t2).

The images of lines in PG(2,4) under the Veronesean map are conics. 21 points P; and 21 conics are in the
quadric Veronesean V3 of PG (5,4). For instance, the image of the line Dy =< Ny, N;, Ny, N3, N, > of PG (2,4) under
9 is the conic with the equation x;x, + xé =0in PG(5,4) such that P;,i = 0,1, ...,4 are on it. Similarly, the image of
the line D; =< N, N5, Ng, N7, Ng > of PG(2,4) under 9 is the conic with the equation x,x; + x4 = 0 and the points
P;,i=0,5,6,7,8 on this conic.

Consider a projection of the quadric Veronesean Vjin PG(5,4) onto the hyperplane x, = 0 from the point
P =(1,1,1,0,0,0) which is not contained in V‘Z*. If the hyperplane x; = 0 is denoted by =, the projection is

B:Vy c PG(54) > n
P; = (%0, X1, ., x5) = Py = B(Py) = (xq + X1, X + X2, X3, X4, X5).-

B maps every point P of V5 in PG(5,4) to the intersection point P’ of the line XP and m. With g, P; =B(P;) =
P;,i=0,1,...,4 and the remaining points are

Ps =(0,0,1,1,1), Py = (1,0,0,1,0), P; = (£,0,¢,1,£), Pg = (1,0,1,¢,1), Py = (0,1,1,0,0), Pyo = (0,£2, 1, ¢2, £2),
P/, =(0,t,1,t,t), P, = (t,t%t,t3, 1), P/; = (t%,t,t%¢,1), P, = (1,1,0,0,0), P;s = (t,1,t,0,0),
Pls = (t%,1,t%,0,0), P{; = (1,t2,0,t2,0),Pjg = (1,t,0,t,0), Py = (t?,t%,t2,t%,t), Pyy = (t,t,¢,t,t2).

The points P’i belong to the geometric structure P. Also P’O, P’1, P’Z, P’5 and P’6 are linear independent and generate
PG (4,4). The projections of conics ( Veronesean V) which are the image of lines of PG(2,4) are conics in m. For
instance, the image of the line Dy =< Ny, N1, N,, N3, N, > of PG(2,4) under B9 is the conics with the equation
VoVy * yi = 0in m such that P;-,i =0,1,...,4 are on it. Also the points P;,i =0,1,...,4 on this conic determine the
plane {(y,,¥,, ¥, Y3, ¥,): ¥, = ¥ = 0,y, € GF(4)}. Similarly, the image of the line D; in PG(2,4) under 9 is the
conics with the equation J’22 + y32 +Y V3 = 0 and the points P'l-, i = 0,5,6,7,8 on this conic determine the plane
{(V0, Y1, V2, Y3, V4): ¥1 = 0, ¥, = V4, y; € GF(4)}. P contains 21 points P, and 21 conics of PG(4,4). B9 is a
injective map from PG (2,4) onto P = BI(PG(2,4)) and preserves the incidence structure of PG(2,4). Therefore
P is isomorphic to PG(2,4). Every conic consists of five points P;’ such that no three are collinear. Each two of
these points are contained in unique one of these 21 conics and each two of these conics intersect in unique one
of these 21 points. Thus, P is the projective plane of order 4 in PG (4,4).m

In the final part of the study, when the points spanning PG (4,4) are taken in three conic planes, it is shown that
the projective plane of order 4 is determined such that every line of the plane is a conic plane in PG(4,4). This is
handled with introducing coordinates in PG(2,4) and in PG(4,4) and the computations are made with
coordinates based on the field GF (4).

Theorem 3.2. Let the points spanning PG (4,4) be taken in three conic planes determined by the conic equations
x% = x9xq1, x5 + x3 + x9x3 = 0 and x4 + x3 + x;x, = 0. Then the projective plane of order 4 is obtained in PG (4,4)
such that every line of the plane is a conic plane.

Proof. We want to find a projective plane of order 4 in PG(4,4). All the points in this projective plane are
supposed to generate PG (4,4) and every line of the plane is a conic plane. So, we must find 21 points and 21
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conic planes in PG (4,4) such that each conic plane contains exactly 5 points of 21 points, and two conic planes
meet exactly in one point of 21 points. We use the notation for points, lines and incidence relation of PG (2,4) in
computations to obtain the projective plane.

It is known that all points and all lines of a projective plane are identified with three distinct nonconcurrent lines.
So, three conic planes corresponding to given three conics are already contained in the projective plane.

If the conic plane determined by the conic with the equation x4 = xx; is denoted by D,, the points belong to D,
in PG (4,4) as following coordinates:

N, = (1,0,0,0,0), N, = (0,1,0,0,0), N, = (1,1,0,0,1), N5 = (1,£,0,0,t?) . And, the conic plane D, is the set
(Vg Y Yy YY)y, =y, =0,y, € GF(4)}.

If the conic plane determined by the conic with the equation x2 + x% + xox; = 0 is denoted by D, the points
belong to Dy in PG (4,4) as following coordinates:

N, = (1,0,0,0,0), N5 = (0,0,1,1,1), Ng = (1,0,0,1,0), N; = (t,0,¢,1,t), Ng = (t?,0,t?,1,t%). And, the conic plane D, is
the set {(Yo, Y1, 2, Y3, ¥4): ¥1 = 0,¥2 = y4, ¥ € GF(4)}.

If the conic plane determined by the conic with the equation x3 + x2 + x;x, = 0 is denoted by D, the points
belong to Ds in PG (4,4) as following coordinates:

N, = (0,1,0,0,0), N5 = (0,0,1,1,1), Ng = (0,1,1,0,0), N, = (0,t?,1,t%,t?), Ny; = (0,t, 1, t,t). And, the conic plane Ds
is the set {(¥o, ¥1, ¥2,¥3,¥4): Y0 = 0,3 = y4,¥; € GF(4)}.

So, the lines (the conic planes) Dy, D; and D5 are in the plane and 11 points of the plane are directly obtained by
this lines. Note that the intersection points of the pairs of these conic planes are Ny, N{, N5. The remaining points
and conic planes in the projective plane will be determined such that the conic plane contains exactly five points
of 21 points and the two conic planes intersect at one of the 21 points.

The conic plane Dy, is spanned by the points N,, Ng, Ng and denoted by < N,, N¢, Ng >. For every point
(Vo ¥1: Yo Y3 ¥4) in Dyy, the equalities y, = y, +y,,¥, =y, +y, are valid. The lines D, is

{0 Y Yy Y Y):iVo =Y+ VY, =Y, +¥, Y, € GF(4)} . For every point (y,,5,,¥, ¥, ¥,) in the plane
Dyy =< N3,N7,Nqg >, the equalities y, = tzyz,y4 =y, +y, are obtained. Because the point N3 belongs to D;, and
D,q, the coordinates of Ni3 must provide the conditions on D, and D,,. From here, D;, and D,, have exactly a
common point N3 = (1,t%, 1, t). For the planes Dy, =< N, Ng, N1y > and D5 =< N3, N¢, N;; >, the equalities

Yy =Yt + Y + Y, 5y, =y, +y t+y,t7 and y, =y + (v, +¥,)t5y, =y, t +y, are valid, respectively. The
intersection point of the planes D4 and Dys is N5 = (xq, X1, X, Xot + X1t%, Xo + x1t). Nys = (k, 1, k, kt + t%, k + t)
where k = i—‘l’,xl # 0. For the planes D, =< Ny, N9, N15 > and Dy =< N3, N7, Ny, >, the equalities y, = 0,y, = 0 and
Y, =yt ¥, =y, +y, are valid, respectively. The intersection point of these planes is Ny, = (kt+ 1,k t(t+
kt+k,t2t+k. 20 and 210 intersect at the point A4=(42t+1+ 422,422 4+1,0,0, t42 t+1+£22). Since D19=<N4, V8 V11>
contains the point N4, the equalities k* + tk = 0 and (k* + k)t + kK> + 1 = 0 are valid. Then k equals to t. If the
value of k is written at the points, N5 = (t,1,¢0,0), Ny, = (¢,¢,0,0,0), Ny = (1, t2,0,0, t) are obtained. The
intersection point of the planes Dg =< N;,N;, N5 >and D, =< N,,Ng, Ng > is Ny, = Dg A Dy, = (t,t%,t,t%,1).
Since the equality Ny, = t?N, + tNg + t>Nq; is valid, the point Ny, is in the plane D;q which is spanned by the
points N4, Ng, Nq;. Since the planes D, =< Ny, Ng, N5 >, D; =< N, Ng, N13 >and Dy; =< N3, N5, N, > intersect the
point Ny, its coordinates are found as (t% 1,t%0,0). Similarly, the planes D; =< Ny, Nyo, N1 >, Dg =<
Ny,Ng,Nqi4 > and Dy =< N4, N5, N5 > intersect the point Nq; = (1,t2,0,t%,0). The point Nig = (1,t,0,t,0) is
obtained from the intersection of the planes D, =< Ny, N1, N3 >, Dg =< Ny, N4, N1, >and D{; =< N3, N5, N, >.
The points Nqq = (t2,t%,t2,t%,t%) and N, = (1,1,1,1,t) are found by the intersections of D3 =< Ny, Nyo, N5 >,
D; =< N4,Ng,Nq3 >and Dy =< Ny, Ny;, N3 >, Dg =< N, N, N5 >, respectively.

Let{N,:i=0,1,..,20} be the set of points of S = (N',D’,o'), with line set {D; : i = 0,1, ...,20} such that the points
of V' span PG (4,4) and D; is a conic plane. Any two distinct elements N; and N; of the points set belong to unique
member D, of the lines set D Any two distinct elements D; and D; of the lines set have unique point N; of the
points set N'in common. Each element N; of N'is contained five conic planes and each element D; of D

contains five points of . The incidence structure S formed by N andD is a projective plane of order 4 such
that S generates PG (4,4) and S is isomorfic to PG(2,4). m

4. Conclusion

In this study, firstly it is shown computationally that the image under the projection and the Veronesean map of
PG (2,4) is the projective plane of order 4 in 4-dimensional projective space. Then taking points span PG(4,4) on
three distinct conic plane such that the pair of these planes intersects a point, the projective plane of order 4 in
PG (4,4) is determined. This computations are handled with coordinates in PG (2,4) and in PG (4,4).
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Anahtar Kelimeler 0z: Bu ¢ahsmada gerilim kontrollii bir memristér modeli olan Dogrusal
Memristor, pencere fonksiyonu, Olmayan Iyon Siiriiklenme Modeli'nin karakteristik akim-gerilim iligkisinin
yeniden yapilandirilabilir devre deneysel olarak gozlemlenebilmesi amaciyla, Tukey pencere fonksiyonu ile

uygulamasi, histerezis egrisi,
Alan Programlanabilir Analog Dizi
(FPAA).

tasarlanan memristér elemaninin  programlanabilir ve yeniden
yapilandirilabilir analog gerceklestirimi sunulmaktadir. Bahsi gecen
memristor elemaninin gergeklestirimi; analog dogasi, farkli dogrusal
olmayan fonksiyonlarin eleman tizerinde kolaylikla insa edilebilmesi, hizl
prototiplendirme imkani sunmasi ve diisiik maliyeti ile dikkat ceken FPAA
platformu ile yapilmistir. Bu kapsamda, Tukey pencere fonksiyonu ile
tasarlanan memristdr elemaninin nimerik benzetimi yapilmistir. Bu
benzetimlerde, memristor elemaninin karakteristik dinamigi olan histerezis
egrisi gozlemlenmistir. ilgili memristér elemanin girisine farkl frekans
degerlerine ayarlanan siniizoidal isaretler uygulanmistir. Boylece memristor
elemaninin frekansa bagimli ¢alisma karakteristigi gézlemlenebilmistir. Son
olarak, Tukey pencere fonksiyonunun FPAA platformundaki tasarim
asamalarinin detaylari ve elde edilen gergeklestirim sonuglari sunulmustur.

FPAA-based Implementation of the memristor device designed with the Tukey window
function

Keywords Abstract:

Memristor, In this study, the programmable and reconfigurable analog realization of the

Window function, _ memristor device designed with the Tukey window function is presented to

ge?s:rf:i?sriglri:rcult implementation, ;0 ve experimentally the characteristic current-voltage relationship of the

Fi};:ld Pro 'bl Analoe A Nonlinear Ion Model that is a voltage-controlled memristor model. The

grammable Analog Array o . . .

(FPAA). realization of this memristor element has performed with the FPAA platform,
which stands out with its analog nature, the ability to easily construct
different nonlinear functions on this device, the possibility of rapid
prototyping, and its low cost. In this context, a numerical simulation of the
memristor element designed with the Tukey window function has been made.
The hysteresis curve, which is the characteristic dynamic of the memristor
element, is observed in these simulations. Sinusoidal signals adjusted to
different frequency values are applied to the input of this memristor element.
Thus, the frequency dependent operating characteristic of the memristor
element is observed. Finally, the details of the design stages of the Tukey
window function on the FPAA platform and the obtained implementation
results are presented.
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Tukey Pencere Fonksiyonu ile Tasarlanan Memristor Elemaninin FPAA Tabanlh Gergeklestirimi

1. Giris

Leon Chua, dort temel devre degiskeni olan akim, gerilim, elektriksel yiik ve manyetik aki arasindaki iliskinin
klasik devre teorisinin {i¢ temel elemani olan direnc, indiiktor ve kapasitér elemanlari ile tamamlanamayacagini
belirtmistir. Dort temel devre degiskenin alti farkli kombinasyonunun oldugunu ve tanimlamalara gére sadece bes
kombinasyonun ifade edildigini, bu sebeple dérdiincii bir temel pasif devre elemaninin gerekli oldugunu
savunmustur. 1971 yilinda matematiksel ifadelerle tanimladigi memristori, elektriksel yiik ve manyetik aki
arasindaki iliskiyi tamamlayan doérdiincii temel devre elemani olarak rapor etmistir [1]. Chua, memristoriin akim-
gerilim karakteristiginin diger pasif devre elemanlarindan farkli olarak bir histerezis egrisi seklinde oldugunu ve
memristore uygulanan harici gerilimin frekans degeri arttik¢a, histeresis egrisinin alaninin azaldigin belirtmistir.
Iki terminalli bir eleman olarak modellenen bu komponent; Stanley Williams ve Hewlett Packard (HP) Laboratuvar
ekipleri tarafindan fiziksel olarak ilk kez 2008 yilinda iiretilmistir. Titanyum dioksit (TiO2) malzeme kullanilarak
tiretilen bu elemanla ilgili olarak HP firmasinin yayimladigi raporda; elemanin kii¢iik boyut [ 2], disiik gii¢ tiiketimi
[3], yiiksek hizli ¢alisma [4], kararli ve dengeli davranis [5], ¢ok durumlu ¢alisma [6] gibi dikkat cekici
ozelliklerinden bahsedilmistir. Bu gelismelerden sonra memristdrler bilgisayar mimarileri, né6romorfik sistemler
ve dijital devreler gibi bircok alanda kullanilmaya baslanmistir.

Literatiirdeki bilimsel arastirmalarda ve elektronik endiistrisindeki gerceklestirimlerde memristér elemaninin
farkh karakteristik 6zelliklerini éne ¢ikaran; Dogrusal Iyon Siiriiklenme (Linear Ion Drift) Modeli [7], Dogrusal
Olmayan Iyon Siiriiklenme (Nonlinear Ion Drift) Modeli [8], Simmons Tiinel Bariyer (Tunneling Barrier) Modeli
[9] ve Esik Uyarlamali Memristor (Threshold Adaptive Memristor-TEAM) Modeli [10] gibi modeller
tanimlanmustir. Bu modellerden gerilim kontrollii bir memristdr modeli olan Dogrusal Olmayan Iyon Siiriiklenme
Modeli daha belirgin akim-gerilim karakteristigi ile farkhlasmaktadir. Dogrusal Olmayan Iyon Siirikklenme
Modellemeleri'nde sinir degeri kisitlamalar ile karsilasiimaktadir. Bu kisitlamalar f(x) ile tanimlanan Biolek,
Prodromakis, Strukov, Joglekar ve Tukey gibi farkli pencere fonksiyonlar1 tanimlanarak azaltilmaktadir [11-15].
Biolek pencere fonksiyonu modeli genel olarak sinir noktalari iizerinde kisitlama kosullar1 problemini ortadan
kaldirmaktadir. Bu fonksiyon sinir noktalarindaki kisitlamalart ¢6zmis olsa da sinirlarda devamlilik
gosterememekte ve siireksizlige neden olmaktadir. Biolek pencere fonksiyonuna benzer sekilde, Prodromakis
pencere fonksiyonu modelinde de sinir noktalar1 iizerinde kisitlama kosullar1 problemi bulunmaktadir.
Prodromakis pencere fonksiyonu modelinde iki kontrol parametresi vardir. Bu parametrelerin biri ile pencere
fonksiyonunun bigimine karar verilirken, diger ile pencere fonksiyonunun genliginin skalasi
Olgeklendirilebilmektedir. Strukov pencere fonksiyonu modeli HP modelin sinir kosullarindaki davranisi ifade
etmek icin Onerilmistir. Memristor elemaninin sinir kosullarinin belli 6zel sartlarla sinirlanmasini saglamasi
amaglanmistir. Bununla birlikte, Strukov pencere fonksiyonu modelinde hi¢bir dis alan etkisi memristériin
durumunu degistirememektedir ve bu onemli bir problemdir. Joglekar pencere fonksiyonu modeli, Strukov
pencere fonksiyonunun eksikliklerini telafi etmek i¢in dnerilmistir. Joglekar pencere fonksiyonu memristoriin
temel karakteristiklerinden olan dogrusal olmama 6zelligini karsilamakta ve bir kontrol parametresi kullanilarak
model iizerinde egrisellik ayar1 ve kontrolii yapilabilmektedir. Ote yandan, Joglekar pencere fonksiyonunun temel
problemi ise sinir degerine ulasildiginda bu pencere fonksiyonunun sifir degerinde kalmasidir. Memristor
modellemesinde sinir kisitlama problemi i¢in 6nerilen pencere fonksiyonlarina alternatif tanimlamalardan biri de
Tukey pencere fonksiyonu modelidir [16,17]. Bu model literatiirde mevcut sinir fonksiyonlarinin kullaniminda
karsilasilan hatalar1 daha aza indirgemek i¢in 6nerilmistir. Bu modelde geleneksel pencere fonksiyonlarinda
bulunan kontrol degiskeni gibi bir ayar parametresinin bulunmamaktadir. Bdylece Tukey pencere fonksiyonu ile
sinirlandirilan memristér elemanimin memristans ifadesi kolaylikla elde edilebilmektedir. Ote yandan, Tukey
pencere fonksiyonu trigonometrik ifadelerle tanimlandigindan dolay1 dzellikle gerceklestirim g¢alismalarinda,
literatiirde mevcut diger pencere fonksiyonlarina gére daha az tercih edilmektedir.

Memristor elemaninin modelleme ¢alismalarinin ardindan, elemanin farkli devre ve sistemlerde kullanilabilmesi
amaciyla fiziksel olarak tiretimine ve gercek zamanh elektriksel karakteristik ¢ikislarina ihtiya¢ duyulmustur. HP
tarafindan tretilen prototipe ilaveten, memristor elemaninin deneysel gerceklestirimlerde kullanilabilmesi i¢in
farkli donanimlar kullanilarak gerceklenen emiilator devreleri de ortaya konmustur[18-27]. Son yillarda farkh
dogrusal olmayan fonksiyonlarla karakterize edilen sistemlerin elektronik donanimlarla gerceklestirimlerinde
alternatif ¢ozlimler sunan programlanabilir ve yeniden yapilandirilabilir analog ya da dijital elemanlarin
kullaninmina yonelik pek c¢ok farkli calisma literatiire kaydedilmistir. Benzetim programlarinin sundugu
avantajlara benzer sekilde hassas parametre ayar1 yapabilmeye imkan saglama, ayrik donanimlarla yapilan
gerceklestirimlere benzer sekilde ise gercek zamanl elektriksel ¢iktilar sunma 6zellikleri ile bu elemanlar oldukca
dikkat cekmektedir. Literatiirde memristor elemaninin kullanildigi tasarimlarin test edilmesi ve dogrulanmasi igin
farkli emilator devrelerinin kullanimi yerine, analog programlanabilir donanim platformlarinin tercih edildigi
calismalar mevcuttur. Tahir ve Saif [28] aki kontrollii memristor modelini niimerik olarak simiile ettikten sonra,
modelin donanim gergeklestirimini bir alan programlanabilir analog dizi (Field Programmable Analog Array-
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FPAA) elemani kullanilarak yapmislardir. Arik ve Kili¢ [29], memristor tabanli kaotik sistemlerin deneysel olarak
test edilmesi ve dogrulanmasi icin alan programlanabilir analog dizi (FPAA) elemanini kullanmislardir.

Bu calismada ise, gerilim kontrollii bir memristér modeli olan Dogrusal Olmayan Iyon Siiriiklenme Modeli'nin
karakteristik akim-gerilim iliskisinin deneysel olarak gézlemlenebilmesi amaciyla, Tukey pencere fonksiyonu ile
modellenen memristér elemaninin programlanabilir ve yeniden yapilandirilabilir analog gerceklestirimi
sunulacaktir. Bahsi gecen memristdr elemaninin; analog dogas, farkli dogrusal olmayan fonksiyonlarin eleman
tizerinde kolaylikla insa edilebilmesi, hizli prototiplendirme imkani1 sunmasi ve diisiik maliyeti ile dikkat ceken
FPAA elemani ile gerceklestirimi yapilacaktir. Boylece analog elektriksel ¢cikislara ihtiya¢ duyulan uygulamalar i¢in
alternatif bir gerceklesirim yaklagsimi sunulacaktir. Memristér elemaninin FPAA platformlari ile emiile edilmesi
sonucunda, bu elemaninin kullanildig1 pek ¢cok sistemin gerceklenme siirecine de katkilar saglanacaktir.

Bu kapsamda Boliim 2’de 6ncelikle memristans ve memdiiktans tanimlamalari ile ilgili kisa bir girisin ardindan,
Tukey pencere fonksiyonu ile tanimlanan memristér elemaninin niimerik benzetimi yapilacaktir. Bu
benzetimlerde, memristér elemaninin karakteristik egrisi olan histerezis yapisinin gozlemlenebilmesi igin,
elemanin girisine farkl frekans degerlerine ayarlanan sintizoidal isaretler uygulanmistir. Boylece memristor
elemaninin frekansa bagiml ¢alisma karakteristigi gozlemlenebilmistir. Boliim 3’te Tukey pencere fonksiyonunun
FPAA platformundaki tasarim asamalarinin detaylar: ele alinacaktir. Elde edilen FPAA tabanlh gergeklestirim
sonuclari da bu boliimde verilecektir. Son boliimde ise elde edilen sonuglar tartisilacaktir.

2. Tukey pencere fonksiyonu ile tasarlanan memristér elemaninin niimerik benzetimi

Direnc, kapasitor ve indiiktor elektronik devrelerde kullanilan iki terminalli temel pasif devre elemanlaridir. Devre
teorisinde bu komponentlerin terminallerinden akan akim (i), terminaller arasindaki potansiyel fark: voltaj (v)
olarak tanimlanmaktadir. Terminalden akan akimin integrali alindiginda elektriksel yiik (q) ve terminaller
arasindaki potansiyel farkin integrali alindiginda manyetik aki (¢) degiskenleri elde edilmektedir. Direng,
terminaller arasindaki potansiyel fark ile terminaller lizerinden gecen akim arasindaki iliskiyi tanimlamaktadir.
Kapasitor, yiik (q) ve voltaj (v) arasindaki iliskiyi gosterir. indiiktér, akim (i) ve manyetik aki (¢) arasindaki iliskiyi
karsilamaktadir. Chua tarafindan hafizali direng olarak tanimlanan memristdr ise, voltaj ve akimin zamana gore
integrallerinin alinmasiyla elde edilen elektriksel yiik ile manyetik aki degiskenlerinin bir fonksiyonu olarak
tanimlanmistir. Sekil 1’ de goriildiigi gibi dordiinct temel pasif devre elemani olarak kabul edilmektedir.

[\‘ Direng Kj
v i
dv=Rdi /I\

Kapasitor —__

\I dop=Mdg
q JINE @
Memristor

Sekil 1. Temel devre degiskenleri ve temel devre elemanlar: arasindaki iligki [7]

Elektriksel yiik ile manyetik akiyi iliskilendiren memristor, yiik ve aki arasindaki ifadeye gére memristans ve
memdiiktans olmak iizere iki farkli sekilde tanimlanmaktadir. Burada yiik ile aki arasindaki iliski Denklem (1)’deki
gibi ylikiin fonksiyonu olarak tanimlanirsa memristans (yiik-kontrollii memristdr), Denklem (2)’deki gibi akinin
fonksiyonu olarak tanimlanirsa memdiiktans (aki-kontrollii memristor) olarak adlandirilir.

v =M(q)i
d (1)
M(q) = —‘fiff)
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i=W(pv
d
W(p) = % @)

Denklem (1) ve Denklem (2)'den goriilecegi iizere herhangi bir zamanda memristoriin c¢ikisy; giris isareti ile
memristanst ya da memdiiktansi temsil eden dogrusal olmayan bir fonksiyonun ¢arpimina esittir (¢arpimsal
transfer fonksiyonu) ve giris sifir oldugunda memristor c¢ikisi da sifira gitmeye zorlanir (sifirdan gegis). Bu
tanimlama memristor elemaninin karakteristik dinamigi olan histerisiz egrisini karsilamaktadir. Denklem (1) ve
Denklem (2)’'deki (q) ve (¢)'nin akim ve voltaja gore integralleri g = f_tooi(r)dr ve ¢ = f_twv(r)d'r olmak tlizere

akim ve gerilim bagintilar1 diizenlenirse, Denklem (3)’teki sonug elde edilir:

v(t) = M(ft i(0)dr)i(t)
R 3)
i(t) = W(f v(t)dr)v(t)

Denklem (3), memristoriin kalic1 hafiza 6zelligine sahip oldugunu gésterir. Burada, memristans ve memdiiktansin
degeri giris isaretinin tiim gecmis degerlerine bagl olarak hesaplanir. Bu nedenle giris isareti uygulandig siirece
memristans (ya da memdiiktans) degisimini korur. Giris isareti kesilirse, tekrar giris isareti uygulanana kadar son
anda bulundugu degerinde kalir [30].

Williams ve ekibi ilk fiziksel memristorii Hewlett-Packard laboratuvarinda gercgeklestirmistir. Dogrusal
Siirtiklenme Modeli veya kisaca HP modeli olarak adlandirdiklar1 yapiy1 ince bir titanyum dioksit (TiOz) filmini iki
platin (Pt) elektrot arasina yerlestirerek tiretmislerdir [ 7]. Memristore bir uyartim isareti uygulandiginda iki bolge
arasindaki sinirin zamanin bir fonksiyonu olarak hareket ettigi diisiiniilerek, yiik kontrollii memistor lizerindeki
voltaj HP tarafindan asagidaki gibi modellenmistir:

v(©) = MOIE) = [Ron 52 4 Ry 1= ") ity @

Burada, w(t)/D ifadesi (x) degiskeni ile tanimlanarak (w) degiskenini normalize etmistir. Burada D yar iletken
kalinhgini temsil etmektedir. x € [0,1]. x(t) = 0 durumunda M (x) = R,¢r ve x(t) = 1 durumunda ise M (x) = R,y
degerlerine karsilik gelmektedir. Bu durumda Denklem (4) asagidaki gibi yeniden yazilabilir:

M(x) = Royx + Ropr(1 — x) (5)

v(t) = [Ronx + Ropr(1 — x)]i(t)
Memristoriin elektriksel davranisi, ince bir titanyum dioksit (TiOz) filmleri arasindaki siirtiklenme ile ilgilidir ve
[0, D] arahiiyla sinirhidir. Bu filmler arasindaki sinirlardaki durum, Dogrusal iyon Siiriiklenme Modeli’nin énemli
bir problemi olarak bilinmektedir. Bu sorunun iistesinden gelmek i¢in pencere fonksiyonu (window function)
yaklasimi giindeme gelmis ve durum denklemlerindeki bu dogrusal olmama durumu Denklem (6)’daki gibi
glincellenmistir:

dx(t)  Ropn
ac Hvpe

i(Ofx) (6)

Memristoriin yapisal dinamigine bagl olarak (pwRon/D?) fiziksel parametresini sabit bir (k) parametresi olarak
kabul edilirse, Denklem (6) asagidaki gibi giincellenebilir:

dx(t

d(t ) ki) f (x) (7)
Literatiirde Denklem (7)’de tanimlanan f(x) pencere fonksiyonu, Strukov, Joglekar, Biolek, Prodromakis ve Tukey
pencere fonksiyonlar1 gibi bir¢ok farkli fonksiyon ile tanimlanmistir [11-14,16,17]. Tukey pencere fonksiyonu
matematiksel olarak diger modellerden daha kompleks oldugundan ve trigonometrik ifadeler icerdiginden daha
az kullanilmaktadir. Bununla birlikte, bu model diger modeller kullanildiginda karsilasilan sinir kosul hatalarini

528



Tukey Pencere Fonksiyonu ile Tasarlanan Memristor Elemaninin FPAA Tabanlh Gergeklestirimi

daha aza indirgemek i¢in 6nerilmistir. Yasuhiro Takahashi ve arkadaslari [16, 17] 2015 yilinda Dogrusal Olmayan
Iyon Siiriiklenme Modeli’nin karakteristik davranisini geleneksel modellerden farkh olarak kontrol parametresi
icermeyen Denklem (8)’deki Tukey pencere fonksiyonu ile modellemeyi 6nermislerdir.

(14 cos(Zx-1)))i(0<x <)

f(x) = 1;(g<xg1—%) (8)

%(1+cos<27n[x—1+g])) ;(1—%<x$1)

Tukey pencere fonksiyonu zaman diizleminde dizgin karakteristiktedir ve pencere zaman araliklarinin
¢ogunlugu icin bir degerine yakindir. Sekil 2’de goriildiigii gibi pencere fonksiyonunun bir degerini korudugu
stireyi belirleyen uzunluk "Konik Uzunluk" olarak bilinir. Konik uzunluk Denklem 8’deki f(x) fonksiyonunun (r)
derecesinin farkli degerlerine goére degismektedir. (r) derecesi ne kadar diisiikse, konik uzunluk bir degerinde

daha fazla sabit kalmaktadir.

80 100

Sekil 2. Tukey penceresi fonksiyonunun farkli (r) degerleri i¢in grafikleri.

Bu calismada, niimerik benzetim i¢in Denklem (6)'daki Dogrusal Olmayan Iyon Siirikklenme Modeli’'nin
parametreleri Ron = 0.1 kQ, Ror= 16 kQ, pv = 30.10-15 m?/ (Vs) ve D = 9.10-9 m olarak ayarlanmis ve f(x) fonksiyonu
yerine Tukey pencere fonksiyonu kullanilmistir. Giris voltaji, tepe degeri 1.5V olan bir siniis dalgasi olarak
secilmistir. Bu giris isaretinin frekans degeri sirasiyla wi= 0,25 rad/s, w2z = 2,5 rad/s ve w3 = 50 rad/s olarak
ayarlanmistir. Tukey pencere fonksiyonu kullanilarak olusturulan bu memristoriin girisine bu frekans
degerlerindeki siniizoidal isaretlerin ayr1 ayr1 uygulanmasi ile elde edilen niimerik benzetim sonuglar Sekil 3'te

verilmistir.
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Sekil 3. Tukey pencere fonksiyonu ile tasarlanan memristér elemaninin giris gerilimi/¢ikis akimi dalga bigimleri ve a)
w =0,25rad/s, b) w =2,5 rad/s, c) =50 rad/s i¢in V-I 6zellikleri

Sekil 3'te goriildiigii gibi siniizoidal girin frekans1 w1=0,25 rad/s degerinde iken, memristor elemaninin ¢ikisinda
Olgiilen akimin fazinda hemen hemen hicbir degisiklik gézlenmemistir. w2=2,5 rad/s'de simetrik bir histerezis
egrisi gozlemlenmistir. Son olarak, siniizoidal giris isaretinin frekansi ws= 50 rad/s oldugunda, memristor elemani
bir direng gibi davranmis ve faz portre gosteriminde direncg gibi dogrusal bir ¢ikis karakteristigi gozlemlenmistir.
Buna gore, Tukey pencere fonksiyonu kullanilarak tasarlanan memristor yapisinin karakteristik histerezis egrisini
FPAA platformunda gozlemlemek icin, w2=2,5 rad/s frekansli ve A=1,5V genlikli siniizoidal bir giris isaretinin
kullanilabilecegi belirlenmistir.

3. FPAA tabanlh gercgeklestirim detaylar1

FPAA (Field Programmable Analog Array), alan programlanabilir analog diziler; analog ve hibrid devrelerin
tasariminda kararlilik, dogruluk ve hizli prototip teknikleri sunan, temel analog islemleri iceren ve farkli analog
fonksiyonlar1 gerceklemek icin elektriksel olarak yeniden programlanabilen timdevrelerdir. FPAA elemani giris
¢ikis portlarindan, lojik kontrol biriminden ve elemanin hafizasini belirleyen ve CAB (Configurable Analog Block)
ad1 verilen yapilandirilabilir analog bloklardan meydana gelir. Bir FPAA kartinin hafizasinin yetmedigi
tasarimlarda FPAA kartlar birlestirilebilir [31]. Analog islemler CAB bloklar1 igerisinde gercgeklesir ve bu islemler
icin anahtarlamali kapasitor teknigi kullanilmaktadir. FPAA lizerinde gerceklenmek istenen sistem, dncelikle
niimerik analizlerle test edilmelidir. Bunun sebebi, FPAA eleman:i +2V satiirasyon seviyesine sahip olmasidir.
Satiirasyon seviyesini asan parametrelere yeniden 6lgceklendirme islemi uygulanir. Olgeklendirme isleminden
sonra modeldeki fonksiyonlara karsilik gelen uygun CAM bloklari belirlenir. Bu bloklar arasindaki ara baglantilar
ANADIGM DESIGNER-2 araytliz programi iizerinde olusturulur. Modellenen sistem bir seri port aracilig1 ile FPAA’e
gonderilir. Kart tizerinde bulunan giris ¢ikis birimlerinden yararlanilarak, osiloskop yardimi ile gerekli él¢ciimler
yapilir.

Bu calismada ANADIGM firmasinin trettigi AN231E04 platformu kullanilmistir. ANADIGM DESIGNER-2
programinda gesitli analog fonksiyonlar1 gerceklestirmek i¢cin 6nceden tanimli CAM (Configurable Analog Module)
olarak adlandirilan yeniden yapilandirilabilir analog bloklar mevcuttur. Yeniden odlgeklendirme sonrasinda
Denklem (9)’daki forma doniisen Tukey pencere fonksiyonu kullanilarak tasarlanan memristér yapisinin FPAA
tabanli gergeklestirimi icin kullanilan CAM bloklar1 ve bloklar arasindaki baglantilar Sekil 4’te gortilmektedir.

v(t) = M(x)i(t)

M(x) = 0,00625x + (1 — x)

dx(®) _ 247i(t
o= 24TIOf () o)

2(1+cos(Zx-1)))i(0<x <)

Flx) = 1;(%<x$1—%)

%(1+Cos(27n[x—1+§])) ;(1—%<x§1)
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Burada SUMFILTER, TRANSFER FUNCTION, VOLTAGE, MULTIPLIER, DIVIDER, INTEGRATOR, HOLD, OSCILLATOR
olarak isimlendirilen CAM bloklar1 kullanilmistir. TRANSFER FUNCTION blogu kullanilarak f(x) fonksiyonu elde
edilmistir. Memristans fonksiyonu, SUMFILTER blogu kullanilarak olusturulmustur. dx(t)/dt=2,47i(t)f(x)
fonksiyonu ile tanmimlanan katkili bolge ile katkisiz bdlge arasindaki sinir hizi MULTIPLIER blogu ile
olusturulmustur. Akimi i(t)=v(t)/M(x) tanimlamasi ile elde etmek icin bir DIVIDER blogu kullanilmistir. Bir
OSCILATOR blogu kullanilarak v(t) siniizoidal giris isareti gerceklenmistir. Denklem (9)'daki diferansiyel
denklemin ¢6ziimii icin gerekli olan integral islemi INTEGRATOR blogu ile gerceklestirilmistir. HOLD blogu,
MULTIPLIER ve DIVIDER bloklar arasindaki faz durumunu diizenlemek i¢in kullanilmistir. Son olarak Denklem
(9)'daki sabit parametreler, bir DC gerilim kaynagi olan VOLTAGE blogu ile gerceklestirilmistir.
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Sekil 4. Tukey pencere fonksiyonu ile tasarlanan memristor elemaninin FPAA gergeklestirim semasi.

Sekil 4’te verilen Tukey pencere fonksiyonu kullanilarak tasarlanan memristér yapisinin FPAA tabanli
gerceklestiriminde kullanilan bloklar ve bu bloklarin parametre degerleri Tablo 1'de 6zetlenmektedir.

Tablo 1: Tukey pencere fonksiyonu ile tasarlanan memristér elemaninin FPAA tabanli uygulamasinda kullanilan
CAM bloklari i¢in bir 6zet.

Blok ad1 Secenekler Parametreler Agiklamalar
SumFilter Cikis Degisiklikleri: Faz 1 Kose Frekansi: 0,35 kHz Bu CAM, ii¢ girise kadar
. Giris 1: Evirmeyen Kazan¢ 1: 1,07 matematiksel toplama islemini
LR Giris 2: Eviren Kazang 2: 1 karsilamaktadir.
= Giris 3: Kapali
Integrator Polarite (Kutupluk): Evirmeyen integral Alma Sabiti: Bu CAM, programlanabilir
Girdi Orneklemesi: Faz 1 [1/us]:0,05 integral sabitine sahip bir
" :‘[/ " Kontrol Karsilastirmasi: integral alic1 blogudur.
Sifirlama Yok
Divider Ornekle ve Bekletme: Kapali Bo6lme Sabiti: 0,34 Bu CAM matematiksel bolme
' islemini karsilamaktadir.
u
Multiplier Ornekle ve Bekletme: Kapal Carpim Sabiti: 0,34 Bu CAM matematiksel ¢arpma
% = islemini karsilamaktadir.
= Py
Hold Girdi Orneklemesi: Faz 1 Bu CAM bir 6rnek olusturur ve
- IE'T - tutar.
Transfer Function | Cikisi Bekletme: Kapali Bu CAM, 256 niceleme adimiyla
kullanic1 tarafindan belirlenen
= ﬁf u bir voltaj aktarim islevi
uygular.
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OscillatorSine Osilasyon Frekansi[kHz]: Bu CAM, siniizoidal bir cikis
0,8 olusturur. Bu  olusturulan
i Tepe genligi [V]: 1,5 sinyal programlanabilir genlik

= ve frekansa sahiptir.
Voltage Polarite (Kutupluk): +2V Bu CAM, tasarimda ihtiyac
- duyulan  sabit  katsayilari
- karsilamak icin

kullanilmaktadir.

Arayiiz programi ile modellenen Tukey pencere fonksiyonu kullanilarak tasarlanan memristér yapisi seri port ile
herhangi bir doniisiime ihtiya¢ duymadan dogrudan AN231E04 kartina gémiilmiistiir. Ardindan bir osiloskop ile
deneysel dl¢limler yapilmistir. Sekil 5a’da Tukey pencere fonksiyonu memristor modelinin girisine uygulanan v(t)
siniizoidal isareti (istteki) ile c¢ikista oOlgiillen akim degeri (alttaki) i(t)’'nin zaman domeni gdsterimleri
goriilmektedir. Sekil 6b’de ise girise uygulanan v(t) siniizoidal isarete karsilik cikista olciilen i(t) akiminin
olusturdugu faz portresi gosterimi ile gozlemlenen histerezis egrisi deneysel olarak elde edilmistir. Boylece, Tukey
pencere fonksiyonu memristér modeli FPAA platformu ile basarili bir sekilde gerceklenmistir. FPAA tabanl elde
edilen gergeklestirim sonuglari ile nimerik benzetim sonuglari birbirleriyle olduk¢a uyumludur.

-

Fd

CH2 1.00% I+ 1.00m= CH2 - CHZ S00mi A Mode

(a) (b)
Sekil 5. Tukey pencere fonksiyonu ile tasarlanan memristor modeli'nin FPAA tabanli deneysel gerceklestirim

sonuglari (Osilasyon Frekansi[kHz]: 0,8 Tepe genligi [V]: 1,5 ): a) v(t) giris (Ustteki) ve i(t) cikis (alttaki) isaretleri,
b) v(t)-i(t) faz portresi gosterimi.

VYV VV VA

CH2 1.00% kA SO0 0s CHZ S00mY Y Mode
(@) (b)
Sekil 6. Tukey pencere fonksiyonu ile tasarlanan memristor modeli'nin FPAA tabanli deneysel gerceklestirim
sonuclari (Osilasyon Frekansi[kHz]: 1,5 Tepe genligi [V]: 1,5 ): a) v(t) giris (listteki) ve i(t) ¢ikis (alttaki)

isaretleri, b) v(t)-i(t) faz portresi gosterimi.

Memristor elemaninin girisine uygulanan siniizoidal isaretin frekansi artirildiginda bu elemaninin karakteristigi
degisir. Frekans arttikca giris-¢ikis egrisinin diren¢ elemaninin karakteristigine benzeyen bir cevaba yaklastig
gorilmektedir. Bu durumu FPAA elamani iizerinde gézlemlemek i¢in Tablo 1. de goriilen OscillatorSine blogunun
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frekans1 1.5 kHz olarak ayarlanmistir. Giris-¢cikis arasindaki frekansa bagimli degisimin sonucu Sekil 6.b’de
goriilmektedir.

4. Tartisma ve Sonug

Memristor elemani elektronik bir donanimdir; fakat heniiz ticari iiretimi yapilmamaktadir. Bu sebeple elemanin
ozelliklerini karsilayacak taklit devrelerinin tasarlanmasi 6nemli bir arastirma alanidir. Literatiirde ayrik
donanimlarla yapilan taklit devrelerinin kullanimini ele alan c¢alismalar mevcut olsa da Tukey pencere
fonksiyonunun kompleks modeli nedeniyle bu fonksiyonun ayrik donanimlarla gerceklestirim siireci oldukga
giictiir. Ote yandan alan programlanabilir analog diziler; analog ve hibrid devrelerin tasariminda kararhlik,
dogruluk ve hizli prototip teknikleri sunan, temel analog islemleri iceren ve farkli analog fonksiyonlari
gerceklemek icin elektriksel olarak yeniden programlanabilen tiimdevrelerdir. Bu ¢alismada da trigonometrik
tanimlamalar icermesi agisindan geleneksel pencere fonksiyonlarindan daha kompleks bir tanimlamaya sahip
olan Tukey pencere fonksiyonu, FPAA donaniminin analog yapis1 ve 6nceden tanimli programlanabilir CAM
bloklar1 sayesinde kolaylikla gerceklenmistir. Tukey pencere fonksiyonu ile tasarlanan memristor elemaninin
temel karakteristiklerinin incelenmesi ve giris isaretinin frekansina olan hassasiyetinin gézlemlenmesi i¢in
niimerik benzetim calismalari yapilmis ve sonuglari ilgili boliimde verilmistir. Ardindan, bu sistemin FPAA tabanh
gerceklestirim siirecinde kullanilan CAM bloklar1 ve bu bloklarin islevleri ele alinmistir. Bu sistemin FPAA tabanli
gerceklestirimi sonucu osiloskop ile kaydedilen gercek zamanlh ¢ikis sinyalleri de sunulmustur. Boylece, Tukey
pencere fonksiyonu ile tasarlanan bu memristér elemaninin FPAA platformu kullanilarak gerceklestirimi
literatlirde ilk kez rapor edilmistir. Elde edilen gerceklestirim sonug¢larinin, niimerik benzetim sonuclar ile
oldukca benzer oldugu gozlemlenmistir. Bu sistem i¢in hazirlanan deney diizenegine ait bir gosterim Sekil 7’de
gorilmektedir.

ANADIGMD

Sekil 7. Tukey pencere fonksiyonu tabanli memristor modelinin FPAA tabanlh gergeklestirimi i¢in hazirlanan
deney diizenegine ait bir gosterim.

Tukey pencere fonksiyonu ile tasarlanan memristér elemaninin FPAA tabanh gerceklestirimde kullanilan CAB
alanlar ve giic tiikketimi sonuglar1 Tablo 2'de 6zetlenmistir.

Tablo 2. Tukey pencere fonksiyonu ile tasarlanan memristér elemaninin FPAA tabanh gerceklestirimde kullanilan
CAB alanlari ve giig tiiketimi sonuglari.

CAB1 CAB2 CAB3 CAB4 Gii
(kullanilan/toplam | (kullanilan/toplam | (kullanilan/toplam | (kullanilan/topla e

. . . . tiketim
kapasite) kapasite) kapasite) m kapasite)
8/8 6/8 8/8 7/8 164+49mW

Bu gerceklestirim ¢alismasi sonucunda elde edilen giktilar kullanilarak, farkli pencere fonksiyonlar ile tasarlanan
memristdr elemanlarinin FPAA tabanli gerceklestirimlerinin de miimkiin oldugu sdylenebilir. Burada sunulan
tasarim teknikleri kullanilarak, farkli memristor modeli uygulamalarimin prototipleri hizli bir sekilde
olusturulabilir ve bu tasarimlarin programlanabilir platformlarda test ve dogrulama siireci de gerceklenebilir.

Tukey pencerefonksiyonu memristor modelinin yeniden yapilandirilabilir platformla kullanilarak gerceklestirme
calismasi baska memristér modellerinin uygulamalarina esin kaynagi olabilir. Burada sunulan tasarim teknikleri
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kullanilarak, diger memristér modellerinin uygulamalari prototipleri hizli bir sekilde olusturulabilir ve bu
programlanabilir platformlarda test ve dogrulama siireci yiiriitiilebilir. Bu ¢alismada elde edilen Tukey pencere
fonksiyonu memristor modelinin analog gerceklestirimin deneysel sonuglari gelecekteki calismalarda da
kullanilabilir.

Tesekkiir

Bu calisma Erciyes Universitesi Bilimsel Arastirma Projeleri Birimi tarafindan FYL-2022-11759 proje kodu ile
desteklenmektedir.
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Keywords Abstract: In this study, a new rail-type automatic irrigation system was designed
Mf{der}l greenhouse, and manufactured to provide sustainable and efficient irrigation, which is one of the
Irrigation system, most important requirements of modern seedling greenhouses. Irrigation and

New rail-type design,
AutoCad and Lumnion
Solidworks

pesticides spraying can be done at the same time with the new rail-type irrigation
system (RTIS), and water/pesticides spraying pressure and irrigation height can be
adjusted based on seedling type. The RTIS were achieved approximately 60% water
savings compared to the old irrigation system. The RTIS is expected to increase
seedling yield while lowering greenhouse maintenance costs significantly.

Modern Fide Seralari i¢in Yeni bir Rayli Sulama Sistemi Tasarimi ve Imalati

Anahtar Kelimeler 0z: Bu calismada, modern fide seralarinin en énemli gereksinimlerinden biri olan
Modern sera, stirdiirtlebilir ve verimli sulamanin saglanmasi i¢in yeni bir rayl tip otomatik
Sulama sistemi, sulama sistemi tasarlanmis ve iiretilmistir. Yeni rayl sulama sistemi ile sulama ve
Yeni ray tipi tasarim, ilaglama ayni1 anda yapilabilmekte ve fide tipine gore su/pestisit piiskiirtme basinci
AutoCad ve Lumnion . o~ . . - . .. -
Solidworks ve sulama ytksekligi ayarlanabilmektedir. Yeni tip rayli sulama sistemi ile eski
sulama sistemine gore yaklasik %60 su tasarrufu saglanmistir. Yeni rayli sulama
sisteminin, sera bakim maliyetlerini dnemli 6lciide diisiiriirken fide verimini
artirmasi beklenmektedir.
*Corresponding Author, email: arikmustafa372@gmail.com

1. Introduction

Greenhouses are structures that allow the production of seeds, saplings, and seedlings under the most
appropriate environmental conditions, regardless of the environmental conditions that change depending
on the climate. In greenhouses, the necessary conditions such as relative humidity, temperature, light, air,
and carbon dioxide circulation, can be controlled [1-4]. Greenhouse farming began in Turkey around 50-55
years ago, in the provinces of Antalya and Icel [5]. Turkey is one of the top four greenhouse cultivation
countries in the world, while Europe ranks second (after Spain) [6]. Turkey has a total greenhouse area of
789603.5 decares as of 2019. Plastic greenhouses account for 47.96% (378670.5 daa), low plastic tunnels
account for 28.42% (224400.4 daa), high plastic tunnels account for 14.06% (111037.9 daa), and glass
greenhouses account for 9.56% (75494.7 daa) of existing greenhouse areas (789603.5 daa) [7].

Modern (closed) greenhouse (automated agriculture) practices that offer sustainable and efficient
production for four seasons were accelerated by agricultural technology that was developed in parallel with
technological developments in the fields of electronics and mechatronics [8-11]. In modern greenhouses
where sensors, wired-wireless communication technologies, and digital electronics are used effectively,
optimum operating conditions can be achieved in the greenhouse. In modern greenhouse enterprises, the
optimum conditions determined for plant growth defined in the automation system are compared with the
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instantaneous data received via sensors, and automatic interventions could be made to optimize the
greenhouse conditions. In other words, irrigation if irrigation is required, heating if heating is required,
humidification if humidification is required, etc. can be made out automatically in the greenhouse. Thus, it
is ensured that the products are grown in the modern greenhouse grow and develop under optimum
conditions. Thus, plant growth rate and product quality can be improved [12]. The constantly changing
factors in the greenhouse in the horizontal and vertical directions could be measured in real-time in modern
greenhouses, saving energy, water, and fertilizer. Furthermore, in recent years, efforts were accelerated to
meet the ever-increasing population's food needs sustainably, to increase product efficiency/quality, and,
most importantly, to ensure the efficient use of limited natural resources such as water. The significance of
developing and implementing automation-based effective irrigation systems in agricultural production was
recognized in this context. Therefore, the studies in this context was accelerated. [13-17].

Cakir and Calis (2007)[18], who was studying the development of a remote-controlled automatic irrigation
system, used PIC 16F877 microcontroller in their studies. The system they designed allows for automatic
or manual irrigation over the PSTN telephone line. The soil moisture was used as trigger data. It was stated
that with the developed remote-controlled irrigation system, water and labor savings are achieved. Fidan
and Karasekreter (2011)[19] designed an SMS-controlled irrigation automation control unit (SKB). The
system could be controlled by an SMS message by the user. It was reported that electricity and water savings
are achieved with the system, which can send an information message to the user by adjusting the irrigation
time in case of natural precipitation. Sakaguchi et al. (2011)[20] measured the water level of the plants with
the help of electrodes placed on the leaves of the plants and transferred the data to the computer. In their
study, it was revealed that there was no change in the amount of liquid of the plants that went into sleep
mode under closed-heat stable environmental conditions. In a study using activators and special sensors, a
WNS-based irrigation system was designed (Angelopoulos et al. 2011)[21]. Another research group made
a new design they call iRain. They designed an automation system that transfers the moisture value of the
soil to the network environment with the help of XBee. With this design, irrigation for three days was
prevented automatically in the case of natural precipitation (Caetano et al. 2014)[22]. Abbas and his
working group (2014)[23] were designed a smart irrigation system for gardens using 6 sensor nodes points,
1 base station, USB programming card, data acquisition card, a radio module, and wireless sensor network.
They reported that with this system, excessive irrigation can be prevented in rainy seasons. This design,
which was a smart automatic irrigation system application, can evaluate the data it receives from the
moisture sensors placed in the soil with a Java application, and according to the data, can be directed
through the sendroid valves of the irrigation process. In another study, the researchers who took
temperature and humidity measurements from every point of the garden and evaluated the measurement
data with a fuzzy logic method designed a Zigbee-based garden irrigation system (Al-Ali et al. 2015)[24].
Agrawal and Singhal (2015)[25] developed a low-cost drip irrigation system using Arduino and Rasberry
Pi. The measurement data was evaluated using the irrigation automation system, if necessary, the irrigation
process was activated with the solenoid valves. As a result, it was reported that the developed irrigation
system in the study provides energy and water savings.

Modern seedling greenhouses are the greenhouse sector that requires the most careful maintenance among
other production types. Even though the investment costs are quite high than the others, the investment
costs can be quickly recovered with the correct/appropriate seedling growing techniques. For this reason,
itis well known, the care shown in the maintenance of modern seedling greenhouses and growing seedlings
is important. The most important factor influencing seedling growth and yield is the effective supply of
water to the seedlings. For this reason, a new rail-type automatic irrigation system (RTIS) was designed and
manufactured in this study to provide sustainable and efficient irrigation, which is one of the most
important requirements of modern seedling greenhouses. The goal of the RTIS was to be able to perform
irrigation and pesticides spraying at the same time, as well as to be able to adjust the water pressure and
irrigation height based on the seedling type. Furthermore, the RITS was intended to reduce operating, labor,
and maintenance costs of the greenhouse. The new design was expected to increase seedling yield while
significantly lowering greenhouse maintenance costs.

2. Material and Method
The new rail-type irrigation system (RTIS) was designed to ensure the uniform distribution of irrigation
water/fertilizer and pesticides to seedlings in seedling production greenhouses, thereby supporting

seedling rapid growth. The working principle of the new type of rail irrigation system was based on the fact
that the installation sets (where the irrigation nozzles were located) on a rail line connected to the
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greenhouse cages and the hose car carrying the water to the nozzles are moved back and forth along the
tunnel. This movement was driven by the reducer and steel ropes in the greenhouse area.

2.1. Material selection and technical parameters

Seedling greenhouse cultivation is a type of agricultural production that necessitates a high level of
precision. The irrigation system as a whole should proceed at the same level during irrigation, and equal
amounts of water should be distributed to each point of the seedling benches. For this reason, the rail line
used was one of the most important pieces of equipment in the movement of the rail irrigation system. It
was made of galvanized material to ensure the feasibility of the irrigation system and to minimize the
vibration that changes depending on the irrigation/ pesticides spraying pressure (2-4 bar).

The idea of producing the rail line with 3 different galvanized profiles (pipe profile, box profile, or D profile)
was investigated. It was decided to make it from galvanized box profile for simultaneous minimization of
both rail movement vibration and irrigation system installation cost. In the selection of the box profile,
strength, ease of supply, and the amount of load on the greenhouse were also taken into account.

The number of double-row nozzles mounted on the installation set designed from galvanized box profiles
and the distance between the nozzles can be adjusted according to the greenhouse tunnel width and the
length of the seedling benches. In addition, the distance between the nozzles can be adjusted depending on
the plant type, the amount of pesticide to be applied, and the irrigation flow. The chosen nozzles are
resistant to high pressure (2-4 bar). A double row nozzle system was designed so that pesticide spraying
and irrigation can be done at the same time. In this way, time, energy, and labor savings were achieved. The
water going to the nozzles was transmitted by plastic-based pipes connected to the hose trolley.

Table 1. Technical design parameters of RTIS
Features Value ranges
The maximum and minimum speed of the new irrigation system on the rail | 2-10 m/min
line

Water pressure range (max-min) in the new irrigation system 1-3 bars

Distance between nozzles in the new irrigation system 20 cm

Spraying pressure range (max-min 2-4 bars

How to decide the irrigation time Data from humidity and

temperature sensors are
being evaluated

Sensors used in automation based irrigation system Soil moisture sensor,
Temperature sensor

The device on which the controller interface of the automation is installed | Computer

Variable parameters in the automation system temperature, humidity
Max-min operating ranges of variable parameters T=16-20°C
Rh=60-80%

Irrigation height range of the new type irrigation system according to the | 0.2-0.5m
seedling type
If the "0" point of the seedling bench is accepted, the max.-min operating | 15cm-1m
height range

Number of pumps in the new rail type irrigation system 2 pumps
How many valves and valve type in the new irrigation system 3 manual valves per turn
Track length of the new irrigation system 100 meters per acre

The length of the sub-set to which the nozzles are attached in the new | 10 meters
irrigation system

Number of nozzles installed in the lower plumbing kit 42 pieces
Construction material of nozzles polyethylene
Parts not produced from galvanized material in the irrigation system All of them
Type of engine used in the irrigation system, its feature 30-40 m3/h

40 ss-cast body
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The irrigation system was controlled by a frequency inverter motor-reducer. The purpose of choosing this
control system was to enable in cases where sensitive irrigation and fertilization were required, the rail
connected to the engine to move along the tunnel at the speed determined by the grower, with the frequency
change on the engine, and for allowing made for irrigation/fertilization by the needs.

The height of the irrigation system plumbing set was designed adjusted according to the seedling type/size.
The irrigation/ pesticides spraying was able to do at a height of a minimum of 35 c¢cm from the seedling
stand. In this way, irrigation/pesticide spraying efficiency was increased and damage to the seedling was
prevented. Besides, thanks to the adjustable height of the irrigation system, fogging/humidification could
be done under required conditions.

3. Result And Discussion
3.1. Design of New Rail Type Irrigation System

The AutoCAD drawing of the new type of rail irrigation system was presented in Figure 1, and the
photographs of the Lumion simulation application are presented in Figure 2. Also, the Lumion application
video was given in the supplementary document. Solid-works design of all parts of the RITS were made and
presented systematically in Figure (3-7). Detailed design of the rail system and butt gear reducer were
presented in Figure 3, installation undercarriage in Figure 4, the irrigation system installation hanger set in
Figure 5, installation top set in Figure 6, and the irrigation system hose trolley in Figure 7.
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Figure 1. AutoCAD drawing of the new rail type irrigation system
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Figure 2. Lumion program images of the RTIS
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Figure 3. Solidworks drawing of the rail system and butt gear reducer
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Figure 4. Solidworks design of irrigation system installation undercarriage

Figure 5. Solidworks design of irrigation system installation hanger set

542



Design and Manufacturing of a New Rail-Type Irrigation System for Modern Seedling Greenhouses

Figure 6. Solidworks design of irrigation system installation top set

Figure 7. Solidworks design of irrigation system hose trolley
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3.2. Assembly Plan and Installation of the New Rail Type Irrigation System

The installation of the RTIS was done in two steps. (a). the installation steps were schematized, and the installation
was planned with CAD program (b). Installation of the RTIS was carried out in the application greenhouse. Figure
8 depicts schematic design of the new irrigation system's assembly stages. The assembly process's technical details
were summarized in six main steps (Figure 8 a-f).

Figure 8. The installation procedure of the RTIS
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The RTIS irrigation system, the assembly of which was planned with CAD program, was installed in the Mersin
application seedling-greenhouse within the AYTEKIN Group. The field photos of the installation stages was
presented in Figure 9. In addition, the video of the RTIS into the application seedling-greenhouse was given in the
supplementary document.

Figure 9. Installation of the RTIS in the application greenhouse
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4. Conclusion

In the tradational type irrigation system (TIS) (Figure 10), irrigation was carried out only by the movement of the
water hoses on the rails, without the use of ropes. The required hose length was three times the length of the
greenhouse tunnel. The RTIS's hose length was only half the length of the greenhouse's tunnel (Figure 11 and
supplementary information video 1-2). The datailed compared features are presented in Table 2.

As aresult,

o The RTIS has reduced the cost of the hose, which must be replaced at regular intervals.

o Inthe tradational type irrigation system, the hose mess of the installation set had been creating a crowded
environment in the greenhouse. The RTIS resulted in an increase in useful free space in the greenhouse.

o Due to the pressure created while pesticide spraying in the tradational type irrigation system, there had
been a significant level of vibration during the movement of the installation set. For this reason, it was
known that optimum pesticides spraying could not be done. Since vibrations can be minimized with the
newly designed RTIS, effective pesticides spraying can be done.

o In the tradational type irrigation system, irrigation and pesticides spraying could not be done at the same
time, in the new design, it can be done in two processes at the same time.

o In the tradational type irrigation system, there was no fogging/humidification feature. In the new design,
the humidity content of the greenhouse can be regulated if necessary.

o Inthe tradational type irrigation system, water pressure/flow rate and irrigation height were fixed values.
With the new type of rail irrigation system, irrigation parameters (irrigation/ pesticides spraying pressure,
flow rate, and irrigation height) can be adjusted according to the seedling type and size using automation.

o Since the RTIS was operated on an automation basis, labor and greenhouse maintenance costs were
decreased compared to the old irrigation system.

o Since the RTIS system enables the water to be distributed equally and efficiently to the entire greenhouse
area, approximately 60% water savings were achieved compared to the old irrigation system.

o Itwas observed that the new irrigation system will lead to an increase in seedling quality and productivity.

o Considering the water and food bottleneck scenarios anticipated at the international level in the coming

years, the advantage of the RTIS will be more clearly observed.

Figure 10. The tradational type irrigation system

3
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Figure 11. The new rail-type irrigation system
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Table 2. The datailed compared features

Compared feature Tradational type New Raily type
irrigation system irrigation system

Amount of water consumed (per plant) 4 L/day 1,2 L/day
Water consumption (per m?) 16 L/day 4,8 L/day
Water saving with new system (per m?) 12.2 L/giin
Hose length used per unit tunnel length (m/m) 1 0.5
Annual hose cost consumption (per m/m) 1TL 0,5 TL
Number of workers per square meter (person/m2) 5 2
Annual labor costs (TL) 180000 72000
Annual labor savings with new system (TL) 108000
The annual energy savings with new system (%) 50%

ASSOCIATED CONTENT

Supplementary Information
Video 1-Click to watch the Lumion simulation of the new rail-type irrigation system.
Video 2-Click to watch the video of the new type of rail irrigation system.
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Anahtar Kelimeler 0z: Guniimiizde hizla gelisen teknoloji ile birlikte elektrikli ara¢ teknolojisi de
Rg biiyiik bir ilerleme kaydetmistir. Bu ilerleme sonucunda elektrikli araglar

hayatimizin 6énemli bir pargasi olmustur. Ancak bu araglarda gidilebilecek mesafe
ve sarj etme sorunlar1 ortaya ¢ikmistir. Elektrikli araglarda uzun ve yavas sarj
sorunu Uretici ve kullanicilarin ortak problemi olmustur. Bu problemi en aza

Sarj Istasyonu,
Sarj Yontemleri,

Elektrikli Arag N . - . . . ; .
indirmek icin cesitli sarj etme yontemleri ve bu araglar sarj eden farkl istasyon
tipleri ortaya c¢ikmistir. Sarj etme yontemleri ve sarj istasyon tipleri
degerlendirilirken uygulama prensibi ve sarj etme siireleri dikkate alinmistir. Bu
calismada sarj etme yontemleri Mod1, Mod2 ve Mod3; sarj istasyon tipleri ise AC
Sarj, DC Sarj ve Kablosuz Sarj olarak degerlendirilecektir.

Electric Vehicles Charging Methods and Charging Station Types

Keywords Abstract: Today, with the rapidly developing technology, electric vehicle

DC, technology has made great progress. As a result of this progress, electric vehicles

AC, ) . have become an important part of our lives. However, distance problems and

EEZ;g;Eg IS\;::LOOHO’IS charging problems have emerged in these vehicles. The problem of long and slow

Elect{igc \}gehicle ’ charging in electric vehicles has been a common problem for manufacturers and

users. In order to minimize this problem, various charging methods and different
types of stations charging these vehicles have emerged. While evaluating the
charging methods and charging station types, the application principle and charging
times were taken into account. The charging methods in this study are Mod1, Mod2
and Mod3; charging station types will be considered as AC Charge, DC Charge and
Wireless Charge.
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1. Giris

Giiniimiizde, teknolojinin hizla gelismesi ve niifusun hizli bir sekilde artmasi sonucu, 6zellikle fosil yakitlar basta
olmak ftizere yenilenemeyen enerji kaynaklarinin hizlica tilkenmesine sebep olmustur. Kiiresel birincil enerji
tliketimi biiyltimesi gecen y1l ylizde 5,5 artarak tiim zamanlarin en yiiksek seviyesine ulasti. Fosil yakitlar, gecen yil
birincil enerji kullaniminin yiizde 82’sini olusturdu. Birincil enerji kullaniminin geri kalan pay:1 hidroelektrik
(yizde 6,8), yenilenebilir enerji (ylzde 6,7) ve niikleer enerji (ylizde 4,2) aldi.. Bu artis elektrikli arag
teknolojisindeki enerji kullaniminin artisimin etkilemistir. Bilindigi gibi, araclarin hareket liretmek i¢in bir tahrik
sistemine ihtiyaci vardir ve bu hareket genellikle iki ydontemle saglanir. Birincisi ve en 6nemlisi bir icten yanmal
motor ve ikincisi de bir elektrik motorudur. Baslangicta araglarin elektrikli motorlarla c¢alistirilabilecegi
diisiiniilmesine ragmen, rota tamamen i¢ten yanmali motorlara ¢evrilmistir. Bunun baslica temel nedenleri, yar1
iletken teknolojisinin ihtiyaci karsilayabilecek diizeyde olmamasi, diisiik pil kapasitesi ve mevcut olmayan sarj
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istasyonlaridir. Fakat icten yanmali motorlar, daha karmasik sistemlere sahiptirler. Ayrica, icten yanmali
motorlarin kullanilmasi, uzun vadede tiim insanlik ve diinyanin ekolojik dengesi i¢in daha fazla soruna yol agmaya
devam etmektedir [1]. Elektrikli araglar, petrol ve tiirevleri yakitlara ihtiya¢ duymadan calismasi ozelligi
bakimindan, bu araglar1 almak isteyen veya araclarini gelecege yonelik degistirmek isteyen insanlar icin son
derece cazip alternatifler sunmaktadir. Bu yeni nesil otomobiller, icten yanmali araglara gore farkl bir gii¢
sistemine sahip oldugu i¢in insanlarin aklinda bir¢ok soru isareti birakiyor. Sarj konusu ise siiphesiz bu sorularin
basinda gelmektedir. Elektrikli arag sektdriiniin gelismesiyle sarj teknolojisi de hizla gelismeye devam etmektedir.
Fakat giiniimlizde neredeyse biitiin araglar icin belirlenen gii¢c degerleri, baglanti tipleri ve kablo gereklilikleri
bulunmaktadir. Bu ¢alismada bu elektrikli araglar i¢in sarj etme yontemleri, sarj istasyon tipleri ve modlari
sunulmustur [2].

2. Elektrikli Arag¢ Sarj Etme Yéntemleri

Elektrikli araglar icin giiniimiiz teknolojisinde ii¢ tirlii sarj etme ydntemi bulunmaktadir. Bunlar: batarya
degistirme, kablosuz ve kablolu sarj yontemleridir. Kablolu sarj etme yontemi kendi icinde ikiye ayrilmaktadir.
Bunlar AC ve alternatif akim tipi sarj tiniteleri ile DC kullanan dogru akim sarj iiniteleridir. Bu araglarin neredeyse
tamami AC ve DC sarj istasyonlarindan bataryalarini sarj edebilmektedir.

Kablosuz sarj etme yonteminde elektrikli araclarda sarj aparati gereksinimine ihtiya¢ duymamasi bakimidan
hem kullanish hem de daha giivenilir bir yéntemdir. Bu sarj etme metodunda, elektrikli aracin yiizeye kurulan
indiiklenmis bir ortama birakilip sarj olmasi gerekmektedir. Bu elektrik alanda olusan elektromanyetik dalgalar
sayesinde arag¢ sarj olmaktadir. Giiniimiizde bu sistem hala tam olarak istenilen seviyede olmayip araclarin
giderken de sarj olabilmesi i¢in ¢alismalar yapilmaktadir.

Batarya degisimi islemi ise genelde belirlenen degisim noktalarinda yapilmaktadir. S6z konusu sarj yonteminde
sarj dolumu sirasinda zaman kaybi yasamak istemeyenler tarafinda tercih edilmektedir. Bu yontem ile aracin
bataryasi bosaldiginda, dolu bataryanin araca entegresi sarj merkezlerinde veya ilgili servislerde kisa siirede
yapilmaktadir [3].

2.1. Kablo ile Sarj Seviyeleri

Elektrikli araclarin kablolu sarj yonteminde gerekli ekipmanlar, alinan aracin modeline gore degiskenlik
gostermektedir. Kullanimi zor olmayan kablolu sarj metodunda ev tipi sarj, standart sarj ve hizli sarj seklinde {i¢
farkl seviye bulunmaktadir [3].

Seviye 1 (Ev Tipi) sarj yonteminde ara¢ normal bir ev prizine baglanarak sarj edilmektedir. Yavas sarj olarak da
bilinen seviye 1, sarj islemini 120 Volt gerilim degeri ile saglamaktadir. Ev tipi priz tizerinde 1 saatlik sarj ile
ortalama 6-8 kilometre yol alinabilmektedir. Bataryanin tamamen dolmasi, aracin modeline ve markasina gore 7-
29 saat araliginda degiskenlik gosterebilmektedir. Sarj isleminde herhangi bir déniistiiriicii kullanilmamaktadir.
Sarj aparatlari genelde aracla birlikte bulunmaktadir.

Seviye 2 Sarj (Standart Tip), hizh sarj tipine kiyasla daha ucuz, yavas sarj tipine oranla daha kisa siirede sarj
olmaktadir. Seviye 2 sarj tipi 240 Voltila 400 Volt degerinde enerji aktarimi yapan prize ihtiya¢ duymaktadir. Bu
sarj tipindeki iiniteler genelde sehir merkezlerinde, alisveris merkezleri, benzinlikler ve dinlenme tesisleri gibi
halka acik alanlarda bulunabilmektedir. Seviye 2 sarj modu ile arag, 1 saat sarj edilmesiyle ortalama 25-40 km
mesafe alabilmektedir. Elektrikli aracin %100 sarj olmasi 2-10 saat stirmektedir. Bataryanin dolumu siiresince
enerji doniistiriiciisiine gerek yoktur. Seyyar 240 Volt prizler ile batarya dolumu kolayca ger¢eklesmektedir. Bu
sarj tipi icin sarj ekipmanlari arabanin kendi izerinde bulunmaktadir [3].

Seviye 3 (Hizli Tip) sarjin, hem dogru akim hem de alternatif akim tipleri bulunmaktadir. Alternatifakim modunda
tic fazh sistemler enerjilendirme icin kullanilirken, dogru akim modunda ise alternatif akim elektrik sebekesinden
dogrultularak dogru akim icin kullanilmaktadir. Seviye 3 sarj metodunda ekipmanlar, alternatif akim modunda
araca entegreyken, dogru akim tipinde araca entegre degildir. DC sarj, AC sebekeden dogrultulan enerji ile
saglanmaktadir. DC sarjda 10 dakika sarj etme ile ortalama 70 km'’ye yakin yol kat edebilmektedir. Daha hizl enerji
transferi ile bataryanin tamamen dolmasi diger seviyelere gore daha kisa siirede gergeklesmektedir [3-4].

550



Elektrikli Araglarin Sarj Yontemleri ve $arj istasyon Tipleri

2.2. Kablosuz Sarj

Giiniimiizde artik bircok elektronik cihaz kablosuz sarj edilebilmektedir. Ornegin; akilli telefonlarimiz, saatlerimiz,
tabletlerimiz ve daha birg¢ok cihazimiz kablo olmadan sarj edilebilmektedir. Kablo olmadan sarj edilebilen bu
cihazlarimiz dok (dock) ad1 verilen sarj etme yiizeyine konularak kablo varmus gibi sarj edilebilmektedir. Sarj etme
ylzeyinin enerjisi ise, kablo ile prize baglanarak ya da kendi icindeki batarya sistemi ile saglanabilir. Sarj edilecek
cihaz ile sarj eden ylizey arasindaki enerji aktarimi, manyetik rezonansh kuplaj (MRK) vasitasiyla
gerceklestirilmektedir. MRK bir¢ok degiskene sahip karmasik bir konudur[4].

Sekil 1. Manyetik rezonansh kuplaj esdeger devresi[4]

Sekil 1’de MRK’nin esdeger devresi goriilmektedir. Elektrikli araglari sarj etmek i¢in bu sistem araglarimizi park
ettigimiz alanlara yada otopark gibi toplu alanlarin zeminine entegre edilerek kolayca kullanilabilmesi
planlanmaktadir. Bu sarj islemi iki yonlii oldugu icin araclarin altina da sarj alabilen cesitli malzemelerin
yerlestirilmesi gerekmektedir. Bu islemlerle birlikte araclarin park edildigi yerlerde kolayca sarj edilebilmesi
planlanmaktadir [5].

2.3. Batarya Degistirme Yontemi

Elektrikli araclarin gidecegi maksimum yol, bataryalarinin dolum oraniyla dogru orantilidir. Bu araclar benzinli ve
dizel araclara gore daha az yol almaktadir. icten yanmali motorlara sahip araclar enerji gereksinimini elektrikli
araclara kiyasla daha kisa slirede karsilamaktadirlar. Bu durum elektrikli araclarin batarya degistirme ihtiyacini
ortaya ¢ikarmistir. Boylece bu araglar i¢cin batarya degistirme metodunu ortaya ¢cikmistir. Bu metot ile sarji
olmayan bataryay yenisi ile degistirmek icin yaklasik 1,5 dakikalik siire gerekmektedir [5-6].

2.4. Elektrikli Ara¢ Sarj Modlan

Elektrikli araclar, bataryalar: yapilari geregi dogru akimla da sarj olabilmektedir. Mod 1, Mod 2 ve Mod 3 sarj
islemlerinde alternatif akim, dogru akima arag iizerinde yerlesik sarj sistem ile cevrilirken, Mod 4 metoduyla, bu
donilisiim islemi sarj istasyonunda gerceklestirilir.

Mod 1, elektrikli aracin dogrudan alternatif akim, sebekeden sarj edilmesi olarak tanimlanir. Gelen akim 16 Amper,
gerilim ise tez fazda 250 Volt ve li¢ fazda ise 480 Voltile sinirlidir. Bu mod icin ayrica topraklama gerekmektedir.
Birgok tilkede Mod 1 tip sarj, giivenlik nedeniyle yasaklanmistir. Ciinki ¢ogu prizde topraklama ve koruyucu cihaz
yoktur. Bu giivenlik sorunlarini azaltmak icin Mod 2 sarj gelistirilmistir.
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Sekil 2. Mod 1 sarj modu[7]

Mod 2 sariji, AC ve DC akimlarina karsi entegre sok korumali 6zel bir kablonun kullanilmasiyla gelistirilmistir. Mod

2 sarjda, sarj kablosu elektrikli aragla birlikte verilir. Mod 1 sarjdan farkl olarak, Mod 2 sarj kablosunda elektrik

carpmasina karsi koruma saglayan dahili koruma bulunmaktadir. Mod sarj su anda elektrikli araclari sarj etmenin

en kullanish ve yaygin modudur. Sarj kablosunda entegre bir koruma cihazi bulunan ev prizi veya endiistri prizi
AC Communication

araciligiyla AC’de yeniden sarj edilmesidir[7].

Sekil 3. Mod 2 sarj modu[7]

Control &

Mod 3 sarji, elektrikli arag sarji icin 6zel bir sarj istasyonunun veya duvara monteli sarj kutusunun kullanilmasini
icerir. Her ikisi de AC veya DC akimlarina karsi sok korumasi saglar. Mod3’te, baglanti kablosu duvar kutusu veya
sarj istasyonu ile birlikte saglanir ve elektrikli aracin sarj icin 6zel bir kablo ihtiyacina gerek duymaz. Mod 3 sarji
su anda elektrikli araclar i¢in tercih edilen yontemdir. Bu islemde ara¢ sarj merkezine baglandiginda aralarinda
baglanti kurulur. Arag alabilecegi en yiiksek akim miktarini istasyona bildirir, bu sayede istasyon araca gidecek en
uygun akimi belirleyerek araca aktarir[7].

AC
T Control &
Communication
‘ - S

Sekil 4. Mod 3 sarj modu([7]

Mod 4 ise genellikle DC hizli sarj veya sadece hizli sarj olarak bilinmektedir. Bununla birlikte Mod 4 i¢in ¢ok cesitli
sarj oranlar1 miimkiindiir. Su anda tasimnabilir 5 kW tinitelerden 50 kW ve 150 kW’a kadardan 350 ve 400 kW’lara
ulasan standartlar mevcuttur. Kontrol ve koruma fonksiyonlari ile olusturulmus dogru akimda bir sarj noktasinda
sarj olmaktadir. 80 Amper’e kadar akimlar icin tip 2 sarj fisi veya 200 Amper akima kadar Combo tip sarj
istasyonlari kullanilabilmektedir. Bu istasyonlarin giicii 170 kW’a kadar ulasabilmektedir [8].
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Cable connected to charger

Sekil 5. Mod 4 sarj modu[7]

Mod 4 sarj modunda prizden alinan enerji alternatif akim kaynaginin, hizli sarj merkezinde donistiiriicii
iizerinden dogru akima doniistiiriilerek aracin bataryasina dogrultucuya ihtiya¢ duymadan direkt verilmesini
saglar. Bu da yiiksek akimlara ulagabilmeyi ve hizli sarj olmayi saglamaktadir.

2.5. Elektrikli Arag Sarj istasyon Tipleri

Elektrikli araglar gliniimiizde alternatif akim veya dogru akim ile sarj olabilmektedir. Gliniimiizde bu akimlari
kullanan bircok sarj istasyonlar1 kurulmustur. Genel olarak sarj istasyon tipleri ikiye ayrilir. Bunlar AC ve DC sarj
istasyonlaridir.

Sehir sebekesinden kullandigimiz AC’ye ihtiya¢c duyan sarj istasyonlari, sisteminin olanak sagladig sekilde degisik
hizlarda sunulmaktadir. Araca monte edilmis olan enerji dontstiiriicii ile tireticinin koydugu limitler ¢ercevesinde
enerji seviyesini agsmayacak sekilde AC enerji DC enerjiye doniistiiriiliir. Gliniimiizde genelde 380 Volt 3 faz ile
beslenen 22kW seviyesinde AC sarj merkezleri maliyetinin daha ucuz olmasinda dolayi bir¢ok kisi tarafindan
kullanilmaktadir. Hem 22 kW sarj seviyesindeki istasyonlar: hem de belirli sirketlerin AC sarj metodu ile 43 kW
hizindaki dolumu destekleme degerleri Tablo 1’de verilmistir [9].

Tablo 1. Elektrikli araglarin sarj standartlari

Sarj Yontemi Voltaj (AC/Volt) Faz Maksimum Maksimum Gii¢ (W)
Akim(A)
AC Seviye 1 120 1-Faz 12 1.44
16 1.92
AC Seviye 2 208-240 1-Faz < 80 <19.2

Elektrikli araclarin bataryalar1 dogru akim ile sarj olurlar. Sistem icindeki donfistiiriicii ile doniistiiriilen giic, ¢ok
yliksek akimlarin etkisiyle yiiksek 1s1a¢i1ga cikarir. Bu da iireticileri, gli¢leri sinirlandirmak zorunda birakmaktadir.
Farkli bir metot ise AC-DC enerji ceviriminin farkl bir yerde yapilmasiyla araca direkt olarak DC gii¢ verilmesidir.
Bu sekilde araca entegre edilmis doniistiiriicii kullanilmamasina paralel olarak yiiksek 1s1 problemleri yasanmadigi
icin gii¢ sinirlamasi olmamaktadir. Dogru akim ile sarj AC’ye gore destekledigi hiz limiti fazla oldugu i¢in elektrikli
aracglar dogru akim ile daha hizh ve daha cabuk sarj olabilmektedir. Ara¢ artisindaki gelismeler DC sarj
istasyonlarinin artisini da beraberinde getirmektedir. Tablo 2’'de ise Otomotiv Miihendisleri Derneginin DC sarj
istasyonu i¢in tanimladigl DC sarj standartlar1 verilmistir [9].

Tablo 2. DC sarj standartlar1

Sarj Metodu DC Cikis Voltaji Maksimum Akim (A) Maksimum Gii¢ (kW)
(DC/Volt)
DC Seviye 1 50-1000 80 80
DC Seviye 2 50-1000 400 400
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Elektrikle ¢alisan araclarin batarya dolum siireleri; bataryanin kapasitesi, markasi, destekledigi akim degeri ve
sarj eden cihazin destekledigi gilic degeriyle dogrudan baglantilidir. Alternatif akimda kullanilan Mod1 ve Mod2 ile
sarj edilen bataryalar, daha yavas sarj edildigi i¢in batarya dolum siireleri daha fazladir. Elektrikli arac iireten
firmalar bu araglarin sarj olma hizlarini farklh degiskenli ortamlarda ( nem, sicaklik vs.) test ederler. Araglar
sikintisiz ¢alismalari i¢in birgok testten gecirirler. Bu sebeple firmalar araglarin sarj siirelerini giivenlik acisindan
belirli limitlerle smirlandirmaktadirlar. Tablo 3’de ise AC ve DC sarj yontemi ile araclarin sarj hiz1 ve stireleri
verilmistir [9-10].

Tablo 3. Elektrikli araclarin sarj hizlarn ve siireleri

Sarj Tira Sarj Olma Hizlari 60 Dakikada Alabilecegi Yol Zaman
Sarj Cihazi ( 8A) 1.8 kW 10 km 35 saat
1-faz AC Sarj 7.4 kW 40 km 9 saat
3-faz AC Sarj 22 kW 120 km 3 saat
1.5 saat
DC Sarj 25 kW 150 km (%80’e kadar)
1 saat
Hizli DC Sarj 50 kW 300 km (%80’e kadar)
15 dakika
Ultra Hizli DC Sarj 175 kW 1000 km (%80’e kadar)

3. Bulgular

Elektrikli araclarin batarya kapasiteleri arttik¢a, batarya dolum siireleri de uzamaktadir. Bataryalar yaklasik %85-
90 doluluk oranina kadar dogrusal olarak sarj olurken %90 {izeri doluluk oranina ulastiktan sonra parabolik ve
daha yavas sarj olmaktadirlar. Bataryalar, sinirh bir sarj/desarj dongiisiine ve kullanim dmriine sahiptirler.
Giiniimiizde birgok firma batarya 6miirlerini uzatmak igin gesitli galismalar yapmaktadir. Bu nedenle araglarin
sebekeye enerji depolamasi gibi yeni bir yontem bulunmustur. Bu yontem ile birlikte batarya omiirleri de
uzamaktadir. Normal sarj tiniteleri elektrikli araclarin topluma acik yerlerde sarj edilmesi i¢in tiretilmistir. Normal
sarj yeterli enerji miktarinin bulunabilecegi her yerde yapilabilmektedir. Standart sarj istasyonlari, elektrikli
aracin tipine ve sarj durumuna gore 6-7 saaticinde, en diisiik seviyeden tam doluma ulagmasini saglar. Bu initeler
tek fazda ve benzer kosullarda ¢alismaktadir.

Hizli sarj iinitelerinde ise elektrikli araglar dakikalar icinde sarj olanag bulabilmektedir. DC sarj standartlari
Japonya’da CHAdeMo kurumunun ¢alismalariyla olusturulmustur. Bu sarjda baglanti 3 fazla yapilmaktadir. Tablo
4’te biitiin sarj liniteleri ve 6zellikleri gosterilmistir.

Tablo 4. Sarj liniteleri ve 6zellikleri

Sarj Unitesi Voltaj Akim Gii¢ Degeri Sarj Seviyesi
Ev Tipi Tek Fazli Kademeli Kademeli Seviye 3
13-16-32 A 3-3,7-7,4 KVA
Normal Tek Fazlh 16 A 3,7 KVA Seviye 1/2
Hizh DC 125 A’e kadar 50 KW Seviye 3
AC 63 A’e kadar 43 KVA Seviye 3
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4. Tartisma ve Sonug¢

Gilinlimiizde yenilenemeyen enerji rezervlerinin azalmasi ve iilkelerin bu konuda yasadiklari sorunlar elektrikli
araclar1 artik mecbur kilmaktadir. Bu kaynaklarinin azalmasi, elektrikli araglara ve diger ¢evre dostu projelere
yatirimlart arttirmistir. Ayni zamanda elektrikli araglarin, benzin ve dizel araglara gore daha gevreci olmasi
dolayisiyla 6niimiizdeki 50 yil icinde diinyada tamamen elektrikli aracglarin varlifinda s6z edilecegi
ongoriilmektedir. Fakat gliniimiizde hala elektrikli araclarin sayisinda istenilen artis saglanamamistir. Bu duruma
elektrikli araglarin konusunda daha yeni yeni ilerleme saglanmasi etkilidir. Her gecen giin yeni teknolojiler
gelistirilmekte ve etrafimizdaki araclar glinden giine degismektedir. Bu araclarin gelisimi batarya teknolojisini ve
sarj istasyonlarinin gelisimini de etkilemektedir. Sadece kablolu degil kablosuz sarj ve batarya degistirme
yontemleri de bu sayede ilerlemistir. Artik hizli sarj ve giivenli sarj teknolojisi de gelismis ve kullanimi kolay bir
hal almistir. Suanda bile kullandigimiz akilli telefonlarimiz, tabletlerimiz, saatlerimiz, bilekliklerimiz bile kablosuz
ve hizli sarj teknolojisi ile sarj olmakta ve hayatimizi epeyce kolaylastirmaktadir. Elektrikli araclar icin de daha
kisa slirede daha uzun mesafelere ulasma imkani taniyan sarj istasyonlar1 gelistirilmektedir. Bu sarj
istasyonlarinin gelismesi ve yayginlasmasi elektrikli ara¢ satis rakamlarini da etkilemekte ve daha fazla
etkileyecektir. Suanda bir¢ok kullanici bu araglari nerede sarj edebilecegi konusunda fikir sahibi olmadigi icin bu
araglara 6n yargill yaklasmakta ve elektrikli ara¢ almaktan g¢ekinmektedir. Bu yiizden sarj istasyonlarinin
gelismesi ve yayginlasmasi, bu aracglar1 yollarda daha sik gorebilecegimiz anlamina gelmektedir. Giiniimiizde
petrol ve tiirevleri yakitlar i¢in verilen savaslar yakin siirecte elektrikli ara¢ alma ve bu teknolojilere yatirim yapma
konusunda verilecektir. Suan bir¢ok tlke hizli sarj istasyonu ve batarya i¢in yatirimlarina baslamistir. Hatta bu
iilkeler sarj teknolojisinde bir adim 6ne ge¢mek i¢in kablolu sarjdan ziyade kablosuz sarj sistemlerinin daha
avantajli oldugunu diisiinmektedir. Batarya degisim sistemindeki yiiksek maliyet nedeniyle kablosuz sarj sistemi
daha avantajli goriilmektedir. Fakat suanda bu sistemin yeterince gelismemis olmasi bu sistemin dezavantajidir
ve gelismeye daha acik bir alandir.
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Anahtar Kelimeler 0z: Bu galismada, insan MT1 geninin Escherichia coli (E. coli) BL21 yabanil susuna
Ni}fel. klonlanmasiyla elde edilen rekombinant E. coli hMT1 susunun Ni ve Al'ye karsi
Aliminyum diren¢ Kkapasitesinin belirlenmesi amaglanmigtir. Yabanil E. coli BL21 ve

Minimum inhibisyon
konsantrasyonu

Genetigi degistirilmis bakteri
Atiksularin biyolojik aritimi

rekombinant E. coli hMT1 bakterilerine farkli Ni2* ve Al*3 konsantrasyonlari
uygulanarak hiicrelerin bilyiime potansiyelleri ve Minimum Inhibisyon
Konsantrasyonlar1 (MiK) belirlenmistir. E. coli BL21 ve E. coli hMT1 suslarinin Ni ve
Alicin MiK degerleri sirasiyla 200 mg/L ve 425 mg/L, 275 mg/L ve 650 mg/L olarak
belirlenmistir. Sonu¢ olarak, rekombinant susun Ni ve Al toleransinin yabanil susa
gore daha ytliksek oldugu tespit edilmistir. Metaller arasi bir kiyaslama yapildiginda
ise Al'ye olan tolerans Ni'den daha yiiksek bulunmustur. E. coli hMT1 susunun diisiik
konsantrasyonlarda bile bu metalleri adsorbe etmesinin, ¢evrede kullanilabilirligi
acisindan, yabanil susa gore daha yararli oldugu sdylenebilir. Bu ¢alisma, E. coli
hMT1 susunun Ni ve Al metallerinin sulardan biyolojik aritiminda kullanilmasi i¢in
bir 6n fikir saglayabilir.

Determination of Minimum Inhibition Concentrations of Escherichia coli hMT1
Recombinant Strain against Nickel and Aluminum

Keywords Abstract: The aim of this study was to determinate the resistance capacity of the
Nickel recombinant Escherichia coli (E. coli) hMT1 strain against Ni and Al, obtained by
Aluminum

cloning the human MT1 gene into E. coli BL21 wild strain. Growth potentials and
Minimum Inhibition Concentrations (MIC) of cells were determined by applying
Genetically engineered bacteria different Ni2+- and Al+3 concentrgtions to wild E coli BL21 and .recombinar.lt E. coli
Biological treatment of waste hMT1 bacteria. MIC values for Ni and Al of E. coli BL21 and E. coli hMT1 strains were
waters determined as 200 mg/L and 425 mg/L, 275 mg/L and 650 mg/L, respectively. As a
result, Ni and Al tolerance of the recombinant strain was found to be higher than the
wild strain. When a comparison was made between metals, the tolerance for Al was
found to be higher than for Ni. It can be said that the E. coli hMT1 strain adsorbing
these metals even at low concentrations is more beneficial than the wild strain in
terms of its availability in the environment. This study may provide a preliminary
idea for the use of the E. coli hMT1 strain in the biological treatment of Ni and Al
metals from waters.

Minimum inhibition
concentration

*1gili Yazar: sakkurt@adiyaman.edu.tr
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1. Giris

Endiistriyel faaliyetlerin yogunlasmasiyla birlikte su kirliligi katlanarak artmaktadir. Uygun aritma yapilmadan
toksik metallerle kirlenmis atiksularin salinmasi c¢evreye biiyiik zarar verir. Madencilik, galvanizleme ve
pigmentasyon gibi endiistriyel islemler krom (Cr), kursun (Pb), arsenik (As), kadmiyum (Cd), nikel (Ni) ve
aliminyum (Al) gibi toksik metallerden olusan 6nemli miktarlarda atik tiretir [1]. Metal igeren atiksular1 aritmak
icin geleneksel yontemlerden (kimyasal ¢oktiirme, elektrokimyasal aritma, filtrasyon) ileri teknolojilere (iyon
degistirme, ters 0ozmoz ve membran teknolojileri) kadar ¢esitli fiziksel ve kimyasal yontemler kullanilmaktadir [2-
3]. Bununla birlikte, bu yontemlerin ilk kurulum maliyeti yiiksektir ve yiiksek konsantrasyonda metal iyonlarinin
varligindan dolayi diisiik verimde aritim yapilmaktadir [2]. Etkili bir alternatif, biyosorpsiyon gibi diisiik maliyetli
adsorbanlarla biyolojik yontemlerin kullanilmasidir. Biyosorpsiyon, belirli biyokiitlenin kirleticilere baglanmasina
izin veren dogal bir fiziko-kimyasal mekanizmadir. Bir diger deyisle, metal ve fonksiyonel gruplarin biyokiitle
tizerine hizli bir sekilde baglanmasi islemidir [2]. Baslica avantajlar1 arasinda, diisiik maliyet, diisik
konsantrasyonlardaki metalleri giderme etkinligi, iyi secicilik ve adsorban biyomateryalini yeniden
olusturma/yeniden kullanma yetenegi yer alir [4].

Ni, insan saglig1 ve cevre lizerinde toksik etkisi olan agir metallerden biridir [5]. Atom numarasi 28 ve atom kiitlesi
58,69 olan, besin agisindan 6nemli bir eser metal tiirtidiir. pH’ya bagh olarak, ¢esitli kimyasal formlarda (Ni2,
Ni(OH)z2, Ni3(0)s4, Ni2Os vb.) bulunabilir [6]. Ni, kadmiyum-nikel piller, boya ve pigmentler, giibre, galvanik
endiistrileri, paslanmaz celik icin ferronikel iliretiminden alasim elementlerine, tibbi ekipmanlara, enerji liretim
endiistrilerine kadar genis endiistriyel uygulamalara sahip agir metallerden biridir [7-8]. Ni; esneklik, mukavemet
ve yalitim o6zellikleri nedeniyle alasim hazirlamada biiyiik 6l¢iide kullanilmaktadir. Ayrica yiiksek sicakliklara
dayanabilmesi nedeniyle gaz tiirbinlerinde ve roket motorlarinda da kullanilmaktadir [8]. Ni2* iyonlari, Ulusal
Toksikoloji Programi (NTP), ABD Saghk ve Insan Hizmetleri Departmam (HHS) ve Uluslararasi Kanser
Arastirmalari Ajansi (IARC) tarafindan insanlar i¢in kanserojen olarak kabul edilmektedir [9]. Diinya Saglik Orgiitii
(WHO) tarafindan belirlenen izin verilen i¢me suyu sinir degeri Ni i¢in 0,07 mg/L’dir [10]. Ni’ye uzun siire maruz
kalinmasi, insanlarda alerji, DNA hasari, norolojik bozukluklar, kardiyovaskiiler ve bobrek hastaliklari, akciger
fibrozisi ve burun kanserine neden olabilir [11].

Calismamiza konu olan bir diger ¢cevresel kirletici metallerden Al, yerkabugunda dogal haliyle yliksek miktarlarda
bulunur. 2019 yilinda diinya ¢apinda yaklasik 63 milyon ton Al iretilmistir [12]. Al, yliksek iletkenlik,
dovilebilirlik ve korozyon direnci gibi fiziksel ve kimyasal 6zelliklerinden dolay: bir¢ok endiistriyel sektoérde
yaygin olarak kullanilmaktadir. Makine ve insaat endiistrilerinde Al, esas olarak metal alasimlarini olusturmak i¢in
kullanilir. ilag endiistrisinde ise paketleme, antasitler ve asilarda kullanilmaktadir. Tekstil endiistrisinde deri icin
tabaklama maddesi olarak da kullanilmaktadir. Ayrica aliiminyum stlfat (Al2(SO4)3) ve polialiiminyum kloriir
(PAC), su aritma tesislerinde kullanilan baslica pihtilastirici maddelerdir [13-14]. Al'nin farkli enddstriyel
sektorlerde yaygin kullanimi, bu metal tarafindan kirlenmis yiiksek miktarda atik tiretir. Bu atiklarin su
kitlelerinden yetersiz bertarafi, su sistemlerini, topraklari, bitkileri ve canlilar1 etkileyen ¢esitli cevresel sorunlara
neden olur [15]. Noétr pH'larda Al'nin ¢éziinmemesi nedeniyle [16-17], bu metal nadiren dogal olarak suda litre
basina miligramin birka¢ onda birinden daha yiiksek konsantrasyonlarda bulunur [18]. Bununla birlikte, igme
suyunda Al'in biiytiik bir kismi, inorganik ve organik ligandlarla iliskili ¢6ziinebilir, monomerik Al olarak mevcut
olabilir [18-19], bu da 6liimciil sonuglar olan ciddi saglik sorunlarinin nedeni olabilir. Sucul ortamlarda yasayan
organizmalar da Al*3 formundaki Al'nin varligindan etkilenir. Baliklar iizerindeki etkileri literatiirde en ¢ok ele
alinan konudur. Arastirmacilar, bu iyon formunun 0,5 mg/L’nin tizerindeki konsantrasyonlarinin, bir¢ok tiirde
yuksek bir 6liim oranina neden olabilecegini ve esas olarak ozmoregiilasyon ve solunum sistemini etkiledigini
bildirmektedir. DSO, Al'nin igme suyunda maksimum tolere edilme miktarini 0,2 mg/L olarak belirlemistir [20].
Al, organizmalarin islevi icin gerekli olan kalsiyum (Ca), magnezyum (Mg), demir (Fe) ve diger elementlerin
emilimini azaltabilir ve bdylece normal metabolik siire¢lerine miidahale edebilir. Hayvanlar i¢in iyi bilinen bir
norotoksindir ve cesitli nérodejeneratif hastaliklarla iligkili oldugundan siiphelenilmektedir [21]. 3 mM’dan diisiik
Al konsantrasyonunun E. colimin biiyiimesini inhibe ettigi [22] ve 1 mM’dan yiiksek dozunun Desulfovibrio
desulfuricans lizerinde toksik etki yarattig1 rapor edilmistir [23]. Toksisitesine ragmen, bazi tiirler metabolik
yollarin degistirerek Al'ye direngli olabilir. Oksaloasetat ve oksalat gibi organik asitler, mikroorganizmalarin Al'yi
disar1 atmasina izin verir [22]. Bugline kadar Al toleransi lizerine yapilan ¢alismalarin ¢ogu bitkiler ve mantarlar
lizerinde yapilmistir ve ¢ok az bakterinin Al toleransi gosterdigi rapor edilmistir [22-23].
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Cokeltme, oksidasyon/indirgeme, iyon degisimi, filtrasyon, elektrokimyasal islem, membran ayirma ve
buharlastirma dahil olmak tizere metal giderimi i¢in ¢esitli yontemler kullanilmistir. Bu yontemlerin ¢ogu, metal
konsantrasyonlar1 100 mg/L'den diisiik oldugunda etkisizdir veya asir1 pahalidir [24]. Bu nedenle, yeni
teknolojilerin arastirilmast son zamanlarda tesvik edilmistir. Mikroorganizmalarin kullanimina dayali
biyoremediasyon stratejileri potansiyel bir alternatif olarak kabul edilmistir [25]. Agir metallere direncli
mikroorganizmalar endistriyel atiksularin aritilmasinda o6nemli bir rol oynamaktadir. Bu direngli
mikroorganizmalarin detoksifiye etme yetenegi, atiksu sistemlerindeki agir metallerin biyoremediasyonu i¢in
kullanilmaktadir [26]. Bakteriler her yerde bulunur, kontrolli kosullar altinda yayilabilir ve ortamdaki
degisikliklere karsi oldukca direnclidir. Bu nedenle, bakteri biyokiitlesi avantajli bir biyosorbenttir [27].
Bakterilerin hiicre duvarlarinda enzimler, lipopolisakkaritler, peptidoglikan ve lipoproteinler gibi karboksil,
stilfat, fosfat ve amino gruplar gibi islevsellik acisindan zengin makromolekiiller bulunur. Katyonik ve anyonik
gruplarin bir arada bulunmasi, bakteri hiicre duvarina amfoterik bir davranis kazandirir. Bununla birlikte, Van Der
Wal ve arkadaslar1 [28] anyonik gruplarin katyonik gruplara iistiin oldugunu ve bu nedenle ¢ogu bakteri
biyokiitlesinin izoelektrik noktasinin pH 4'ii ge¢gmedigini dogruladi. Sonug olarak, bakteriler ve Ni%*, Al*3 gibi
pozitif ytkli kirleticiler arasindaki elektrostatik etkilesimler biyosorpsiyon siirecini destekleyebilir.

Genetigi degistirilmis mikroorganizmalar, kirleticilerin biyoremediasyonu ve biyodegradasyonunu arttirmak igin
farkli canlilardan (bakteri, maya, o6karyotlar vb.) Kirleticileri gidermede etkili oldugu bilinen genlerin
mikroorganizmalara aktarilmasi sonucunda iiretilmektedir [29]. Fitoselatinleri (PC’ler) ve metallotiyoneinleri
(MT) kodlayan genler, agir metallerin gideriminde metal baglayici proteinler olarak kullanilmaktadir [30]. MT'ler
mayalar da dahil olmak iizere bakterilerden insanlara kadar ¢ogu organizmada bulunan diisiik molekiiler agirlikh
proteinlerdir [31]. MT'ler, metal iyon koordinasyonunda ortaya ¢ikan metal-tiyolat komplekslerini olusturan,
sistein agisindan zengin proteinlerin (amino asit igeriginin %30’una yakin) heterojen bir ailesini olusturur.
MT’lerin toksik metallere karsi koruma, fizyolojik metallerin homeostazi, serbest radikal temizleme ve
antioksidatif stres korumasi, hiicrenin oksidatif durumunun kontrolii, antiapoptotik savunma gibi bir¢ok rolii
oldugu diistiniilmektedir. Baz1 6zellikleri hala bilinmiyor olsa da tiim MT’lerin metal iyonlarini, 6zellikle Zn2* ve
Cu'*’yu hiicre icine alma kapasitelerinin yiiksek oldugu bilinmektedir [32]. Insan MT’leri dért farkli izoformdan
olusur. insan viicudunda metal toksisitesine karsi en c¢ok sentezlenen MT izoformu MT1’dir [33]. Metal
toksisitesine karsi koruma, dncelikle MT1 ve MT2’ye indirilirken, MT3’lin néronlarda Zn homeostazinda rol
oynadig1 diistintilmektedir ve MT4’iin islevi tam olarak bilinmemektedir [34]. Memeli ve mikrobiyal MT’lerin
metal biyosorpsiyonundaki etkinlikleri agisindan incelendigi bir ¢alismada genel olarak, insan MT’sini (MT1A)
eksprese eden hiicrelerin en iyi metal (Cd, Cu, Zn, Pb) adsorpsiyon performansini sergiledigi tespit edilmistir [35].
Bu bilgiler gz oniine alinarak, insan MT 1 geni yabanil E. coli BL21 susunun Ni ve Al metal iyonlarina karsi
toleransini arttirmak i¢in tercih edilmistir. Bakterilerin metallere karsi direng kapasiteleri, minimum inhibisyon
konsantrasyon (MiK) testi ile belirlenir [36]. Bakterilerin MiK'inin belirlenmesi, o bakteri tiirleri tarafindan tolere
edilebilecek en yiiksek metal konsantrasyonunu gosterir [37]. Ayrica MiK degerinin belirlenmesi, biyosorpsiyon
calismalarinda, ne kadar konsantrasyonda metal giderilebilecegi hakkinda bir 6n fikir vermesi agisindan
faydalidir. Literatiirde, rekombinant bakterilerin yabanil bakterilerden hem metal direng kapasitelerinin hem de
metal giderim oranlarinin daha fazla oldugunu bildiren bir¢ok calisma bulunmaktadir [38-39-40].

Bu calismanin amaci, yabanil E. coli BL21 susuna, insan MT 1 geni klonlanarak Ni ve Al metal iyonlarina karsi
direncg kapasitesinin arttirilmasidir. Calismada, yabanil E. coli BL21 ve rekombinant E. coli hMT1 suslarinin Ni ve
Al metal iyonlari icin MiK degerleri belirlenmistir. Belirlenen bu MiK degerleri, atiksulardan Ni ve Al metallerinin
gideriminde, klonlanan insan MT 1 (hMT1) geninin etkinligi hakkinda 6n fikir vermesi agisindan oldukg¢a
onemlidir. Rekombinant E. coli hMT1 susunun Ni ve Al'ye karsi MiK degerlerinin belirlenmesi ilk defa bu calismada
yapilmistir.

2. Materyal ve Metot

2.1. Bakteri kiiltiirlerinin yetistirilmesi

Calismada E. coli BL21(kontrol grubu) ve E. coli hMT1 rekombinant suslar1 kullanilmistir. Hiicreler, sigir 6zii (10
g/L), pepton 6zii (10 g/L) ve sodyum kloriir NaCl (3 g/L) iceren Luria Bertani (LB) ortaminda 120 rpm ¢alkalama

hizinda (MS, Major Science orbital ¢alkalayici) 37 °C'de biiyiitiilmiistiir. Rekombinant bakterilerin biiyiimesi i¢in
gerekli olan amfisilin antibiyotigi (Sigma-Aldrich) besiyeri ortamina eklenmistir.
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2.2. Ni ve Al soliisyonlarinin hazirlanmasi

MIK tayininde kullamilan metal soliisyonlari, Ni(NO3)2 (Sigma-Aldrich) ve Alz(S04)3.18H:0 (Sigma-Aldrich) metal
tuzlar1 kullanilarak hazirlanmistir. Ni ve Al stok c¢ozeltileri 1000 mg/L konsantrasyonlarinda hazirlanmistir. Bu
stok ¢ozeltiler distile su ile seyreltilerek deneysel ¢alismalarda kullanilmistir.

2.3. Gen sentezi ve klonlama

insan MT1 gen dizisi (genbank erisim numarasi: NM_005946), Twist Bioscience’dan temin edilmistir. MT1 gen
pargasi ve pET21 plazmidi, EcoRI ve Notl kesme enzimleri (Thermo Scientifc) ile cift sindirilmistir. Bu gen daha
sonra pET21 plazmitine baglanmistir. Konakel E. coli BL21 susu kimyasal CaClz protokoliine (Sigma-Aldrich) gore
geni almaya hazir hale getirilmistir. Rekombinant pET21 plazmitleri (Sigma-Aldrich), konake1 E. coli BL21
hiicrelerine aktarilmistir. Daha sonra rekombinant E. coli hMT1 susu, amfisilin (50 ug/mL), X-gal (mavi/beyaz
hiicre taramasi icin) ve IPTG ile takviye edilmis LB agar plakalarina ekildi ve gece boyunca 37 °C'de inkiibe
edilmistir. Plazmidi izole etmek icin QIAGEN Qiaprep Spin Miniprep Kiti (Kat no: 27104) kullanilmis ve klonlamay1
dogrulamak i¢in PCR kullanilmistir. Ek genleri dogrulamak icin, izole edilmis plazmitlerin dizileme kiitiiphaneleri
hazirlanmis ve Miseq platformu kullanilarak dizilenmistir.

2.4. Hiicrelerin bilyiime egrisi

Yabanil E. coli BL21 ve rekombinant E. coli hMT1 suslarina belirli konsantrasyonlarda Ni (0-800 mg/L) ve Al (0-
1000 mg/L) metalleri uygulanarak hiicrelerin biiytimeleri tizerindeki etkileri tespit edilmistir. Hiicreler, belirlenen
Ni ve Al konsantrasyonlarini iceren LB besiyerinde 120 rpm karistirma hizinda, 37 °C’de 48 saat boyunca inkiibe
edilmistir. Belirli araliklarda (6., 12., 18., 24., 36., ve 48. saatlerde) erlenlerden 6rnekler alinarak biiytimenin en iyi
gozlendigi optimum deger olan 600 nm dalga boyunda mikroplaka okuyucuda (Thermo Varioscan Flash 2000)
6lciilen absorbans degerleri kaydedilmistir. Bu verilere gore hiicrelerin biiytime egrileri ¢izilmistir (Sekil 1-2).

2.5. Minimum inhibisyon konsantrasyonunun (MiK) belirlenmesi

E. coli BL21 susu kontrol olarak kullanilmistir. E. coli hMT1 rekombinant susu ile E. coli BL21 yabanil susunun Ni
ve Al'ye direng kapasiteleri, MiK testi ile mikro seyreltme yontemi kullanilarak belirlenmistir. Ni ve Al'nin farkh
konsantrasyonlar1 (0-1000 mg/L) i¢in MIK analizi yapilmistir. 50 mL LB besiyeri iceren 100 mL’lik erlenmayer
siselerine belirlenen Ni ve Al konsantrasyonlar1 (0-1000 mg/L) ilave edilmistir. 600 nm dalga boyunda optik
yogunlugu (OD) 0,5'e ulasan hiicreler, bir mikropipet ile konik siselere eklenmistir. Rekombinant hiicreler iceren
erlenlere amfisilin (50 pg/mL) eklenmistir. Erlenler 120 rpm’de ¢alkalanarak 37 °C'de 24 saat inkiibe edilmistir.
Hiicrelerin MIK degeri, mikroplaka okuyucuda (Thermo Varioscan Flash 2000) 600 nm absorbansta hiicrelerin
biiyiimesi analiz edilerek belirlenmistir. Cihazda okunan sonuglar kaydedilmistir. Ayrica hiicrelere filtreyle steril
edilmis %0,1'lik trifeniltetrazoryum kloriir (TTK) canlilik indikatoérii olan TTC konulmustur. Bu ydntem
kullanilarak MIK degerleri dogrulanmistir. Bu yontemde, canlilik ve hiicresel aktivite varliginda TTK, pembe bir
renge doniiserek trifenil formazana indirgenir [41]. Canlihigin géstergesi olan pembe rengin kayboldugu ilk Ni ve
Al konsantrasyonlar1 MiK olarak belirlenmistir. Her mikroplaka kuyusuna % 0,1 TTK ilave edilmis ve 24 saat
inklibasyona birakilmistir. Daha sonra 6rnekler bir mikroplaka okuyucuda renk degisiminin gézlenebildigi
optimum absorbans degeri olan 480 nm'de dl¢iilmiistiir. Deneysel ¢alismalar, her numune igin ii¢ tekrarl olarak
gerceklestirilmistir.

3. Bulgular
3.1. Hiicrelerin biiyiime potansiyeli iizerine Ni ve Al metallerinin etkisi

Farkl Ni%+ (0-800 mg/L) ve Al*3 (0-1000 mg/L) konsantrasyonlarina maruz birakilan yabanil E. coli BL21 ve
rekombinant E. coli hMT1 suslarinin biiytime egrileri Sekil 1 ve Sekil 2’ de gosterilmistir.
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Sekil 1. Farkli Ni konsantrasyonlarina maruz kalan E. coli BL21 (a) ve rekombinant E. coli hMT1 (b) suslarinin
biiytime egrileri
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Sekil 2. Farkli Al konsantrasyonlarina maruz kalan E. coli BL21 (a) ve rekombinant E. coli hMT1 (b) suslarinin
biiytime egrileri

Nivarliginda E. coli BL21 ve rekombinant E. coli hMT1 suslarinin davranisini degerlendirmek i¢in, suslarin biiyiime
performanslari ilk olarak Ni icermeyen (kontrol) bir ortamda belirlenmistir. Sekil 1a'ya bakildiginda, disiik
konsantrasyonlarda (25, 50, 100 mg/L) Ni uygulanan hiicreler 18. saate kadar biiylime gdstermis olup 24. saate
dogru biiyiime hizinda 6énemli oranda azalma gézlenmis (p<0.05) ve sonrasinda azalma devam etmis ancak
istatiksel olarak 6nemli bulunmamistir (p=0.05). Yiiksek konsantrasyonlarda ise (200, 400, 800 mg/L) hiicreler
inhibe olmus ve herhangi bir biiylime etkisi goriilmemistir. Rekombinant E. coli hMT1 hiicrelerinde ise (Sekil 1b)
200 mg/L’ye kadar olan konsantrasyonlarda 24. saate kadar biiylime hizinda 6nemli oranda artis gézlenmis olup
(p=<0.05), 24. saatten sonra hiicreler duragan faza girmistir. 400 mg/L ve 800 mg/L Ni konsantrasyonlarinda
hiicreler inhibe olmus ve herhangi bir biiyiime etkisi gériilmemistir.

Sekil 2a’da, yabanil E. coli BL21 susunun Al'ye kars1 biiyiime potansiyeli gériilmektedir. Buna gore, 100 mg/L, 200
mg/L, 400 mg/L Al konsantrasyonlarinda biiylime hizinin 12. saate kadar arttig1, 24. saatten sonra duragan faza
girdigi tespit edilmistir. 600 mg/L’de ise 6. saate kadar hiicrelerin bliyiime hizinda artis oldugu daha sonra gittikce
azaldig1 ve 24. saatten sonra inhibe oldugu belirlenmistir. 800 mg/L ve 1000 mg/L Al konsantrasyonlarinda ise
hiicrelerde ilk saatten itibaren biiylime gozlenmemistir. Rekombinant E. coli hMT1 hiicrelerinin biiytime hizinin
400 mg/L’'ye kadar olan Al konsantrasyonlarinda 18. saate kadar arttig), 24. saatten itibaren duragan faza girdigi
gozlenmistir (Sekil 2b). 600 mg/L Al konsantrasyonunda hiicrelerin 12. saate kadar biiytidiigii, daha sonra biliyiime
hizinin kademeli olarak azaldig tespit edilmistir. En yiiksek Al konsantrasyonlari olan 800 ve 1000 mg/L’de ise
ilk 6 saate kadar hiicrelerin biiytime hizinin arttig1, daha sonra duragan faza girdigi, 36. saatten sonra inhibe oldugu
gorilmektedir.

3.2. MiK degerleri

Bakteriyel hiicreler, cevredeki ortama bagl olarak metal iyonlarina karsi tolerans gelistirerek metal giderme
potansiyellerini gelistirme yetenegine sahiptirler. Bu ¢alismanin sonucunda, yabanil E. coli BL21 ve rekombinant
E. colihMT1 suslarinin Ni i¢in MiK degerleri, sirasiyla 200 mg/L ve 425 mg/L olarak; Al i¢in ise sirasiyla 275 mg/L
ve 650 mg/L olarak bulunmustur. Hiicrelerin MiK degerlerini dogrulamak icin kullamlan TTK analizi sonunda elde
edilen mikroplaka goriintiileri Sekil 5’'te verilmistir.

562



Escherichia colihMT1 Rekombinant Susunun Nikel ve Aliminyuma Karsi Minimum inhibisyon Konsantrasyonlarinin Belirlenmesi

. =

1

SOREN /L
L NiNOs):

W

sx i 275 mg/L
| A1,(S04)5.18H,

Y

= » 425mg/L
: -é/.,. | dm——NO)

450 mg/L
Al2(SO4)3.18H,0

Sekil 5. Ni ve Al uygulanan yabanil E. coli BL21 susunun mikroplaka goriintiisii (a),
Ni uygulanan rekombinant E. coli hMT1 susunun mikroplaka goriintiisii (b), Al uygulanan rekombinant E. coli
hMT1 susunun mikroplaka goriintiisii (c)

4. Tartisma ve Sonug

Calismada, Ni ve Al uygulanan yabanil E. coli BL21 ve rekombinant E. coli hMT1 suslarinin, bliyiime egrilerinden
elde edilen sonuclar ile hiicrelerin MiK degerleri sonuglarinin birbiriyle uyumlu oldugu goriilmiistiir. Bu baglamda,
Ni uygulanmis yabanil hiicrelerin 18. saatten sonra, rekombinant hiicrelerin ise 24. saatten sonra duragan faza
girmeleri, rekombinant hiicrelerin Ni'ye karsi diren¢ kazandigin1 gostermektedir. Ayrica yabanil hiicreler 200
mg/L Ni konsantrasyonunda inhibe olurken rekombinant hiicrelerin biiylimeye devam etmesi, ilk inhibisyonun
400 mg/L Ni konsantrasyonunda goériilmesi de yine rekombinant hiicrelerin Ni'ye karsi daha toleransh oldugunu
ifade etmektedir. Yabanil susun Ni MiK degerinin 200 mg/L, rekombinant susunkinin 425 mg/L olmasi da yine
rekombinant susun Ni’ye tolerans kapasitesinin daha yiiksek oldugunu goéstermektedir. Biliyiime egrilerinde
yabanil susun biiylime hizinin 200 mg/L Ni konsantrasyonunda, rekombinant susun ise 400 mg/L’de inhibe
olmaya baglamas, belirlenen bu MiK degerleri ile uyumluluk géstermektedir. Benzer durum Al uygulanan yabanil
ve rekombinant suslarin biiyiime egrilerinde ve MIK degerlerinde de gézlemlenmistir. Buna gore, yabanil
hiicrelerin biiytime hizi 600 mg/L Al konsantrasyonunda 6. saatten sonra inhibe olurken rekombinant hiicreler
hala biiyiime fazindayd: ve 24. saatten sonra duragan faza girebildi. Ayrica, en yiiksek Al konsantrasyonlari olan
800 mg/L ve 1000 mg/L Al konsantrasyonlarinda yabanil hiicrelerde ilk saatten itibaren inhibisyon gézlenirken
rekombinant hiicrelerde 36. saatten itibaren inhibisyon go6zlenmistir. Yani hem tolere edilebilen Al
konsantrasyonu acisindan hem de inhibisyonun ge¢ saatlerde ger¢eklesmesi agisindan rekombinant susun yabanil
susa gore 6nemli oranda Al'ye direngli oldugu séylenebilir. Yine rekombinant susun Al MiK degerinin (650 mg/L),
yabanil susunkinden (275 mg/L) daha yiiksek bulunmus olmasi da rekombinant susun Al'ye diren¢ kapasitesinin
daha yiiksek oldugunu ifade etmektedir. MiK degerlerinin, hiicrelerin biiyiime egrilerinde Al'nin ilk inhibisyon
konsantrasyonlariyla értiismesi de bulgularimizi dogrulamaktadir. Bircok calismada yabanil bakterilerin MiK
degerleri belirlenmistir. Giovanella ve arkadaslari [42] calismalarinda, Pseudomonas sp. B50D tiiriiniin Ni icin MiK
degerini, 3 mM oldugunu rapor etmislerdir. Wu ve arkadaslari [43], Pseudomonas sp. (X2), Brevibacterium sp. (X6)
olmak iizere iki farkli deniz bakterisinin ve E. coli DH-5a susunun Ni MiK degerlerini sirasiyla; 500, 1000 ve 200
mg/L bulmuslardir. Benzer bir baska calismada, Lactobacillus plantarum MF042018 susunun Ni direng kapasitesi
olan MIK degeri 500 mg/L olarak bildirilmistir [44]. Sharma ve arkadaslar1 [45], camur, kanalizasyon ve atiksu
ortamlarinin 17 farkl bélgesinden izole ettikleri bakteri suslarinin Ni tolerans kapasitelerini arastirmislardir. 4
farkl Bacillus izolatinin 700 mg/L Ni konsantrasyonuna diren¢ gosterdigini belirlemislerdir. Ayrica izole ettikleri
diger 33 izolatin, 500 mg/L Ni konsantrasyonunu tolere edebildigini ileri siirmiislerdir. Al-Gheethi [46], bir
kanalizayon atiksuyundan izole ettigi Bacillus subtilis tiirliniin 6 mM Ni iyonlarini tolere edebildigini ileri
stirmiistiir. Chaudhary ve arkadaslar [47], E. coli (ATCC 11230), Stenotrophomonas maltophilia (ATCC 13637),
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Microbacterium sp. (MTCC 7185) suglarimin Ni MiK degerlerinin ii¢ tiir icinde 1mM oldugunu bildirmislerdir.
Senoro ve arkadaslar [48], E. coli (ATCC 25922) ve S. epidermidis RP62A'nin sirasiyla Ni MiK degerlerini 62.5
mg/L ve 125 mg/L olarak bulmuslardir.

Ayrica literatiirde bakterilerin Ni'ye karsi direng¢ ve giderim kapasitesini arttirmak icin Ni affinitesi yiiksek
genlerin klonlandigi rekombinant bakteriler ile yapilmis olan ¢alismalar da bulunmaktadir [49-50]. Deng ve
arkadaslar1 [49], Helocobacter pylori (NixA) ve Staphylococcus aureus’tan (NisA) iki farkli Ni affiniteli
transmembran proteinininin (NiCoTs) ve bezelye MT geninin Ni affinitesi izerindeki etkisini arastirmislardir.
Sonug olarak, hem NiCoT’leri hem de MT'yi ifade eden rekombinant suslarin (NixA+MT ve NisA+MT) Ni
affinitesinin ve direng kapasitesinin arttigini bildirmislerdir. Bir diger ¢calismada gram pozitif (B. cereus RC607) ve
gram negatif (Pseudomonas sp. K-62) bakteri suslarindan metal baglayici proteinleri (MerP) asir1 eksprese
edebilen E. coli konakgilari, sulu ortamda Ni2+, Zn*2 ve Cr*3'ii adsorbe etmek i¢in kullamlmistir. ifade edilen MerP
proteinlerinin tipi de rekombinant biyosorbentlerin performansini etkiledigini tespit etmislerdir. Gram pozitif
MerP proteinleri (yani GB hiicreleri) iceren biyosorbentler Ni2+ icin daha iyi adsorpsiyona sahipken, Gram negatif
MerP iceren GP hiicreleri Zn*2 ve Cr*3 iyonlan i¢in daha yiiksek adsorpsiyon kapasitesi sergiledigini tespit
etmislerdir [50]. Bu baglamda, MT olarak bilinen bazi1 metal baglayic1 proteinlerin, bakterilerin metallere karsi
diren¢ kapasitelerini arttirdigi sonucuna varilabilir [51]. Ayrica diren¢ kapasitelerindeki ve metal giderim
oranlarindaki farkliliklar, her bakterinin izole edildikleri ortamdan ve aktarilan genlerin farkli olmasi ile ilgili
olabilir. Sonug olarak Ni metali ile kirlenmis ortamlardan izole edilen direngli suslar ile bu ¢alismada kullanilan
rekombinant E. coli hMT1 susunun, Ni MiK degerlerinin birbirine yakin oldugu, hatta bazilarindan daha yiiksek
oldugu tespit edilmistir. Bu da rekombinant E. coli hMT1 susunun su ve atiksulardan Ni gideriminde biyoteknolojik
bir arag olarak kullanilabilme potansiyeli oldugunu gostermektedir.

Al MIK degerinin belirlendigi calismalara baktigimizda ise yine Ni’de oldugu gibi suslarin izole edildigi yere ve
bakteri cinsine bagh olarak MIK degerlerinin farkhilik gosterdigi rapor edilmistir. Titah ve arkadaslar1 [37], Al geri
dontsim endiistrisi atiksuyundan izole ettikleri azot icerigi yiiksek ortamlarda bol bulunan Brochothrix
thermosphacta’y1 ve bir¢ok farkl kirlenmis alanda bulunabilen sucul bir bakteri tiirii olan Vibrio alginolyticus’un
Al MiK degerini 500 mg/L olarak belirlemislerdir. Huang ve arkadaslar [52] asidik topraktan izole ettikleri Al'ye
toleransh oldugu bilinen Burkholderia sp. SB1 susunun Al*3’e direng oranini 270 mg/L olarak tespit etmisler ve bu
susun Al ile kirlenmis asidik kirmiz1 topraklarin biyolojik olarak iyilestirilmesi i¢in potansiyel olarak bir ajan
olarak kullanilabilecegini ifade etmislerdir. Yine ayni ¢alismada, Anoxybacillus sp’nin, 200-800 mg/L Al*3 iceren
bir besiyerinde %100 - %77 arasinda degisen nispi biiylime oranlariyla biiyliyebildigi gozlemlenmistir [52]. Abo-
Amer ve arkadaslar1 [53], endustriyel atiksulardan izole ettikleri Providencia rettgeri MAM-4 susunun Al*3
direncini 500 mg/L olarak, ticari olarak satin aldiklar1 B. cereus’un direncini yine 500 mg/L olarak belirlemislerdir.
Bu konudaki diger calismalarda, Acidiphilium cryptum’un Al2(SO4)s’a olan direncinin 100 mg/L oldugu [54],
Flavobacterium sp'nin 2000 mg/L’ye kadar Al toleransh oldugu, buna karsin Arthrobacter sp'nin maksimum Al
tolerans konsantrasyonunun yaklasik 300 mg/L oldugu rapor edilmistir [55]. Bu ¢calismalardaki Al MiK degerleri
ile bizim cahsmamizdaki rekombinant E. coli hMT1 susunun Al MiK degeri karsilagtirlldiginda, rekombinant E. coli
hMT1 susunun MIK degerinin daha yiiksek oldugu belirlenmistir. Bu durum, rekombinant E. coli h(MT1 susunun
sulardan Al gideriminde etkili olacagini diisiindiirmektedir.

Sonug olarak, rekombinant susun yabanil susa gore Ni ve Al toleransinin daha yiiksek oldugu, rekombinant susun
ise Ni'ye gore Al'ye daha toleransli oldugu ancak yine de diisiik konsantrasyonlarda bile bu metalleri adsorbe
etmesinin ¢evrede kullanilabilirligi agisindan yabanil susa gére daha yararli oldugu sdylenebilir. Bu sonuglara
gore, Ni ve Al iceren sular, belirtilen MiK degerlerinin iistiine ulasmadikca biyolojik olarak aritilabilir. Ancak
belirtilen MiK degerlerinin iistiine ¢iktiginda bir 6n aritma islemi uygulanabilir. Bu bilgiler 15181nda, insan MT1
geninin Ni ve Al metallerinin alimini ve biyoremediasyon kabiliyetini de arttiracagl sonucuna varilabilir. Ayni
zamanda bu ¢alismanin sonuglari, bu rekombinant susun pelletlerinin Ni ve Al iyonlarinin sudan biyolojik olarak
uzaklastirilmasinda kullanilabilecek biyosorbent olarak gelistirilmesi i¢cin umut vericidir.
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Anahtar Kelimeler 0z: Riizgar yapisina sahip oldugu bilinen genis sogurma cizgili kuazarlarin parlaklik
degisim genlikleri, kuazarin parlaklig1 ile bir ters korelasyon gostermektedir. Bu

Astrofizik ters korelasyonu da dikkate alarak, parlaklik degisim genligi ve riizgar
ﬁiszfacrilzlraksﬂer parametreleri arasinda iligkilerin olup olmadiginin arastirildigi bu c¢alismada,

Kuazar Riizgarlan parametre Olciimleri sistematik olarak yapilmis 624 riizgarli kuazar incelenmistir.

Parlaklik Degisimi Riizgarh kuazarlari, ti¢ farklh gruplandirma yaklasimi ile ele alan analizler
degerlendirildiginde, ayni parlakliga sahip kuazarlarin parlaklik degisim
genliklerinde belirleyici etkenin riizgar siddeti oldugu ortaya ¢ikarilmistir. Elde
edilen bulgulara gore, siddetli ve istikrarli riizgarlara sahip kuazarlar, daha az
parlaklik degisimi gostermektedir. Bu bulgular, kuazarlardaki parlaklik degisiminin
yigilma diskindeki kararsizliklarla baglantili oldugu yoniindeki kuramsal
yaklasimlari dogrulayici niteliktedir.

Photometric Analysis of Quasars with Outflows -II:
The Relations Between Variability Amplitude and Outflow Parameters

Keywords Abstract: Broad absorption line (BAL) quasars that have outflowing winds, in
. general, present anti correlation between their brightness and variability amplitude
Astrophysics of their light curves. Considering this underlying correlation, we assess correlations

Active Galaxies
Quasars

Quasar Outflows
Brightness Variations

between the variability amplitude and outflow parameters for 624 BAL quasars that
have systematically determined parameters. We adopt three different approaches
to group/bin the BAL quasars. The results indicate a relation between the outflow
strength and variability amplitude in a way where the quasars with strong and
stable outflows tend to show smaller variability amplitudes. This result favors the
theoretical assumption of the main mechanism behind the variability amplitude is
being the accretion disk instabilities.

*[1gili Yazar, email: nfilizak@gmail.com
1. Giris

En gii¢lii 1s1n1ma sahip aktif galaksilerin ¢ekirdegini olusturan kuazarlar; merkezde bir stiper kiitleli kara delik,
hemen disinda bir y1gilma diski ve y181lma diskini bir simit seklinde ¢evreleyen toz torusundan olusan bilesenlere
sahiptir. Bu bilesenlere ek olarak, bazi kuazarlar y1g1lma diskine dik sekilde bir jet yapisina ve bazi kuazarlar da
diskten disa dogru egimli riizgar yapilarina sahiptir [1]. Yigilma diskinden disa dogru yonelmis olan riizgarla
tasinan sogurucu madde, beklenen dalgaboyundan daha maviye kaymis, genis sogurma gizgilerini olusturur. Bir
kuazarin riizgar yapisina sahip oldugunun dogrudan gozlemsel kaniti olan bu ¢izgiler nedeniyle, riizgar yapisina
sahip olan kuzarlar; “Genis Sogurma C(izgili” (GSC; ing BAL: Broad Absorption Line) kuazarlar olarak
adlandirilmaktadir [2].
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GSC kuazarlarin sistematik olarak incelendigi en kapsamli katalog, [1] calismasinda sunulmustur. Sloan Digital Sky
Survey (SDSS) tarafindan 2002 ve 2008 yillar arasinda tayfsal gozlemleri elde edilmis tiim kuazarlar inceleyen
calisma, C 1v (1550 A) salma cizgisinden daha maviye kaymus, siirekliligin en az %10 altinda bir derinlige sahip ve
genisligi en az 2000 km s olan, en az bir sogurmaya sahip 5039 GSC kuazarin gézlemsel 6zelliklerini listelemistir.
Daha sonraki yillarda yayinlanan kuazar kataloglari, 6zel olarak GSC kuazarlar iizerinde yogunlasmamis ancak GSC
kuazarlar1 belirtmek i¢in tanimlayici parametreler eklemistir [6rnegin, 3, 4]. GSC kuazarlarin tiim kuazarlara
oraninin yaklasik %10—15 oldugu 6ngorulmiistir [5, 1].

Tiim kuazarlar, riizgar yapisina sahip olup olmadigindan bagimsiz olarak, gézlendikleri tiim dalga boylarinda
diizensiz degisimler gosteren bir karakteristige sahiptir. X-151n gozlemlerindeki degisimler [6, 7], morotesi ve optik
bolgedeki tayfsal ve fotometrik degisimler [8] kuazarlarin dogasini anlamak icin ayrintili incelemelere dahil
edilmistir. Degisimler, optik ve morotesi dalgaboylarini kapsayan tayflarda ve parlaklik él¢iimii yapilan fotometrik
verilerde ¢ok kisa zaman 6l¢eklerinden ¢ok uzun zaman 6lgeklerine kadar yayilabilmektedir [7, 8].

Hem uzun zamanl hem de kisa zamanl parlaklik degisimlerinin analizleri, genel olarak kuazarlarin parlaklik
degisim genliginin mutlak parlaklikla ters orantili oldugunu ortaya koymaktadir. Simm vd. [9] ¢alismasi, ele alinan
kuazar 6rneklemi icinde bolometrik (tiim dalga boylarindaki) 1sinim giicii biiytik olanlarin kii¢tik degisim genligine
sahip oldugunu ancak degisim genligi ve kara delik kiitlesi arasinda bir bagint1 bulunmadigini géstermistir. Vanden
Berk vd. [10] ¢alismasinda biiyiik genlikli parlaklik degisimi gosteren kuazarlarin giiclii radyo ve x-1s1masina sahip
oldugunu 6ne siirmiistiir. Simm vd. [9] ¢alismasi x-151n siddeti ve fotometrik parlaklik degisim genligi arasinda
olasi iligkilerin beklendigini vurgulamis ve x-15in siddetinin diskin yapisindaki degisimlere bagli olarak
degisebilecegine ve fotometrik parlaklik degisiminin de buna bagh olarak ortaya ¢ikabilecegine deginmistir.

Riizgar yapisina sahip kuazarlarin parlaklik degisim genlikleri ve fiziksel parametreleri arasinda bir iliski olup
olmadigini inceleyen ayrintili ¢alismalar riizgarlarin kuazarin yapisina etkilerinin anlasilmasi bakimindan
onemlidir. Ancak literatiirde yer alan ¢alismalar, kuazarlar riizgar yapisina sahip olup olmadigina bakmaksizin
ele alan orneklemler iizerinde yogunlagsmaktadir. Bu inceleme serisinin ilk makalesi olan [11] ¢alismasinda,
Catalina Sky Survey (CSS) veri tabaninda 151k egrisi gozlenmis 1886 riizgarli kuazarin parlaklik degisimleri
incelenmis, parlaklik degisim genligi ve kuazar fiziksel parametreleri arasinda iligkiler aranmistir. Calismada elde
edilen sonuglar, riizgarli kuazarlarin parlaklik degisim genligi degerinin genis bir araliga yayildigini ve degisim
genligi ile kuazarin mutlak parlaklig1 arasinda ters korelasyon oldugunu gostermektedir. Elde edilen bulgular,
riizgar yapisina sahip olmayan kuazarlar icin elde edilen bulgularla ayni sonuglari isaret etmektedir.

Kuazarlarda belirlenen GSC yapilar1 da zamana bagh degisimler gostermektedir. Bu degisimler, zamana bagh
olarak zayiflama ya da siddetlenme [12, 13] ortadan kaybolma [14, 15], yeniden ortaya ¢ikma [16] ve nadiren
(pozitif ya da negatif) ivmelenme [17] seklindedir. Filiz Ak vd. [12] ¢alismasinda, GSC yapilarindaki degisimler
genis bir kuazar érneklemi ele alinarak incelenmis ve GSC yapilarina ait parametreler ile degisimler arasinda
iliskiler bulunmustur. Daha siddetli ve daha diisiik hizlarda goriilen GSC’lerin kesirsel olarak daha kiigiik
degisimler gosterdigi kaydedilmistir. Filiz Ak vd. [13] ¢alismasi, GSC yapilarini tanimlayan parametreler ve bu
parametrelerin zamana baglh degisimlerini agiklamak i¢in riizgarla tasinan sogurucu maddenin iyonlasma
potansiyelinin belirleyici bir etken olabilecegine dikkat cekmistir.

Kuazarlarin yi1g1lma diskinden disariya dogru riizgar ile tasinan maddenin iyonlasma durumu, tayflarda hangi
elementlere ait sogurma yapilarinin gozlendigi dikkate alinarak anlasilabilmektedir. Filiz Ak vd. [13] ¢alismasinda,
kuazarlar riizgarlarinin %~13’liniin yalnizca C 1v, %~29’unun hem C 1v hem Si IV ve %~11’inin hem C 1v, hem Si v
hem de Al 111 sogurmasi olusturdugunu belirlemistir. Bu elementlerin iyonlasma potansiyel enerjileri C 1v i¢in 64.5
eV, Si1v icin 45.1 eV ve 28.4eV oldugundan; yalnizca C1v sogurmasi olusturan riizgarlarin, biiyiik iyonlasma
potansiyeline sahip sogurucu gaz bulundurdugu anlasilmaktadir. Ayni hiz aralifina sahip hem C 1v hem Si iv hem
de Al sogurma yapilarinin iyonlagsma potansiyellerinin ise ¢ok daha disiikk degerlere ulagabildigi ortaya
koyulmustur [18]. Elde edilen bulgular, diisiik iyonlasma potansiyeline sahip sogurucu gazlarin olusturdugu C v
GSC yapilarinin daha genis, daha derin ve daha siddetli oldugunu ve bu tir GSC'lerin daha az siddet degisimi
gosterdigini isaret etmektedir [13].

Riizgar yapisina sahip kuazarlarin parlaklik degisim genligi ve riizgar parametreleri arasinda bir baginti olup
olmadig bilinmemektedir. Kuazarlarin parlaklik degisimlerini inceleyen ¢alismalar, degisimlere sebep olan olasi
mekanizmanin yi1gilma diskindeki kararsizliklardan kaynaklanabilecegini ortaya koymaktadir. Riizgar yapilari,
yigilma diskinden agisal momentum kaybi sagladigindan, diskin daha kararli hale gelmesini saglayan bir
mekanizmadir. Bu bakimdan, kuazarlarin riizgar parametreleri ile parlaklik degisim genlikleri arasinda bir iliski
olup olmadigini incelemek konu hakkinda 6nemli ipuglari sunabilecek potansiyele sahiptir [19].

569



Riizgar Yapisi Gosteren Kuazarlarin Fotometrik incelenmesi - II: Parlaklik Degisim Genligi ve Riizgar Parametreleri Arasindaki iliskiler

GSC kuazarlarin parlaklik degisimlerini ele aldigimiz inceleme serisinin ilki olan Filiz Ak ve Sayili’'nin [11]
calismasinda, parlaklik degisim genlikleri ile kuazar parametreleri arasinda iliskiler aranmistir. Bu ¢alismada ise
parlaklik degisim genligi ve riizgar parametreleri arasindaki iligkiler incelenmistir. Calismanin 6rneklem se¢imi
ve parametrelerin belirlenmesi B6liim 2’de, elde edilen bulgular ise Boliim 3’de anlatilmistir.

2. Materyal ve Metot

Bu ¢alismada, kuazarlarin riizgar yapilarindaki degisimler ile fotometrik parlaklik degisimleri arasinda iliskiler
aranmistir. Bu amaca uygun olarak, ana 6rneklem igerisinde yer alan kuazarlar su kriterleri saglayacak sekilde
belirlenmistir: (a) Kuazarin, tayfsal veriler ile tespit edilmis en az bir genis sogurma ¢izgisine sahip olmasi gerekir.
(b) Genis sogurma ¢izgisinin tayfsal dl¢limleri (hiz, siddet vb.) yapilmis olmalidir. (c) Sogurma cizgilerinin uzun
streli degisimlerinin incelenebilmesi i¢in kuazar uzayinda en az bir yil ara ile elde edilmis, iki tayfsal gozlemi
olmalidir. (d) Fotometrik parlaklik degisimlerinin belirlenebilmesi icin sistematik olarak elde edilmis 1s1k egrileri,
degisimi belirleyebilecek sayida veri icermelidir. Calismanin ana 6rneklem secimi icin belirlenen bu kriterlerin
ayrintilari asagida tartisilmistir.

Kuazarlarin tayflarinda gozlenen ve riizgarlarin dogrudan belirteci olan sogurma cizgileri, genis (genisligi 2000
km st iizerinde), orta genislikte (genisligi 2000 ila 500 km s-! araliginda olanlar) ve dar sogurma cizgileri (genisligi
500 km s altinda) olarak ii¢ gruba ayrilmaktadir [3, 4, 18]. Dar ve orta genislikteki sogurma cizgileri siklikla,
kuazar ve gozlemci arasinda bulunan sogurucu yapilardan kaynaklanabildiginden, kuazarin yi1gilma diskinden
¢ikan riizgarlarin belirteci olarak yalnizca genis sogurma cizgileri (GSC) dikkate alinmaktadir [2]. Genis sogurma
cizgileri, bazen yalmzca C Iv salma ¢izgisinin bazen de C 1v ile beraber Si 1v, Al 111 ve Mg 11 salma cizgilerinin mavi
tarafinda tespit edilebilmektedir. Genis sogurma ¢izgilerine sahip kuazarlarin analitik bir yaklasimla belirlenmesi
icin [2] calismasinda, GSC'ler siirekliligin en az %10 altinda, en az 2000 km s genisligine sahip sogurma ¢izgileri
olarak tanimlanmistir.

SDSS tarafindan gozlenen tayflari inceleyen Filiz Ak vd. [13] calismasinda, 2000 ila 2003 yillar1 arasinda gozlenen,
kirmiziya kayma degeri 1.9 < z < 3.9 olan kuazarlar secilmis ve bu kuazarlarin tayflarinda C 1v salma ¢izgisinden
en az 3000 km s ve en ¢ok 20000 km s maviye kaymis olan bolgede en az bir GSC bulunduran 715 riizgarh
kuazar belirlenmistir. Bu kuazarlarin tamami radyo bélgede gorece diisiik 1sinima sahip olan radyo sessiz
kuazarlardir. Filiz Ak vd. [13] ¢alismasinda, riizgarli kuazarlarin tayflarinda bulunan GSC yapilarinin her birinin
baslangi¢ hiz1 (Vmin), bitis hiz1 (vmak), genisligi (4v), ¢izgi merkezinin h1z1 (Vmer), derinligi (d) ve esdeger genisligi
(EG) olgiilmiistiir.

Filiz Ak vd. [13] ¢alismasinda, en az bir y1l ara ile gozlemleri yapilmis olan 671 kuazarin tayfinda tespit edilen 851
C1v GSC icin belirlenen parametrelerin degisimleri incelenmistir. Riizgarlarin zaman icerisinde degisimlerini
tanimlayan parametreler At zaman farkiyla 6l¢tilen iki degerin farki olarak tanimlanmistir. Buna gore Ad; derinlik
degisimini, AEG; esdeger genislik degisimini tanimlamaktadir. Filiz Ak vd. [12, 13] ¢alismalarinda kuazarlarin
esdeger genisliklerinin degisim miktarinin es deger genislik degerinin kendisi ile dogru orantili oldugu verilmistir.
Bu etkiyi goz oniinde bulundurmak amaci ile esdeger genislik degisimi icin ikinci bir parametre olan kesirsel
esdeger genislik (AKEG) tanimlanmistir. AKEG, esdeger genislik degisiminin iki farkli zamanda alinmis esdeger
genisliklerin ortalamasina oranidir. Bir bagka ifade ile AKEG = AEG / <EG> ile verilmistir. GSC yapilarinin
konumlar1 yani vmin ve vmak hizlari sabit tutulmus, iki farkli zamanda alinan 6l¢timlerden miimkiin olan en genis
araligl tanimlayan degerler vmin Ve vmak olarak belirlenmistir.

Riizgar parametreleri ve bu parametrelerin zamana bagli degisimleri belirlenmis olan 671 GSC kuazarin parlaklik
degisim genligini tanimlamak i¢in Catalina Sky Survey (CSS) tarafindan elde edilen filtresiz fotometrik 151k egrileri
kullanilmistir. CSS biinyesinde ¢aplar1 1.5, 1.0 ve 0.7 m olan ii¢ farkh teleskop yer almaktadir [20]. Her bir
teleskoptan gelen veriler standardize edilerek, AB parlakliklar cinsinden sunuldugundan veri tabani icerisindeki
151k egrileri herhangi bir yanliliga sahip degildir. Filiz Ak vd. [11] calismasindaki kriterler takip edilerek GSC
kuazarlar CSS veri tabaninda 3".96 yaricap icerisinde ¢apraz eslestirme ile aranmistir. Gecelik ortalama parlaklik
Ol¢limlerinin sayisi en az 15 olan 624 kuazar belirlenmistir.

Bu veriler degerlendirildiginde, parlaklik degisim genligi, riizgar parametreleri ve riizgar degisim parametreleri
arasinda iligkilerin aranmasi i¢in 624 kuazar ana 6rneklem olarak alinmistir. Bu 6rneklem, GSC kuazarlarin
parlaklik degisim genligini incelemek i¢in herhangi bir yanlilik icermeyen homojenliktedir. Ayrica, 1sik
egrilerindeki veri sayisi, parlaklik degisim genligini 6l¢meye yetecek niteliktedir.

Ana orneklemde yer alan 624 kuazarin en az bir y1l ara ile alinmis iki farkl tayfsal gézlemleri incelendiginde, 469
kuazarin 1 tane, 140 kuazarin 2 tane, 13 kuazarin 3 tane ve 2 kuazarin 4 tane birbirinden bagimsiz riizgar yapisina
sahip oldugu bulunmustur. Béylece incelenen 6rneklem icerisindeki toplam genis sogurma ¢izgisi sayis1 796’dir.
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Sekil 1’de bir ve iki GSC’ye sahip kuazar tayflar1 gosterilmistir. Birden fazla bagimsiz GSC yapisina sahip kuazarlari
degerlendirirken riizgar parametrelerinden, en diisiik hizlardaki riizgarin baslangi¢ h1z1 v, en hizl riizgarin bitis
h1z1 Vmak olarak alinmistir, bu tanimlama gorsel olarak Sekil 1’de de sunulmustur. Genislik ve esdeger genislik
olarak tek bir tayfin C 1v bélgesinde tespit edilen GSC’lerin toplam degerleri alinmistir. Derinlik ise birden fazla
GSC icin olciilen derinliklerin ortalamasi olarak alinmistir. Bu degerlerin birinci ve ikinci gozlenen tayflardaki
farklar ise degisimler olarak hesaplanmstir.
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SekKil 1. Kuazarlarin tayflarinda bulunan GSC yapilar1 ve bu yapilara ait parametrelerin gésterimleri. Ust panelde, C1V

boélgesinde bir GSC yapisi bulunan bir kuazar tayfi, alt panelde ise iki GSC yapis1 bulunan bir kuazar tayfi gosterilmistir. Sogurma

cizgilerinin derinlikleri d, minimum ve maksimum hizlar1 v ve hiz genisligi Av ile gosterilmistir.

Kuazar 151k egrilerinden parlaklik degisim genligini 6l¢mek icin [11] ¢alismasinda oldugu gibi 6ncelikle gecelik
ortalama parlakliklar belirlenmis ve bunlarin degisimleri incelenmistir. Degisimleri incelemek i¢in tanimlanan iki
parametreden bir tanesi Am; en parlak 10 ve en soniik 10 6l¢lim arasindaki parlaklik farkidir. Diger bir degisim
parametresi olan Normalize Degisim Parametresi (NDP) ise [11] ¢alismasinda verilen ifadelere gore dl¢iilmiistiir.
Degisim genliklerinin yani sira, kuazarin ortalama parlaklig1 (mort), 151k egrisinin elde edildigi zaman aralig1 (4t)
gibi parametreler [11] calismasinda Boliim 2’de verildigi sekilde hesaplanmistir.

Kuazarlara ait parametreler olan kirmiziya kayma (z), toplam bolometrik 1s1nim giicii (Lgor), i bandindaki mutlak
parlaklik (Mi), merkezi karadelik kiitlesi (Mxp) ve bolometrik 1s1n1m giicii ile Eddington 151n1im giicti orani (L/Lepp)
[21] katalogundan alinmustir.

Kuazarlarin parametrelerini kiyaslamak igin iki 6rneklemli t-testi ve iki 6rneklemli Kolmogorov Simirnov (KS)
testleri yapilmistir. Her iki testin de sifir hipotezi; karsilastirilan iki 6rneklemin dagilimlarinin ayni oldugunu
Onermektedir. t-testi dagilimlarin ortalama ve standart sapma degerlerindeki benzerliklere duyarlidir, KS-test ise
dagilimin tiiriinden bagimsiz olarak karsilastirma yapmaktadir. Bu nedenle bu test sonuglarinin her ikisinin
birlikte degerlendirilmesi daha anlaml sonuglar sunacaktir [22]. Testlerin sonucunda elde edilen giivenirlik
parametresi (P = 1 - p); sifir hipotezinin reddedilmesinin ne kadar giivenilir oldugunu ifade eder. Bu calismada
yapilan testlerde P>%99.9 olan sonuglar, sifir hipotezinin kesin olarak reddedildigini, %95<P<%99.9 olan
sonuglar sifir hipotezinin reddedilmesinin gii¢lii bir 6nerme oldugunu isaret eder. Eger P degeri %95’in altinda ise
sifir hipotezini reddetmenin istatistiksel anlamli olmadig1 anlasilmaktadir.

3. Bulgular
Riizgar yapisina sahip kuazarlarin tayflarinda bulunan genis sogurma cizgilerinin 6zellikleri ile bu kuazarlarin

fotometrik parlaklik degisimleri arasinda iligkiler aramak i¢in hem GSC parametreleri iyi bilinen hem de parlaklik
degisim genlikleri belirlenmis 624 kuazar ana 6rneklem olarak secilmistir. Parametreler arasinda iliskilerin
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aranmasi amaciyla su ti¢ yaklasim dikkate alinmistir: (1) Kuazarlarin en biiyiik genlikli parlaklik degisimi gosteren
alt grubu ile en kiigiik genlikli parlaklik degisimi gosteren alt gruplan icin GSC yapilarinin 6zellikleri
kiyaslanmistir. (2) Kuazarlar GSC yapilarinin siddetine gore iki alt gruba ayrilmis ve bunlarin parlaklik degisim
genlikleri kiyaslanmistir. (3) Rizgarlarin hangi element gecislerinde sogurma cizgisi olusturdugu, riizgar
maddesinin iyonizasyon seviyesinin bir belirtecidir. Bu belirte¢ dikkate alinarak diisiik, orta ve yliksek iyonizasyon
seviyesine sahip riizgarlar alt gruplar seklinde ele alinarak riizgar siddeti ve parlaklik degisim genlikleri arasinda
iliskiler analiz edilmistir. Bu ti¢ farkli gruplama yaklasimi ile yapilan analizlerin sonuclari asagida verilmektedir.

3.1. Parlaklik degisim genligine gére gruplandirma

Ana 6rneklem icinde yer alan 624 kuazar igerisinden 151k egrisindeki parlaklik degisim genligini dikkate alan
gruplandirmada, [11] ¢alismasina benzer olarak; log(/2/7) = 0.0 olan 33 kuazar Biiyiik Genlikli (BG) ve log(/2/2)
< -1.0 olan 48 kuazar ise Kii¢liik Genlikli (KG) seklinde gruplandirilmistir. Log(NDP) icin belirlenen sinirlarin
se¢imi [11] calismasinda Boliim 3.1°de verilmistir.

KG ve BG gruplarinda yer alan kuazarlarin gériinen ve mutlak parlakliklari ile GSC yapilarinin esdeger genislik,
derinlik ve orta hiz 6l¢iimlerinin ortalamalar1 Tablo 1'de verilmistir. Gruplara ait parametreler icin yapilan t ve KS-
test sonuclarindan bulunan giivenirlik degerleri son iki satirda verilmistir.

KG ve BG gruplarinda bulunan kuazarlarin gériinen parlakliklarinin ortalamalar1 arasinda ~0m.5 ve mutlak
parlakliklar1 arasinda ~1m.5 farklilik vardir. Yapilan test sonuglari, goriinen ve mutlak parlaklik dagilimlarinin
arasinda benzerlik olmadigini (t-test icin %99.6 ve KS-test i¢in %98.8 giivenirlikle dagilimlarin farkli oldugunu)
onermektedir. Bu bulgu [11] calismasinda elde edilen sonuglarla uyumludur. Filiz Ak vd. [11] ¢calismasinda KG ve
BG gruplarinin parlaklik dagilimlarinin %99.9’dan biiyiik bir giivenilirlikle farkli oldugu ve BG grubunda bulunan
kuazarlarin daha soniik oldugu ortaya koyulmustur. Bu ¢alismanin sonuglari, [11] calismasina benzer olarak, BG
grubunda yer alan kuazarlarin daha soéniik olduguna isaret etmektedir. Bu ¢alismada elde edilen giivenirlik
parametrelerinin daha diisiik olmasi ise 6rneklem sayilarinin gorece kiiciik olmasi ile agiklanabilmektedir. Mutlak
parlakliklar i¢in elde edilen sonuglar, goriinen parlaklik icin elde edilen sonuglar1 desteklemektedir.

Tablo 1. Parlaklik degisim genligine gore yapilan gruplamada biiyik genlikli (BG) ve kiigiik genlikli (KG) degisim gosteren
kuazarlarin riizgar parametrelerinin kiyaslanmasi.

Kriter Say1 mi Mi <EG> d Vorta
(kadir) (kadir) (A) (km s-1)
KG log(NDP) <-1.0 48 18.27 -28.03 22.98 0.4480 13319
BG log(NDP) = 0.0 33 18.68 -27.53 18.12 0.4042 13552
t-test P %99.6 %99.5 %88.2 %78.6 %21.6
KS-test P %98.8 %99.0 %74.3 %53.1 %95.2

KG ve BG gruplarinda yer alan kuazarlarin tayflarinda belirlenen GSC yapilarinin ortalama esdeger genislikleri
(<EG>) kiyaslandiginda, KG grubu icin ortalama degerin ~23 A ve BG icin ise ~18 A oldugu Tablo 1’den
goriilmektedir. Bu ortalama degerlerin kiyaslanmasi, 151k egrilerinde buyiik genlikli parlaklik degisimi gosteren
kuazarlarin daha zayif GSC yapilarina sahip olduguna isaret etmektedir. Diger yandan, dagilimlar: kiyaslamak i¢in
yapilan test sonuclari, dagilimlar arasinda bir farklilik oldugunu énermeye yetecek giivenirlikte degildir. Benzer
sekilde derinlik (d) ve orta hiz (vorta) parametreleri i¢in yapilan test sonuglari, dagilimlar arasinda bir farklihik
oldugunu 6nermeye yetecek giivenirlikte degildir. Dolayisiyla, parlaklik degisim genliginin biyiikliigiine gore
secilen bu gruplar icin GSC yapilarinin 6zellikleri bakimindan belirgin bir fark oldugunu séylemek istatistiksel
olarak miimkiin degildir.

Kuazarlarin KG ve BG gruplarina ayrildiginda, parlaklik degisim genligi ile riizgdr parametreleri arasinda
istatistiksel olarak gii¢lii bir iliskinin bulunamamasinin, degisim genligi ve parlaklik arasindaki giiclii baginti
nedeniyle baskilanmis olmasindan kaynaklandigi diisiiniilmektedir. Biiytik genlikli parlaklik degisimleri gbsteren
kuazarlar, yanl olarak daha soniik oldugundan, GSC yapilarinin 6zelliklerindeki olas1 bagliligin gizlenmis olmasi
glclii bir olasiliktir. Bu sonuglar, kuazar gruplarinin parlaklik dagilimlar1 bakimindan benzer olmasi sarti ile GSC
ozellikleri ve log(A#/2/A) arasinda iliski aranabilecegine isaret etmektedir. Bu durum dikkate alinarak, GSC
kuazarlarin parlaklik degisim genlikleri ve sogurma yapilarinin 6zellikleri arasinda iliskiler aramak icin farkh
gruplandirma yaklasimlari yapilmistir.

572



Riizgar Yapisi Gosteren Kuazarlarin Fotometrik incelenmesi - II: Parlaklik Degisim Genligi ve Riizgar Parametreleri Arasindaki iliskiler

3.2. Riizgar siddetine gore gruplandirma

Kuazarlarin parlaklik degisim genligi ile GSC yapilarinin 6zellikleri arasinda olasi bagintilari incelemek i¢in ikinci
yaklasim olarak GSC yapilarinin siddetine gore gruplandirma yapilmistir. Sekil 2’de, ana 6rneklem icinde yer alan
624 kuazarin EG dagilimi gosterilmistir. Bu dagilimin normal dagilimdan uzak oldugu, biiyiik EG degerlerine dogru
glcli bir kuyruk yapisina sahip oldugu acikca goriilebilmektedir. Bu dagilim o6zellikleri dikkate alinarak, GSC
yapilari zayif olan kuazarlar EG < 15 A ve GSC yapilan siddetli olan kuazarlar EG > 30 A sartlar ile belirlendiginde,
alt gruplardaki 6rneklem sayilari sirasi ile 284 ve 80 olarak bulunmustur.
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Sekil 2. Ana 6rneklem iginde yer alan 624 kuazarin sogurma ¢izgisinin siddetini tanimlayan esdeger genisliklerinin dagilimu.
Histogram iizerinde gosterilen kesikli ¢izgi, normalize olasilik yogunluk dagilimini géstermektedir.

Sekil 2’de verilen EG dagilimi icin sabit genislikli ve Gauss formunda ¢ekirdek yogunluk tahmini modellemesi
yapilmis ve olasilik yogunluk fonksiyonu (OYF) hesaplanmistir. OYF, histogram seklinde gosterilen dagilimlarin
bir ifadesi olup, farkli dagilimlarin kiyaslanmasi i¢cin anlasilir gérseller sundugundan tercih edilmistir [23].

GSC yapilarinin siddetinin dogrudan bir gostergesi olan EG parametresine gore yapilan siniflandirmada, zayif
GSC’ye sahip 284 ve siddetli GSC’ye sahip 80 kuazar icin yapilan kiyaslamalar Tablo 2’de sunulmustur.

Tablo 2’de sunulan sonuglar gosteriyor ki kuazar tayfinda bulunan GSC yapilarinin siddetine gore yapilan
gruplandirmada, zayif GSC'ye sahip kuazarlar ve siddetli GSC’ye sahip kuazarlarin goriinen ve mutlak parlakliklari
oldukca benzer dagilimlar gostermektedir. Goriintir parlakliklarin ortalamalar: arasindaki fark yalnizca ~0m.05 ve
mutlak parlakliklarin ortalamalari arasindaki fark ise ~0m.1 civarindadir. Uygulanan test sonuglari ise dagilimlarin
farkli oldugunu onermeye yetecek istatistikler vermemistir. Buna gore secilen 6rneklemlerin yapisi, [11]
¢alismasinda ortaya koyulan parlaklik ve log(NDP) iliskisinden bagimsiz kabul edilebileceginden GSC siddeti ve
parlaklik degisim genligi arasinda iliski aramak i¢cin uygundur.

Tablo 2. Genis sogurma cizgilerinin siddetine gore olusturulan alt érneklemlerin kiyaslanmasi. Goriinen ve mutlak
parlakliklar, parlaklik degisim genligi, sogurma EG degisimi ve Kesirsel EG degisimi ortalamalar1 ve uygulanan testlerin
istatistik sonuglari verilmistir.

Kriter Say1 mi M;i log(NDP) AEG AKEG
(kadir) (kadir) (A) (%)
Zayif GSC EG<15A 284 18.66 -27.66 -0.549 2.481 6.96
Siddetli GSC EG>30A 80 18.71 -27.78 -0.674 3.509 2.30
t-test P 9%53.2 %83.7 9%99.7 9%99.5 >9%99.9
KS-test P %28.2 %95.3 9%98.3 %97.2 >9%99.9

Siddetli GSC yapisina sahip kuazarlarin parlaklik degisim genliklerinin ortalamasi, zayif GSC yapisina sahip
kuazarlara gore daha kiigiiktiir. Bu iki alt 6rneklemin log(NDP) dagilimlari i¢in uygulanan t ve KS-test sonuclari,
dagilimlarin farkl yapilara sahip oldugu 6nermesi i¢cin sirasiyla %99.7 ve %98.3 glivenirlik degerlerini vermistir.
Elde edilen sonuglara gore, siddetli GSC’ye sahip kuazarlarin daha kii¢iik degisimler gosterdigi 6nerilebilmektedir.
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Sekil 3. Riizgir siddetine gore gruplandirilan kuazarlarin, parlaklik degisim genligi parametresi log(NDP)'nin dagihmlarinin

kiyaslanmasi. Mavi dagilim, zayif riizgara sahip kuazar orneklemini, kirmizi dagilim ise siddetli riizgara sahip kuazar
orneklemini temsil etmektedir. Kesikli siyah dagilim, ana érneklemde yer alan tiim kuazarlari temsil etmektedir.

GSC yapilarinin zamana bagh degisimler gosterdigi ayrintili calismalarla ortaya koyulmustur [6rnegin; 14, 12].
Sogurma ¢izgilerinin zamana baglh degisimlerini tanimlamak icin kullanilan; iki farkli zamanda gozlenen
tayflardan olgiilen esdeger genislik farklari; EG, ilk tayftan odlciilen EG ile bagintilidir. Bu baghiligi daha acgik¢a
ortaya koyabilmek i¢in tanimlanan kesirsel EG degisimi parametresi olan AEG/<EG>; bir anlamda kuazar tayfinda
bulunan sogurma c¢izgisinin yiizdelik olarak degisimini tanimlamaktadir. Filiz Ak vd. [13] ¢alismasinda ortaya
koyulan sonuglar, zayif GSC yapilarinin daha degisken oldugunu gostermistir. Bu calisma icin secilen alt
orneklemlerin kiyaslanmasi, [13] ¢alismasinin sonuglari ile benzer olarak, biiyiik esdeger genislige sahip olan GSC
yapilarinin daha az siddet degisimi gosterdigini ortaya koymaktadir.

ikinci yaklasim olarak ele alinan bu gruplandirmadan elde edilen sonugclar, siddetli ve az degisen GSC yapilari
barindiran kuazarlarin 1sik egrilerindeki parlaklik degisimlerinin daha kii¢iik oldugunu énermektedir.

3.3. Riizgar ozelliklerine gore gruplandirma

Kuazarlarin tayflari incelendiginde, bazi riizgar yapilarinin yalnizca C 1v sogurmasi olusturdugu, bazi kuazarlarin
ise C Iv yani sira ayni hiz araligina sahip Si 1v, Al 111 ve Mg 11 sogurmalarini da olusturabildigi goriilmiistiir [13]. Bu

durumun, riizgar ile tasinan sogurucu gazin iyonlastirma potansiyel enerjisi ile iliskili oldugu bilinmektedir [18, 1,
13, 24].

[13] calismasinda tayflarda belirlenen GSC yapilary; yiliksek iyonlasmaya sahip (yalnizca C1v sogurmasi), orta
iyonlagsmaya sahip (C 1v ve Si v sogurmasi) ve disiik iyonlagsmaya sahip (C 1v, Si v ve Al 1l sogurmasi) seklinde
siniflandirilmistir. Bu iyonlasma durumlari dikkate alinarak, benzer bir gruplandirma bu ¢alisma i¢in yapilmistir.
Buna gore, C1v, Si 1v ve Al 111 GSC yapis1 gosteren 84 kuazar; diisiik iyonlasma, C 1v ve Si 1v GSC yapis1 gosteren 212
kuazar; orta iyonlasma ve yalnizca C v GSC yapisi gosteren 95 kuazar; yiiksek iyonlagsma gruplarina alinmistir.
Secilen drneklemlerin sinirlarinin net olarak ortaya koyulmasi ve yalnizca riizgar kaynakli sogurmalarin (bknz
Bolim 2) dikkate alinabilmesi icin C 1v sogurma yapisina karsilik gelen hiz araligi icinde Si 1v ya da Al 111 gecislerine
ait 2000 km s'*’den daha dar sogurma goésteren 233 kuazar iyonlasma durumuna gore yapilan gruplandirmanin
disinda birakilmistir.

Bu li¢ grupta yer alan kuazarlarin, goriinen parlaklik, parlaklik degisim genligi ve GSC esdeger genisliklerinin
ortalamalar1 Tablo 3’de verilmistir. Yiiksek ve diisiik iyonlasma gruplan igin parametrelerin dagilimlarina
uygulanan testlerin istatistik sonug¢lar1 Tablo 3’de sunulmustur.

Elde edilen sonuglar, yiiksek iyonlasma ve disiik iyonlasma gruplarinda yer alan kuazarlarin parlaklik
dagilimlarinin farkli oldugunu énermektedir. Gruplarin log(NDP) dagilimlar1 arasinda istatistiksel anlaml bir
farklilik bulunamamistir. Bu iki grupta yer alan kuazarlarin esdeger genislik ve kesirsel esdeger genislik
dagilimlar arasinda ise yiiksek giivenirlikle farkhiliklar bulunmustur. EG ve AEG/<EG> dagilimlar i¢in bulunan
belirgin farklilik, [13] ¢alismasinin sonuglari dikkate alindiginda beklenen bir durumdur.
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Tablo 3. iyonlasma durumuna gére yapilan gruplandirmalar igin gériinen parlaklik, parlaklik degisim siddeti, esdeger genislik
ve kesirsel esdeger genislik degisimi ortalamalari. Yiiksek ve diisiik iyonlasma gruplarinin dagilimlari icin yapilan t-test ve KS-
test sonuglarinin giivenirlik parametreleri son iki satirda yer almaktadir.

Grup Kriter Say1 Mort log(NDP) EG AKEG
(kadir) ) (%)
Yiiksek lyonlasma  C1IV GSC 95 18.60 -0.568 10.643 7.55
Orta Iyonlasma CIVve SilV GSC 212 18.65 -0.554 22.424 5.13
Diisiik lyonlasma CIV,SilVve Al Il 84 18.81 -0.607 33.609 215
GSC
t-test P %99.3 %51.6 >%99.9 >%99.9
KS-test P %99.4 %82.9 >%99.9 >%99.9

Sekil 4’de Yiiksek, orta ve diisiik iyonlasma gruplarinda yer alan kuazarlar i¢in mort ve log(NDP) dagilimlari i¢in
hesaplanan OYFler kiyaslanmistir. Log(NDP) dagilimlart icin istatistiksel olarak anlamli bir farklihk
bulunamamasinin altinda yatan sebebin, gruplarda yer alan kuazarlarin parlaklik farkhliklarnt oldugu
diistiniilmektedir. Boliim 3.1’de elde edilen sonugclar, parlaklik ve log(NDP) arasindaki gii¢lii iliskinin, log(NDP) ve
EG arasindaki olasi iliskinin belirlenmesini baskiladig1 g6z 6niine alinmalidir.
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SeKil 4. iyonlasma derecesine gére yapilan gruplandirmanin érneklemleri igin ortalama parlaklik ve log(NDP) dagihimlart icin
olasilik yogunluk fonksiyonlari kiyaslanmistir. Kesikli siyah dagilim, ana 6rneklemde yer alan tiim kuazarlari temsil etmektedir.

Kuazarlarin log(NDP), mort ve GSC EG’leri arasindaki dejenere iliskinin daha iyi analiz edilebilmesi i¢in bu
parametrelerden bir tanesinin sinirlandirilmasi1 gerekmektedir. Bir baska ifade ile log(NDP) ve EG arasinda
iliskinin belirlenebilmesi icin kiyaslanan dagilimlarinin benzer mort degerlerine sahip olmasi gerekmektedir.
Bunun icin ytksek, orta ve disiik iyonlasma gruplarinda yer alan kuazarlardan, mort degeri belirli bir aralikta
olanlar icin yapilacak testler bu li¢ parametre arasindaki dejenere iliskinin anlasilmasini saglayabilecektir.

Ana orneklem iginde yer alan tiim kuazarlarin mort degerlerinin ortalamasi 18m.7 olarak bulunmustur. Ana
orneklemdeki tiim kuazarlar icin iyonlasma durumuna gore yapilan gruplandirmalar, 18m.7°den daha parlak olan
kuazarlar i¢in yinelendiginde; mort <18m.7 sartini saglayan toplam 271 kuazardan 53 tanesinin yiiksek, 102
tanesinin orta ve 30 tanesinin diisiik iyonlasma grubunda oldugu goriilmiistiir. Tablo 4’de bu yeni gruplandirma
icin elde edilen sonug¢lar sunulmustur.

Tablo 4. Ana 6rneklemde yer alan 271 parlak kuazardan iyonlasma durumuna gore yapilan gruplandirmalar i¢in goriinen
parlaklik, parlaklik degisim siddeti, esdeger genislik ve kesirsel esdeger genislik degisimi ortalamalar1. Yiiksek ve diisiik
iyonlasma gruplarinin dagilimlar i¢in yapilan t-test ve KS-test sonuglarinin giivenirlik parametreleri son iki satirda yer
almaktadir

Grup Kriter Say1 Mort log(NDP) EG AKEG
Mot <18m.7 (kadir) A) (%)
Yiiksek Iyonlagma CIVGSC 53 18.25 -0.572 10.680 7.25
Orta Iyonlasma CIVve SilV GSC 102 18.20 -0.612 21.473 5.09
Diisiik lyonlagsma C1V, SiIV ve Al Il GSC 30 18.26 -0.799 36.316 1.97
t-test P %7.3 %99.7 >%99.9 >%99.9
KS-test P %6.3 %99.8 >%99.9 >%99.9
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Kuazarlarin parlakliklari i¢in yapilan mort <18.7 siirlandirmasi, beklendigi tizere parlaklik dagilimlarinin benzer
hale gelmesini saglamis ve boylece parlaklik ve log(NDP) arasindaki bilinen iligki etkisi en aza indirgenmistir.
Diisiik ve yliksek iyonlasma gruplarinda yer alan kuazarlarin log(NDP) dagilimlari i¢in uygulanan testler yiiksek
guvenirlikle bu iki dagilimin farkl oldugunu isaret etmektedir. Benzer sekilde EG ve KEG dagilimlarinin da farkh
oldugu yiiksek giivenirlikli istatistik sonug¢lara dayanilarak belirlenmistir.

Bu yaklasim icin elde edilen sonuglar, yiiksek iyonlasmaya sahip kuazarlarin parlaklik degisim genliginin biiyiik
ve bu kuazarlarin GSC yapilarinin daha zayif oldugunu gostermektedir. Benzer olarak, diisiik iyonlagsmaya sahip
kuazarlarin daha az parlaklik degisimi gosterdigi ve daha siddetli GSC yapilarina sahip oldugu gortilebilmektedir.

Sekil 5’de yliksek, orta ve diisiik iyonlasma gruplarinda yer alan kuazarlar icin GSC esdeger genislikleri (EG, sol
panel) ve parlaklik degisim genligi (log(NDP), sag panel) kiyaslamasi boxplot olarak verilmistir. Mavi
dikdortgenlerin alt ve iist kenarlari, dagilimin ikinci ve ticlincii ceyreklerini, dikdortgenin yiiksekligi ise ceyrekler
acikligini temsil etmektedir. Mavi dikdortgenlerin ortasindaki kirmizi ¢izgi, dagilimlarin medyan degerini
vermektedir. Dagilimlarin 1.5 ¢eyrekler agikligi sinirlari siyah ¢izgilerle belirtilmis ve bu sinirlar disinda kalan veri
noktalar1 u¢ degerler olarak kirmizi artilarla gosterilmistir. Yiiksek orta ve diisiik iyonlagsma siralamasina gore,
dagilimlarin medyan degerlerinin EG icin giderek arttig1, log(NDP) i¢in giderek azaldig1 goriilmektedir.
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Sekil 5. Yiiksek, orta ve diisiik iyonlagma gruplarinda yer alan kuazarlar igin GSC esdeger genislikleri (EG, sol panel) ve
parlaklik degisim genligi (log(NDP), sag panel) kiyaslamasi boxplot olarak verilmistir.

Bu gruplama yaklasiminda yapilan analizler, kuazarlarin parlakliklari ile parlaklik degisim genlikleri arasindaki
iliskinin diger olasi iligkileri baskilayacak kadar gii¢lii oldugu gortilmiistiir. Parlakligin etkilerini en aza indirmek
icin yapilan sinirlama sonrasinda, parlaklik degisim genligi ve GSC siddeti arasinda iliski oldugu gorilmistiir.
Yalnizca C v GSC yapilar1 gosteren ytliksek iyonlasmaya sahip kuazarlarin, parlaklik degisim genliklerinin gérece
daha biiyiik oldugu sonucuna varilmistir. Bu kuazarlarin daha zayif GSC yapilarina sahip oldugu ve zayif GSC
yapilarinin da gorece daha biiyiik esdeger genislik degisimleri gosterdigi bilinmektedir.

4. Tartisma ve Sonug¢

Riizgar yapisina sahip kuazarlarin 1sik egrilerinde goriilen parlaklik degisimleri ile riizgar parametreleri arasinda
iliskilerin arandig1 bu ¢alismada, tayflarinda riizgar belirteci olan genis sogurma cizgisi gosteren 624 kuazar ana
orneklem olarak secilmistir. Ana 6rneklemdeki tiim kuazarlarin, SDSS tarafindan en az iki tayf verisine sahip
olmasi, CSS ile elde edilmis 151k egrilerinin olmasi ve riizgar parametrelerinin sistematik olarak belirlenmis olmasi
kriterleri aranmistir.

Isik egrilerindeki parlaklik degisim genlikleri ve tayfsal verilerden Olgiilen riizgar parametreleri arasindaki
iliskilerin incelenebilmesi icin {i¢ farkli yaklasimla gruplandirmalar yapilmistir. Birinci yaklasimda, parlaklik
degisim genligi biiylik ve kii¢lik olan kuazarlarin GSC 6zellikleri incelenmis ancak istatistiksel anlamli sonuglar
elde edilememistir. Sonuglarda, [11] ¢alismasinda ayrintilari ortaya koyulan, kuazar parlakligi ve parlaklik degisim
genligi arasindaki baskin iliskinin etkisi oldugu diistintilmiistiir.

ikinci yaklasimda, riizgar siddetine gére gruplandirma yapilmis ve iki farkli grubun parlaklik degisim genlikleri
kiyaslanmistir. Sonuglar, siddetli riizgara sahip kuazarlarin daha az parlaklik degisimi gosterdigini 6nermistir.
Riizgar siddetlerinin degisimi de dikkate alindiginda bu 6neri, siddetli ve duragan riizgar yapisina sahip olan
kuazarlarin kiigiik genlikli parlaklik degisimleri gosterdigi seklinde genisletilmistir.
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Ugiincii yaklasimda, kuazarlarin riizgarlar tarafindan tasinan sogurucu gazin iyonlasma durumunu dikkate alan
bir gruplandirma yapilmistir. ilk yaklasima benzer olarak kuazar parlakhklarinin degisim genligi icin belirleyici
bir faktéor oldugu gorilmiistiir. Bu faktoriin en aza indirgenebilmesi icin gruplarda yer alan kuazarlarin
parlakliklart i¢in mort <18m.7 kriteri aranmis ve analizler tekrar edilmistir. Elde edilen sonuglar, parlaklik i¢in
getirilen smirlandirmanin, [11] ¢alismasinda ortaya koyulan baskin etkinin en aza indirgenmesi icin yeterli
oldugunu gdstermistir. Test sonuglari, diisiik iyonlasma durumunda riizgarlara sahip olan kuazarlarin daha
siddetli ve daha az degisen riizgar yapilar1 gosterdigini ve 151k egrilerinde daha kii¢iik genlikli degisimlere sahip
olduklarini ortaya koymustur.

Farkli gruplandirmalar dikkate alinarak yapilan analizlerde, B6liim 3.2 ve Boliim 3.3'de elde edilen bulgularin
ortak bir sonuca isaret ediyor olmasi, riizgar kuazarlar icin su genellemelerin ortaya koyulmasinda etkin
olmustur: (1) Tiim kuazarlarda oldugu gibi riizgarli kuazarlarda da 11k egrilerindeki parlaklik degisim genlikleri,
kuazarin parlakligi ile ters orantilidir. (2) Riizgar siddeti ve parlaklik degisim genligi arasinda ters iliski vardir.
Siddetli riizgarlarin daha az degisim gosterdigi de dikkate alindiginda; duragan ve siddetli riizgarlara sahip
kuazarlarin daha az parlaklik degisimi gosterdigi goriilmiistiir.

Kuazarlarin 1s1nim kaynagi, merkezi karadelik iizerine madde y1g1lmasidir. Ancak bu y1g1lmanin gerceklesebilmesi
icin karadeligin etrafindaki y1g1lma diskinde bulunana maddenin a¢isal momentum kaybina ugramasi gereklidir.
Diskteki maddenin agisal momentum kaybini saglayan mekanizmanin istikrarli olmasi durumunda, kuazarin
biiyiik parlaklik degisimleri gostermemesi beklenmektedir. Riizgarlar, diskten agisal momentum kaybinin
gerceklesmesini saglayacak en olasi mekanizmalardandir. Giicli ve hizhi riizgarlarin diskten disariya dogru
tasidig1 madde ve agisal momentum, diskteki maddenin merkeze yaklasabilmesini saglamaktadir. Bu nedenle
daha kararli, daha siddetli riizgar yapisina sahip kuazarlarin parlaklik degisimleri az olmalidir. Bu calismada
elde edilen bulgular, teorik g¢alismalara dayanan bu beklentiler ile uyumlu sonuclara isaret etmektedir.
Kuazarlarin parlaklik degisimlerinin yigilma diskindeki kararsizliklara bagli oldugu yaklasimi, disk
kararsizliklarini azaltan siddetli riizgarlara sahip kuazarlarin daha az parlaklik degisimi gosterdiginin ortaya
koyulmasi ile giiclenmistir.

Riizgar yapilarinin farkli iyonlasma durumlarina sahip olmasi, [13] ¢alismasinda ayrintili olarak incelenmis ve
gozlemcinin bakis dogrultusunun baskin bir etken olabilecegi sonucuna varilmistir. Buna gore, diske daha yakin
bir bakis dogrultusuna sahip oldugumuz kuazarlarin daha siddetli riizgar belirtegleri gosterdigi savunulmustur.
Bu bakis acis1 dikkate alindiginda, daha az parlaklik degisimi gosteren riizgarlarin daha diske yakin bir
dogrultuda (daha kii¢iik agilarla) gozlendigi goriisii de alternatif olarak goz oniinde bulundurulmaldir. Bu
durumda, diskin etrafinda bulunan toz yapinin olasi etkileri de dikkate alinmalidir.

Yukarida ele alinan iki goris birbiri ile geliskili degildir. Her iki goriis de blyilik genlikli parlaklik degisimi
gosteren kuazarlarin daha zayif riizgar yapilarina sahip olmasini gerektirmektedir. Bu goriisler arasinda belirgin
bir ayrima varabilmek icin daha ¢ok sayida 6rneklem icin daha hassas verilerin analiz edilmesi gerekmektedir Bu
calisma icin secilen 6rneklem ve yapilan 6lgiimler bazi kisitlamalar icermektedir. Ornegin; CSS parlaklik
Olctimleri biiyilik hatalara sahiptir. Kuazarlarin tayflarinda riizgarlarin belirlenmesi icin kullanilan ydntemde,
salma ve sogurma c¢izgilerinin Ust Uste binmesi durumunda GSC esde er genislikleri do ru olarak
Olciilememektedir. Bu etkilerden kaginmak igin vmak ve vmin hizlari belirli bir maksimum ve minimum igin
sinirlandirilmistir. Hem 6rneklem sayisi azalmis hem de 6rneklem icerisinde EG gibi parametreler alt sinir olarak
hesaplanmistir.

Kuazarlarin parlaklik degisimlerinin artmasina ya da azalmasina neden olan mekanizmalarin incelenmesinde,
optik bolgedeki gozlemlere ek olarak x-151n ve radyo bolgelerdeki gozlemler de dikkate alinmalidir. X-151n
gozlemleri, diskin en i¢ kisimlarindan veri saglayabilmekte ve radyo gozlemleri ise diske dik dogrultudaki jet
yapilar1 hakkinda bilgi verebilmektedir. Gelecekte elde edilecek daha kapsamli ve hassas gézlemlerin kuazarlarin
yapisi hakkinda daha fazla bilgi edinmemizi saglamasi beklenmektedir.
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Abstract: Iron and steel sector is a heavy industry sector and its contribution to
the country's economy is quite high. However, the exposure of sector employees to
heavy and dangerous materials during the production stage reveals the importance
of risk perception and highlights occupational safety and risk management. In this
research, risk perception and awareness of the employees of an iron and steel
enterprise were determined according to their social and demographic data. The
results of the research were presented using descriptive and inferential statistical
analyzes. In the modeling part of the study, the two-stage clustering method, which
is one of the multivariate statistical methods, was used. The similarities and
differences in risk perception of the characteristics of the employees in the iron and
steel enterprise were revealed. According to the results of the research, it has been
determined that the education and age status of the employees are important in risk
perception awareness.

Calisanlarin Risk Algisinin Kiimeleme Analizi ile incelenmesi: Demir-Celik Endiistrisi

Ornegi

Anahtar Kelimeler
Demir-Celik Sektort,
Risk Algisi,

is saghg1 ve Giivenligi,

iki Asamal Kiimeleme

0z: Demir-celik sektdru agir bir sanayi sektérii olup, iilke ekonomisine katkisi

oldukeca yiiksektir. Ancak sektor calisanlarinin iiretim asamasinda agir ve tehlikeli
malzemelere maruz kalmasi, risk algisinin 6nemini ortaya koymakta ve is glivenligi
ve risk yonetimini ise 6n plana ¢cikarmaktadir. Bu arastirmada bir demir-celik
isletmesinin ¢alisanlarinin sosyal ve demografik verilerine gore risk algi ve
farkindaliklar1 tespit edilmistir. Arastirmada sonuglar tanimlayici ve c¢ikarimsal
istatistiksel analizler kullanilarak ortaya konulmustur. Calismanin modelleme

bolimiinde ¢ok degskenli istatistiksel yontemlerden olan iki asamali kiimeleme

yonteminden faydalanilmistir. Demir-gelik isletmesinde ¢alisanlarin 6zelliklerinin
risk algi benzerlik ve farkliliklari ortaya konulmustur. Arastirma sonucuna gore
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Investigation of Risk Perception of Employees Using Clustering Analysis: A Case Study of Iron-Steel Industry

1. Introduction

It is seen that there is a direct relationship between the development of the industry and the economic growth of
the countries. Developed and developing countries use industry as a development tool by increasing their
production capacities. Countries that can meet their own needs can get rid of foreign dependency and take great
steps in terms of social development. Many different sectors such as defense, mining, iron and steel, construction,
textile and food are growing rapidly by renewing themselves with the development of the industry. Countries and
companies that want to produce the most products in the shortest time with the lowest cost compete. This
competition also enables improvement studies in terms of quality and efficiency [1]. Since the industrial
revolution, which started with the transition to mechanical production, improvement studies have been carried
out in the industry. Creating ergonomically appropriate conditions and making improvements to prevent
occupational accidents increase production and productivity [1, 2]. Between the years 1760-1830, the industrial
revolution was experienced with the replacement of coal and steam machines by factory production. The
replacement of human power by steam machines has provided diversity in production [3]. With the industrial
revolution, lifestyles have changed and many important transformations have been experienced in daily life. It has
paved the way for international trade, labor relations, legal structure and political structure and has been effective
in the development of engineering sciences. It also paved the way for new revolutions by enabling the development
of social and health sciences. As a result of the urban migration that occurred as a result of the first industrial
revolution, there was a change in the social structure [4].

From the beginning of the twentieth century, the second industrial revolution has been experienced with assembly
lines and the use of electricity in industries. In the 1960s, the third industrial revolution was experienced with the
use of microchip technologies, automation and computers. With communication technologies and new production
systems, the limits of capitalist production systems have been pushed. In the three industrial revolutions that took
place, there were differences in the structure and form of production and the need for labor [5]. Businesses like
artificial intelligence, robot technology and 3D printers etc. They have started to transition to Industry 4.0 with
technologies. The transformation process started with the introduction of the Industry 4.0 concept at the
Hannover Fair in Germany in 2011. Industry 4.0 differs from the other three revolutions in that production
technologies are more efficient and faster. Countries such as Germany, the United States and Japan, which have
determined their strategies for increasing productivity on a global scale, have made remarkable progress with
clear and rapid changes. Countries that want to get their share from the developing economy have started to
conduct research showing the current situation for this transformation process. Studies have been started to
determine the current situation in order to determine which sectors primarily need new technologies, which
sectors have these technologies, and the financial situation and infrastructure required for the transition to these
technologies [6, 7]. In today's globalizing world, the fact that there are many competitive criteria such as efficiency
and quality brings low cost superiority to the fore. Countries and businesses that want to achieve this superiority
are working with the aim of raising themselves to a higher category by maintaining sustainable production and
flexible competitive power [8].

The industrial revolution causes a radical change in all industrial areas. With the production technologies that can
respond flexibly to the disruptions and malfunctions that occur in the production processes, there are great
developments in the communication, transportation, trade and manufacturing sectors [9]. In parallel with the
developments in the manufacturing sector, sub-sectors related to iron and steel are developing. When the major
developments in the iron and steel industry and the development process of the countries are examined, it is seen
that iron and steel are effective in the development of all sectors that provide raw materials economically [10].
Developments in the manufacturing sector increase the quality of life by providing superior quality and
productivity [11In order to increase the efficiency of the enterprise, the human factor should be given more
importance by the enterprises and serious measures should be taken for the safety of the employees in the work
environment [12]. However, employees who are aware of the risks in the business environment and trust the
workplace can add value to the company they work for [13]. The risk factors that may cause occupational accidents
should be examined and the awareness of the employees against these risks should be measured. Elimination or
minimization of the measured risks is possible with the correct management of the risk [14].

The risk expression is a probability of loss of an event that occurs under certain conditions and occurs materially

and morally. It is also stated that the risk is equal to the potential losses [15]. The concept of danger can be defined

as a harm that affects the employees in the enterprise. Every possible situation is defined as a risk and arises from

danger [16]. The risk of a business could be production, sales, finance, marketing, etcAs a result of avoiding these
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risks, the profit and loss situation of the enterprise occurs [17]. Risks are considered as internal risks if they can
be predicted, prevented or the damage to be caused can be minimized according to their source. External risks, on
the other hand, are uncontrollable risks, generally related to changes in the market or government policies. It is
possible to identify these risks with risk assessment studies and turn them into opportunities. If it is not possible,
it is necessary to eliminate the risks or to minimize the damage it may cause. It is of great importance that the
necessary care is taken in the workplaces and that the employer and employee have knowledge about risk [18].

The risk perception of everyone working in the enterprise may be different, such as working conditions, workload,
education, experience, age, employer attitude and physical characteristics. Each employee's perception of risk is
also different. This may be due to differences such as gender. It can be defined as not knowing, trivializing and
ignoring occupational health and safety, ignoring the dangers and risks that may occur in the workplace.
Occupational Health and Safety Law No. 6331 (ISGK) aims to prevent possible dangers and risks in public and
private workplaces. Within the scope of this law, responsibilities imposed on both employers and employees,
regardless of their field of activity, have been determined. The most important of the responsibilities within the
scope of this law is to carry out occupational health and safety training of employees in the form of continuous
training and to ensure that they are informed about possible accidents, dangerous situations and all kinds of risks
in the workplace [19-21].

1.1 Current Situation of Iron and Steel Industry in the World and in Tiirkiye

The main input of durable consumer goods of countries is iron and steel production. In many sectors such as
automotive, defense, transportation and construction, raw material input, iron and steel production and
consumption are also increasing. Approximately 95.6 million people work in the sector and create an added value
of 2.9 trillion dollars for the country's economy. The development of the iron and steel industry is directly
proportional to the development of all the industries it provides inputs, and it is of strategic importance for the
countries [22, 23]. Steel, one of the strongest materials in the world, consists of an alloy of iron and carbon [24]. In
the iron-steel industry, crude steel is produced with scrap and ore, and long and flat steel is produced with this
crude steel [25]. It is the most recyclable material with 71% recycling rate. The slag produced by steel production
can be used as a raw material in the cement factory [24]. Steel was produced in the periods before the Renaissance
and became widespread with the development of new production methods in the 17th century. Mass production
was achieved with the invention of the Bessemer Modifier. Today, iron, which is the most common metal used with
other industrial activities, has the quality of being an increasingly important material over time [26]. In 2020,
crude steel production in the world decreased by 0.9 percent compared to 2019. It was observed that crude steel
production in the world contracted in all regions except Asia and the Middle East in 2019 [27].

There are three big companies as iron and steel factories in Tiirkiye. Among them, Kardemir is the first integrated
iron and steel factory of the country and the first national brand in railway rail production, and is Tiirkiye's twenty-
fifth largest industrial company. Kardemir, which has a capacity of 3.5 million/year, employs 4123 people
according to October 2021 data [28]. Erdemir, on the other hand, is a company that brings organic wastes into
production as iron and carbon inputs. It is an important company in the automotive sector with its metal forming
laboratory. The capacity of the enterprise is 3.85 million/year and employs 5400 people according to the latest
data of 2020 [29]. According to the latest data of 2020, isdemir is Tiirkiye's largest iron and steel factory,
employing 4702 people. It has the only integrated facility that produces long and flat products at the same time.
Tiirkiye produces 154.4 million tons of steel with these three integrated facilities and is the seventh in the world
and the leader in Europe with this production [30].

1.2 Occupational Health and Safety in the Iron and Steel Industry

The improvements made in order to produce the best steel in the sector at the least cost and to increase the quality
within the countries continue at an increasing pace day by day. However, in the iron and steel industry, where
millions of people work in the world, the occupational health and safety of employees is an important issue. It is
the responsibility of the enterprise to use personal protective equipment, to apply to local and general ventilation,
to prevent work accidents and occupational diseases that may occur in the sector. Businesses should have
departments related to occupational health and safety, and the work to be done for occupational health and safety
should not be seen as unnecessary costs [31]. One of the most dangerous sectors in industrial enterprises is the
iron and steel sector. The most common occupational accidents in iron and steel enterprises; Occupational
accidents may occur in cases such as failure to comply with the warnings of occupational health and safety rules,
failure of the safety system, unsuitability of the working environment, insufficient ventilation and insufficient
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lighting. In order to prevent occupational accidents, it is necessary to examine the accident records, eliminate the
problems and provide the necessary trainings [32, 33].

1.3 Concept of Risk

According to the Turkish Language Association, risk is defined as the danger of being harmed [34]. According to
the Occupational Health and Safety Law No. 6331, 27 losses due to danger are expressed as the possibility of injury
or other harmful consequences [35]. Risk in the field of insurance; While it is defined as the existence of the risk
of loss, probability of loss, uncertainty, the possibility that the actual result will be different from the expected
result, the possibility of the emergence of any situation other than the expected situation, risk in banking; means
the probability of failure in the collection or fulfillment of a loan given or a commitment made. In decision theory,
risk refers to situations where the decision maker cannot determine the consequences of an event. In the field of
finance, risk; It is the probability of deviation in the occurrence of any planned or expected situation related to the
financial aspect of the enterprise [36]. Occupational accident risk in the enterprise can also be expressed as a
combination of probability and severity [37]. Risk can be evaluated with the concept of opportunity. As the profit
of the business increases, the acceptability of high-level risks can also increase. Thus, profit can be obtained from
a risky activity. If there is no real opportunity, it is necessary not to continue the activity because the opportunity
cannot be obtained from the risky activity [38].

Risk is any uncertain situation that will prevent the business from realizing its future goals and objectives, or
factors that can contribute positively to the business and can be evaluated as an opportunity. The fact that the risk
is uncertain does not mean that the risk cannot be managed. If the risk is predicted very well, this uncertainty can
be eliminated and turned into a positive factor that will contribute to the business [39]. In today's world, which is
globalizing and developing every day, it is important for businesses that develop themselves to manage risks and
turn them into opportunities. In order for the business to gain value, especially in terms of quality and efficiency,
risks must be identified, measured and eliminated. It is possible to draw a roadmap to minimize the risks that
cannot be eliminated or to benefit the business from these risks [40].

Today, with the increasing institutionalization activities, different risk factors have started to emerge. Risks are
divided into two main groups as systematic and non-systematic risks. There are operational risks in the iron and
steel enterprise operating in the province of Karabiik, where this study was conducted.

1.4 Risk Assessment and Analysis Methods

Risk assessment is defined as the probability of occurrence of a certain accident or hazard, and it is the evaluation
of how much it affects the business in case of risk occurrence [41]. Risk assessment is the process of measuring
the risks in the working environment, estimating the unmeasurable risks, controlling the measures taken for the
risks and deciding which risks are acceptable or not. Risk assessment according to the Occupational Health and
Safety Law No. 6331, it is stated as the studies that need to be carried out in order to determine the hazards that
exist in the workplace or that may come from outside, the factors that cause these hazards to turn into risks, and
the analysis and grading of the risks arising from the hazards, and to decide on control measures [42]. It is one of
the risk duties imposed on the employer with the Law No. 6331. Every work environment has risks and it is the
right of all employees to know these risks. Risk assessment employees aim to protect the business, individuals and
organizations that may be adversely affected by the activities of the business. For the risk assessment, the opinion
of the employees should be taken. Occupational diseases and work accidents may occur as a result of not making
arisk assessment in an enterprise [43].

There are many risk assessment methods, but they can be grouped into two main groups. Risk assessment
methods, which are classified as qualitative and quantitative methods, differ from each other in terms of
calculating and defining risk. Qualitative methods are a method of estimating and verbally classifying risks using
verbal logic. In the qualitative method, which is evaluated subjectively such as high or very high risk, the
knowledge and ability of the specialist who performs risk assessment is important. In the quantitative risk
assessment method, numerical logic methods are used. The severity of the risk and the probability of an accident
are calculated to determine whether the risks are acceptable and what precautions should be taken for
unacceptable risks [44]. Risk analysis is the process of identifying all uncertain situations and possible outcomes
for specified objectives. Risk analysis is to determine the size, probability of occurrence and impact of the risk [45].

1.5 Perception of Risk

Calculation of risk with scientific methods gives objective results. Another dimension of risk that complements
these objective results is the subjective expression of risk. Risk studies reveal the subjective aspect of risk.
Perception of risk refers to individuals' subjective judgments of the magnitude, impact, and significance of risk
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[46]. The way each employee perceives, manages and lives with risk differs. In the fact that the risk perception
differs in each employee; Various factors such as social, cultural, economic, education, age and gender are effective.
Employees who do not know the risks in their workplace have little attention for work. In this case, it reduces the
work efficiency in the working environment. It also prevents the business from achieving its goals. In enterprises
that want to prevent this situation, the risks to which the employees are exposed should be measured, measures
should be taken for these risks and the risks they are exposed to should be explained to the employees. In addition,
in the event of a risk, what needs to be done should be determined in advance so that employees are not affected
by this situation or are least affected by it. Risk can be transformed into a positive factor in businesses where
necessary precautions are taken and awareness of risks is created [47].

In this research, risk perception and awareness of the employees of an iron and steel enterprise were determined
according to their social and demographic data.

2. Literature Review

In the literature study; risk in the manufacturing sector, risk in the iron and steel sector, risk method, risk
perception, occupational health and safety studies were examined.

This study by Alkis and Taspinar (2012) was carried out to measure the occupational safety and health perceptions
of workers working in the metal sector operating in Konya. A survey was conducted with 150 randomly selected
workers. However, data from 120 workers were evaluated. Statistical methods such as frequency distribution,
arithmetic mean, standard deviation and descriptive statistics were used by using the SPSS program. It has been
concluded that the education level of the workers is low, they belong to the young or middle age group, they have
low work experience, and about half of them have had a work accident. It has been determined that older workers
have lower security perceptions than younger workers, and those who have worked for many years in the
workplace have higher security perceptions [49].

Gulhan et al. (2012) conducted this study to determine the causes of accidents in a heavy metal industry in Ankara.
In the study, a survey was conducted with 201 participants. The status of being affected by accidents according to
age, marital status, education, working hours and income level was investigated. While occupational accident was
chosen as the dependent variable in the study conducted using the SPSS analysis method, as independent
variables; age, marital status, education level, income level, smoking and alcohol use, duty, department and shift
status. As a result of the research, it was concluded that the accidents were mostly caused by the lack of use of
protective equipment and the lack of education. It has been determined that health surveillance should be done
on an ongoing basis [50].

Gerami (2014) conducted this study to predict future accidents in the steel industry. It has been stated that the
effect of future accidents in a workplace is predictable and managers who anticipate the risk can reduce the
number of occupational accidents by taking precautions against hazards. In this study conducted with the help of
Weka software, 2396 events were recorded between 2011 and 2013 in Isfahan-Mobarakeh Steel Complex, one of
the largest steel producers in the Middle East. With the applied method, predictions were made for future accidents
[51]. Topaloglu et al. (2015) examined the risks posed by blast furnaces on occupational safety in a company and
investigated the causes of occupational accidents with the appropriate risk assessment method. Hazard and
Workability Analysis (HAZOP) has been used. As a result of the research, it was stated that there were no fatal
accidents in the company examined since 2002 [52].

Aytac et al. (2015) conducted a survey consisting of 52 questions with 1750 people in order to raise awareness for
women working in the metal industry and to measure the risk perceptions of women workers. Data were
evaluated with SPSS analysis and factor analysis, reliability analysis, correlation analysis and Stepwise regression
analysis were applied. It has been determined that female workers with high security awareness have a high level
of risk perception, there is a negative relationship between the perception of fatalism and the perception of safety
precautions awareness, and there is a strong positive relationship between the perception of security awareness
and awareness of security measures. It has been concluded that the occupational health and safety rules applied
in the workplaces should be adopted and implemented by the employees and that the trainings should be
continued continuously [53].

This study by Arpat (2015) was carried out to determine the relationship between safety culture and work
accidents in the metal sector in Denizli. A survey method consisting of 17 questions was applied in 27 workplaces.
854 valid questionnaires were obtained. SPSS analysis method was used for quantitative data and content analysis
method was used for qualitative data. While analyzing the quantitative data, reliability analysis, normality test,
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frequency distribution, Chi-square test, factor analysis, Mann-Whitney U test, one-way analysis of variability
Sperman correlation analysis were used. Analyzes were made in two stages. In the first stage, the survey analysis
was done, and in the second stage, the open-ended questions in the survey were analyzed. As a result of the
research, it has been determined that the characteristics of the enterprise, the working environment, occupational
accident exposures and management systems strongly affect the safety culture, but the demographic components
are ineffective [54].

Aytac et al. (2017) conducted a survey consisting of 51 questions with 1918 female employees working in the
metal sector in Bursa. With the Kaiser-Mayer-Olkin (KMO) Conformity Test, female employees' perceptions of
fatalism in occupational health and safety culture and their perception of risk factors in the workplace were
measured. As a result of the study, it was determined that there is a significant relationship between safe behavior,
which is a precursor to the establishment of a safety culture, and risk perceptions, and that the perception of
fatalism negatively affects the risks in the working environment [55].

Karadal and Merdan (2017) conducted this study in order to determine the relationship between the safety climate
and accident causes in the foundry industry in Kirikkale and Kirsehir. A survey was conducted with 283 employees.
Obtained data were tested with Anova test, t test, correlation and regression analysis. The results showed that the
safety culture is effective in workplace accidents. It was concluded that training should be done frequently,
ergonomic risk factors should be considered, workplace protective equipment should be used, managers should
be in contact with employees and occupational health and safety audits should be carried out [56].

Kukhar et al. (2018) conducted this study to analyze the effectiveness of introducing international methods in the
field of health safety and to evaluate the effectiveness of the safety management system in Metinvest, an iron and
steel factory located in Mariupol, Ukraine. The risk assessment matrix was made with the HAZID method, the
evaluation of the working capacity of the technological processes with the HAZOP method and the safety
evaluation of the works with the JSA method. A specific list of hazards has been compiled by assigning a separate
number to each technological item. In the second stage, the current risk level for each element was calculated with
the help of the health safety engineering, occupational safety and environmental engineering risk assessment
matrix. In the third stage, the probability of occurring the predicted results was calculated by giving points from
one to five. As a result of the study, technical and organizational measures to reduce the production risks of the
rail fasteners workshop of the enterprise in the energy sector reduced the remaining total risk level to an
"Acceptable level” (74 points) by 61% [57].

Aytac et al. (2018) aimed to determine the ergonomic risk factors affecting women working in the metal industry.
In this study, which was conducted with 2549 female employees working in 23 different workplaces, the data
obtained by the survey method were analyzed by using SPSS analysis, correlation and t tests. As a result of the
study, it was determined that the risk perception levels of the female employees who work the night shift are
higher than those who do not, and that the risk perception levels of the female workers who work longer hours
are higher than those who work less. It has been determined that correct posture and musculoskeletal problems
are highly effective and affect productivity in the working environment [58].

Akarsu and Tikenmez (2018) conducted this study in order to determine the risks that may occur in the acid
regeneration section of an enterprise operating in the iron and steel field. A risk assessment matrix was created
by ordering the risks according to their priority status with the HAZOP method. It has been determined that the
most important factor that can cause an accident is equipment damage and this can be controlled with the help of
computers. It has been determined that the use of barriers in the enterprise is necessary for the prevention of
explosion, fire and toxic gases, 13 out of 30 accident factors. It was concluded that the cost of stopping the whole
system would be high and preventive actions should be carried out according to the order of importance of the
risks [59].

Biiyiikyillmaz et al. (2018) investigated the organizational health perceptions of Kardemir A.S., which operates in
the iron and steel industry. The questionnaire technique was applied to 500 employees, but 450 questionnaires
were valid. The data obtained by Anova and t test were tested. Leadership dimension was found to be higher
among female employees. In terms of age, it has been found that there are differences in the organizational identity
dimension of employees aged 30 and below and those aged 31-40 and over. Perception levels of employees with
bachelor's and master's degrees were found to be lower than those who graduated from vocational school and
high school. As a result of the study, it was determined that the stress in the workplace should be controlled and a
satisfactory working environment should be created [60].
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Ayanoglu and Kurt (2019), in the study conducted in 165 metal sector workplaces, handled the accident data set
and determined dangerous risks with a data set consisting of 192 accidents and 39 variables. In addition, after it
was understood that the most suitable mining method was artificial neural networks, a double-layer feedforward
accident prediction model artificial neural network was developed by teaching the data set. With 90% accuracy, it
has been revealed that overlooked hazards in the metals industry pose a major risk [61].

This study by Nasution (2019) was conducted to evaluate the safety system in a foundry company that
manufactures cast iron products such as wheel pans and fan blowers. Job Hazard Analysis (JHA) method was used
to systematically identify potential hazards in the foundry company. The analysis covered the work process, work
phases, hazard, sources, risks, impacts and current management. It was determined that the risk reduction average
in the metal casting process was 19.02%, the highest value was 21.67% and the lowest value was 12.86%. The
most dangerous of the seven stages of production; finishing and iron metal melting process. Interviews were held
with the workers, who were all male and whose average age was 27, in charge of these two stages. As a result of
the study, based on the basic risk and current risk calculation, it was concluded that the highest risk working
process was the molten metal pouring process with 14.44%. It has been determined that the workers on the
production lines do not have the habit of using personal protective equipment in the working environment [62].

Kahya et al. (2019) evaluated the physical conditions and use of personal protective equipment for 92 workers in
eight metal enterprises operating in Eskisehir with an observation registration form. It has been determined that
the most important factor causing occupational disease is noise and it reduces productivity by distracting workers.
While it was determined that glasses were not used in more than half of the 21 benches observed, and there were
workers who did not use gloves even if they were very few, it was determined that the use of special shoes was
common. It has been concluded that the trainings to be given will have a positive effect on the reduction of
occupational accidents [63].

Karadal et al. (2019) conducted this study to determine the effect of safety behaviors on workplace injuries. Data
were obtained by survey method from 309 employees working in metal casting industry in Kirikkale and Kirsehir.
The obtained data were analyzed with the IBM SPSS Amos statistical program. It has been concluded that as safety
culture increases, safe behaviors increase and there is a decrease in occupational accidents [64].

Keskin et al. (2020) identified 83 risks in an underground mine in Giimiishane using the decision value matrix
method. Eight of the risks were found to be unacceptable risk, 37 high risk, 35 medium risk, and three low risk.
With this study, which has a risk score of 14, it is aimed to prevent occupational accidents. This risk analysis was
made according to the physical conditions of the enterprise, and suggestions were made to the enterprise, such as
continuing the trainings, making gas measurements, continuing the scavenging of the poplars and building a pig
roof in order to manage the risks [65].

Kose and Ersoz (2020) conducted this study with the aim of estimating real events in an enterprise operating in
the field of iron and steel. Data of 205 occupational accidents were analyzed with SPSS according to accident
severity and demographic situation. It was determined that CRT (Classification and Regression Trees) among the
decision tree techniques gave the highest accuracy rate. As a result of the study, it was determined that the
subcontracted personnel had frequent and severe accidents and that the inspections should be increased in order
to reduce these accidents. It has been found that the most important cause of workplace accidents is the workplace
and age is a very important accident factor [66].

Korkmaz (2020) conducted this study in order to determine the risks in a business that produces magnesium
metal. Using the Fine-Kinney risk method, 14 different primary risks were identified. As a result of the study, it
was determined that the most accident was the result of combustion, therefore more information was needed on
this subject, the working hours of the workers should be regulated and a magnesium fire team should be
established for emergencies [67].

Yussof et al. (2021) conducted this study to determine the relationship between strategic communication,
leadership roles, organizational design and employee. Questionnaire method was applied to 379 people. The
findings of this study, which used stratified sampling, showed that all variables were significant. It has been
determined that institutional-wide risk management and improvement studies should be carried out in the
workplace [68].

Durmaz and Atalay (2021) conducted a safety climate study on occupational accidents in the metal sector. Two

sub-dimensions, the safety climate scale and a form with 18 questions, were used for data collection. Chi-square

and regression analysis were used to determine the relationships with occupational accidents. Correlation analysis
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was performed between the scale total score and its sub-dimensions. In this study, which was conducted with 289
workers, the survey results showed that 28.4% of the workers in the current workplace had at least one work
accident, married workers had 3.24 times more work accidents than unmarried workers, and monitoring the
safety of workers was associated with a safe environment and work accidents [69].

Ers6z and Bulut (2021) conducted a risk study in the metal sector in order to measure the way employees perceive
risk according to their socio-demographic characteristics. The data were obtained by questionnaire technique and
cluster analysis was performed. In the research, risk perception levels of employees in a high-risk business in the
iron and steel sector were determined according to their socio-demographic status. As a result of the study, it was
determined that the risk perceptions of the employees were mostly affected by the level of education, length of
service, occupation and age [48].

3. Material and Method

The research on risk perception in the iron and steel enterprise was applied to the employees of an iron and steel
enterprise operating in the center of Karabiik. The target audience of the survey is employees. The survey
questions were asked to the participants determined by the random sampling method from the employees
working in the enterprise by face-to-face interview method. It was assumed that all the participants participating
in the study correctly perceived and answered the questionnaire questions.

The population of the research conducted on the risk perception in the Iron-Steel enterprise is all employees of an
iron-steel enterprise operating in the center of Karabiik. According to the data of 2021, there are a total of 400
employees in the iron and steel company. The data of the research were obtained from 106 participants working
in the iron and steel plant between April and July 2021, using the questionnaire method, which is one of the
quantitative research techniques.

In the risk perception survey of the employees in the iron and steel enterprise; There are socio-demographic
questions including gender, age, marital status, educational status, occupation, status in the company, length of
service in the company, working time in the same unit and leave periods used in the last year. In the second part,
there are closed-ended questions consisting of four sub-dimensions (Concepts Related to Occupational Safety and
Risk, Occupational Safety and Risk Studies in the Workplace, Risk Awareness and Health Risk Status) and a total
of 45 statements about occupational safety, occupational accidents and risk perceptions. A five-point Likert scale,
one of the metric scale types, was used as an evaluation scale. In scale; 1 represents “Strongly Disagree”, 2
“Disagree”, 3 “Undecided”, 4 “Agree”, 5 “Strongly Agree”. In addition, the statement “I Have No Idea” was also
included in the scale. While the "I have no idea" option was included in the analysis only as a percentage, it was
not included in the analysis when calculating the mean values.

The results of the research were presented using descriptive and inferential statistical analyzes. In the modeling
part of the study, the two-stage clustering method, which is one of the multivariate statistical methods, was used.
The similarities and differences in risk perception of the characteristics of the employees in the iron and steel
enterprise were revealed.

4 Findings

4.1. Descriptive Statistics Results

The socio-demographic characteristics and employment status of the participants are given in Table 1.

Table 1. Descriptive statistics of the research

Values Defining
Variables Subgroup Variables n (%) Variables
Mode | Median
Male (1) 104 98.1
Gender Female (2) 2 1.9 1
Total 106 106.0
15-17 (1) 0 0.0
Age 4
18-25 (2) 9 8.5
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26-33 (3) 9 8.5
34-41 (4) 37 34.9
42-49 (5) 29 27.4
50-57 (6) 18 17,0
58-64 (7) 3 2.8
65 + (8) 1 0.9
Total 106 100.0
Single (1) 13 12.3
Married (2) 87 82.1
Marital Status Divorced (3) 4 3.8 2
Widow/Widower (4) 2 1.9
Total 106 100.0
Illiterate (1) 0 0.0
Who Can Read and Write but Does Not Finish a
School (2) 2 19
Primary School (3) 3 2.8
Elementary Education (4) 34 32.1
Secondary School and Equivalent Education (5) 19 17.9
General High School (6) 12 11.3
Education Status High School Equivalent Vocational School (7) 22 20.8
Associate Degree (8) 6 5.7
Bachelor's Degree (9) 7 6.6
Master’s degree (10) 1 0.9
PhD Degree (11) 0 0.0
Other (12) 0 0.0
Total 106 100.0
Employer (1) 1 0.9
Employee (2) 104 98.1
Unpaid Family Worker (3) 0 0.0
Status at Company 2
Intern (4) 0 0.0
Other (5) 1 0.9
Total 106 100.0
0-5 years (1) 43 40.6
6-10 years (2) 32 30.2
Working Time in the 11-15 years (3) 11 10.4 1
Company 16-20 years (4) 5 4.7
21 years and above (5) 15 14.2
Total 106 100.0
0-5 years (1) 43 40.6
6-10 years (2) 32 30.2
Working Time in the 11-15 years (3) 11 10.4 1
Same Department 16-20 years (4) 8 7.5
21 years and above (5) 12 11.3
Total 106 100.0
Weekly Working 0-10 (1) 0 0.0
Hours 11-20 (2) 0 0.0
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21-30 (3) 0 0.0
31-40 (4) 5 4.7
41 hours or more (5) 101 95.3
Total 106 106.0
0-4 (1) 0 0.0
5-8(2) 8 7.5
Working Time 3
8 hours or more (3) 98 92.5
Total 106 100.0
0(1) 39 36.8
1-5(2) 22 20.8
. 6-11 (3) 14 13.2
umber e 12171 I E z
18-22 (5) 13 12.3
Over 23 Days (5) 10 9.4
Total 106 100.0

According to the research results;

« In terms of gender, 98.1% of the participants are male,

« In terms of age, 34.9% of the participants are between the ages of 34-41,

« In terms of marital status, 82.1% of the participants are married,

« In terms of education level, 32.1% of the participants are primary school graduates,
« In terms of professional status, 4.3% of the participants are engineers,

« In terms of the situation at work, 98.1% of the participants are paid or daily wage earners,
¢ In terms of position at work 94.3% of the participants are workers,

« [n terms of service period, 40% of the participants are employees between 0-5 years,
¢ In terms of weekly working hours, 95.3% of the participants work 41 hours or more,
« In terms of Working time, 92.5% of the participants work eight hours or more, and

¢ [t was determined that 36.8% of the participants did not take leave in the last year.

4.2. Inferential Statistical Results

Hypothesis tests were used to compare the dimensions of interest in the study according to their socio-
demographic information. However, since the data were not normally distributed, non-parametric statistical
techniques were used for statistical group comparisons. In the study, Kruskal-Wallis H tests were used to
determine whether the answers given about the dimensions of risk showed a significant difference in terms of
socio-demographic characteristics of the employees. In this framework, hypotheses have been developed for the
purpose of the study. The accepted hypotheses are given below. It was taken as p<0.05.

The Kruskal-Wallis H test was performed to determine whether the answers given to the concepts related to
occupational safety and risk differ significantly according to the marital status of the employees, and the results
are shown in Table 2.

Table 2. Comparison of the answers given to the concepts related to occupational safety and risk according to the marital
status of the employees.

Dimension Marital Status n M.R. Chi-Square p
Single 13 44.04
Concepts Related to Qccupatlonal Marrled 87 53.64 8316 0.040*
Safety and Risk Divorced 4 91.63
Widow/Widower 2 32.75

*p<0.05

The knowledge level of the participants about the concepts related to occupational safety and risk shows a
significant difference in terms of their marital status. (x2=8.316; p<0.05). Considering the weight averages of the
groups; It is seen that the answers given by the divorced people to the concepts related to occupational safety and
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risk are the most positive, and the answers given by the spouses of the deceased are the most negative. Therefore,
the H1 hypothesis of the research was accepted.

The Kruskal-Wallis H test was performed to determine whether the responses given to the statements regarding
health risk status and perception differ significantly in terms of the age of the employees, and the results are shown
in Table 3.

Table 3. Comparison of responses regarding health risk status and perception according to age status of employees.

Dimension Age n M.R. Chi‘-/z;];l:re p

15-17 0 -

18-25 9 3239
26-33 9 31.94
34-41 37 53.68

Health Risk Status and Perception 4249 29 <660 13.255 0.039*

50-57 18 66.67
58-64 3 7033
65+ 1 53.50

*p<0.05

The level of knowledge of the participants in the questions about their health risk status and perception differs
significantly according to their age (x2=13.255; p<0.05). Therefore, the H1 hypothesis of the study was accepted.

The Kruskal-Wallis H test was performed to determine whether the responses to health risk status and perception
differ significantly according to the marital status of the participants, and the results are shown in Table 4.

Table 4. Comparison of the responses regarding health risk status and perception according to the marital status of the

employees
Dimension Marital Status n M.R. Chi-Square p
Value
Single 13 29.96
Health Risk Status and Perception Marrled 87 5646 11.698 0.008*
Divorced 4 76.38
Widow/Widower 2 32.00

*p<0.05

The level of knowledge of the questions about the health risk status and perception of the participants shows a
significant difference in terms of their marital status. (x2=11.698; p<0.05). Considering the weight averages of the
groups; It is seen that the answers given by the divorced people to the concepts related to occupational safety and
risk are the most positive, and the answers given by the spouses of the deceased are the most negative. Therefore,
the H1 hypothesis of the study was accepted.

The Kruskal-Wallis H test was performed to determine whether the responses to health risk status and perception
differ significantly according to the leave periods they have used in the last year, and the results are shown in Table
5.
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Table 5. Comparison of the responses given regarding the health risk status and perception according to the leave duration
of the employees in the last year

Number of Permits used

Dimension in the Last Year n M.R. Chi-Square p
0 39 45.17
1-5 22 62.18
6-11 14 52.61
Health Risk Status and Perception ~ 12-17 8 29.69 14.796 0.011*
18-22 13 67.00
Over 23 Days 10 69.65

*p<0.05

The level of knowledge of the participants to the questions about their health risk status and perception differs
significantly according to the leave periods they have used in the last year. (x2=14.796; p<0.05). In this context,
the H1 hypothesis of the research was accepted.

4.3. Two-Stage Clustering Results
In this part of the study, multivariate statistical methods were used. “Two-Step Clustering” clustering analysis was

applied to investigate the similarities of the answers given regarding the risk perception of the employees
according to the socio-demographic information. Cluster analysis model result is given in Figure 1.

Model Summary

Algorithm TwoStep

Inputs

Clusters 4

Cluster Quality

Figure 1. Silhoutte indexed clustering performance.

When Figure 1 is examined, it has been evaluated that the performance of the two-stage clustering model is good
and its results can be used. In Figure 2 the distribution percentages of the clusters related to the concepts related
to occupational safety and risk are given.

Figure 2. Distribution percentages of clusters.

When Figure 2 is examined; It was determined that the distribution of the 1st cluster was 31.1%, the 2nd cluster
was 29.2%, the 34 cluster was 28.3% and the 4t cluster was 11.3%. In Figure 3, the order of importance of the
variables related to the level of knowledge regarding the socio-demographic characteristics of the concepts related
to occupational safety and risk is given.
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| Education status

| Marital status

| Age

| Working Time

| First dimension

Figure 3. Significance level of variables in two-stage clustering method.

When Figure 3 is examined; It has been determined that the most influencing factor on the level of knowledge
about occupational safety and risk concepts is “Educational status” and the least influencing factor is “Working
time”. Since the Working time in the enterprise are the same for all participants, it was not included as an important
variable in the model. The distribution of socio-demographic characteristics within the cluster is given in Figure
4.

| Cluster 1 2 3 4
Label
Description
Size T
311% 29.2% 28.3% 11.3%
u—_ (33) u— (31) (30) (12)
Inputs

educationstatus

34-41(86,7%) | 18-25 (58,3%)

v - ity =
8 and above (84,8%) 8 and above (100,0%) 8 and above (96,7%) |8 and above (83,3%)

- ir 2
3,50 3,90 3,89 3,52

Figure 4. Intra-cluster distributions.

The following summary results were obtained as a result of the two-stage clustering analysis of the knowledge
levels of the employees on the concepts related to occupational health and risk.

¢ In the 1st cluster, the marital status of the participants is married, their age is between 50-57, and the working
time are 8 hours or more,

« In the 21d cluster, the education level of the participants is primary education, the marital status is married, the
age is between 42-49 and the working time are 8 hours or more,

 The marital status of the participants in the 34 cluster is married, their age is between 34-41, and the working
time are 8 hours or more,

eIn the 4t cluster, it was determined that the education level of the participants was undergraduate, the marital
status was single, the age was between 18-25, and the working time were 8 hours or more.

As a result of the second dimension of the study, it was seen that the level of knowledge about occupational safety
and risk studies in the workplace consisted of three different clusters because of two-stage clustering. The
Silhoutte indexed clustering quality regarding the concepts related to occupational safety and risk studies in the
workplace is given in Figure 5.
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Model Summary

Algorithm TwoStep

Inputs 5

Clusters 3

Cluster Quality

T
-10 05 00 0s 10
of and separation

Figure 5. Silhoutte indexed clustering performance.

It is seen that the performance result of the two-stage clustering model given in Figure 5 is good. It has been
evaluated that the model results can be used. In Figure 6, the distribution percentages of the clusters related to the
concepts related to occupational safety and risk studies in the workplace are given.

Figure 6. Distribution percentages of clusters.

When Figure 6 was examined, it was determined that the 1st cluster was 42.5%, the 2nd cluster was 33.0% and the
3rd cluster was 24.5%. In Figure 7, the order of importance of the variables related to the concepts of socio-
demographic characteristics, occupational safety at work and risk studies is given.

[ hee |

| Education status |

| Marital status |

Working time

| Second dimension |]

Figure 7. Significance level of variables in two-stage clustering method.

When Figure 7 is examined, it has been determined that the factor affecting the level of knowledge about the
concepts related to occupational safety and risk studies in the workplace the most is "Age" and the least affecting
factor is "Working time". Since the Working time in the enterprise are the same for all participants, it was not

included as an important variable in the model. The distribution of socio-demographic characteristics within the
cluster is given in Figure 8.
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Cluster 1 2 3
Label

P 1425% | 33.0% ] 245%
as)|L_| 35) @6)

age age age
42-49 (46,7%) 34-41(48,6%) 50-57 (69,2%)

‘primaryeducation
(53,3%) (31,8%)
married (100,0%) | married (60,0%) married (80,8%)
8 and above (100,0%)| 8 and above (77,1%) |8 and above (100,0%)
3,99 3,68 4,02

Figure 8. Intra-cluster distributions.

According to the results of the two-stage clustering model, the knowledge levels regarding occupational safety and
risk studies in the workplace are summarized below.
¢ The education level of the 1st cluster is primary education, the marital status is married, and the working time

are 8 hours or more,
« The education level of the 21d cluster is general high school, the marital status is married, and the working time

are 8 hours or more,
o It was determined that in the 3rd cluster, the marital status was married, the age was between 34-41, and the

working time were 8 hours or more.
As a result of the third dimension of the study, it was seen that the level of knowledge on risk awareness consisted

of three different clusters in two-stage clustering. Silhoutte indexed clustering quality regarding risk awareness is
given in Figure 9.

Model Summary

Algorithm TwoStep

Inputs 5

Clusters 3

Cluster Quality

e ——

r T T T
A0 05 00 0s 10

o of and separ ation

Figure 9. Silhoutte indexed clustering performance.

When Figure 9 is examined, it is evaluated that the performance of the two-stage clustering model is good and its
results can be used. Distribution percentages of clusters regarding risk awareness are given in Figure 10.
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Figure 10. Distribution percentages of clusters.

When Figure 10 is examined, it was determined that the 1st cluster was 46.2%, the 2nd cluster was 34.0% and the
3rd cluster was 19.8%. In Figure 11, the order of importance of the variables related to the level of knowledge
about risk awareness of socio-demographic characteristics is given.

| Marital status |

| Education status |

| Working time |

| Third dimension |

Figure 11. Significance level of variables in two-stage clustering method.

When Figure 11 is examined, it has been determined that the factor affecting the level of knowledge regarding risk
awareness the most is "Age" and the least affecting factor is "Working time". Since the working time in the
enterprise were the same for all participants, it was not included as an important variable in the model. The
distribution of socio-demographic characteristics within the cluster is given in Figure 12.

Cluster 1 3 2
Label
=
e I ‘ 46,2% [ I 340% I l 19.8%
(49) (36) (1)
Inputs
age age
42-49 (53,1%) 34-41(97,2%) 18-25 (42,9%)
married (89,8%) | married (100,0%) single (61,9%)
educationstatus
primaryeducation (49,0%)
S - = = dailyworkinghour
8 and above (100,0%) | 8 and above (94,4%) DO )
414 a1a 413

Figure 12. Intra-cluster distributions.

When Figure 12 is examined, the risk awareness knowledge levels as a result of two-stage clustering are
summarized below.
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e In the 1st cluster, age status is between 42-49, marital status is married, education level is primary school and
working time are 8 hours or more,

e The age status of the 2nd cluster is between 34-41, the marital status is married, the working time are 8 hours or
more,

e [t has been determined that the age status of the 3rd cluster is between 18-25, the marital status is single, and the
working time are 8 hours or more.

As a result of the fourth dimension of the study, it was seen that the level of knowledge about health risk status

and perception consisted of three different clusters in two-stage clustering. Silhoutte indexed clustering quality
regarding health risk status and perception is given in Figure 13.

Model Summary

Algorithm TwoStep

Inputs 5

Clusters 3

Cluster Quality

|
e =

T T T
0 05 00 05 10

measure of and separation

Figure 13. Silhoutte indexed clustering performance.

When Figure 13 is examined, it is evaluated that the performance of the two-stage clustering model is good and its
results can be used. Distribution percentages of clusters related to health risk status and perception are given in
Figure 14.

Figure 14. Distribution percentages of clusters.
When Figure 14 was examined, it was determined that the 1st cluster was 41.5%, the 2nd cluster was 30.2% and

the 3rd cluster was 28.3%. In Figure 15, the order of importance of the variables related to the health risk status
and perception of socio-demographic characteristics is given.

L=

| Education status |

| Marital status | }

&

| Working time |

| Fourth dimension |

o

Figure 15. Significance level of variables in two-stage clustering method.
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When Figure 15 is examined, it has been determined that the most influential factor on the level of knowledge
regarding health risk status and perception is “Age” and the least affecting factor is "Working time". Since the
Working time in the enterprise are the same for all participants, it was not included as an important variable in
the model. The distribution of socio-demographic characteristics within the cluster is given in Figure 16.

Cluster 1 3 2
Label

Description

. = 41,5% [ 302%| 28,3%
| J 32) (30)

Inputs

42-49 (52,3%)  34-41(100,0%) 18-25 (30,0%)

educationstatus

p
(52,3%)

vari vari vari
married (93,2%) married (93,8%) married (53,3%)

dailyworkinghour dailyworkinghour dailyworkinghour
8 and above (100,0%) | 8 and above (100,0%) | 8 and above (73,3%)

four four four

2,98 2,74 2,30

Figure 16. Intra-cluster distributions.

As a result of two-stage clustering, the knowledge levels regarding health risk status and perception are
summarized below.

e In the 1st cluster, age status is between 42-49, education level is primary school, marital status is married and
working time are 8 hours or more,

e The marital status of the 2n group is married, the working time are 8 hours or more,

e Marital status of the 3rd cluster was found to be married, and the working time were 8 hours or more.

5. Discussion and Conclusion

The iron and steel industry are a dangerous industry where heavy and extremely large and dangerous materials
are used. Occupational diseases that can be caused by molten metals and heat and noise up to 1800 degrees pose
arisk in terms of occupational health and safety. As in other industrial sectors, the establishment of the safety and
working environment of the workers in the iron and steel sector, the protection of the welfare and health of the
workers have positive effects on increasing the efficiency, quality and continuity of production.

In this study, occupational accidents, risk awareness and risk perception levels of employees were measured on
an iron and steel enterprise operating in Karabiik province, and the differences of these perceptions according to
socio-demographic conditions were investigated. Two dimensions (Concepts Related to Occupational Safety and
Risk, Health Risk Status and Perception) were examined according to non-parametric statistical hypothesis test
results. According to the two dimensions, the age, marital status and leave status of the employees in the last year
differed. As a result of the studies of Bliyiikyilmaz et al. and Ers6z and Bulut, age and education factors were found
to be important in risk perception. In this study, which was conducted to determine the risk perception levels of
iron and steel workers, a two-stage clustering technique was used to reveal socio-demographic situations with the
same risk perception. According to the two-stage clustering results, it has been determined that the most effective
factor in the level of knowledge about the concepts of occupational safety and risk is "educational status". It has
been determined that the factor affecting the level of knowledge about workplace safety and risk studies the most
is “age”. It has been determined that the knowledge level of employees in the age range of “50-57” regarding
occupational safety and risk studies at the workplace is higher than that of other employees. It may be due to the
experience of employees in this age group over time. It has been observed that risk awareness is high among
employees between the ages of “34-41". Employees outside this age group should be informed about risk
awareness through trainings that can positively affect risk awareness. Age factor was found to be the most
influential factor on the level of knowledge about the concepts related to occupational safety and risk studies in
the workplace. It has been determined that the least affecting factor is “Working time”. Since the Working time in
the enterprise are the same for all participants, it was not included as an important variable in the model.
Employees in the iron and steel industry are exposed to heavy workloads, long working hours, harsh conditions,
and dangers arising from the working environment that will endanger the health and safety of the employee. There
is a risk dimension for every hazard and this needs to be estimated and checked beforehand as a precaution. It is
impossible to completely eliminate the risks involved in the sector. However, it is possible to reduce these risks.
When the safety of every employee, manager and employer in the enterprise becomes a priority, risks will be
brought under control when hazard analyzes and risk assessments are carried out periodically.
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Anahtar Kelimeler 0z: Deprem etkilerine karsi sismik séniimleyici kullanimi, yapilari bu tip etkilerden
Metalik sontimleyiciler, korumada yenilik¢i ve etkili bir yéntemdir. Yap1 giivenligini saglayan ve yapim
Histeretik davranis, maliyetini disiiren bu sontimleyiciler gerek kullanim yeri gerekse tretildikleri

Sonlu elemanlar yontemi,
Sismik kontrol sistemleri,
Eksenel yiikleme

malzeme bakimindan ¢ok gesitlidir. Bunlardan biri olan metalik soniimleyici
sistemler, kararl histeretik davranisa sahip olmalari, sicakliktan ve yiikleme
hizindan bagimsiz pozitif davranis gostermeleri ve diger soniimleme sistemlerine
gore cok diisiik maliyetli olmalari nedeniyle tercih edilen soniimleme sistemleridir.
Bu ¢alisma, iki farkl U seklinde metalik soniimleyici sistemini (H tipi- yatay kalinlikli
ve V tipi- diisey kalinlikli) gelistirmeyi ve eksenel dogrultuda yik tasima
kapasitelerinin belirlenmesini amaclamaktadir. Oncelikle tek parcali bicimde
metalik soniimleyicilerde modellemeler yapilmistir. Soniimleyici pargalarinin
kalinlik, kol uzunlugu, kol genisligi ve toplam derinlik parametreleri degisken
tutularak 228 farkli geometride sonlu elemanlar modeli olusturulmustur.
Modelleme sonucu elde edilen histeretik ozellikleri kiyaslanmis ve optimum
boyutlar belirlenmistir. Her iki tip soniimleyici tipinden ideal 6l¢iilerle iki farkli U
bigimli dort parcali biitiinlesik metalik soniimleyiciler dizayn edilmis ve yapisal
performanslari ortaya konulmustur. Yeni tip soniimleyicilerin literatiirdeki diger
soniimleyiciler ile yapisal parametrelerinin karsilastirilmasi yapilmistir.

Structural Behaviour of Two Different Types of U-Shaped Metallic Dampers Under Axial
Force and Two New Metallic Damper Designs

Keywords Abstract: Using seismic dampers against earthquake effects is an innovative and

Metallic dampers, effective method to protect structures from such effects. These dampers, which

Hysteretic behaviour, provide building safety and reduce construction costs, are very diverse in terms of

F”_“te _element method, the place of use and the material produced. Metal damping, one of these systems, is

Seismic control systems, : . g

Axial loading the .p.referred Qam-plng system because they have stable.hysteretlc behavior, show
positive behavior independent of temperature and loading speed, and are meagre
cost compared to other damping systems. This study aims to develop two different
U-shaped metallic damper systems (H type - horizontal thickness and V type -
vertical thickness) and to determine their load carrying capacities in the axial
direction. First, one-piece metallic dampers were modelled. Finite element models
with 228 different geometries were created by keeping the thickness, bracket
length, bracket width and total depth parameters of the damper parts variable. The
hysteretic properties obtained as a result of the modelling were compared and the
optimum dimensions were determined. Two different U-shaped 4-piece integral
metallic dampers were designed with ideal dimensions from both types of dampers
and their structural performances were demonstrated. Structural parameters of
new type dampers were compared with other dampers in the literature.
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U Bigimli Iki Farkh Tip Metalik Soniimleyicinin Eksenel Kuvvet Altinda Yapisal Davranisi ve iki Yeni Metalik Séniimleyici Tasarimi
1. Giris

Tasiyic1 sistem tasariminda geleneksel yaklasim, ytliklere dayanabilecek kadar dayanikli ve siinek bir davranis
sergileyerek deforme olacak veya enerji soniimleyecek sekilde tasarim yapmaktir. “Bu tiir bir tasarimla dizayn edilmis
yapilar -1- dinamik enerjiyi soniimlemek icin diisiik malzeme séniimii -2- sinirli deplasman kapasitesi ve -3-yiik tasima
kapasite icin gerekli yliksek rijitlik talebi gibi {ic ana unsurdan dolay1 sinirh kapasiteye sahiptirler.” Yapisal malzemelerin
soniim oranlari (§) betonda %5, celikte %2’den az ahsapta %12 ve tuglada %5-7 araligindadir [1]. Bu 6zelliklerinden ve
sinirli kapasitelerinden dolay1 deprem ve kuvvetli riizgarlara bagh yatay kuvvetler etkisinde ekonomik tasarimlar zor
olmaktadir. Bu bakimdan sismik séntimleyici kullanimi yapilar1 bu tip etkilerden korumada yenilik¢i ve etkili bir yontem
olarak karsimiza ¢ikmaktadir. Sismik sontimleyici sistemler yapi iizerinde depremin veya riizgarlarin neden oldugu
titresimi séniimleyerek ya da izole ederek gogmeye varan yapisal davranisi ve olasi hasarlari azaltmaktadir.

Sismik kontrol sistemlerinin temel ¢alisma prensibi basit bir tek serbestlik dereceli sistem tlzerinde anlatilmak
istendiginde 6ncelikle deprem etkisine maruz kalan tek serbestlik dereceli bir sistem i¢in hareket denge denklemi
Denklem (1)’de gosterildigi gibi yazilabilir.

mX(t)+cx(t)+kx(t)=-mx,(¢t) (1)

Burada “m” yapinin kiitlesi, “c” yap1 sénliim katsayisi ve “k” yapinin lineer elastik rijitligidir. Tek serbestlik dereceli
sistemde, deprem yer hareketi ivmesi x'g (t)'ye maruz kaldiginda, zeminde goreli olarak x(t) yatay yer degistirme olusur.
“€” sonlim orani ve “wn” ise radyan/sn cinsinden sistemin dogal frekans: Denklem (2) ve Denklem(3)’te gosterildigi

sekilde alinarak Denklem (1) yeniden diizenlenmesiyle tek serbestlik dereceli bir sistemde zeminden yapiya iletilen
ivmenin bir ifadesi olarak iletkenlik (transmissibility) fonksiyonu Denklem (4) ile ifade edilebilir.

5_ c _ Cc 2
- c - 2mm (@)
o - F 3)
m
X(t)+280,%(t) + )} x(t) =X () (4)

Bu formiile gore sismik etkilerin yapilar iizerindeki etkilerinin azaltilmasinin matematiksel olarak ti¢ yolu
bulunmaktadir. Bunlardan ilki deprem yer hareketinden kaynakli ivmeyi azaltmak, ikincisi sontim orani “§” 'y1 artirmak
ve Uglinciisii dogal frekans “wn” ile “0” farkini artirarak rezonanstan kaginmaktir. Bu matematiksel yaklasimlar, gesitli
sismik yaliimli yapilar agisindan degerlendirildiginde (1)- taban izolasyon sistemleri yap1 ve deprem yer hareketi
arasindaki enerji gecisine engel olmasina (2)-viskoz davranis ve plastik davranisla malzemelerin enerji soniimleme
o6zelliklerinden faydalanilmasina ve (3)-yapinin dogal titresim periyodunu, deprem yer hareketinin hakim frekansindan
farkl tutulmasina neden olan sismik sistemlerin gelistirilmesi saglanmistur.

Sismik sistemler izolatdr ve séniimleyiciler olarak iki grupta siniflandirilabilir. Zemin titresimlerinin yapiya iletilmesini
engelleyen sistemler taban izolasyonlu sistemlerdir [2]. Bunlar dogal kauguk malzemelerine celik plakalarla birlikte
katmanli olarak iiretildigi elastomer mesnetler [3,4], kursun ¢ekirdekli elastomer mesnetler [5,6] ve yatay dtelenmeyi
azaltmaya yonelik kiiresel i¢ biikey kayma diizlemli stirtiinmeli sarkac izolatorlii [7, 8] sistemlerdir.

Taban izolatorlii sistemlerden baska iist yapiya yerlestirilmis pasif soniimleyici sistemler de kullanilmaktadir. Pasif
soniimleyici sistemler yapisal girdi enerjisinin soniimlenmesi, dolayisiyla yapisal davranisin ve hasarin azaltilmasi i¢in
mekanik sistemlerin kullanildigi sdntimleyici tipidir. Bu sistemler aktif sistemlerden farkli olarak bir dis kuvvet
gereksinimi olmadan enerji soniimleyebilen sistemler olmakla birlikte bazi ¢esitleri sinirh kapasiteye sahiptirler.

Pasif enerji sonlimleme sistemleri genel yap1 davranisini etkilemekten ziyade, sistemin bulundugu yer yani yap1 tizerindeki
yerel bolgelerin davranisini etkilemekte daha etkili sistemlerdir [9,10]. Kendi icerisinde ayarh kiitle séniimleyiciler (TMD,
tuned mass dampers) [9,11,12], ayarli sivi soniimleyiciler (TLD, tuned liquid dampers) [13,14], slirtiinme ylizeyli
soniimleyiciler [9,15,16], metalik soniimleyiciler [13,14,15], viskoelastik soniimleyiciler [9,20] ve viskoz siv1 iceren
soniimleyiciler [9,21] olarak ayrilmaktadir. Yaygin olarak kullanilan bu sistemlerine ait histerik egriler Sekil 1'de
gosterilmektedir.
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g /_\ g //—>
Deplasman Deplasman
(a) (b)
e
Deplasman Deplasman

(c) (d)
Sekil 1. Pasif enerji sistemlerine ait histeretik egriler
a) Viskoz sivi iceren b) Viskoelastik c) Metalik d) Siirtiinme ytizeyli [10]

Yukarida kisaca tariflenen séniimleyici tiplerinden pasif soniimleyici kategorisindeki metalik soniimleyiciler bu ¢alisma
kapsaminda ele alinmistir. Metalik soniimleyiciler lizerine yapilan literatiir calismalarinin ¢ogunlukla séniimleme
elemanlarinin geometrilerinin ve bu geometrilerdeki degisken uzunluklarin histeretik 6zellikler iizerindeki etkilerini
incelemek iizerine oldugu literatiir incelemesi sonunda anlasilmaktadir. Calismalarda metallerin, cevrimsel ytiklemeler
altindaki davranisini modellemek amagl farkli malzeme modelleri ve bunlarin gercek davranisa yakinlig irdelenmistir.

Numerik calismalarla, histeretik 6zelliklerden yola ¢ikarak yapilan boyut ideallestirme kabulleri {izerine yapilan
calismalar ve numerik modellemelerdeki yapilan kabullerin gercek davranisla olan iligkisi bir diger calisma konusudur.
Calismalarda kullanilan geometriler farklilik gostermektedir. Soniimleyiciler Yang ve ark. [22] calismasinda oldugu gibi
petek bi¢cimli bosluk geometrisinde, Varzaneh ve Hosseini [23] calismasindaki gibi oval geometride ve Guo ve ark. [24]'da
oldugu gibi birbiri icine gecen plakalar veya 1zgara seklinde [25] seklinde modellemeler bulunmaktadir. Bunun yani sira
U bicimli metalik sontimleyicilerle de ilgili [26, 27, 28,29], i¢ ice gecen silidir formunda [30] ve elips bigiminde [31, 32]
bir¢cok ¢alisma bulunmaktadir. Yukarida bahsedilen ¢alismalarda Sekil 2.'de gosterildigi gibi bicim geometrisi fark
etmeksizin sonlimleyicinin “kesmeye” maruz kalmasina bagl enerji soniimlemesi ve yapisal parametre degisimleri
incelenmistir [33]. Bu calismay1 diger ¢alismalardan ayiran en biiyiik unsur, Sekil 2-b’de gdosterildigi gibi U sekilli
sonlimleyicinin “eksenel yiik etkisinde” sdniimleme yapmasini saglayarak kapasitesinin artirildiginin arastirilmasidir

[34].
I Kiris —
Kesmeye maruz -
T T [ e
aktanmi /
U Bigimli s
Soénuamleyici P ,ﬁ\)
[ 1 | ] U
\ Gapraz
I Eleman
Capraz
1 Eleman L L
a b

Sekil 2. a) Kesmeye ¢alisan U Bi¢imli Metalik sdniimleyici baglantisi [33], b) ¢alisma kapsaminda diisiiniilen baglanti [34]

Arastirma icin belirlenen parametrelere gore sonlu elemanlar modeli ABAQUS [22,43] programda olusturulmustur.
Farkli parametreler (kalinlik, genislik, kol uzunlugu ve yiikseklik) kullanilarak olusturulan kombinasyonlardaki metalik
sonilimleyicilerin tekil performanslari ortaya konularak optimum kesit 6zellikleri belirlenmeye ¢alisilmistir. Daha sonra

ise belirlenen optimum enkesit kullanilarak ekonomik bir biitiinlesik (¢ok par¢adan olusan) sistem olusturulmus ve
performansi degerlendirilmistir.
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2. Materyal ve Metot
2.1. Baslangi¢c Model Geometrisi

Calisma kapsaminda iki farkli derinlige sahip U bicimde tiiretilen séniimleyici modelleri analiz edilmistir. Bunlara ait 6l¢ii
sembolleri ve ii¢ boyutlu goriiniimleri Sekil 3’de verilmistir. Celik séntimleyicinin kalinliginin eksenel yiikii karsiladigi
yatay sekilli olan1 “H tipi” ve celik s6ntimleyicinin genisliginin eksenel yiikii karsiladig1 dikey sekilli “V tipi” olarak
adlandirilmaktadir. Her iki tip séniimleyicide de kalinlik, kol genisligi, kol uzunlugu ve séniimleyici yiiksekligi degisken
tutulmustur. H tipi ve V tipi sonlimleyiciler i¢in Tablo 1’de verilen degerlerden kullanilarak olusturulan
kombinasyonlarda modellemeler yapilmistir

’ L b"‘: ! L
rd 1
— f=h /2 = ~— r:h /2 1
i h - h
\A N‘ !

H V

Sekil 3. Kesmeye calisan U Bicimli Metalik soniimleyici baglantisi [33]

Tablo 1. Model 6l¢ii parametreleri

Tip Kalinlik Genislik Kol Uzunlugu Yiikseklik
VveyaH 5 30 100 100
VveyaH 10 50 200 200
Vveya H 15 80 300 300
Vveya H 20 100

Vieb Lh V20301 10
Etiketlendirme Yilkseklik o
Tari == =
Kalinlik “
Tip

2.2. Modelde Eleman Tiirii, Sinir Kosullar: ve Model aginin Olusturulmasi

U sekilli parcalarinin analizi i¢in Chaboche [36] malzeme modeli ve Krolo ve ark. [37] tarafindan S275 ¢elik sinifi i¢in
onerilen malzeme parametreleri kullanilmistir. Chaboche tarafindan 6nerilen, gevrimsel ytiikler altinda plastiklesme
durumunda model sonuglarinin eldesi igcin ABAQUS 2018 [35, 43] programi tercih edilmistir. Modelleri olusturmada
kullanilacak eleman i¢in literatiir taramalar1 sonucundan deplasman degerlerinin dogrulugu acisindan C3D8R tipi eleman
uygun gorilmiistir. C3D8R elemani [43] Sekil 4.'"de gosterildigi gibi 8 noktali kiip bigimli, egilme altinda yeterince rijit
davranabilen siirekli kat1 bir elemandir. Gerilme ve gerinim degerleri eleman noktalarinin diizgiin ¢akisacagi bir yapi
olusturulmasi halinde modellemede en dogru sonucu ulasilabilir [43]. Bu sebeple olusturulan modellerdeki sontimleyici
pargalar Sekil 4.’de gosterildigi gibi diizglin aglama bicimleri olusacak sekilde béliimlere ayrilmistir. A bicimi 6lciileri
biitlin par¢alar icin 5mmx5mm’dir.
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H Tipi

C3D8R Elemani

Sekil 4. C3D8R elemaninin goriiniimii [43] ve H ve V tipi i¢in olusturulan ag bicimleri

Olusturulan H tipi ve V tipi modeller i¢in sinir kosullar1 Tablo 2.’deki gibidir. Peklesme bélgelerinin U bi¢imin egri
bolgesinde olusmasi i¢in ylikleme ve mesnet olacak uglar Sekil 5. ve Tablo 2.’de gosterildigi gibi Z ekseni etrafinda donmeye
serbest birakilmistir. Peklesme davranisina bir katkisi olmadigi icin mesnet kisimlari modellemelere dahil edilmemistir.

Tablo 2. Soniimleyicileri i¢in sinir kosullar

Ux Uy Uz Rx Ry Rz
Ust Ug 0 1 (yiikleme) 0 0 0 Serbest
Alt Ug 0 0 0 0 0 Serbest

Yer degistirme

Yiikleme
Dogrultusu

) 3

Sekil 5. Soniimleyicilere tanimlanan ug nokta sinir kosullari

2.3. Cevrimsel Yiiklemelerde Plastisite Davranisi icin Malzeme Modeli

Miihendislik uygulamalarinda malzemelerin plastik davranisi genelde silineklik, akma durumu, enerji séniimleme,
anizotropi olarak degerlendirilir. Eger bir malzeme plastik davranis sergiliyorsa bu lineer davranishh malzemelere gore,
daha karmasik bir gerilim-gerinim iligkisinin oldugunu gésterir. Dogrusal davranmayan malzemelerde rijitlik, gerilim
seviyesinin bir fonksiyonudur [44]. Lineer davranis gerilme degeri (o), elastisite modiilti (E) ve gerinime (&) bagh olarak
Denklem (5) ile, kuvvet (F) ise rijitlik (k) ve yer degistirmeye (u) bagl olarak Denklem (6) ile tanimlanir. Nonlineer
davranis i¢in gerilim degeri Denklem (7)’de gosterildigi gibi ifade edilirken, kuvvet ise Denklem (8) vasitasiyla hesaplanir.
Buradaki Ejjve kij ifadeleri her bir adimdaki degisken elastisite modiilii ve rijitlik degerleridir. Buradaki ij indisleri asal
yonlere yonlendirilmis eksenlere sahip bir koordinat sisteminde normal gerilmelerin degisimlerini simgelemektedir.

o=E-¢ (5)
F=k-u (6)
oy = Eij £ (7)
Fij — kij -u (8)

Sonlu elemanlar modeli icin modelleme yapilirken Sekil 6’da verilen malzeme modelleri dikkate alinir. Genel olarak
gerilme ve ytlik degerlerinin yukaridaki denklemlerle ifade edildigi bicimde her bir yiikleme adiminda malzemenin gercek
davranisii yansitacak tanimlamalarin yapilmasi 6nemlidir.
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o=Ee J /

CA o

1
og=ke'3

d. e.

Sekil 6. Malzeme davramisi kabulleri a) Lineer elastik b) ideal elasto-plastik c) Peklesen elasto-plastik d) Rijit-ideal plastik e) Egrisel
lineer elastik f) Viskoelastik [45]

Sonlu elemanlar modellemesi ¢6ziimlemesinde sonug verilerin gercek davranisi yansitabilmesi adina model malzemesinin
“akma kriterlerinin” (Rankine, Saint-Venant, Tresca, Beltrami ve Von Mises), “peklesme durumlarinin” (izotropik,
kinematik) ve ayrica ¢evrimsel yiiklemeler olmasi durumunda da “Bauschinger etkisi” gibi parametrelerin goz dniinde
bulundurulmasi gerekli ve son derece 6nemlidir.

Cogu yapilan niimerik hesaplama, tek eksenli yiikleme durumundaki standart cekme testi ve genellikle gerilme-gerinim
durumunu tek eksenli veya ¢ok eksenli durumlarda tanimlamak i¢in kullanilir. Bu tiir test sonuglar1 yalnizca basit elastik
problemler ve diisiik plastik deformasyon yapan elastoplastik problemler icin elverislidir [38]. Plastik davranista,
kinematik peklesme modelini temel alan elastoplastik malzemelerin ¢evrimsel davranisini modellemek amaciyla
Armstrong ve Frederick (1966) [39] bir 6nerme sunmustur. Chaboche (1979) [40] tarafindan sunulan model ise
Armstrong ve Frederick’in modelinde bulunan dteleme faktdriiniin her adimda sabit kabul edilmesinden kaynakli hatalari
minimuma indirmek amacl toplam 6teleme faktorii ile ilgili bir diizeltme icermektedir. Chaboche modeli, Armstrong ve
Frederick modelinin aksine kinematik peklesme degil, izotropik ve kinematik peklesmenin bir kombin halini kullanir ve
malzemelerin histeresis davranisini belirlemek i¢cin uygun bir modeldir [41]. Chaboche malzeme modeli akma yiizeyi
tanimlamada Denklem (9)’da gosterildigi tizere Von Mises akma kriterini temel almistir.

f=J,(c-a)-c’' =0 9

“_n

Burada “o?” akma dayanimi, “J2(o-«)” Von Mises gerilmesi, “o” ise malzemenin i¢ yapisinin degisiminden kaynakli olusan
Otelenme faktoriidir. Baslangic denklemi esas alinarak gerilme ve sekil degistirme ylizeylerindeki diizeltmelerinde
dikkate alindign formiiller kullanilarak herhangi bir malzemenin Chaboche malzeme modeli ve parametreleri
olusturulabilir. Bunun i¢in Krolo ve ark. [37] S275 ve S355 ¢elik siniflarindan imal edilen 33 adet plaka numune tizerinde
degisken gerinim durumlarini modellemek ve Chaboche malzeme modeli parametrelerini kalibre etmek icin 9 adedi
monotonik 24 adedi ise SAC2000 [42] protokoliine gore standart ¢evrimsel yiiklemelere tabi tutulan plaka numuneler
lizerinde deplasman kontrollii bir dizi test gerceklestirmistir. Monotonik testler EN ISO 6892-1:2009’a gore metal
malzemeler icin tek eksenli cekme testleri oda sicakliginda 9 adet numunede yapilmistir ve mekanik 6zellikleri elde
edilmistir [46]. Ik adimda, peklesme parametrelerinin kalibrasyonu, tekrarli davranigi tanimlamak i¢in Chaboche [36]
prosediiriinii takiben degisken gerinim araliklari ile tekrarli yiiklemeler gerceklestirilmistir. Deneysel sonuglari
dogrulamak icin, ABAQUS [43] programu kullanilarak modellenen degisken gerinim araliklarina sahip peklesme
parametrelerinin dogrulugu deneysel sonuglar kullanilarak dogrulanmistir. Calisma sonucunda gercek degerler
kullanilarak ve daha sonrasinda malzeme modeli i¢in kalibre edilen degerler Tablo’3’de verilmistir. Modellemede Krolo ve
ark. [37] tarafindan kalibre edilen S275 c¢elik sinifina ait parametreler dikkate alinmistir. Boylelikle daha 6nceden de
denenmis ve kendini kanitlamis malzeme parametreleri bu calismadaki modellere tanimlanmstir.
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2.4. Yiikleme Prosediiri

Yapisal elemanlarin deneysel ve numerik calismalarinda yiik kontrollii ve yer degistirme kontrollii olmak tlizere iki farklh
sekilde yiikleme prosediirii kullanilabilir. Yiikleme prosediirlerinin en ¢ok kullanilanlar1 ECCS [47], ATC-24 [48], FEMA-
461 [41], JISF [50] ve ANSI/AISC 341-16 [51] gibi farkl tilkelerin yonergeleridir.

Tablo 3. S275 ¢elik sinifinin kalibre edilmis ve modellemede kullanilan Chaboche parametreleri [37]

Malzeme Egri Davranisi Parametreler

Elastik Davranis E 207000 MPa

4 0.3
al, 285  MPa
C, 13921  MPa

e 765

Kinematik

§275 . Davranis 2 4240 MPa

Plastik 5

Davranis 7,

C, 1573  MPa

Vs 14
Izotropik Q, 256  MPa

Peklesme b, 4.4

Bu calismadaki gibi biitiinlesik sistemleri olusturmak i¢in U bigimlerin histeretik 6zelliklerini belirlemek amaciyla
yapilacak analizlerde daha ¢ok FEMA-461 (2007) [49] ve Suzuki ve Saeki [52] tarafindan gelistirilen yiikleme protokolleri
kullanilmaktadir. Her iki yiikleme protokolii deplasman kontrollii yiikleme protokoliidiir.

Ilk olarak biitiinlesik sistemleri olusturmak adina tekil modeller i¢in daha az yiikkleme adimi ve pratik olmasi bakimindan
Suzuki ve Saeki [52] protokolii kullanilmistir. Tekil modellemelerde kalinlik, genislik ve uzunluk degiskenlerinden olusan
tiim kombinasyonlarin degerlendirilmesi sonucunda en elverisli tekil par¢cadan olusturulan H ve V tipi i¢in biitiinlesik
sistemler olusturulmustur. Biitiinlesik modellerin olusturulmasindan sonra FEMA-461’e [49] gore deplasman kontrollii
ylkleme protokoliine gecilmistir. Sekil 7’de sematik olarak gosterilen bu protokol, akma ytikiiniin belirlendigi sistemlerde
akma deformasyonunu igeren ikiser dongtilii ve en az 10 adimda ¢alismanin tamamlanmasini amag¢lanmaktadir [49,50].

!_

H
H

Sekil 7. FEMA-461’deki deplasman kontrollii ylikleme durumunun grafik gosterimi [49]

Yiikleme adimlari artan genliklerin tekrarindan olusmaktadir ve her genlik iki dongiiden olusmaktadir. Grafik lizerinde
gosterilen “Ao” yiikleme protokoliiniin en kiigcliik deformasyon genligi, “An” ise yiikleme protokoliiniin hedeflenen
maksimum deformasyon genligidir. “n” yiikleme protokoliindeki adimlarin sayisidir, genellikle 10 ve yukarisindadir. “ai”
ise dongiilerin genligidir. En az 10 dongiiniin numune iizerinde gé¢meden uygulanmasi gerekmektedir. Prosediiriin
olusturulabilmesi i¢cin akma deformasyonu, baslangic modelinde monotonik (tek yo6nlii) yiikleme deneyi veya modeli
yapilarak belirlenir. Bu tarifle H ve V tipi pargalar i¢in monolitik yiiklemeler yapilmis ve akma deformasyon degerleri

olusturulan grafikler iizerinde belirlenerek Tablo 4’de verilmistir. Akma deformasyonuna goére her iki tip icin olusturulan
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ve en az 10 adimh yiikleme prosediirii Sekil 8’de sunulmustur. Bu yiikleme protokolii tek tek tiim degisken olgiilerde
denenmis ve optimum kalinligin belirlenmesi adina histeretik egrilerin olusturulmasi icin kullanilmistir.

Tablo 4. Monolitik yiiklemede belirlenen akma deformasyonu ve akma yiikii degerleri

Akma Akma
Model Tipi Deformasyonu Yiikii
Ay, (mm) Py (kN)
H tipi 10.77 41.07
V Tipi 4.42 53.68
300 300
250 i H Tipi 50 o V Tipi
200 c D 200 - Oy
a} é’ N
-200
250 -250
300 -300

Sekil 8. Biitiinlesik sistemler i¢in olusturulan deplasman genligi grafikleri (H ve V tipi)

2.4. Tekil Soniimleyicilerde Optimum Kesitin Belirlenmesi

Optimum sekillerin belirlenmesinde Sekil 9’da gésterilen is-akis semasi kullamilmistir. ik adimda en kiigiik dl¢iilerden
baslanarak bir model olusturularak, ardindan bu model ile yapilan analizlerden elde edilen sonuglar ile girdiler
kiyaslanmistir. Kiyaslama sonrasinda bir sonraki adimda boyutlarda ufak degisiklikler yapilarak adimlar tekrarlanmistir.
Yapilan kiiciik degisikliklerdeki amag¢ modelleme sonuglarin daha hassas olarak degerlendirebilmektir. Son asamada ise
elde edilen sonuglar ve boyutlarin degisimi hakkinda ¢ikarimlar yapilarak sonuglar arasindan optimum boyutlar elde
edilmistir. Bu tariflerle olusturulan 228 adet modelde yapilan analizler sonucunda H ve V tipi U sekilli soniimleyiciler i¢in
optimum Kkesitler elde edilmis ve bu kesitlerden biitiinlesik ¢cok pargali sistemler olusturularak en optimum Kkesitte ve
parga sayisinda biitiinlesik sisteme ulasilmistir.

Girdiler ve
Ciktilarin
Kiyaslanmasi

Baslangig

On Dizayn
Parametreleri

Parametrelerin
Degerlendirilmesi

Sonlu

Elemanlar
Olumlu
Analizi Sonug
v
Bitis

Sekil 9. Optimum boyutlarin belirlenmesinde kullanilan is akis semasi

Parametrelerin
Ufak Bir aralikta
Degistirilmesi

Olumsuz

Tablo 1'de verildigi gibi dort farkli parametre dikkate alinarak olusturulan kombinasyonlar1 gruplandirmak gerekirse
kalinlik parametreleri dikkate alinarak bir gruplandirma yapilirsa sonuglarin bu baglamda degerlendirilmesi daha kolay
olacaktir.
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3- Bulgular
3.1. Tekli Model Sonuclarinin Degerlendirilmesi

Bir onceki boliimde agiklandig1 gibi olusturulan 228 adet model iizerinde yapilan analizlerden elde edilen bulgular
degerlendirilmistir. Elde edilen bulgular maksimum kuvvet (Pmax), plastik sekil degistirme enerjisi (ALLPD), esdeger rijitlik
(ker), maksimum deplasman (dmax), esdeger plastik gerinim (PEEQ), dongiide soniimlenen enerji (Ep) ve esdeger viskoz
soniim (&eq) seklinde olup karsilastirmalar bu parametrelere gore yapilmistir.

H ve V tipi séniimleyiciler icin 5mm kalinlik degerinde dongii basina soniimlenen enerjiler de ¢ok kayda deger bir artis
gozlenmemistir ve histeretik 6zellikler ¢ok kiiciik degerlerde kalmistir. Buna bagh olarak toplam séniimlenen enerji ve
maksimum kuvvet yoniinden de verimli olamayan 5mm kalinlik degerinde 1raksaklik problemleri ile de karsilasiimistir.
Bu nedenlerden dolay1 5mm kalinlik degeri verimsiz bulunmustur. Diger kalinliklar i¢in yapilan analizlerden elde edilen
sonuglara ve kombinasyonlardaki parametre degisimlerinin nasil yapildigina érnek teskil etmesi bakimindan her iki tipi
soniimleyicinin 10 mm kalinlik sabit alinarak olusturulan kombinasyon sonuglar1 Tablo 5.’de verilmistir.

Kalinlik degeri ¢ ve toplam genislik b degerlerinin artmasi ile maksimum kuvvet, plastik sekil degistirme enerjisi, esdeger
rijitlik ve ALLPD/PEEQ%®max oraninda artis gézlenmistir. H tipi i¢in ideal kalinlik degeri 20 mm ve ideal genislik degeri 100
mm olarak belirlenmistir. V tipi sontimleyicide ise 10 mm ve 15 mm kalinlik degerleri icin yapilan analizlerde genislik
degerinin ve yiikseklik degerinin artmasi ile peklesme bolgesindeki burkulma davranisindan kaynakli kapasitede kayiplar
gozlenmistir. Bu durum kalinligin 20 mm’ye ¢ikarilmasi ile kismen ortadan kalkmistir. V tipinde genislik 6l¢iisii yiikleme
yont ile paralel oldugu icin 100 mm genislik degerindeki olasi burkulma problemlerine karsi bu deger 95 mm olarak
belirlenmistir.

Kol uzunlugu ! degerinin peklesme bolgesine ve kapasiteye direk olarak bir etkisi gézlenmemistir. Kol uzunlugu kuvvet
etkiyen uctan peklesme bolgesine bir moment kolu gorevi gormektedir. Ayni kuvvet degerinde, kol uzunlugunun artmasi
peklesme bolgesindeki egilme momentinde bir artisa sebep olur. Bu nedenden dolay1 kol uzunlugunun artmasi maksimum
kuvvet, esdeger rijitlik ve ALLPD degerlerinde bir azalmaya sebep olsa da ALLPD/PEEQ%6max degerinde artisa neden
olmustur. H ve V tipi soniimleyicilerin peklesme bolgeleri Sekil 10.’de gosterilmektedir.

/ '
\ / \\ Lokal
Gerilme

Burkulma
Yigiimalari Bolgesi

Sekil 10. H tipi ve V tip soniimleyicilerde peklesme bolgeleri

Kalinlik (¢) ve genislik (b) 6lgiilerinde ALLPD/PEEQ%®max degeri maksimuma gidecek sekilde bir tercih yapildig: i¢in
esdeger rijitlik, maksimum kuvvet ve ALLPD degerlerinin ytliksek olmasi adina ideal kol uzunlugu H tipinde 100 mm
belirlenmistir. H tiplerinde burkulma davranis1 gézlenmedigi icin bu bulgular gecerlidir. V tipinde kol uzunlugunun
kisalmasindan kaynakl rijitlik artisiyla PEEQmaxdegeri kii¢iik bir degerde kalmistir. Kol uzunlugu 100 mm olan V2010130
isimli soniimleyicinin, kol uzunlugu 200 mm olan soniimleyiciye gore ALLPD/PEEQ%®nax degerinin kiiglik kalmasindan
dolay1 ideal kol maksimum uzunlugu 200 mm olarak belirlenmistir.

Iki séniimleyici tipinde de yiikseklik (h) degerinin artmasi, deplasman kapasitesinin artmasi anlamina gelir. Yiiksekligin
artmasi sontimleyici narinligini artirdigi icin maksimum kuvvet ve esdeger rijitlik degerlerinde diismeye neden olsa da
toplam deplasmanin artmasi ve peklesme bolgesi alaninda artis saglamistir. ALLPD ve ALLPD/PEEQ®%max degerleri
ylkseklikle dogru orantilidir, yani yiikseklik artisi bu degerlerde bir artisa neden oldugu icin toplam yiikseklik degeri iki
tip icin de 300 mm olarak belirlenmistir.

H ve V sonilimleyici tipinde belirlenen geometrik o6lgiiler belirlenmesinde Tablo 5’deki gibi elde edilen sonuclar
kullanilirken davranisi belirsiz modeller hari¢ tutulmustur. Tablo 6’da 6zetlenen oranti durumlari ve agiklanan bulgular
dikkate alinarak bu geometrik o6l¢iiler Tablo 7.’deki gibidir. En uygun model se¢iminde kutu sonug ¢iktilar kullanilarak
kutu grafikler ¢izdirilmistir (Sekil 11). H tipi ve V tipi icin en uygun modeller Sekil 12. ve Sekil 13.’de gosterilmistir.
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Her iki soniimleyici tipi icin levha kalinlik parametresine gore histeretik egrilerden elde edilen sonugclardan iiretilen
maksimum kuvvet (Pmax) ve esdeger rijitlik (key) degisimleri grafikleri H tipi i¢in Sekil 14 ve 15°de, V tipi icin ise Sekil 16
ve 17’de gosterilmistir

Tablo 5. Kalinlig1 10 mm olan H tipi (20 adedi) ve V tipi (20 adedi) soniimleyicinin sonuglar1

B P [ ket | . Eo | ALLPD |, ALLPD/PEEQ" s
N Isim ! b ! B (kN) (mm) | (N/mm)| = (kNm) (kNm) PEEQmax (kNm)
1 [HI03110 10] 30 [ 100 ) 100| 1992 95.448 21.230 0641 0.812 .800 0.189 4.235
2|HID3120 10 30 [ 100 [ 200 | 1.454 198.732 8.842 0580 1.276 1,259 0.184 6.829
3[HI03130 [10]30 [100]300] 1.108 209669 5683 0574 1824  1.803 0.194 9.293
4 |HI03210 10 ] 30 | 200 ) 100 | 0993 94,165 10.158 0457  0.275 0.264 (.058 4.577
5|HI0D3220 10 30 | 200 [ 200 | 0.838 194032 4454 0517 0.552 0.537 0.073 7.393
6 [H103230 | 10] 30 [200[300] 0710 294456 2684 0622 0909 0890  0.090 9.893
7 H103310 [10] 30 [300]100] 0643 96402 6764 0262 0100 0086 0019 4.502
8 [HI03320 10 30 | 300 [ 200 | 0.587 198. 188 2996 0382 (.285 0.2609 (0.036 7.480
9 |HI03330 10| 30 | 300 | 300 | 0.523 289.020 1.880 0511 0.512 0.492 0.050 9846
10[H10s5110 [10] 50 [100]100] 3334 99.198 34526 0633 1324 1306 (.182 7.196
11 |H105120 |10] 50 | 100200 2498 199939 14935 0572 2144 2.115 0.196 10.786
12[{HI105130 10 ] 50 | 100 ) 300 | 1.894 299711 9.533 0576 3.094 3.058 0.207 14.774
13[H105210 [10] 50 [200[100] 1726 99361 17536 0434 0458 0439 0059 7.445
14| H105220 | 10] 50 [200 (200 1455 198611 7.534 0498 0927  0.901 0.076 11.902
15(H105230 10| 50 | 200 | 300| 1.225 298.090 4.527 0610 1.533 1.501 0.092 16318
16 [HI105310 [10] 50 [300]100] 1,126 96402 11372 0254  0.074 0150 0.020 7.486
17|H105320 [10] 50 [300[200] 1004 197552 5171 0370 0.460  0.434 0.036 12.068
I8 HI05330 10] 50 [ 300 [300]| 0.892 204576 3165 0495  0.846 0.814 0.050 16.274
19| H108110 [10] 80 [100[100] 5510 99720 56916 0619 2170 2.140  0.189 11321
20/H108120 [10] 80 [100[200] 4016 197399 23.074 0587 3340 3296 0.192 17.184
Pusas Qusa Ker En | ALLPD [ ALLPD/PEEQ" ...
N Isim Lle ! h (kN) (mm) | (N/mm) S (kNm) | (kNm)y PEEQmax (kNm)
1 vioziti  [10]30 [100[100] 6378 97728 67563 0.801 3307 3280 (.857 3.838
2{vio3i20 [i0]30 [100]200] 4.693 198.558 28444 0.727 5150 5123 0.823 6.224
3 vi103130  [10] 30 [100]300] 3594 299096 17943 0.744  T.501 7469  0.890 8.392
4 |vioz2i0 |10 30 [200[100] 3500 097463 36430 0683 1521 1502 0310 4.846
s{vi3220 [io]30 [200]200] 3081 198473 16233 0695 2802 2776 0355 7818
6 [vi103230 |10 30 [200[300| 2.617 299966 9.898 0.806 4441 4408 0424 10.396
7 vio3zzw  [w] 30 [300]00] 2384 99050 23868 0561 0829 0810 0.160 5063
8 [vio3z2o  [10] 30 [300]200] 2200 197425 11220 0630 1751 1725 0210 8212
9 [viozazo [10]30[300[300] 1981 208730 6974 0770 3005 2972 0.265 11.213
w|viosiio  [10] 50 [100[1w00] 17335 99772 181310 0.837 9495 9455 1.489 6.350
1 {viost20  [10] 50 [100]200] 12684 109966 77265 0.788 15199 150143 1.584 0.560
12|vi05130¢ | 10] 50 [100[300] 9910 299988 41275 0735 17.104 17052 L140 14.958
13[vios210  [10] 50 [200]100] 10279 99789 103012 0.758 4862 4823 063 7.644
14|vi105220¢ |10 50 [200[200| $.698 196728 46435 0.757  8.639 8566 0.678 12.634
15/vi05230¢ | 10] 50 [200[300| 25008 299783 86.662 0.465 22748 22591 0.818 27.617
16|/V105310 | 10| 50 [300[100| 6952 95528 70251 0.664 2797 2757 0.340 8.108
17/v105320 |10 50 [300[200| 6.450 196325 32861 0.709 5735 5679 0.42 13521
18[vi0s330¢ [10] 50 [300[300] 5395 208130 19806 0.775 8514 8439 0460 18.345
19| VIO8110* 10| 80 | 100 [ 100 | 39.505 99997 396286 0.673  16.644 16.563 1.6086 0.824
20{vios120¢ [10] 80 [100]200] 28.162 199.081 149463 0.466 17299  17.201 1.127 15.262
*Burkulma Goézlenen Modeller
Tablo 6. H ve V tipi s6niimleyicilere ait oranti tablosu
Oranti1 Durumu
t b 1 h
mm mm mm mm
Prmax + + - -
L ke + + - -
H Tipi 7
ALLPD + + - +
ALLPD/PEEQ%5max + + + +
Prmax + + - -
L ke + + - -
V Tipi "
ALLPD + + - +
ALLPD/PEEQ%5max + + + +
Tablo 7. Soniimleyiciler i¢cin belirlenen optimum 6l¢iiler
t b 1 h
mm mm mm mm
H Tipi Dis 20 100 100 300
I¢ 20 100 100 240
V Tipi 20 95 200 300
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Bu grafiklerde goriildiigii lizere H tipi soniimleyicilerde burkulma olusmadig1 i¢in elde edilen egriler Tablo 6. ile
uyumludur. V tipinde baz élgiilerde ise yerel burkulma/burusma goézlenmistir. Bu durum erken olustugu i¢cin beklenen
kapasiteden daha diisiik yiik degerlerinde gocme gerceklesmistir. Ozellikle 10 mm ve 15 mm kalinliklar degerlerinde
peklesme bolgesinde burkulma davranisi olustugu icin bu egriler H tipindeki egrilere gore daha dalgali bicimdedir. H
tipinde belirlenen 6lciilere ait model adi H2010130 ve V tipinde belirlenen élciilere ait model ad1 V2010230°dur. Bu
grafiklerde, bulgular ve elde edilen oranti tablosunun dogrulugu acikca goriilmektedir. V tipi icin V2010230 modelinin en
uygun oldugu kutu grafiklerledir Sekil 11.’de sunulmustur. Ozellikle ALLPD/PEEQ oranina bagh olarak bu oranin en

ylksek oldugu degerde se¢im yapilmistir.

80
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60
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40

30

ALLPD/PEEQ (kNm)

— 62.427

160

140
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40

20

0

Ey (kNm)
350
° 300
250
120242
200
150
100

2080 0 3 o

i

dmax (mm)

299.72

0.971

Sekil 11. V tipi modellerin sonug ¢iktilarina gore en elverisli model se¢imi i¢in kullanilan kutu grafikler

E (kNm)

S, Mises

(Avg: 75%)

+3.867e+02
+3.44%+02
+3.032e+402

+9.468e.
+5.297e-

+01
+1.126e+01

V2010230

6 7 & 9 10 11 12 13 14 15 18
Danga

-80000

8 (mm)
o P KN 58.399
S i 299.724
kg N 219.372
£, 0.971
Ep kNint 120.242
ALLPD N 119.861
PEEQ 1.920

Sekil 12. V2010230 i¢in a) Gerilme dagilimi b) Histeretik egri c) Kiimiilatif enerji egrisi d) Elde edilen sonuglar
(ALLPD/PEEQ061max =62.427)

° S, Mises

(Avg: 75%)

H2010130

+3.565e+02
+3.217e+02 20000
+2.870e+02 2
+2.5220402 >
+2.174e 402 (3 W
+1.827e+02 -4
+1.47% 402
+1.132e+02
+7.841e401 of 0 LLJ—J,
+4.366e+01 100qf
| +8.898e+00
8 (mm)
o P kN 17.155
G mm 295.826
ko N/mm 81.382
[ 0.677
Ep kNm 30.532
12 3 45 6 7 8 910 1112131415 16 (477PD |kvm 30.329
Donga -
PEEQ 0.435

Sekil 13. H2010130 i¢in a) Gerilme dagilimi b) Histeretik egri c) Kiimiilatif enerji egrisi d) Elde edilen sonuglar
(ALLPD/PEEQ6max =69.721)
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Sekil 14. H tipi modellere ait Pmax grafigi
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Sekil 15. H tipi modellere ait ke grafigi

Tablo 7.'de belirtilen optimum o6l¢iilere gore H tipi icin olusturulan dort pargali biitiinlesik model, yiikleme y6nii ve dlgtiler
Sekil 18’de, V tipi i¢in olusturulan doért parcali biitiinlesik model, ylikleme yonii ve dlciileri ise Sekil 19’de verilmistir.

Verilen odl¢ililerde ABAQUS programinda modellenen biitiinlesik sistemdeki sontimleyicilerin her ikisine de Boliim 2.4. de
tariflenen FEMA 461’e [49] gore olusturulan tekrarli cevrimsel yiiklemeler uygulanmistir. H ve V tiplerine ait elde edilen

Von Mises gerilme dagilimlar: sirasiyla Sekil 20°de maksimum esdeger plastik gerinim dagilimlar: ise Sekil 21’'deki
gorsellerde verilmistir.

Pmax (kN)
=]

g@/&/\g\\

12345678 9I101112131415161718192021222324252627282930313233343536

—t=10mm ——t=15mm t=20mm

Sekil 16. V tipi modellere ait Pmax grafigi

110
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3

40
30
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AL |
10 /
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Sekil 17. V tipi modellere ait key grafigi
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Yukleme
Dogrultusu

Cmmmmmm————————

Yikleme
Dogrultusu

B T T,

[ 1 1b=20 [ ]
[ 1 Ib=20 [ ]

Sekil 19. V tipi biitiinlesik sistem i¢in olugturulan 4 parcali model ve geometri detaylari (mm)

ABAQUS modelinde tanimlanan tersinir tekrarli cevrimsel ylikleme prosediiriine gore soniimleyicilerin maksimum yiik
tasima kapasitelerinin, enerji soniimleme karakteristiklerinin ve yer degistirme smirlarinin rahathkla
degerlendirilebilmesine imkan saglayan histerisis egrileri elde edilmistir. Bu egriler H tipi ve V tipi i¢in Sekil 22.'de
gosterilmistir. Bu modellere ait elde edilen mekanik 6zelliklerin sayisal degerleri Tablo 8‘de sunulmustur.

Modelleme sonuglarina gore 4 adet U bicim kullanilarak olusturulan, V tipi soniimleyici H tipine goére daha yliksek kuvvet
kapasitesi, daha yiiksek deplasman yetenegi, daha diisiik akma kuvveti ve daha diisiik akma deplasmanina sahiptir.
Diisiik akma deplasmani daha yliksek esdeger rijitlik degerine sahip olmasinin bir sonucudur. Plastik séniim enerjisi
bakimindan, esdeger viskoz soniim ve toplam siineklik acisindan da V tipi séniimleyicinin daha iyi bir alternatif oldugu
Tablo 8."den elde edilecek bir ¢cikarimdir. Uretimdeki zorluklar diisiiniildiigiinde H tipi séniimleyicinin {iretimi hem kesim
hem de biikiim maliyeti icermektedir. V tipi soniimleyici de ise sadece kesim maliyeti bulunmaktadir. H tipi daha ¢ok
baglanti parcasina ihtiya¢c duyarken V tipinde tek bir baglanti mili gereklidir ama onun da biiytik capta olmasi gerekir. Bu
bakimda V tipi soniimleyicinin iiretimi daha kolay ve ekonomik oldugu diisiiniilmektedir.

Tasarimi gercgeklestirilen ve tersinir tekrarl yliklemelerle yapisal performanslari ortaya konulan dért pargali H ve V tipi
metalik soniimleyicilerin daha 6nce ¢alismalarda sunulmus kendi kategorisindeki metalik sontimleyicilerle kiyaslanmasi
yapilmistir. Bu kiyaslama degerleri Tablo 9'da sunulmustur.

S, Mises S, Mises
(Avg: 75%) (Avg: 75%)
1o i
+4.12%+ +4.763e+
+3.767e+02 +4.330e+02
pie e
: +3.465e+
+2.682e+02 +3.032e+02
+2.320e+402 +2.599e+02
119500402 +2.167e+02
1133%105 Hl2%e10e
ThIN e +1.301e+02
+5.110e+01 +2:6859:4 02
+1.493e+01 H:850a 101
. +3.123e-01

Sekil 20. Sonlimleyicilerin Von Mises Gerilme dagilimlari (N/mm?2)
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PEE
(Ang: 75%) P:EQ. 75%
+1.712e+00 (Avg: 75%)
+1.570e+00 +5.941e+00
+1.427e+00 +5.446e+00
+1.284e+00 +4.951e+00
+1.142e+00 +4.456+00
+9.989e-01 +3.961e+00
+8.562e-01 +3.4660+00
1706001 +2.475e+00
+4.281e-01 +1.980e+00
+2.854e-01 +1.485e+00
+1.427e-01 +9.902e-01
+0.000e+00 +4.951e-01
+0.000e+00
Sekil 21. Soniimleyicilerin maksimum esdeger plastik gerilme dagilimlari (N/mm?)
350 350
250 250
150 ’f?/ /“
/i I
] ] 7y
z Z A/ / / | |
&350 250 /50 50 250 350 2350 -250 15p -505 ‘f“, 50 150 250 350
A / //
% /
150 - 18024
— — — ST
=250 =250
-350 -350
& (mm) 8 (mm)
Sekil 22. H tipi (solda) ve V tipi (sagda) 4 parcali sonlimleyiciye ait histeretik egriler
Tablo 8. Dort parcali H ve V tipi 4 parcali séniimleyicilere ait mekanik ézellikler
. ALLPD
Tlp Pmax 5max Py 5/ ED ALLPD keff é:ep PEEQmax e —— Hu
PEEQ,.
kN mm kN nn kNm kNm N/mm
H 125.47 240 41.07 10.770 287.2 286.39 413.04 192 1.712 207.42 22.29
\% 282.63 300 53.68 4.420 1211.5 1210.14 81289 2.66 5.941 415.45 67.87

Tablo 9. Literatiirdeki metalik sontimleyicilerin mekanik 6zellikleri ve H4U ile V4U mekanik 6zellikleri kiyaslamasi [53]

PD DPD IPD TADAS SD SPD HD CSYB DFMDX BSSD BFD H4U  V4U
Akma 25-  1.6- 0.80- 0.3-  0.7- 1.9-
deplasmani (mm) 4.0 2.1 3.20 1.1-5.8 049 52 - 4.5 1.5 051 3.17 1077 4.77
Esdeger soniim 03- 0.1- 0.3-
orani 0.4 0.45 0.36 0.46 0.5 03 045 041 0.46 034 06 192 2.67
Toplam
soniimlenen 6.9- 5.8- 3.6-
enerji (kJ) - 492 242 - 103 6.51 - - - - 11.7  287.20 1211.49
Toplam 325- 458-

deplasman (mm) - 1130 2100 - 500 400 - 1888  353.3 - 845 240 300

Siineklik 20 20 27.8 22 29-40 85 6 8.7 17.1 60 17.1  22.29 67.87
0.7-  2.1- 0.17-

Kiitle (kg) 1.0 6.6 49.7 95.8 2.2 1.6 104 - 1.3 17 034 41.16 8.11
114-  110- 100- 158-

Yiikseklik (mm) 140 140 220 304 162 120 135 - 180 80 188 300 300
Maliyet Diigitk Diigitk Yiiksek Yiiksek Orta Orta Orta Yiiksek Orta Orta Orta Yiiksek Diisiik
Kurulum Kolay Kolay Kolay Zor Kolay Kolay Kolay Zor Kolay  Kolay Kolay Orta  Kelay

Degistirilebilirlik Orta Orta Zor Zor Orta Orta Orta Zor Orta Orta Kolay Orta  Kolay
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H4U ve V4U soniimleyicilerinin giiclii ve zayif yonlerini karsilastirmak adina Tablo 9."da Aghlara ve Tahir [53]
tarafindan sunulan, metalik soniimleyiciler agisindan 6nemli parametrelerde yapilan kiyaslama kullanilmistir. Bu
kiyaslama temel parametreler dikkate alindiginda H4U ve V4U soniimleyicilerinin diger soniimleyicilere gore nasil
bir performans ortaya koydugunu géstermektedir. Bu iki tip soniimleyici de toplam séniimlenen enerji, esdeger
soniim orani ve slineklik acisindan diger metalik soniimleyicilere gore olduk¢a biiyiik avantaja sahiptir. Diger
soniimleyicilerle kiyaslandiginda V4U tipi soniimleyici H4U’ya gore akma deplasmani yoniinden daha elverislidir.
V4U tipi daha az parcali olmasi ve daha hafif olmasi nedeniyle maliyet, kurulum ve degistirilebilirlik yoniinden H4U
tipinden ve bazi diger modellerden daha avantajlidir.

4. Tartisma ve Sonug¢

Calisma kapsaminda iki farkli yonde derinlige sahip tekil U bicimli séniimleyici par¢alarinin kalinlik, genislik, kol
uzunlugu ve yiikseklik degisken tutularak sonlu elemanlar yontemi ile histeretik 6zellikleri kiyaslanmistir. U
sekillerin optimum o6lglleri elde edildikten sonra iki adet 4 er U bigimden olusan biitiinlesik sistem tiretilmistir.
Uretilen H4U ve V4U metalik séniimleyicilerin histeretik 6zellikleri belirlenerek literatiirdeki diger séniimleyiciler
ile karsilastirmasi yapilmistir.

Tekli modelleme sonuglarina iliskin en 6nemli bulgular su sekildedir.

e Her iki U sekil icin de 5 mm kalinlik degeri burkulma problemleri ve iraksaklik sorunlarindan dolayi verimsiz
bulunmustur.

e Toplam genisligin ve kalinligin artmasinin iki farkl tipteki U sekil icin de biitiin histeretik 6zelliklere olumlu
katkilar1 vardir.

e H tipi ve V tipi icin optimum kalinlik degeri 20 mm, ytlikseklik degeri 300 mm secilmistir. Toplam genislik ve
kol uzunlugu degerleri H tipinde 100 mm secilmistir. V tipinde ise olasi burkulma davranislarindan dolay1
genislik 95 mm ve kol uzunlugu ortalama bir deger 200 mm uygun goérilmiistir.

o Her iki soniimleyici de belirlenen geometrik 6zelliklerde kararl histeretik davranis sergilemektedirler.

e Kol uzunlugunun artmasinin peklesme durumuna ve buna baglh plastik séniim enerjisine dogrudan bir etkisi
yoktur. Kol uzunlugu, peklesme bolgesi ile kuvvet uygulanan nokta arasinda bir moment kolu gorevi
yapmaktadir. Kol uzunlugunun artmasi, ayni kuvvet degerinde, peklesme bolgesindeki egilme momentinde bir
artisa neden oldugu icin, H tipinde kol uzunlugu miimkiin oldugunca kisa sec¢ilmistir. Kol uzunlugu rijitlik ile
ters orantilidir. Rijitlik artis1 V tipinde peklesme bodlgesinde davranis belirsizliklerine neden oldugu icin ve
ALLPD / PEEQ%6max degerinin kol uzunlugu 100mm olan modelin 200mm olan modele gore belirgin olarak
diistik kaldigindan dolayi, V tipinde kol uzunlugunun ortalama bir deger “200 mm” secilmesi daha uygun
gorilmiistiir.

o U sekillerin toplam yiikseklik degerinin artmasi rijitlik ve maksimum kuvvette bir azalmaya neden olsa da
peklesme bélgesinin alanini artirdigindan dolayi plastik soniim enerjisine katkisi olumludur. iki model i¢in de
300 mm yiikseklik degeri yapilan analizlerde histeretik davranista bir belirsizlige neden olmadig i¢in uygun
bulunmustur.

Biitlinlesik modelleme sonuclarina iliskin bulgular su sekildedir.

e V4U bitinlesik soniimleyicinin esdeger rijitlik degeri, H4U biitiinlesik soniimleyicinin esdeger rijitlik

degerinden 1.96 kat daha fazladir. Esdeger rijitlik degerindeki artis daha erken ddngiilerde enerji

soniimlemeye sebep olmaktadir. V4U 4.42 mm deplasmanda enerji soniimlemeye baslarken H4U’da ise bu

deger 10.77 mm’dir.

V4U’nun toplam séniimledigi enerji H4U'nun soniimledigi enerji degerinin 4.21 kat1 fazladir.

V4U biitlinlesik soniimleyici yaklasik 3 kat fazla siineklik kapasitesine sahiptir.

V4U biitiinlesik soniimleyici yaklasik 2 kat fazla maksimum kuvvet kapasitesine sahiptir.

Deplasman kapasiteleri V4U i¢cin 300 mm ve H4U i¢cin 240 mm'dir.

V4U’'nun ALLPD / PEEQ%émaxdegeri 203.7 iken, H4U’'nun 167.285tir. Bu agidan séniimleyici verimi olarak V4U

daha yiiksek verime sahiptir.

e Literatiirdeki calismalarla kiyaslandiginda V4U soniimleyici, soniimlenen enerji bakimindan oldukga biiytik bir
avantaja sahiptir. Biikiim gerektirmeden imal edildigi i¢in ve S275 yapisal gelik kullanildig1 i¢in H4U’ya gore
maliyet olarak diisiik olmaktadir.
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Anahtar Kelimeler 0z: Diinyada yaygin enerji kaynagi olarak kullamlmakta olan fosil yakitlar giderek

Hidrojen Uretimi, tilkenmekte ve bu kaynaklarin maliyetleri de artmaktadir. Bu durum enerjinin

2}351 all.a.$lm1' alternatif, temiz, yenilenebilir ve siirdiiriilebilir sistemlerden elde edilmesini
1drolizi

zorunlu hale getirmistir. Alternatif ve temiz enerji kaynagi olarak hidrojen,
gelecegin yakit1 olarak kabul edilmektedir. Ayni zamanda hidrojen ytiksek enerji
yogunluguna sahip olmasi, farkli sekilde ve amaglarda kullanilabilirligi gibi
alternatif enerji kaynaklarinin genel 6zelliklerine uyan ikincil bir enerji kaynagi
olarak goriilmektedir. Aliminyum metali veya bu metalin alasimi hidroliz yolu ile
hidrojen gazi iiretiminde siirdiirtilebilir enerji sistemlerinin gelistirilebilmesi i¢in
kullanilmaktadir. Bu ¢alismada alkali ¢ozelti icerisinde Al-B ikili ve Al-B-Bi {igli
alasimlarinin farkli sicakliklarda hidrojen iiretim performansi arastirilmistir.
Alasimlarin doékim islemleri argon atmosferi altinda indiiksiyon firininda
gerceklestirilmistir. Elde edilen ikili ve ti¢li alasimlardaki alliminyumun orani ag.
%99 civarindadir. Bi katkili Ti¢lii Al alasimina ait hidroliz deneylerinden elde edilen
sonuglar ikili Al-B alasiminin sonuglari ile kiyaslandiginda ¢ok ytiksek hidrojen
iiretim hizlar1 gézlenmistir. Maksimum akis hizi degeri 40 °C’de Al-B ikili alasimi icin
1.65 ml/dk iken Al-B-Bi ii¢lii alasimi i¢in 135.75 ml/dk degerine yiikselmistir. Gaz
salinim orani Al-B ikili alasimi icin 40 °C’de 0.77 ml/dkcm? iken Al-B-Bi {i¢li alasimi
icin cok yiiksek bir artis ile 63.58 ml/dkcm? degeri elde edilmistir.

Effect of Bi Doping on Hydrogen Production Performance of Al-B Binary Alloy

Keywords Abstract: Fossil fuels, which are used as a common energy source in the world, are

Hydrogen Generation, gradually depleting and the costs of these resources are increasing. This situation

Al-B-Bi AHO}" has made it necessary to obtain energy from alternative, clean, renewable and

Al Hydrolysis sustainable systems. As an alternative and clean energy source, hydrogen is
accepted as the fuel of the future. At the same time, hydrogen is seen as a secondary
energy source that fits the general characteristics of alternative energy sources such
as having high energy density and usability in different forms and purposes.
Aluminum metal or its alloy is used to develop sustainable energy systems in the
production of hydrogen gas by hydrolysis. In this study, hydrogen production
performance of Al-B binary and Al-B-Bi ternary alloys in alkaline solution at
different temperatures was investigated. The casting processes of the alloys were
carried out in an induction furnace under an argon atmosphere. The ratio of
aluminum in the obtained binary and ternary alloys is around 99 wt.%. When the
results obtained from the hydrolysis experiments of the ternary Al alloy are
compared with the results of the binary Al-B alloy, very high hydrogen production
rates were observed. While the maximum flow rate value was 1.65 ml/min for Al-B
binary alloy at 40 °C, it increased to 135.75 ml/min for Al-B-Bi ternary alloy. While
the gas evolution rate was 0.77 ml/mincm? at 40 °C for the Al-B binary alloy, a very
high increase was obtained for the Al-B-Bi ternary alloy to 63.58 ml/mincm?.

*[lgili Yazar, mail: harunerol@kayseri.edu.tr
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1. Giris

Diinya niifusunun artmasi ve teknolojinin geliserek daha uygun maliyetle genis kitlelere ulasmasi toplumlarin
daha fazla enerji tiiketimine yol agmaktadir. Fosil yakitlarin tiikenecegi géz oniinde bulundurulursa yakin
gelecekte insanligin alternatif enerji kaynaklarina ihtiya¢ duyacagi asikardir. Fosil yakitlarin ¢evre sorunlarina
sebep oldugunu da degerlendirdigimizde, yenilenebilir ve temiz enerji kaynaklarina olan ihtiyacimizin giin
gectikce arttigini gormekteyiz. Yenilenebilir ve temiz enerji kaynaklari arasinda Hidrojen diger yakitlar ile
kiyaslandiginda yiiksek enerji yogunlugu sebebiyle fosil yakitlara en iyi alternatif olarak diisiinilmektedir [1].
Hidrojen ekonomi konseptine gore gelecekteki kiiresel enerji taleplerinin esas olarak fosil yakitlar yerine hidrojen
yakit1 ile karsilanacagi ongoriilmektedir [2]. Hidrojen ekonomisine basarili bir gecis i¢in, bu teknolojinin
strdiiriilebilir, temiz ve ekonomik bir gekilde uygulanabilmesi adina o6ncelikle hidrojen iiretim siiregleri
gelistirilmeli ve iyilestirilmelidir [3].

Kimyasal reaksiyonlar ile hidrojen a¢iga ¢ikaran belirli metal reaktanlari arasinda aliiminyum ve alasimlari,
gelecekteki hidrojen iiretimi icin gegerli en uygun metallerden biri olarak kabul edilmektedir. Son yillarda
aliminyum ve alasimlarini bir enerji malzemesi olarak kullanma egilimi artmistir. Ayrica hidrojen kaynagi olarak
metal malzeme kullanilmasi bu malzemenin hidrojen iiretimi ve enerji depolanmasi adina etkili, kullanic1 dostu ve
giivenli oldugunu goéstermistir [3].

Hidrojen iiretimi i¢in hafif metaller ve bunlarin hidritlerinin su ile etkilesimine (hidroliz reaksiyonu) dayanan bir
yontem giderek daha fazla ilgi ¢ekmektedir. Hidroliz reaksiyonu gilinimiizde perspektif ve pratik olarak
uygulanabilirlik agisindan ¢ok uygun kabul edilmektedir [4]. Aliminyumun hidroliz reaksiyonlar1 CO2 salinimi
yapmayan minimum oranda zararli ¢evresel etkiye sahiptir. Al-H20 hidroliz reaksiyonu esnasinda aliiminyum
oksit (Al203) ve aliiminyum hidroksit (Al(OH)s) bilesikleri olusmaktadir. Halle-Heroult siireci ile olusan Alz203
bilesiginden Al elde edilerek geri doniisiim yapmak miimkiindiir [5]. Ayrica, elektrikli araglarda yaygin olarak
kullanilan Li-iyon pillerin kapasite problemlerinden dolay1 menzil problemleri bulunmaktadir [5]. Bu problemi
asmak i¢in yakit hiicreleri iyi bir alternatif olabilir. Sadece 4 kg agirliginda bir aliminyum yakit hiicresi ile elektrikli
bir aracin 400 km menzile ulasmasi1 miimkiindiir [6].

Aliiminyum, hidroliz reaksiyonlari i¢cin ¢ok uygun bir metal olmasina ragmen [3], aliminyumun su ile reaksiyonu,
ylzeyinde bir oksit film olusumu ile engellenir. Bunun iistesinden gelmek i¢in reaksiyonun gerceklestigi ortam
kosullari diizenlenmeli ve /veya aliiminyum aktivitesi farkli yontemlerle iyilestirilmelidir (alasimlandirma vb.). Bu
yontemler Al hidroliz performans iyilestirme islemlerinde avantaj saglayabilecegi gibi dezavantajlar1 da olabilir
[7]. Ortam kosullarini diizenlemek i¢in hidrojen reaktérlerinde sodyum hidroksit (NaOH) veya potasyum hidroksit
(KOH) sulu c¢ozeltileri gibi alkali ortamlar kullanilabilir. Gii¢lii alkali ¢ozeltilerdeki hidroksit iyonlar1 (OH-),
aliminyum ytizeydeki koruyucu oksit filmini yok ederek AlO2- olusturabilir. Bu nedenle aliminyum ve alasimlari
alkali ortamda kolayca ¢oziinlir ve hidrojen iiretimini saglar [7]. Farkli alkali ¢ozeltiler arasinda hidroliz
reaksiyonlar icin en ¢ok tercih edilen alkali ¢6zelti NaOH c¢ozeltisidir [3]. Alkali ¢dziiciiniin NaOH olmasi
durumunda aliiminyum ile reaksiyonu asagidaki gibidir.

2Al + 6H20 +2NaOH — 2NaAl(OH)4 +3H> (1)
2NaAl(OH)s —» NaOH + Al(OH)3 (2)
2Al + 6H20 — 2A1(OH)3 + 3H> (3)

seklinde reaksiyon serisi gerceklesmektedir [3, 8, 9].

Reaksiyonun 1. adiminda hidrojen olusumu igin tiiketilen NaOH, 2. adimda NaAl(OH)4 ayrisimi yoluyla yeniden
iretilecektir. Boylece, aslinda uygun sartlarda kontrollii bir reaksiyonda hidrojen iiretimi i¢cin kullanilan
hammadde Al ve su olacaktir (3.adim).

Aliminyum ylizeyinde olusan oksit tabakayi engellemek ve aktivitesini artirmak icin bir diger secenek
aliminyuma uygulanan ¢esitli iyilestirme islemlerdir. Aliiminyumun icerigini iyilestirme islemlerinde
aliminyumun tuzlarla veya seramiklerle bilyeli 6giitiilmesi pasif film olusumunu azaltmak i¢in kullanilmaktadir.
Ancak, 6giitme islemi, karmasik tiretim siirecinin yani sira uzun zaman almaktadir. Ayrica aliminyum yiizeyindeki
tuzlarin su icinde ¢ozlinmesi gerektigi icin aktif alliminyum tozlarinin ilk evrede suyla reaksiyona girmesi zaman
almaktadir [10]. Bir diger iyilestirme ¢alismasi ise aliminyum metaline farkli elementler katkilanarak aliiminyum
alasimi yapmaktir. Diger metaller ile alliminyumun katkilanmasi aliiminyumun kimyasal olarak aktivitesini
artirip hidroliz performansini iyilestirmek ve yiizeyinde olusan oksit tabakay1 par¢alamak i¢in farkl elementlerin
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katalitik etkilerinden faydalanilarak gerceklestirilmektedir. Bu katkilama islemlerinde siklikla aliiminyuma
kiyasla diisiik erime sicakligina sahip Ga, In, Sn, Zn, Bi, Mn, Sb and Mg gibi metaller kullanilmistir [1, 11-21]. Bu
calismalardan birinde Wang ve ark. oda sicakliginda noétr suda gergeklestirdikleri ¢alismalarinda, Al-Ga-In-Sn
elementlerini kullanarak tirettikleri ii¢lii ve dortli alasimlarin hidrojen iiretim performanslarini incelemislerdir.
Elde ettikleri Al-Ga-In ve Al-In-Sn {glii alagimlari icin hidrojen verimlerini gézlemislerdir. Al-In-Sn alagimlarinin
daha hizli bir hidrojen tretim hizina ve Al-Ga-In alasimlarindan daha yiiksek verime sahip oldugunu
gozlemlemislerdir. Uclii Al-Ga-In ve Al-In-Sn sistemine gore elde ettikleri dértlii Al-Ga-In-Sn alasimu ile hidrojen
tretim 6zelligini buyiik 6l¢lide iyilestirmislerdir [1]. Diger bir ¢calismada Parmuzina ve ark. elde ettikleri Ga-In
(70:30) ve Ga-In-Sn-Zn (60:25:10:5) otektik alasim numuneleriyle yaptiklar1 ¢alismalarinda 6tektik bilesime,
reaksiyon sicakligina ve toz partikiil boyutuna bagh olarak aliiminyum alasimlarinin aktivitesini ve suyun
oksidasyon oranini incelemislerdir. 20°C, 40 °C, 60 °C ve 80 °C ortam(reaktoér) sicakliginda yaptiklar: deneylerde
farkli elementlerle aktive edilen ve toz formunda kullanilan aliiminyumdan iiretilen hidrojen gazi miktarini
zamana baghh olarak ol¢miislerdir. Boylece, aliiminyum metalinin galyum temelli sivi o6tektiklerle
aktiflestirilmesinin, aliminyumun tane sinirlarinda kristaller arasi temaslarin tahrip olmasina ve 6tektik ince film
tarafindan ¢evrelenerek aliiminyum monokristal tozlarin olusumuna yol agtigini géstermislerdir. Bu sekilde aktif
hale getirilen aliiminyum tozlari, diisiik ve orta sicakliktaki yakit hiicrelerini beslemek i¢in kullanilabilen hidrojeni
aciga cikaran su ile yogun olarak oksitlendigi sonucuna varmislardir [20]. Bir diger ¢alismada ise Zhang ve ark.
farkli bilesimlere sahip Al-Sn bazl alasimlar: yiiksek basingh bir torsiyon (HPT) yontemi ile sentezlenmistir. Farkl
alasim elementlerinin ve islem basamaklarinin alasimlarin hidrojen iretim performansina etkisini
incelemislerdir. Elde ettikleri sonug¢lardan ¢inkonun, cukur (piting) korozyonunu tesvik ederek hidrojen iiretim
hizini ve verimini artirabildigini gdstermislerdir. Ayrica sudaki en yliksek reaktivite degerini agirlik¢a Al-%30Sn-
%10Zn alasimi icin elde etmislerdir. Al-%30Sn-%10Zn alasiminin ayrintili analizlerini yaptiklarinda; alasimda
olusan ultra ince taneciklerin ve faz karisiminin hem nanogalvanik hiicrelerin hem de ¢ukur korozyonunun
etkisiyle hidrojen tiretim hizini arttirdigini géstermislerdir [21]. Yine Zhang ve ark. tarafindan yapilan bir baska
calismada ise farkl oranlardaki Al-Bi alasimlar1 ve Al-Bi-C bilesiklerini HPT yontemi ile elde etmis ve saf su
icerisinde gerceklestirdikleri hidroliz deneylerinde Bi elementini agirlikca %5-10-20-30 ve 40 oranlarinda
katkilamislardir. Elde ettikleri sonuglardan Bi ve C elementlerinin bilesik icerisindeki nanogalvanik hiicrelerin
etkisini artirllmasina, bilesikte cukur korozyon olusumunun tesvik edilmesine ve kolay parcalanma ile aktif ylizey
alaninin artirilmasina sebep olduklarini ve bu sayede bilesiklerin hidrojen iiretim performanslarinin artmasina
katk: sagladiklarini géstermislerdir. En iyi hidrojen tiretim performansini 10 dakikadan kisa bir stirede 333 K
ortam sicakliginda yaklasik %100 bir verimle dakikada gram basina 270 ml hidrojen iretimi aldiklar1 Al-
ag.%30Bi-ag.%10C bilesiginden elde etmislerdir [15].

Aliiminyuma gore diisiik ergime sicakligina sahip metallerin disinda yliksek ergime sicakligina sahip Cu, B, Si, Ni,
Co gibi metaller de kullanilarak katkilama ¢alismalar1 aliminyumun hidroliz performansini iyilestirmek amaciyla
arastirmacilar tarafindan ¢ahisilmistir [5, 7, 9, 22-24]. Bu ¢alismalardan Kaya ve ark. Al-ag.%2Zn alasimina eser
miktarda (ag.%0.1-0.3 ve 0.5) metalik B katkilamas1 yapmis ve farkh sicaklik (25, 50 ve 80 °C) ve farkl alkali
ortamlarda(1, 3 ve 5M NaOH) hidroliz deneyleri yapmislardir. 5M NaOH ¢6zeltisinde 50 °C de sirasi ile Al-2Zn-xB
(x=0, 0.1, 0.3, 0.5) alasimlar1 icin korozyon oranlarini sirasi ile 3.92-4.78-5.29-5.97 mgdklcm2 olarak
bulmuslardir. En iyi hidrojen tiretim performansini 80 °C sicaklikta, 5M NaOH alkali ¢6zelti icerisinde agirlik¢a Al-
%?2Zn-%0.5B alasimindan 13.48 mgdk-1cm2 olarak elde etmislerdir. Arastirmacilar bu ¢alismada B elementinin
katkilanmasi ile Al yiizeyinde olusan pasif oksit filmin daha kirilgan ve daha gézenekli hale gelerek hidrojen iiretim
hizini artirdigl sonucuna varmislardir [5]. Bir diger ¢alismada Kahveci, ikili Al-Sb ve {i¢lii Al-Sb-B(ag.%0.5-1-2-3B)
alasimlarinin hidrojen iiretim performanslarini alkali ortamda (NaOH) farkl sicakliklarda incelemistir. Al-Sb ikili
alasimina farkli oranlarda B katkilamanin sonucunda elde ettigi ii¢lii Al-Sb-B alasimlarinin hepsinde farkli sicaklik
degerlerinde ikili Al-Sb alasimina gore daha yiiksek hidrojen liretim potansiyeli elde etmistir. Farkl sicakliklarda
gerceklestirilen deney sonuglarina gore en yiiksek hidrojen akis orani 50, 60 ve 70 °C sicaklik degerleri i¢in sirasi
ile 13.04-33.69 ve 47.97 ml/dk degerlerinde Al-Sb-1B alasimi icin elde edilmistir. Benzer sekilde bu bilesime ait
ortalama gaz salinim oranlari sirasi ile 4.98-9.82 ve 16.78 ml/dkcm? olarak elde edilmistir. Kahveci hidrojen akis
oraninin saf aliiminyuma goére artmasinda alasimda olusan Al-Sb ve Al-B intermetalik yapilarinin etkisinin
oldugunu gostermistir[7]. Bu ¢alismalardan goriiliiyor ki alasim elementlerinin etkisi ile aliminyumun hidrolizi
sirasinda akis hizinin arttigt ve buna bagh olarak reaksiyon siiresinin kisaldigi goriilmektedir. Alasim
¢alismalarinin hidroliz tizerindeki olumlu sonuglari pasif film yapisinin degisimi, intermetalik bilesiklerin olusumu
ve aktif yiizey alanindaki artis gibi etkilere baglanmaktadir.

Tim bu ¢alismalardan Al metaline B ve Bi elementleri ile alasim olusturulmasinin hidrojen {iretim performansi
iizerinde olumlu etkileri oldugu gortlmektedir. Ancak B elementinin hidrojen liretim calismalarinda Bi ile birlikte
katkilandiginda ne gibi etkilerinin oldugu bilinmemektedir. Bu konuda bilimsel ¢alismalara ihtiya¢ oldugu
goriilmektedir. Bu ¢alismada Al ile intermetalik bilesik olusturabilen B elementi Al metaline katkilanarak elde
edilen ikili Al-ag.%0.1B alasimi ve ikili Al-B alasiminda Al ve B orani degistirilmeden ag.%1Bi katkilanarak elde
edilen ti¢lti (Al-ag.%0.1B+ag.%1Bi) alagimi elde edilmistir. Biitlin alasimlar argon atmosferi altinda ¢alisan vakum
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indiiksiyon firininda dokiim yapilarak iretilmistir. Elde edilen bu alasim numunelerin hidrojen tretim
performanslari alkali ortamda (3M NaOH) ve farkli sicaklik degerlerinde (40-50-60 °C) incelenmistir. Alasim
numunelerinin bilesim analizleri ve goriintii alma islemleri Alan Etkili Taramal Elektron Mikroskobu (FE-SEM)
kullanilarak gergeklestirilmistir. Zamana bagli olarak hidrojen liretim miktarlari farkli ¢ozelti sicakliklarinda
Olcililmiistiir. Elde edilen verilerden alasimlara ait Gaz Salinim Orani (GSO), Korozyon Orani (KO) ve Maksimum
Akis Hizi (MAH) parametreleri hesaplanmistir.

2. Materyal ve Metot
2.1. Numune Hazirlama Siireci

Al alasimlarini olusturan elementlerin kiitleleri alasimdaki oranlarina uygun olacak sekilde hassas terazi yardimi
ile tartilmistir. Tartilan yiiksek safliktaki alasim elementleri kuartz tiip icerisinde argon atmosferi altindaki vakum
indiiksiyon firininda eritilmistir. Al alasimina katkilanan B ve Bi elementleri ¢ok az miktarda oldugu i¢in alasimin
homojenliginin saglanmasi amaciyla eriyik alasim yaklasik 5 dk boyunca 700 °C’ye ayarlanan vakum indiiksiyon
firininda olusan manyetik alan etkisiyle karistirilmistir. Alasim numunelerini olusturmak ve eriyik alasimi dokmek
icin 10 mm c¢apinda ~150 mm uzunlugunda grafit dokiim kalib1 hazirlanmistir. Hazirlanan eriyik alasim daha
sonra vakumlu sicak dékiim firininda alasimin bosluksuz bir sekilde akmasi i¢cin 700 °C’ye kadar 1sitilan grafit
dokiim kalibina dokiilmiistiir. Dékiim isleminden sonra grafit dokiim kalibinin kapagi kapatilarak dékiim kalibi
oda sicakliginda bulunan bir mermer blok iizerine birakilarak serbest olarak dogrusal katilastirilmistir.
Katilagtirma sonucunda kiitlesi ~21 g, uzunlugu ~ 100 mm ve ¢ap1 10 mm olan alasimlar elde edilmistir. Katilasan
alasim numuneleri kaliptan ¢ikartilarak Struers Minitom marka hassas kesme cihazinda ~1.8 mm kalinliginda
olacak sekilde esit parcalara ayrilmistir. Son olarak kesilen bu pargalar sirasiyla 1200-2400-4000 grid SiC zimpara
kagitlar ile her iki yiizeyi de sulu zimparalama isleminden gegirilerek parlatilmistir. Islem sonrasi her bir par¢anin
kiitlesi ~0.37 g olacak sekilde tartilmis, ardindan etanol ve ultrasonik banyoda ultra saf su ile temizlenerek hidroliz
deneyleri i¢cin hazir hale getirilmistir.

2.2.Hidrojen Gaz Ol¢iim Sistemi

Alasimlarin hidrojen gaz1 iretim o6lgtimleri Sekil 2.1'de gosterilen hidrojen gazi f{retim sisteminde
gerceklestirilmistir. Bu sistemde hidroliz reaksiyonunun gergeklestirildigi ve iretilen hidrojen miktarinin
0l¢iildigii 4 boyunlu ve 100 ml kapasiteye sahip ceketli yuvarlak tabanli bir sise kullanilmistir. Her bir 6l¢iimde
ceket icerisine 80 ml 3M NaOH ¢ozeltisi kullanilmis ve her bir deney sonrasinda c¢ozelti yenilenmistir. Ceket
icerisindeki ¢ozelti sicakligini istenilen 6lglim sicakligina getirmek i¢in Polyscience marka bir 1sitic1 sogutucu
sistem kullanilmistir. Hidroliz reaksiyonu sirasinda a¢iga ¢ikan gaz éncelikle yikama banyosunda bulunan ultra
saf suda yikanmis ve ardindan bir gaz kurutma sistemi yardimi ile kurutulmustur. Cikan hidrojen gazi miktarinin
anlik ve toplam 6l¢timleri Line Tech marka 2 1/dk ve 50 ml/dk’ lik ikili akis 6l¢er sistemi ile dl¢iilmiis ve 6lgililen
degerler kaydedilmistir. B ve Bi katkili alasim numunelerindeki anlik hidrojen iiretim miktarlar1 arasindaki fark
¢ok biiylik oldugundan akis olcer sistemlerinin limitlerinin iistiindeki ve altindaki degerleri herhangi bir veri
kaybina ugramaksizin 6lgebilmek amaciyla ikili kiitle akis 6lcer sistemi kullanilmistir.

Data Baglanti Kablolari
ve Bilgisayar

Termometre

Alasim Numunesi

Isitici-Sogutucu ”
Sorkilator |
[0 . Yikama Banyosu //
L ' H2 Gazi Uretim ve / /

ve Kurutucu

ikilf Akis ('jlcej"f
4"! Sistemi /

D I - . Gaz Tahliye Borusu

Sekil 2.1. Hidrojen tretim deneylerinin gerceklestirildigi deneysel 6l¢ciim sisteminin sematik gosterimi

| Olglim Reaktorii
v

2.3. Alasim Karakterizasyonu
Hidrojen gaz Ol¢iimleri gerceklestirilen numunelerin korozyon sonrasi yilizey yapilarinin ve kimyasal
bilesimlerinin saptanabilmesi icin numuneler 40 °C’de yaklasik 120 s boyunca 3M NaOH ¢6zeltisinde korozyona
ugratilmistir. Korozyon sonrasi numuneler ultra saf su ile temizlenerek kurutma islemi gerceklestirilmistir.
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Numunelerin yiizey yapilarini gézlemlemek ve kimyasal bilesimlerini tespit etmek i¢cin FE-SEM (Zeiss Gemini 500)
ve FE-SEM-EDX (EDAX Inc.) analizleri gerceklestirilmistir.

3. Bulgular

3.1. Alasimlarin Hidrojen Uretim Performansi
Al-ag.%0.1B ikili ve Al-ag.%0.1B+ag.%1Bi tg¢li alasimlarinin hidrojen iiretim performanslar1 3M NaOH alkali
¢ozelti icerisinde arastirilmistir. Hazirlanan alasim numunelerinin kalinliklari 1.8 £ 0.01 mm, ¢aplar1 10 £ 0.01 mm

ve ylizey alanlar1 2.135 * 0.04 cm? olacak sekilde hazirlanmistir. 3M NaOH sulu ¢ozelti igerisindeki deneyler 40 °C,
50 °C ve 60 °C olacak sekilde 3 farkli ortam sicaklifinda gergeklestirilmistir. Her iki alasima ait zamana bagh

hidrojen akis hizi ve tiretilen toplam hidrojen miktarlar: Sekil 2.1’ de verilmistir.

Sekil 2.1. Alasim numunelerinin a) 40 °C, ¢) 50 °C ve e) 60 °C’deki hidrojen akis hiz1 grafikleri, b) 40 °C, d) 50 °C

ve f) 60 °C’deki iiretilen hidrojen miktar: grafikleri
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Sekil 2.1a, c ve e’de goriilecegi iizere artan sicaklik degerleri ile Al-B ikili alasiminin akis hizi degerleri sicaklik
artisiile dogru orantili olarak artmis ve sirasiyla 40 °C, 50 °C ve 60 °C sicaklik degerleri icin maksimum 2.07 ml/dk-
3.35 ml/dk ve 7.51 ml/dk olarak elde edilmistir. Burada gorildiigii tizere 40 °C sicaklik degerinden 60 °C sicaklik
degerine cikildiginda hidrojen akis hizi degeri 3.63 kat artmistir. Ayni zamanda 40 °C sicaklik degerinde yaklasik
250 dk siiren reaksiyon 60 °C sicaklik degerine gelindiginde yaklasik 120 dk siirerek reaksiyon siiresi neredeyse
yari yariya kisalmistir. Uclii Al-B+Bi alasiminda ise Bi katkilamanin Al-B ikili alasimina gére akis hizinda ve
reaksiyon siiresinde sasirtic1 etkisi yine ayni grafiklerden gériilmektedir. Uclii alasimda en yiiksek akis hiz1 ve en
kisa reaksiyon stiresi 40 °C sicaklik degeri icin siras1 ile 320 ml/dk ve 15.3 dk olarak elde edilmistir. Bu deger 40
oC sicaklik degerinde ikili Al-B alasimina gore en yiiksek akis hizinda yaklasik 155 kat artis ve reaksiyon siiresinde
ise yaklasik 16 kat bir azalma saglamistir. Al-Bi alasimlarda Bi elementinin reaksiyonu hizlandirici etkisi, Al-Bi
nano boyutlu galvanik hiicrelerin ¢6zelti icerisinde hidroliz reaksiyonu esnasinda yapi icerisinde olusumu ve aktif
ylizey alanindaki artis gibi nedenlerden kaynaklandigi literatiirde yer almaktadir[15]. Bi katkisinin sicaklik artisi
ile maksimum akis hizinda azalmaya, hidrojen liretim miktarinda ve reaksiyon siiresinde ise artmaya sebep oldugu
goriilmektedir. Sekil 2.1 b, d ve f'de ise sirasiyla 40 °C, 50 °C ve 60 °C sicaklik degerleri icin zamana bagli olarak her
iki alasima ait tretilen toplam hidrojen miktarlar1 goriilmektedir. Her ti¢ sicaklik degerinde gerceklesen reaksiyon
sonuglarina gore ti¢lii Al-B+Bi alasimindan iiretilen toplam hidrojen miktar1 hemen hemen degismemekle birlikte
reaksiyon siiresi sicaklik artigi ile artmaktadir. ikili Al-B alasiminda ise 40 °C sicaklik degeri icin iiretilen toplam
hidrojen gazi miktar1 402.2 ml elde edilmisken 60 °C sicaklik degerinde bu miktar 535 ml degerinde elde edilmistir.
Muhtemelen bu artis akis 6lgerin 6l¢ctim sinirlari ile ilgilidir. 40 °C sicaklik degerinde hidrojen akis hizi zamanla
oldukc¢a yavaslamaktadir ve bu akis hizi degerleri akis 6l¢cerin o6l¢iim sinirlarinin (1 ml/dk-50 ml/dk) altina
diistiigliinden dolay1 6lglilememektedir. Ancak 60 °C sicaklik degerinde daha ytiksek akis hizi elde edildigi i¢in
oOlciilebilen toplam hidrojen miktar1 daha fazla olmaktadir.

Elde edilen deneysel sonuglardan her iki alasima ait GSO (Gaz Salinim Orani), KO (Korozyon Orani) ve MAH
(Maksimum Akis Hizi) hesaplamalari yapilmistir. Tablo. 2.1" den goriildiigii iizere en ytksek GSO, KO ve MAH
degerleri 40 °C sicaklikta ti¢lii Al-B+Bi alasimindan elde edilmistir. 40 °C sicaklik degerinde ikili alasimda elde
edilen KO degeri 0.53 ml/dkcm? iken Bi katkisi bu degeri 46.11 ml/dkcm? degerine ¢ikartip korozyon oraninda
¢ok biiylik bir artis saglamistir. Al-B ikili alasiminda ise en yiiksek GSO, KO ve MAH degerleri 60 °C sicaklik
degerinde elde edilmistir. Saf aliiminyuma ¢ok diisiik oranda katkilanan (ag.%0.1) B elementinin saf aliiminyuma
gore pozitif etkisi, Tablo 2.1'de verilen saf Al icin 4M NaOH c¢o6zeltisinde 50 °C ve 60 °C sicaklik degerlerinde elde
edilmis GSO ve MAH degerleri ile karsilastirildiginda agikga goriilmektedir [7]. Tablo 2.1'de goriildiigii gibi 50 °C
ve 60 °C sicaklik degerlerinde saf Al icin GSO degerleri sirasi ile 0.91 ml/dkcm? ve 1.68 ml/dkcm? olarak elde
edilmisken bu ¢alismada Al-B ikili alasimi i¢cin GSO degerleri sirasi ile 1.19 ml/dkcm? ve 2 ml/dkcm? olarak elde
edilmistir. Benzer sekilde 50 °C ve 60 °C sicaklik degerlerinde saf Al i¢cin elde edilen MAH degerleri sirasi ile 2.27
ml/dk ve 4.03 ml/dk iken bu ¢alismada Al-B ikili alasimi i¢in sirasi ile 2.27 ml/dk ve 4.03 ml/dk seklinde elde
edilmisgtir.

Tablo 2.1. Alasim numunelerinin farkl sicaklik degerleri i¢in elde edilen gaz salinim oranlari, korozyon oranlari
ve maksimum akis hizlar1 ve bu degerlerin literatiir ile kiyaslanmasi.

Alasim Cé?e{ti Gaz Salinim Orani Korozyon Orani Maksimum Akis Hiz1
Tiri (ml/dkcm?) (mg/dkcm?) (ml/dk)
(NaOH) | 40°C 50°C  60°C 40°C  50°C 60°C | 40°C  50°C  60°C
Saf Al 4M - 091[7] 1.68[7] - - - - 2.27[71 4.03[7]
Al-0.1B 3M 0.77 1.19 2 0.53 0.82 1.39 1.65 2.54 4.27
Al-0.1B+1Bi 63.58 57.87 53.45 46,11 40.53 37.58 | 135.75 123.55 114.13

Al-0.1B alasimina Bi katkilamanin her {i¢ sicaklik degerinde de GSO ve KO’daki artisa etkileri muhtemelen hidroliz
reaksiyonu esnasinda yapi icerisinde Al-Bi galvanik hiicrelerin olusumu ve hidroliz esnasinda aktif ylizey
alanindaki artislardan kaynaklanmis olabilir [15].

3.2. Alasimlarin Yiizey Analizleri

Korozyon sonrasi ylizeyin yapisi ve kimyasal analizi i¢in Al-ag.%0.1B+ag.%1Bi ti¢li alasimi 180 s siiresince 3M
NaOH sulu ¢ozeltisinde 40 °C sicaklik degerinde korozyona ugratilmistir. Yiizey goriintiisii 150 kat biiytitiilerek
FE-SEM cihaziyla alinmistir. Ayrica FE-SEM-EDX analizleri de gergeklestirilmistir. Sekil 2.1’de Al-0.1B+1Bi ti¢li
alasimina ait ylizey gorintiisii, elementel analiz sonuglar1 ve pik siddetlerinin dagilimini gosteren grafik yer
almaktadir.

FE-SEM goriintiisi incelendiginde Bi tane yapilar1 (beyaz renkli) Al matris icerisinde gozlenmektedir. Ayrica Bi
tanelerinin yapi icerisinde homojen bir dagilim sergiledigi gozlenmektedir. Genis alan EDX analiz sonucuna gore
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ag.%0.95Bi tespit edilmistir ve bu sonu¢ alasimdaki deneysel Bi bilesimini yaklasik olarak dogrulamaktadir. Fakat
eser miktarda B elementi katkilandigi ve B elementinin atomik boyutunun oldukga kii¢iik oldugu i¢in FE-SEM-EDX
analizinde B piki gozlenememistir. Bu durum muhtemelen B pik siddetinin diger elementler ile karsilastirildiginda
¢ok kiigiik olmasindan kaynaklanmaktadir. Ayrica numune yiizeyinde derin korozyon oyuklari
gozlemlenmemistir. Genel olarak numunenin yilizeyi homojen bir sekilde korozyona ugramistir. Ancak Bi
tanelerinin ¢evresinde yiizey hafif derinleserek taneler belirgin hale gelmistir. Bu durum Bi tanelerinin
muhtemelen numunenin aktif yiizey alaninda ilave bir artis sagladigim1 diisiindiirmektedir. Bu analiz sonuglari
iicli alasimin akis hizinin yiiksek olmasini destekler niteliktedir.

Al
144K
128K
11.2K
9.6K
8.0K
6.4K
48K
5 Atomic % Net Int.
) AIK 99.05 99.88 4085.27
Bi Bi Bi BiBi
0089 17 34 51 68 85 102 119 136

Lsec: 28.7 20 Cnts 2.610 keV Det: Octane Elect Super

Sekil 2.1. Al-ag.%0.1B+ag.%1Bi alasimina ait FE-SEM goriintiisti ve FE-SEM-EDX analiz sonuglari
4. Tartisma ve Sonug¢

Vakum indiiksiyon firini icerisinde dékiim yontemi ile iiretilen ikili Al-B ve ii¢lii Al-B+Bi alasimlarinin hidrojen
tiretim performanslar1 3M NaOH alkali ¢ozelti icerisinde farkh sicaklik degerleri icin incelenmistir. Oncelikle ikili
Al-B alasiminda B katkisinin hidrojen iiretim performansina (GSO ve MAH degerlerine) etkisi literatiirde
neredeyse benzer sartlar altinda elde edilmis saf aliiminyuma ait GSO ve MAH degerleri ile karsilastirilmistir.
Yapilan karsilastirma sonucunda B katkisinin hidrojen liretim performansina olumlu etkisi agik¢a goriilmektedir.
Sicaklik artisi ile B katkili ikili alasimin hidrojen iiretim performanslari da beklenildigi gibi artmistir. Bu artis hem
akis hizi degerlerinde hem de hidrojen iiretim miktar: degerlerinden goriilmektedir.

ikili Al-B alasimina Bi katkilamanin pozitif etkisi de elde edilen sonuglardan agik bir sekilde goriilmektedir. Al-B
alasiminin 40 °C’de korozyon orani 0.53 mg/dkcm? iken bu deger Bi katkisi ile 46.11 mg/dkcm? degerine ¢ikmis
ve korozyon oranini ¢ok yiiksek bir oranda artirmistir. Bu artis li¢ sicaklik degeri i¢in de yiiksek bir oranda
gerceklesmistir. Bu artisin nedenleri hidroliz reaksiyonu esnasinda yap1 icerisinde Al-Bi galvanik hiicrelerin
olusumu ve hidroliz esnasinda aktif yiizey alanindaki artistan kaynaklanmaktadir. Sicaklik artisi ile hidrojen
iretim miktarinin yaklasik 519 ml degerinden 542 ml degerine ¢ikmasi da sicaklik artisi ile hidrojen iiretim
miktarinin artabilecegi gercegini gdstermektedir.

Al-ag.%0.1B ikili alasimina ag.%1Bi oraninda katkilama yapilarak yiiksek akis hiz1 gerektiren hidrojen enerjisi
uygulamalarinda kullanilabilir alasimlar olusturulabilir. Sonug olarak bu ¢calismada Bi elementinin hidrojen iiretim
performansina olumlu katkisi goriilmiis olup ileriki ¢alismalarda daha genis bir katkilama araliginda performans
degerlendirmesi i¢in deneysel ¢alismalar planlanmaktadir.
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Keywords Abstract: In this study, examining and correction thermal expantion induced errors

Milling, Thermal Error on CNC milling machine is aimed. In this scope, workpiece thermal expansion

Compensation, Finite Element  5¢tjtyde will be analysed with finite elements method on the CAD Model, and

Ana'ly51s(FEA), Computer A,lded workpiece will be revised according to the results of analysis. For revision process,

Design (CAD)/ Computer Aided . . . . .

Manufacturing (CAM) an 1nt§rface software is developed, making a relation .between computer aided
analysis modul and CAD modul. Thanks to CAM process implemented on new CAD
Model, a CNC part program that will correct the error is created. The reproducibility
of the performance of the correction process was investigated by processing
identical samples at different manufacturing environment temperatures. As a result
of studies machining errors reduced with a success rate of 84% for Al 7075(T6). By
the method developed, the workpiece’s dimensional error which thermally induced
can be minimized at any temperature without using climatised to ideal temperature
and isolated machining shops.

AL 7075(T6) Malzemenin CNC Frezeleme Isleminde Olusan Is1l Hatalarin
CAD/CAM ve Sonlu Elemanlar Analizi ile Diizeltilerek Iyilestirilmesi

Anahtar Kelimeler 0z: Bu calismada CNC frezeleme isleminde 1s1l degisimlerden kaynaklanan isleme

Frezeleme, Isil Hata hatasinin incelenmesi ve diizeltilmesi hedeflenmistir. Bu amagla is parcasi CAD

Indirgeme, Sonlu Eleman modelinin 1s1l genlesme/biiziilme davranisi sonlu eleman analizi (SEA) yéntemiyle

g:g&igﬁiﬁﬂﬁcﬁﬁ? analiz edilmis ve is par¢asi CAD modeli bu analiz sonug¢larina gore “imalat ortami

Bilgisayar Destekii imaiat hangi sicaklikta olursa olsun isparcasi tam boyutlarinda islenecek sekilde” revize

(CAM) edilmistir. Revizyon islemi i¢in bilgisayar destekli analiz modiilii ile CAD modiiliinii
entegre eden yeni bir yazilim gelistirilmistir. Bu yazilim ile 1s1l analiz sonuglari
dikkate alinarak isparcasi CAD modeli yeniden yapilandirilmistir. Revize edilmis
yeni CAD modeli lizerinde gergeklestirilen CAM uygulamasi ile hatay1 diizeltecek
alternatif CNC isleme kodlar: elde edilmistir. Ozdes numuneler farkli imalat ortami
sicakliklarinda islenerek diizeltme stratejisinin performansinin tekrarlanabilirligi
arastirilmistir. Yapilan ¢alisma sonucunda Al 7075(T6) malzeme i¢in %84 oraninda
basar1 ile isleme hatalar1 indirgenmistir. Gelistirilen yontemle talasl imalat
sektoriinde yiiksek boyutsal kalitede parga iiretebilmek i¢in halen kullanilmakta
olan, ortamin siirekli ideal sicaklikta (22°C) kalmasi i¢in klimatize edilmis ve
yalitilmis atélyeler olusturulmasina ihtiya¢ kalmayacaktir. imalat ortamlar1 hangi
sicaklikta bulunursa bulunsun yiliksek boyutsal tamlikta triinlerin liretimi ek
maliyetlere katlanmaksizin miimkiin olacaktir.
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Correction and Compensation of Thermally-Induced Errors in CNC Milling via Integrated CAD / CAM / FEA Operations for AL 7075
1. Introduction

Machining has an essential place among production techniques. The machining technique is used for the-finished
products, such as rolling and casting products which are brought into full production or brought to their final
dimensions. Commonly used machining methods are milling, turning, grinding, drilling, and planing machine
operations. Computerized Numerical Control (CNC) machine tools have been widely used in many industries
including molding, automotive, marine, aviation, biomechanical systems, defense, and space industry since it
increases the production speed and reduces the production costs. The CNC milling process has attracted
researchers due to its common usage. Tolerances and production speed are related to each other. Therefore, it is
very crucial to understand the relationship between these factors on product quality, production speed, and
productiveness.

In modern manufacturing conditions, lowering production costs and developing methods in order to increase the
dimensional accuracy of the workpiece are related to the machine tool errors [1]. The machine tool errors can be
classified as geometric errors, kinematic errors, dynamic errors, and thermal errors. The machine components
lead to the geometric errors. The relative movement of the machine components and mechanical or inertia
moment of the components of the machine may cause the kinematic and dynamic errors [2]. Thermal errors occur
because of deformation and expansion caused by the relative movement of the tool and the workpiece. There are
several methods used to increase machining precision and quality. Using high precision machining is a successful
way of high-quality machining but the main disadvantage of this method is to increase production costs. There are
some techniques such as a quality control to fix the errors on the continuous measurement. This process is also an
expensive way of production due to the processing time, raw material usage, and tool costs. Therefore, the error
compensation methods (ECM) are used to minimize the manufacturing errors arising from the structure of the
machine tool, processing conditions, and temperature differences [3].

Thermal errors, one of the most important sources of processing errors, make up 40% - 70% of the total error [4-
6]. In recent years, researchers have resorted to optimization methods, thermally optimized structures to
minimize thermal effects, place heat sources separately from the system, and use improved cooling techniques [7].
Three ways are used to improve the thermal performance of the machine tool; firstly, the structural improvement
for the thermal characteristic is to be made. In their process, symmetric constructions with simple coefficients of
thermal expansion must be constructed, and complex structures must be avoided [8]. The second is temperature
control. By controlling the temperature values and distributions of specific points, the resulting thermal
deformation of the working shaft is reduced. Temperature control can be done by installing a heating or cooling
system on the machine bench. Both systems reduce the thermal deformation in the intended machine tool and
compensate for the temperature distribution. A common method is to remove the heat generated by the spindle
and the various coolants. The third is the modelling and compensation processes of thermal deformation. This
method is used to increase machine accuracy during machining after completion of machine tool design and
production. In the initial stage, the temperature distribution and thermal deformations of the machine tool are
obtained by forming mathematical methods and thermal deformation model from experimental studies.

There are six sources of thermal effects: These are the heat released as a result of the cutting operation, the heat
generated by the machine, cooling and warming caused by the cooling system, changes in ambient temperature,
human interaction, the temperature of the previous process so all these effects described above make it difficult
to achieve a perfect error model [3, 6]. Due to the non-homogeneous temperature distribution in the machine
structure, thermal errors show a time-dependent nonlinear characteristic. The interaction between the location,
intensity, thermal expansion coefficient of the heat source and the configuration of the machine system causes a
complex thermal behavior to occur [9]. The most critical factor affecting the processing accuracy is the cutting
operation. The accuracy is affected by the chip depth. While heat production is low in finishing operations,
intensive heat production takes place as a result of course processing. This factor is more effective when the high
volume of the chip is removed than any other heat generating source. To solve the problem, the use of coolant in
high volume chip removal should be increased. Recently, high-speed machining and grinding techniques have been
used to remove chips by transferring chips instead of heat. One of the methods used to solve thermal error
problems is to use temperature-controlled chambers. However, keeping the temperature constant with this
method is both challenging and costly [9].

In modern manufacturing conditions, lowering production costs and developing methods in order to increase the
dimensional accuracy of the workpiece have great prospects. The various factors are geometrical and dimensional
errors, tool deformation and workpiece errors, thermal distortions, tool wear, and tool errors. Two main
approaches to improve workpiece metrology are used; modelling of workpiece-tool movements and interpolation
of the cutting tool position to reduce dimensional errors or alternative tool path generation approach [1]. The
limited amount of improvements in these methods has significantly increased production costs. Therefore, the
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error compensation technique at low cost is of great importance in increasing the processing accuracy of CNC [7].
The math model dependent error compensation software is widely used. Although mathematical model seems
successful, it may not be practical for every machining requirement. In other words, it is very difficult to construct
a high-accuracy mathematical model that overcomes the deficiencies of thermal error correction techniques
commonly used with these methods [3].

There are two limiting factors in error compensation operations; first, the thermal error model cannot provide
sufficient accuracy between temperature changes. The correctness of the generated thermal error model is
affected if high values of temperature changes are detected. These values must be eliminated. Significant
temperature changes may also be perceived incorrectly. Second, non-linear thermal deformations arise in a
continuously working machine tool, depending on the time, as processing conditions and environmental effects
vary. This mechanism makes machine tool deformations very complex and therefore, makes it difficult to predict
thermal source errors. As a result, the thermal improvement model is successful with the best indication of the
relationship between key temperature changes and thermal imperfections, which vary according to the location
of the heat source (such as motors, bearings, hydraulic system, ambient temperature) [10, 11]. Even though there
are two thermal error modes as expansion and bending, the presence of many different structural elements in the
machine tool and the different behaviors of these elements make it difficult to determine the thermal error mode
of the system. The most important problems encountered in thermal error compensation processes are; the
detection of the optimal temperature sensor position and the change in processing conditions can protect the
accuracy of the resulting thermal error model [12].

In error compensation exercises, the shifts in the components of the machine tool are mostly examined. Factors
affecting the accuracy of this process are the measurement of all relevant geometric error parameters, taking into
account the working time, taking precise measurements sufficiently, the effect of temperature changes taking place
within a short period [13].

Many researchers are mostly concentrated on real-time correction techniques because of the complexity of the
processing conditions. Real-time measurement and instant real-time correction (or compensation) must be
carried out for the detailed modelling of system behavior by the modification of G codes [14]. Most research
including error compensation methods has not yet gone beyond the laboratory conditions since they require
expensive hardware/software and the difficulty in adapting the methods to machine tool operating systems [15].
The disadvantage of real-time (direct) error compensation systems is the difficulty of taking and evaluating fast
and frequent measurements to catch sudden temperature changes. Delay in intervention to the system reduces
the accuracy of follow-up and correction of errors [16].

The existence and the continuous increase of many different types of CNC, with developing technology has resulted
in a large number of error models, and consequently, the error compensation processes are complex and costly
[17]. Alternatively, the climatization method reduces the influence of thermal errors to keep the environment at
22°C continuously by using various heating/cooling equipment such as air conditioning [16]. The climatization
processes face with difficulties when a sudden increase occurs in temperature for cutting forces, machine tool, and
components. Jianguo et al. [18] conducted thermal error compensation studies by using the CNC package
optimization model to detect temperature-sensitive points in the error model by dividing the temperatures into
two changing temperatures. The interactions of the errors during processing (heat source, thermal expansion
coefficient, the shape of the machine’s system, and changing ambient conditions) complicate machining process,
which makes it challenging to estimate errors with mathematical models [19]. Zhang et al. [20] developed a
simulation model of the vertical machining center by obtaining the temperature map and thermal deformation
model of the machine tool to increase the accuracy of the machine tools by thermal simulation. After comparing
the simulation and the experimental results, the validity of the finite element model has been proven. Wang et al.
[5] examined the reduction of the geometrical and thermal errors on different types of workpieces. They also
experimentally investigated the positioning errors in the three-axis machining center under different
temperatures by means of Newton’s interpolation method. Eksandrai et al. [14] investigated thermal errors by
using linear regression, Artificial Neural Network (ANN), and Fuzzy Logic methods. In order to reduce the thermal
error, the required data were obtained via laser interferometer. They calculated volumetric errors by considering
rigid body kinematics and modification of G codes. They observed that the thermal errors were reduced by 41%
on the workpieces. Miao et al. [21] identified the critical thermal points and measured the thermal errors in the z-
direction of the workpiece. The critical thermal points were determined by employing the Fuzzy Logic and Gray
Correlation methods. They experimentally measured the thermal errors at the critical thermal points at different
ambient temperature and spindle speed. Ma et al. [22] minimized the thermal error of linear axis with fixed-fixed
installation. They formulated the thermal error by considering the temperature of screw shaft and a trigonometric
function with horizontal position as its independent variable. Based on their results, they were able to reduce the
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repetitive positioning error by more than 45%. Fu et al.[23] proposed one K-means clustering and correlation
analysis-based selection method to acquire the optimal temperature-sensitive point combination for thermal error
modeling of machine tool spindle with the effects of different heat sources. They demonstrated that the the
prediction performance and the robustness of the thermal error model can be improved with in the consideration
of the optimal temperature-sensitive point combination.

Despite many different points of view in error compensation operations, the work is usually designed for specific
working conditions. Practical mathematical expressions are difficult to achieve in high-precision machining
conditions [5]. The internal and external heating/cooling sources on the machine tool and the elements that make
up the machine structure have different thermal expansion coefficients, causing thermal distortions [24]. The
underlying reason for the difficulty in thermal error compensation is that thermal errors are complex and not
linear [25]. In the offline model, which is commonly used in thermal error compensation processes, the
relationship between thermal deformation and several experimental temperatures is considered. It exhibits
substantial differences in thermal deformation due to temperature distribution and changing processing
conditions. Being able to create a correct and robust thermal error forecasting model is the most crucial part of
the compensation system [26]. Therefore, these errors should be modelled and reduced accordingly. Geometrical
and positional errors are often modelled by kinematic modelling and transformation matrix methods, but
modelling thermal errors is difficult [14]. The dimensional accuracy of a processed part depends on the accuracy
of the machine tool that processes it. No matter how new a machine tool is, it does not guarantee that dimensional
accuracy can be achieved over long runs. Positioning errors are dynamically dependent on factors such as
operating conditions, cutting forces, ambient temperature, tool wear, record carrier wear, vibration. The extension
of the processing time is changing these factors, and it is difficult to control the processing operations [27].
Establishing a correct mathematical model for the theoretical analyzes made to create the thermal error model in
the CNC machine is very difficult because the factors in processing are in excess and continuous change. The
thermal expansion coefficient of the machine elements and workpiece must be well known to reduce the thermal
errors due to the ambient temperature. Choosing an appropriate measuring system for the error source is
important. From external factors, the ambient temperature of the workbench changes slowly but this change
completely affects volumetric performance. The local deformations caused by the slides and beds in the
workbench partially affect the volumetric performance. It is difficult to estimate displacements resulting from
internal heat sources, and they change much more rapidly than environmental conditions [13]. In order to
eliminate the aforementioned issues above, a new approach must be developed to minimize the temperature
change in the CNC milling process. In this study, it is aimed to improve the dimensional accuracy of the CNC milling
process without using any additional equipment and decreasing the manufacturing speed. Also, the thermal
expansion/contraction behaviour of the workpiece CAD model is analyzed by means of the finite element method
(FEA). Moreover, the workpiece CAD model is modified based on the results acquired from the finite element
analysis. Therefore, the manufacturing environment can be processed at a high precision of the workpiece at any
temperature. A new software is developed to integrate the CAD module with the FEA module for the revision
process. This software reconfigures the workpiece CAD model taking into account the thermal analysis results.
The CAM application on the revised CAD model provides alternative CNC machining M-G codes to correct the error.
Reproducibility performance of the compensation strategy is investigated by machining identical samples at
different ambient temperatures. By using the recommended method, climatized and isolated workshops are not
needed for a standard CNC machine to produce parts with high accuracy. Grinding and finishing operations are no
longer required. Thus, the production speed is increased, and the production costs are reduced. The proposed
method reduces dimensional errors depending on variable ambient temperature.

2. Material and Method

The total thermal expansion value at the work piece is calculated based on the temperature distrubition along the
beam as shown in Figure 1.

AL=f a(AT) dx (1)
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Figure 1. Thermal extension mode of a beam [12]

Air-conditioned(climatized) production environments are used to bring the operating temperature to the ideal
temperature . As a result, the workpiece is manufactured which is larger or smaller than the required dimensions.
In this work, an approach has been developed in the error correction method to ensure that the manufactured
workpiece is at full dimensions regardless of the manufacturing ambient temperature. The first step is the thermal
expansion/shrinkage analysis to be performed on the CAD model of the workpiece by the finite element analysis
(FEA). This analysis determine whether the workpiece exhibits expansion or contraction behavior under the
current temperature conditions in the environment. In the second stage, the CAD model of the workpiece is revised
according to the FEA results. This revision is arranged on the new CAD model in a way that ensures that the
workpiece is at the ideal temperature and in the desired dimensions at the end of the CAM application. Figure 2
shows the flowchart for the error correction method. FEA is performed at eight different ambient temperatures,
except for the ideal temperature. FEA analysis is carried out by using ANSYS software, and the new workpiece
model is obtained after the analysis. The new workpiece achieved from the FEA is converted into a solid model in
the form of a point cloud with the help of Solidworks CAD program.
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Figure 2. Error correction method

2.1. Finite Element Method (FEM)

The displacement fields of the workpiece are determined by using ANSYS, commercially available FE software.
The workpiece is modelled by using a three dimensional 20-node SOLID 186 element (Fig. 3.)
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Figure 3. Element type SOLID186 used in FEM analyzes.

The geometrical description and finite element model of the workpiece are presented in Figures 4. and 5. The
workpiece is fixed along its left edge while the remaining edges are free of traction. The entire part of the
workpiece is subjected to a uniform temperature of varying from 2 to 42 °C. A smooth mesh structure was obtained
for the model part. The model is divided into 28 elements in the X direction, 15 elements in the Z direction and 18
elements in the Y direction. Figure 5 shows the FE model of the workpiece which is constructed based on the
convergence studies. Thus, the FE model of the work piece consists of 12,450 elements and 52,178 nodes.

10 100
|
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! 200
(a) (b)

Figure 4. Model Part dimensions (a) full model (b)side and top view

(@) (b)

(©

Figure 5. Model part mesh structure (a) side-view (b) top-view and (c) full model
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2.2. The transition of Solid Model from Finite Element Analysis

The results of the thermal expansion/shrinkage deformation of the test sample deformed by the heat effect at the
end of the thermal analyzes made in the ANSYS which are shown in Figure 6. The process to be performed after
this step is to transfer the results of the finite element analysis to solid or shell models to produce CAM codes. This
part establishes the most difficult phase of the developed method. For this reason, none of the commonly used
analysis programs (ANSYS, ABAQUS, etc.) can output in the format of dwg, prt, sldprt as the analysis result. This
problem has been solved using the Solidworks package program Scan to 3D and Prep Mesh Wizard. The thermal
analysis results from the ANSYS program were obtained as nodal points (point cloud) in the form of "igs" (Figure
6).

(c)

Figure 6. Temperature output of nodal point in igs format

It is crucial that there is no loss of data while switching to a solid model regarding error compensation in micron
levels. While solid model programs cover node points, they form a shell by combining a node point with its closest
neighbour. This method gives inaccurate results when working with the importance of dimensional accuracy. The
problem mentioned in this study was solved by manually selecting the interior of the point cloud set (Figure 7.)

Figure 7. Obtained shell point cloud from the node points

In the next step, the final solid model is obtained without losing data by knitting through the obtained shell point
cloud surfaces (Figure 8.). With the help of CAM session performed on this final solid model, the CNC part program
to process the part in its full dimensions is obtained.
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Figure 8. Final solid model for machining,

3. Experimental method and Results
3.1. Experimental equipment and application method

In experimental work, Fanuc O-M type control machine Taksan TMC-500V model CNC vertical machining center
is used to milling the workpieces. To increase the efficiency of the experimental study, the length and diameter of
the cutting tool are precisely measured with the Renishaw TS27R tool measuring probe on the CNC vertical
machining work table. Tool dimension measurement is performed several times for each tool. The aim here is to
capture the value of the tool received from the magazine with the least error. Workpieces are made of A17075(T6)
which is used widely in the aviation and automobile industry and has excellent surface quality. The general
characteristics are given in Table 1.

Table 1. Material properties of the sample

Material properties of Al 7075(T6)
Density 2.81 g/cm?
Yield Strength 503 MPa
Poison Ratio 033
Young’s Modulus 72 GPa
Thermal Expansion Coefficient 22.2x1076/°C

For the roughing of the test specimens, a @ 18 mm cutting tool with two cutting edges were used (MBC tool holder
and H490 E90AX-12 ISCAR double sided rectangular inserts with four helical cutting edges). For finish milling, the
Al7075(T6) is machined with 3 flute carbide end mills to prevent tool-chip bonding and chip evacuation for the
material (ECA-B-3 10-22C10-72 Model). Gewefa hydraulic tool holder is preferred to minimize misfire as a tool
holder in finish milling. Machine tool and workpiece temperatures precisely measured with the Fluke 568 IR
thermometer (Figure 9). This device can measure the temperature of materials with different emissivity
properties. First, rough machining is applied to the workpiece (leaving 1mm chip margin on the side surfaces).
Then the finishing process is done(once the appropriate temperature values are reached). Workpieces obtained
as a result of roughing and finishing machining are shown in the Figure 10.
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Figure 9. Infrared temperature gauge

Figure 10. Manufactured sample work parts

3.2. Experimental studies

Aluminium 7075, which gives good surface quality after machining, is used as workpiece material in the
experiments. The FEA analyzes for nine different temperature values have been rearranged, and the workpieces
have been processed with these generated codes depending on the ambient temperature. The dimensions of the
machined workpieces are measured precisely by the CMM (Coordinate Measuring Machine). Figure 11. The
measurements are made for five selected critical points, and the results are evaluated. Success rate is presented
by “%” taking the absolute value of the average of the three measurements performed under the same conditions.

A (30, 50, 30)
B (60, 50,30)
C (100, 50, 30)
D (160, 50, 30)
E (200, 50, 30)

Figure 11. CMM measurement points (A, B, C, D, E)

3.3. Error measurement due to temperature
The temperature-dependent error values for AlI7075(T6) at measurement point A are shown in Figure 12. The

mean error for the Al7075(T6) at the ideal temperature is measured as 7.5um. The most successful error
correction for A17075(T6) is 10um in 12°C test and 21um in 2°C worst-case error correction.
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Figure 12. Error measurement due to Al17075(T6) temperature for x=30mm
The temperature-dependent error values for A17075(T6) at measuring point B (60mm) are shown in Figure 13.

The average error for the Al7075(T6) at the ideal temperature was measured at 9um. The most successful error
correction for the Al7075(T6) is 5.5pm in 7°C and 11.7um in 2°C.
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Figure 13. Al7075(T6) temperature-dependent error measurement for x=60mm
The temperature-related error values for Al17075(T6) at measuring point C are shown in Figure 14. The mean

error for A17075(T6) at the ideal temperature is measured to be 10.6um. The most successful error correction for
the Al7075(T6) is measured 4um at 7 °C, the worst error correction at 32°C, 37°C and 42°C at 14um.
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Figure 14. Al7075(T6) temperature-dependent error measurement for x=100mm

The temperature-dependent error values for Al17075(T6) at point D are shown in Figure 15. The mean error for
the Al7075(T6) at the ideal temperature is measured to be 10um. The most successful error correction for
Al7075(T6) is 11.6pm at 27°C and the worst is 18.6um at 7°C.
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Figure 15. Error measurement due to Al7075(T6) temperature for x=160mm

The temperature-dependent error values for Al7075(T6) at measuring point E are shown in Figure 16. The
average error for the Al7075 at the ideal temperature is 9.6pm. The most successful error correction for the
Al7075(T6) is 4.3um in the experiments at 27°C and 6.3um at 32°C, and the worst error correction is measured
at 12.6um at 42°C.
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Figure 16. Error measurement due to Al7075(T6) temperature for x=200mm

4., Discussion and Conclusion

The thermal effects on the work piece during the manufacturing process have been investigated by using various
devices and tools such as infrared cameras and computer software and hardware. In order to mitigate the influence
of the temperature changes, the thermal expansion coefficients of the machine components should be calculated
precisely a priori. The production of machine tools having different and complex geometries may be challenging
since the use of distinct thermal expansion coefficients and the thermal deformations of these elements. Advanced
microprocessors, various space systems, microscopes, and medical equipments play a major role to increase the
machining precision and combustion efficiency as well as to reduce the friction. Recently, modern machine tools
use advanced material technology to achieve approximately 0.005 mm precision. There are always limitations on
the improvement of the machine accuracy regardless of the quality of the machine tools. Therefore, it is crucial to
understand the error compensation process for the enhancement of the machine accuracy. For this process, the
machine tool should be placed in the air-conditioned room to be able to control the ambient temperature at the
desired levels.

In this study, G codes are modified by considering the ambiante temperature at which the work piece is processed.
The results show that the present approach for the thermal error measurement is in good correlation with the
experimental predictions. The temperature of the workpiece can increase by 100°C or higher depending on the
rough machining conditions in the milling operations, the cooling system, and the tool. This situation may lead to
undesired expansions in the workpiece and reduce the dimensional accuracy. In addition to minimization of the
machining errors, the present approach improves the dimensional accuracy of the workpiece by modifying the G
codes based on the desired temperature levels during rough milling process. As a result of the experimental
studies, the machining error is reduced from 88um to 14um with the success of 84% for Al7075(T6) material at
420C. Itis also noticed that the residual errors around 10-12um are present for all experiments. This indicates that
positioning errors in the machine axes are constant errors due to the servo motor errors and erosions in the slide
system. The error is measured at different temperature levels between 2 and 42°C. It is observed that the mean
error range was around 11pm. The maxium error (13.93 pm) is monitored at 2°C whereas the minimum error
(9.46 um) levels are noted at the temperature level of 22°C

The major advantage of this offline method is that it can be applied to all other milling machines without using any

additional equipment while other special milling machines need sophisticate sensor and high-end software. Thus,
itis obvious that the efficiency can be increased by applying the present approach to the milling machines.
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Anahtar Kelimeler Oz: Bu c¢algmada HNT destekli PP matrisli nanokompozitlerin termal ve
Halloysit Nanotiip, termomekanik ozellikleri arastirllmistir. Daha iyi bir dagilim elde etmek igin
Polipropilen, HNT’lere iki farkli ylizey modifikasyon yontemi uygulanmistir. Daha sonra hem
Nanokompozit,

modifiye edilmis hem de modifiye edilmemis HNT, PP matris icerisine ekstriizyon
yontemi ile dahil edilmistir. Hazirlanan nanokompozitler agirlik¢a % 5, % 10 ve %
20 oraninda HNT (modifiye edilmis ve modifiye edilmemis) icermektedir. Uretilen
nanokompozitler morfolojik ¢alismalar igin FESEM ve X-RD yontemleri ile
karakterize edilmistir. Ayrica, kompozitlerin termal ve termomekanik
karakterizasyonu i¢in termagravimetrik analizler (TGA) ve dinamik mekanik
analizler (DMA) de gerceklestirilmistir. X-RD analizleri ayrica ylizey modifikasyonu
islemlerinin HNT’lerin diizlemlerarasi mesafe degerleri iizerindeki etkisini tespit
edebilmek icin de kullanilmistir. FTIR analizleri ise takviye elemani ile matris
arasindaki olasi etkilesimleri incelemek i¢in uygulanmistir. Sonug¢ olarak, yiizey
modifikasyonu islemlerinin HNT’{in PP matris icerisinde dagilmasi iizerinde olumlu
etkisinin oldugu gozlenmistir. Ek olarak, sonuc¢lardan HNT ilavesinin PP matrisin
termal kararliligini ve depolama modiiliinii artirdig agike¢a gortilmektedir.

Polimer Matris Kompozitler

Characterization of Halloysite Nanotube (HNT) Reinforced Polypropylene (PP)

Nanocomposites
Keywords Abstract: This paper presents thermal and thermomechanical properties of HNT
Halloysite Nanotube, reinforced PP matrix nanocomposites. For providing a better distribution, two
Polypropylene, different surface modification processes were conducted on HNTs. Then both
Nanocomposite, modified and unmodified HNTs were incorporated into the PP matrix by extrusion
Polymer Matrix method. Prepared nanocomposites contain 5, 10, 20 wt. percentage of HNT
Composites (Modified and Unmodified). Nanocomposites were characterized by FESEM and X-

RD for morphological study. Also, Thermogravimetric Analysis (TGA) and Dynamic
Mechanical Analysis (DMA) were conducted for thermal and thermomechanical
characterization of the composites. X-RD analysis were also used to investigate the
effect of surface modification on layer spacing of HNTs. And FTIR analysis were
conducted to explore possible interaction between the reinforcement and matrix.
Finally, it is observed that surface modification processes have affirmative effect on
the dispersion of HNTs in the PP matrix. Additionally, from the results itis clear that
HNT addition increased thermal stability and storage modulus of PP matrix.

*[lgili Yazar, email: esendagasan@gmail.com
1. Giris

Polipropilen (PP) yar kristal bir termoplastiktir ve diisiik maliyetlerle islenebilirligi nedeniyle ev esyalar1 ve
otomotiv pargalar1 gibi genel uygulamalar i¢in yaygin olarak kullanilir. Polipropilen ayrica yiiksek nem emme
direncine ve ¢oziictilere karsi yliksek kimyasal dayanima sahiptir [1]. Ancak, polipropilenin bir mithendislik
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termoplastigi olarak uygulamalari, gekme orani ve diisiik darbe direnci nedeniyle sinirhidir [2]. Bundan dolay:
PP'nin termal, fiziksel, mekanik ve alev geciktiricilik gibi 6zelliklerini gelistirmek icin farkl takviyeler
kullanilmistir. Ayni zamanda, nanoteknolojideki son gelismeler, polipropilenin 6zelliklerini ve kullanim alanlarini
cesitli nanodolgular ekleyerek gelistirmeye imkan saglamistir [1-10].

PP matrisli nanodolgu takviyeli kompozitler tizerinde gerceklestirilen dnceki ¢alismalar CaCOs [1, 3], kiiresel silika
[4], boehmit [5] ve karbon nanotiip (CNT) [6, 7], Ti nanopargaciklar [8], selilloz nanowhiskerlar [9] ve grafen
nanotabakalar [10] gibi malzemeler lizerine odaklanmistir. Bu nanodolgularin tip, sekil, boyut, konsantrasyon gibi
ozellikleri nanokompozitin nihai 6zelliklerini dogrudan etkiler. Ornegin, mikron boyutlu kiiresel CaCO3'iin darbe
mukavemeti lizerinde kayda deger bir etkisi olurken [11], nano boyutlu CaCO3'lin polipropilen matris icerisinde
bir ¢ekirdeklenme ajani [12] veya bir darbe diizenleyici [13] olarak hareket edebilecegi bildirilmistir. Ayrica,
literatlirde polar olmayan kimyasal yapisi nedeniyle polipropilenin polar dolgu malzemeleri ile zayif etkilesim
icerisinde oldugu da vurgulanmistir [1].

Calisilan nano dolgu malzemeleri arasinda en éne ¢ikanlart montmorillonit (MMT) ve kaolin gibi tabakal killer
veya karbon nanotiiplerdir (CNT). Halloysit, kimyasal olarak kaolin ve montmorillonite benzer [14, 15, 16] ve
CNT'e benzer tiip seklinde bir geometriye sahiptir [15, 17]. MMT eklenmesinin polimer matrisin kirilma ve darbe
mukavemeti iizerinde kayda deger bir etkisi olmadig: bildirilmistir [18]. Bu durum, bir takviye elemani olarak
halloysiti daha avantajli hale getirmektedir. Ayrica halloysit dogal madenlerden elde edildigi icin maliyeti daha
yliksek olan CNT’e uygun maliyetli bir alternatif saglar. Halloysit (Al2Siz0s5(OH)4H20) mikron alt1 61¢ekte ici bos
yapiya sahip iki katmanli aluminalikattan olusan dogal bir nanotiiptiir [19]. Halloysit partikiillerinin boyutu
uzunluk olarak 1-15 pum ve i¢ ¢ap olarak ise 10-150 nm araliginda degisir [19]. Halloysit nanotiipiin i¢ silindir
cekirdegi cogunlukla Al203 [20] ile iliskiliyken, halloysite nanotiiplerin (HNTs) dis ylizeyi SiOz'ye benzer 6zelliklere
sahiptir (Sekil 1).

Polimer matris nanokompozitler (PMnC) dikkate alindiginda, HNT'lerin benzersiz yapis1 ve diisiik hidroksil
yogunlugu, diger nanokillere gére polimer matris icinde dagilmasini nispeten kolaylastirir [21]. Ayrica, HNT'ler
biyouyumludur. Bildirildigi gibi, halloysit nanotiiplerde tespit edilen agir metaller Avrupa Birligi zararli madde
kisitlama standartlarindan ¢ok daha diisiikttir [22]. Tiim bu avantajlari nedeniyle HNT, poliamid (PA) [17], PP/PA6
[23], LLDPE [24], EPDM [25], Stiren-Butadiene Kauguk [26], Poliamid-612/Poly(Etilen-CO-Oktene) elastomer
karisimlari [27], Polilaktit [28], Naylon 6 [29], PA6 [30. 31, 32], PVA [33], Epoksi [34, 35], Poli (laktik) Asit [36],
Poliiiretan [37] ve PMMA [38] gibi bir¢ok polimer igerisine eklenmistir.

—
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Sekil 1. (a) Halloysitin kristal yapisinin-(10 A), (b) Halloysit nanotiipiin yapisinin $ematik Diyagrami [20]

HNT takviyeli nanokompozitler iizerinde yapilan ¢alismalar, diger polimer kompozitlere kiyasla, HNT takviyeli
polimer nanokompozitlerin diisiik takviye elemani oranlarinda bile iistlin termomekanik ve fiziksel 6zellikler
sergilediklerini bildirmektedir [14]. Bu bulgulara dayanarak, bu calisma esas olarak agirlikca daha yiiksek
oranlarda modifiye edilmis ve modifiye edilmemis HNT partikiilleri iceren HNT/PP nanokompozitlerin
ozelliklerine odaklanmistir.

2. Materyal ve Metot

Bu ¢alisma icin polipropilen (PP) matris halloysite nanotiip (HNT) takviyeli nanokompozitler ekstriizyon yontemi
ile Uretilmistir. HNT parcaciklari, PP matris igerisinde daha iyi bir dagilim saglayabilmek i¢in, iki farkli yontem ile
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ylizey modifikasyonuna tabi tutulmustur. Yiizey modifikasyon islemlerinin etkisini arastirmak icin, modifiye
edilmemis HNT'ler de PP matrisine dahil edilmis ve bu numuneler UM-HNT olarak kodlanmistir.

2.1. Kullanilan Malzemeler

Deneysel calismalar sirasinda, polipropilen (PP) matris olarak, halloysite nanotiipler (HNT) ise takviye malzemesi
olarak kullanilmistir. HNT'ler Sigma Aldrich (685445) iriin kodu ile 30-70 nmx1-3 pm boyutlarinda temin
edilmistir. Kullanilan HNT'lerin yiizey alani ve yogunluk degerleri sirasiyla 64 m2/g ve 2,53 g/cm3'tlir. Graniiler
PP homopolimer ise Reliance Industries Limited'den temin edilmistir. Kullanilan PP matrisinin 6zellikleri Tablo
1'de verilmistir [39].

Tablo 1. PP Homopolimerin Ozellikleri [39].

Ozellik ASTM Test Methodu  Deger
Eriyik Akis Indeksi (230°C / 2.16kg) D 1238 2.6g/10d
Akmada Cekme Dayanimi (50 mm/d) D 638 34 MPa
Akmada Uzama (50 mm/d) D 638 10 %
Egilme Modiilii (1% secant) D79A 1700 MPa
Centik izod Darbe Direnci (23°C) D 256 40]/m
Is1l Bozunma Sicakligi (455 kPa) D 648 104 °C
Ergime Sicakligi (DSC Ikinci Isitma) D 3418 166 °C

Tablo 2 ise yiizey modifikasyonu islemlerinde kullanilan kimyasallarin 6zelliklerini vermektedir.

Tablo 2. Yiizey Modifikasyon Islemleri icin Kullanilan Kimyasallarin Ozellikleri.

Malzeme Uriin Kodu Saflik/Ozellikler
PEI (Polietilenimin) Sigma Aldrich-181978  Agirlik¢a % 50 sulu ¢ozelti
Mn=60,000
Mw-750,000
NaOH (Sodyum Hidroksit) Sigma Aldrich-06203 % 98-100,5/Pellet Formunda
Etanol Sigma Aldrich-32221 >%99.8

(3-Aminopropil) trimetoksilan Sigma Aldrich-281778 % 97

Asetik Asit Sigma Aldrich-27225 % 99.8-100,5

2.2.Yiizey Modifikasyon Prosediirleri

Polimer matristeki dolgu maddelerinin ara yiizey etkilesimleri ve dagilim derecesinin nanokompozitin nihai
ozellikleri lizerinde 6nemli bir etkisi oldugu belirtilmektedir [40]. Bu nedenle bu calismada temin edilen HNT
pargaciklarina iki farkl ytizey modifikasyon prosediirii uygulanmistir.

Yiizey modifikasyonu gerceklestirilen HNT parcaciklar PP matris igerisine ekstriizyon yontemi ile agirlikca % 5,
% 10 ve % 20 oranlarinda eklenmistir. Ekstriizyon islemi sirasinda HNT parcaciklarinin PP matris icerisinde daha
homojen sekilde dagilimimi saglamak icin ekstriiderin haznesine her defasinda 300 gr HNT/PP karisimi
beslenmesi gerekmektedir. Bu sebeple, nanokompozitlerin bilesen miktarlarinin biitiin hesaplamalar1 300 g
HNT/PP karisimi i¢in yapilmistir.

Nanokompozitlerin HNT ve PP bilesenlerinin miktarlar1 Tablo 3'te verilmistir.
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Tablo 3. HNT/PP Nanokompozit Bilesenlerinin Miktarlari.
Ag. % HNT  Toplam karisim agirhigi PP Agirhg: HNT Agirhigi

(8) (8) (8)
%5 300 285 15
% 10 300 270 30
% 20 300 240 60

2.2.1. PEI (Polietilenimin) ile Yiizey Modifikasyonu

HNTler dis yiizeylerinde Van der Waals kuvvetlerine sahip olduklari i¢in bu durum polimerler igerisinde
dagilimlarinmi zorlastiran agglomerasyona neden olabilmektedir [41]. Bu durumun iistesinden gelebilmek i¢in
HNTlere PEI gibi kimyasallarla ylizey modifikasyonu uygulanmaktadir [42]. HNT'iin PEI ile yiizey modifikasyonu
esnasinda pH degeri 8-9 arasinda olmalidir [42]. Cozelti pH'1n1 kontrol edebilmek icin ise NaOH c¢ozeltisi
kullanilmistir. HNTe PEI (Polietilenimin) ile uygulanan bu yiizey modifikasyon prosediirii literatiirde aciklanan
prosediirden adapte edilmistir [43]. Bunun icin 6ncelikle 15 gr HNT ve 600 ml saf su 60 °C'de 30 dakika
karistiritlmistir. Daha sonra ¢6zeltinin pH't NaOH (sodyum hidroksit) ¢ozeltisi eklenerek 8,6'ya ayarlanmistir. 0,18
gr PEI ¢ozeltisi ekledikten sonra ¢ozelti 60 °C'de ve sabit hizda 24 saat karistirilmistir. 24 saat karistirilan ¢ozelti
daha sonra 20 dakika boyunca 4000 d/d hizla santrifiij edilmistir. Elde edilen ¢dkelti daha sonra 80 °C'de 24 saat
boyunca vakumla kurutulmustur. Ozdes modifikasyon adimlar1 daha sonra kimyasal icerigi orantih olarak
artirilarak agirlikca % 10 ve % 20 oraninda HNT igeren numuneleri liretmek icin 30 ve 60 gr HNT igin
tekrarlanmistir. PEI ile modifiye edilen numuneler SM-1 olarak kodlanmistir.

2.2.2. Silan ile Yiizey Modifikasyonu

Bu modifikasyon yontemi genellikle organosilasyon olarak adlandirilir ve organo kil ytizeylerinde bir
modifikasyon yapmak icin kullanilir. Temel olarak 6zellikle amin gibi organosilan yapilari kullanarak kil ytizeyleri
islevsel hale getirmektir. Organosilan yapisindaki organik fonksiyonel gruplar kil yiizeyindeki hidroksil gruplar
ile yiizey kimyasini degistirirler [43]. Bu ylizey modifikasyon yontemi icin, etanole pH=5,0 olarak ayarlanana
kadar yavas yavas asetik asit eklenmistir. Daha sonra karisima (3-Aminopropil) trimethoxysilan yavasca
karistirilarak eklenmistir. Bu islemden sonra 15 g HNT ¢ozeltiye eklenmis ve 20 dakika boyunca karistirilmistir.
Son ¢6zelti, ¢dziicliniin ¢ogu buharlasana kadar havada tutulmustur. Geriye kalan ¢ézelti vakum altinda, 70 °C'de
6 saat kurutulmustur. Modifikasyon islemi daha sonra kimyasallar orantili olarak artirilarak 30 ve 60 g HNT icin
tekrarlanmistir. Silan ile modifiye edilen numuneler SM-2 olarak kodlanmistir.

2.3. HNT/PP Nanokompozitlerin Uretimi

PP/HNT nanokompozitlerinin hazirlanmasinda ERNAM biinyesinde bulunan ¢ift vidali ekstruderdan (GULNAR,
L/D=42) faydalanmilmistir. Ekstruderin sicaklik profili -hazneden kaliba kadar- 200/200/210/220/230/240 °C ve
vida hiz1 ise 60 d/d'dir. Ekstruder tarafindan tretilen PP/HNT nanokompozitler 2,5 mm kalinliginda levha
seklindedir. Yiizey modifikasyon siireglerinin etkisini arastirmak icin HNT icermeyen PP numuneleri de
ekstriizyon ile hazirlanmistir.

2.4. X-RD (X-Ismnlar1 Kirinimi) Analizleri

Yiizey modifikasyon siire¢lerinin morfolojik yap1 tizerindeki etkisini arastirmak amaciyla modifiye edilmis ve
modifiye edilmemis HNT partikiillerine X-RD analizleri yapilmistir. X-RD testleri 40 kV voltaj ve 40 mA akim
kullanilarak Cu Ka radyasyonlu (A=0,0,15406 nm) BRUKER AXS D8 Advance tip analizor ile yapilmistir. X-RD
desenleri 0.02 ° adim ile 10-90° 26 aralifinda kaydedilmistir. X-RD analizleri ayrica mikroyapisal degisimi
gozlemlemek amaciyla PP/HNT nanokompozitler iizerinde de uygulanmistir.

2.5. FESEM (Alan Emisyon Taramal1 Elektron Mikroskobu) ile Goriintiileme
Morfolojik ¢alismalar i¢in her iki yontemle modifiye edilmis ve modifiye edilmemis HNT pargaciklarinin ve

PP/HNT kompozitlerinin FESEM goriintiileri ZEISS Gemini 500 tipi taramali elektron mikroskobu ile 500X-10 KX
olmak iizere farkl biiytitmelerde alinmistir.
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2.6. TGA (Termogravimetrik) Analiz
HNT/PP nanokompozitlerin 1s1l kararlilik 6zelliklerinin karakterizasyonu icin TGA, STA7300 tipi HITACHI TG
analizori tarafindan yapilmistir. TGA testleri oda sicakligindan (25 °C) 600 °C'ye kadar, 10 °C/dk sabit 1sitma hiz1
ile yapilmistir.
2.7. DMA (Dinamik Mekanik) Analiz
Dinamik mekanik analizler PP/HNT levhalarindan alinan 25x5x2.5 mm3 boyutlu numuneler iizerinde yapilmistir.
Numuneler -50 °C’'den 120 °C’'ye kadar 5 °C/dk sabit 1sitma hizi ile 1sitilmistir. Bu amagla DMA 8000 tipi Perkin
Elmer dinamik mekanik analizorii kullanilmistir.

2.8. FT-IR (Fouirer Transform Kizilétesi Spektrofotometre) Analizi

FT-IR analizleri, HNT'ler ve PP matrisleri arasindaki olasi etkilesimi arastirmak i¢cin PERKIN ELMER 400 FT-IR/FT-
IR spektrometresi kullanilarak yapilmistir. Spektra 450 cm-1'den 4000 cm-!'e kadar alinmistir.

3. Bulgular
3.1. X-RD (X-Isinlar1 Kirinimi) Sonuglari
Yizey modifikasyon islemlerinden sonra, HNT'lerin diizlemleraras1 mesafe degerlerini belirlemek i¢in X-RD

analizleri uygulanmistir. Sekil 2, Modifiye edilmis ve degistirilmemis HNT parg¢aciklarinin X-RD desenlerini toplu
olarak vermektedir.

\ —— Modifiye Edilmemis HNT
——SM-1HNT

SM-2HNT

Siddet (a.u.)
~
o s

10 20 30 40 50 60 70 80 90
Kirinim Agisi (20)

Sekil 2. Modifiye Edilmis ve Modifiye Edilmemis HNTlerin X-RD Desenleri

Bu X-RD sonuglar1 Bragg yasasina gore degerlendirilerek (Esitlik 1), ylzeyleri modifiye edilmis ve edilmemis
HNT'lerin diizlemleraras1 mesafe degerleri karsilastirilmistir. Dlizlemlerarasi mesafenin hesaplanmasi icin en
yiksek siddete sahip pik (modifiye edilmemis HNT'ler icin 20=20,06°) ve modifiye edilmemis HNT icin
20=12,10°'de gozlemlenen en yliksek siddetteki ikinci pik olmak tizere iki farkl pik dikkate alinmistir.

1 = 2d.Sin(0) &)

A: Kullanilan Isigin Dalga Boyu (nm)
d: Diizlemler aras1 mesafe (nm)
O: Gelen X-15111 ile Kristal Diizlemi Arasindaki A¢1 (Kirinim Agist) (°)

flgili piklerden ilki SM-1 ve SM-2 HNT igin sirasiyla 20=19,82° ve 20=29,92° degerlerinde gdzlenmistir. Tablo 4,

ylizey modifikasyon islemleri nedeniyle bu piklerin siddetlerinde ve diizlemlerarasi mesafelerinde meydana gelen
degisimi gostermektedir.
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Tablo 4. Numunelerin Bragg Kanunu ile Hesaplanan Diizlemlerarasi Mesafe Degerleri.

Numune Tipi Kirinim Agisi Siddet A d
(26) (au) (nm) (nm)
UM HNT 20,06 31 0,15406 0,442
SM-1 HNT 19,82 15 0,15406 0,447
SM-2 HNT 19,92 26 0,15406 0,445
Numune Tipi Kirinim Agisi Siddet A d
(26) (au) (nm) (nm)
UM HNT 12,10 18 0,15406 0,73
SM-1 HNT 11,66 10 0,15406 0,75
SM-2 HNT 12,40 13 0,15406 0,73

Sonuglara gore, ozellikle PEI adimlarinda yilizey modifikasyonunun HNT'lerin d, diizlemlerarasi mesafe
degerlerinde kii¢ciik bir degisikliZe neden oldugu sodylenebilir. Ayrica, SM-1 isleminden sonra ilgili piklerin
yogunlugu 6nemli 6lciide azalmistir. Ek olarak, farkli tip ve miktarlarda HNT iceren PP/HNT kompozitlerin de X-
RD testleri yapilmistir. Sonuclar Sekil 3'te grafiksel olarak 6zetlenmistir.

Siddet (a.u.)
°
.

10 20 30 40 50 60 70 80 %0
Kirmmim Agisi (20)

Sekil 3. PP/HNT Nanokompozitlerin X-RD Sonuglari

Nanokompozitlerin X-RD sonuglar1 baskin faz olarak PP piklerini vurgulamaktadir. Ozellikle 16,93° kirmim
acisiyla gériilen ve en yiiksek siddete sahip olan ana PP piki biitiin nanokompozitlerde goriilmektedir. Ilgili pikin
siddeti kompozit icerisinde artan HNT orani ile azalmaktadir. Temel piklere ait kirinim agilari ¢ok az degismekle
birlikte pik siddetlerinin azaldig1 bariz sekilde goriilmektedir. Bunun nedeni katman ve tabakalar arasinda
bulunan kuvvetli hidrojen baglaridir. Bu baglar nedeniyle halloysitin en list katmaninda yiizeysel modifikasyon
gerceklesmesidir. Elde edilen bu sonuglar literatiirle de uyum icerisindedir [43].

HNT'e ait temel pikler, artan HNT miktarina bagh olarak agirlikca % 20 oraninda HNT i¢ceren kompozitlerin X-RD
desenlerinde goriilmeye baslamistir. Hem PP hem de HNT ana pikleri, Silan ile modifiye edilen (SM-2 tipi
numuneler) HNT iceren nanokompozitlerde en diisiik degerleri almiglardir. Sonuglardan ayrica 21,79 ° kirinim
acisinda bir PP piki ile kirinim agis1 20,06 ° olan bir halloysite ait pikin ¢akistig1 goriilmiistiir. Bu ¢akisma daha
diisiik agirlik yiizdelerinde HNT iceren nanokompozitler i¢cin daha belirgindir. Modifiye edilmemis ve PEI ile
modifiye edilmis (SM-1) HNT igeren nanokompozitler i¢cin, maksimum PP pikinin kirinim agis1 (20=16,93°de
goriinen) artan HNT icerigi ile azalir.

3.2. FESEM (Alan Emisyon Taramali Elektron Mikroskobu) Sonuclari

Sekil 4'te modifiye edilmemis ve yiizeyi modifiye edilmis HNT tozlarinin FESEM mikrogramlar verilmistir.
10KX'te alinan mikrogramlara gore HNT'lerin gériinlimiinde 6nemli bir degisiklik gézlenmemistir. Buna ragmen
PEI (SM-1 ile kodlanmis 6rnekler) ile modifiye edilmis HNT'lerin daha kii¢iik pargacik boyutu ve daha lifli (bir tiir
dendritik) yap1 sergiledikleri sdylenebilir. PP matris icerisinde iyi dagilim gosteren HNT’lerin HNT/PP
kompozitlere daha iyi o6zellikler kazandirdigi bilinmektedir. Bu nedenle morfolojik g¢alismalar igin
nanokompozitlerin ekstriizyon prosesinden sonra aliman FESEM goriintileri de ayrica Sekil 5-Sekil 7’de
verilmistir.
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2 m 1 pm
Lol EMT=2500k/ WD=90mm Mag= 1000KX SignalA=sE1 2 Sr02mM — EHT=2500k/ WD=95mm Mag= 1000KX SignalA=SE1 O ErNam

2pm
ey ®ermem

EHT=2500kV WD=95mm Mag= 10.00KX Signal A= SE1

Sekil 4. (a) Modifiye Edilmemis (b) SM-1 Yontemiyle Modifiye Edilmis (c) SM-2 Yontemiyle Modifiye Edilmis HNTlerin
FESEM Goérintiileri

Sekil 5. Ag. a) % 5, b) %10 ve c) % 20 Oraninda UM-HNT igeren HNT/PP Nanokompozitlerin FESEM Gériintiileri
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Sekil 7. Ag. a) % 5,b) % 10 ve c) % 20 Oraninda SM-2 HNT igceren HNT/PP Nanokompozitlerin FESEM Gériintiileri

Nanokompozitlerin FESEM mikrogramlar: yiizey modifikasyon siireclerinin PP matris icerisinde HNT dagilim1
tizerinde olumlu etkisi oldugunu géstermektedir. Ozellikle PEI ile yiizey modifikasyonu (X-RD sonuglari tarafindan
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desteklendigi gibi) daha iyi bir dagilima yol agmistir. Ancak buna ek olarak, her tiirdeki HNT icin HNT agirlik
yuzdesi arttik¢ca PP matris icerisinde homojen bir dagilim elde etmenin daha zor hale geldigi agiktir.

3.3. TGA (Termogravimetrik Analiz) Sonuclari

Nanokompozitlerin yiizde kiitle kayb1 degerleri TGA sonuglarindan belirlenmistir. Elde edilen sonuglar Sekil 8'de
sicaklik ve ytizde kiitle kaybi seklinde 6zetlenmistir. Sonuglara gore tiim numunelerde 6nemli kiitle kaybinin 375-
450 °C araliginda basladigl rahatlikla soylenebilir. Ayrica, % 20 oraninda modifiye edilmemis HNT iceren
nanokompozit ilk dnce bozulmaya baslarken, % 10 oraninda PEI ile modifiye edilmis HNT iceren nanokompozitin
son olarak bozulmaya basladig1 agiktir.

Modifiye edilmemis HNT (UM-HNT) ile gii¢clendirilmis nanokompozitler kiitle kaybetmeye takviyesiz PP'den énce
baslamistir. Diger taraftan yiizey modifikasyon siirecleri nanokompozitlerin termal dayanikliligi iizerinde énemli
bir etkiye sahiptir. Ozellikle PEI (SM-1 kodlu numuneler) ile gerceklestirilen yiizey modifikasyon islemleri daha
iyi 1s1l dayanim gostermektedir. Bu sonug, SM-1 adimlarindan sonra d aralig1 degerlerinde bir artis oldugunu
gosteren X-RD sonuglari tarafindan da desteklenmektedir.

Ayrica, tiim ylzey modifikasyon gruplarinda, % 20 HNT oranina sahip nanokompozitler en diisiik bozulma
sicakligina sahiptir. Optimum sonuglar % 10 oraninda HNT iceren numunelerde gézlenmistir. Bu sonug, FESEM
sonuglari tarafindan da desteklenen dagitim sorunlarina katkida bulunabilir. Nanokompozitlerin % 10 (T10%) ve
% 50 (Tso%) kiitle kaybi sicakliklar: Tablo 5'te listelenmistir.

120

PP
PP-5% UM-HNT
110

PP-%10 UM-HNT
—— PP-20% UM-HNT
100
PP-5% SM-1 HNT
—— PP-10% SM-1 HNT
90
g — PP-20% SM-1 HNT
PP-5% SM-2 HNT
80

—— PP-10% SM-2 HNT

—— PP-20% SM-2 HNT

Kiitle Kaybi (%)

25 75 125 175 225 275 325 375 425 475 525 575

Sicaklik (°C)
Sekil 8. PP/HNT Nanokompozitlerinin TGA Sonuglarindan Elde Edilen % Kiitle Kaybi Degerleri

Tablo 5. Nanokompozitlerin TGA Sonuglari

Numune T 10% (°C) T 50% (°C)
Katkisiz PP 411 458
Modifiye Edilmemis HNT 485 -
PP- UM-HNT A8. % 5 HNT 435 455
Ag8. %10 HNT 424 446
Ag8. % 20 HNT 393 428,5
PP- SM-1 HNT Ag. % 5 HNT 445 461
Ag8. %10 HNT 450 467
Ag8. % 20 HNT 440,5 454
PP- SM-2 HNT Ag. % 5 HNT 428 467
Ag8. %10 HNT 446 465
Ag. % 20 HNT 434 460
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3.4. DMA (Dinamik Mekanik Analiz) Sonuglari

Sekil 9, numunelerin Depolama Modiilii (SM)-Sicaklik grafiklerini vermektedir.

2500

PP

PP-5% UM-HNT
——PP-10% UM-HNT
——PP-20% UM-HNT
2000 PP-5% SM-1 HNT
——PP-10% SM-1 HNT
——PP-20% SM-1 HNT

PP-5% SM-2 HNT

PP-10% SM-2 HNT
——PP-20% SM-2 HNT

1500

Depolama Modiilii (MPa)

60 -50 -40 -30 20 -10 0 10 20 30 40 S0 60 70 8 90 100 110 120 130

Sicaklik (°C)

Sekil 9. Nanokompozitlerin Depolama Modiilii (SM) - Sicaklik Grafikleri

Elde edilen DMA verilerine bagh olarak asagidaki sonug¢lar vurgulanabilir;

e  Numunelerin SM-T egrileri ayni egilimi izlese de SM degerleri farklidir,

e %5 oraninda HNT iceren nanokompozitler, desteklenmemis PP'den daha yiiksek depolama
modiili degerlerine sahiptir. Bu sonucun dagilimdaki zorluklara bagl olabilecegi
diisinilmektedir. Ayrica silanla modifiye edilmis HNT iceren numuneler i¢in alifatik zincirlerin
varliginin da elastik 6zelliklerde azalmaya neden oldugu séylenebilir.

e Nanokompozitlerde HNT'nin agirlik¢a orani arttik¢a, numunelerin depolama modiili
azalmaktadir.

o X-RD ve TGA sonuglari ile uyumlu olarak en yiiksek depolama modiilii degerleri SM-1
numunelerinde gézlenmistir.

Sekil 10 ise numunelerin Kayip Modiilii (LM)-Sicaklik egrilerini gostermektedir.

120

PP

PP-5% UM-HNT
——PP-10% UM-HNT
——PP-20% UM-HNT

PP-5% SM-1 HNT
——PP-10% SM-1 HNT
——PP-20% SM-1 HNT

PP-5% SM-2 HNT

PP-10% SM-2 HNT
——PP-20% SM-2 HNT

Kayip Modiilii (MPa)

““““““

60 -0 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120

Sicaklik (°C)
Sekil 10. Nanokompozitlerin Kayip Modiilii (LM) - Sicaklik Grafikleri

Tablo 6, DMA ile elde edilen depolama modiili (E"), Kayip Modiilii (E'') ve Tg (Cam Gegis Sicaklig1) sonuclarindan
olusmaktadir. Numunelerden tespit edilen Tg (gecis sicakligl) degerleri genellikle agirlikca % 10 ve 20'lik
oranlarda modifiye edilmemis HNT ile takviye edilmis numuneler disinda takviye edilmemis PP'e yakindur.
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Tablo 6. Nanokompozitlerin Depolama Modiilii, Kayip Modiilii ve Tg Degerleri

Numune Depolama Modiili Kayip Modiili Tg*
(E’) (MPa) (E”) (MPa) Q)
Katkisiz PP ‘ 1242,0 67,6 117,3
PP- UM-HNT Ag. %5 HNT 2024,7 117,9 109,1
Ag. %10 HNT 1369,1 89,4 84,6
Ag8. % 20 HNT 934,6 70,9 64,7
PP- SM-1 HNT | Ag. %5 HNT 22339 83,9 118,1
Ag. %10 HNT 1540,0 76,8 119,3
Ag8. % 20 HNT 836,4 50,7 101,8
PP- SM-2 HNT | Ag. %5 HNT 2014,6 82,2 108,9
Ag. %10 HNT 818,8 45,9 110,1
Ag. % 20 HNT 635,9 72,6 109,4

*Tan @'ya baglh olarak hesaplanan degerlerdir.
3.5. FT-IR (Fouirer Transform Kizilotesi Spektrofotometre) Sonuglari

FTIR, farkli Tip HNT'ler ile PP matris arasindaki ylizeylerarasi etkilesimleri anlamak amaciyla modifiye edilmemis
toz HNT, ekstriize edilmis PP ve ekstruze edilmis HNT/PP nanokompozitler tizerinde gerceklestirilmistir. Sekil 11,
modifiye edilmemis toz HNT'nin FTIR sonuglarin gostermektedir. Grafige gore halloysitin i¢ yiizeyindeki Al-OH
baglarindan kaynaklanan hidroksil gruplarina ait gerilmeler 3689,8 ve 3620,0 cm-1'de goriilmektedir. Ayrica,
3550,2 cm! dalga sayisinda bir hidroksil grubunun halloysitin nem emme 6zelligini gosteren gerilme piki
gortilebilir.

130

80

70

60

Gegirgenlik (%)

50

40

904,11
998,99 O-H
$i-0-Si

4000 3500 3000 2500 2000 1500 1000 500 0
Dalga Sayisi (cm™)

Sekil 11. Modifiye Edilmemis HNT’iin FTIR Sonuglar1

Temin edilmis haliyle (modifiye edilmemis) halloysitin silikadan kaynaklanan Si-0-Si gerilmeleri sirasiyla 998,99
ve 1118 cm! dalga sayilarinda gozlemlenebilir. Sirasiyla 904 cm! ve 749 cm! dalga sayilarinda gozlenen pikler
ise halloysitin i¢ Al-OH gruplarinin O-H deformasyon piklerine ve Al-Si-O deformasyon bandina aittir. Tablo 7,
halloysit absorbsiyon bantlarini ve bunlarin agiklamalarini 6zetlemektedir. Bu temel FTIR pikleri literatiirde
belirtilen degerlerle uyum igerisindedir [43, 44]. Sekil 12’de ise nanokompozitlere ait FTIR sonuglar: goriilebilir.

Tablo 7. HNT Absorpsiyon Bantlari ve A¢iklamalar:

HNT Absorpsiyon Bandi (cm-?) Aciklama
749,13 Al-Si-0 Deformasyon Piki
904,11 i¢ Hidroksil Gruplarinin O-H Deformasyonu
998,99 i¢c Yiizeyin Si-O-Si Gerilmesi
1118,3 i¢ Yiizeyin Si-O-Si Gerilmesi
3550,2 Sudan Kaynaklanan O-H Gerilmesi
3620,0 i¢c Yiizey Hidroksil Gruplarinin O-H Gerilmesi
3689,8 i¢ Yiizey Hidroksil Gruplarinin O-H Gerilmesi
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Sekil 12. (a) UM-HNT/PP (b) SM-1 HNT/PP (c) SM-2 HNT/PP Nanokompozitlerin FTIR Sonuglari
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Bu grafiklere gore 1451,6 cm' dalga sayisinda beliren katkisiz PP'nin ana piklerinden birisi biitiin
nanokompozitlerin FTIR spektrasinda goriilmektedir. Bu pik CHs'ten kaynaklanan C-H baglarinin simetrik-
asimetrik deformasyonuna isaret eder ve HNT'lerin PP matrix igerisinde dagilimini dogrular. Ayrica, HNT'iin
hidroksil gruplarindan kaynaklanan pikin siddeti nanokompozitteki HNT miktarinin artmasiyla artis
gostermektedir.

4. Tartisma ve Sonug

Bu ¢alismada yiizeyleri modifiye edilmis HNT'ler PP matris icerisine ekstriizyon yontemi ile eklenmis ve elde
edilen serit halindeki numuneler yapisal olarak karakterize edilmistir. Oncelikle, morfolojik calismalar yiizey
modifikasyon siireclerinin PP matris icerisinde HNT tozlarin homojen dagilimina etki ettigini gdstermistir. FESEM
goriintiileri degerlendirildiginde agirlikga % 10 HNT oraninin PP matris igerisinde homojen dagilim i¢in en uygun
miktar oldugu goriilmiistiir. Bu sonuglara ek olarak, X-RD analizleri ile PEI kullanilarak yiiriitiilen yiizey
modifikasyon isleminin HNT'lerin kafes araliklarinda kii¢ciik bir degisiklife neden oldugu goézlenmistir.
Nanokompozitlerin TGA ve DMA analizleri de bu sonucu dogrulamaktadir.

Nanokompozitlere uygulanan TGA sonuglarindan elde edilen Ty10 degerleri de morfolojik incelemelerle uyum
icerisindedir. Kompozit icerisindeki HNT miktarinin %10’dan %20 'ye yiikseltilmesi PP matris i¢erisinde homojen
dagilimi daha zor hale getirmektedir.

Bu sonuglar 15181nda, sonraki c¢alismalar icin d araligi degerlerini artirarak nanokompozitlerin 6zelliklerini
gelistirecek farkli yiizey modifikasyon stireglerine odaklanilmasi, ekstriizyondan sonra PP/HNT
nanokompozitlerin enjeksiyon ile kaliplanmasi ve nano dolgu ile glclendirilmis polipropilen matris
kompozitlerinin alev geciktiricilik, mekanik dayanim gibi farkl 6zelliklerine odaklanilmasi tavsiye edilmektedir.
Ayrica PP igin takviye elemani olarak farkli bazi tabakali killerin (boehmit vb.) kullanilmasi da tavsiye
edilmektedir.
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Keywords Abstract: In this study, hybrid methods have been developed for the estimation of

Forecasting of lake water the monthly average water level of a natural lake in the coming months from the

lev‘?l: ) next one to the sixth month ahead. Lake water level data were preprocessed using

g;:gig?;ll\ll\igiia; Networks, Discrete Wavelet Transform (DWT), Empirical Mode Decomposition (EMD),

Decomposition Singular Spectral Analysis (SSA) techniques and these subband signals were
pos )

Singular Spectrum Analysis, applied to the input data of Artificial Neural Networks (ANN). Thus, three different

Discrete Wavelet Transform hybrid models were obtained and the prediction performance of these models was
analyzed. According to obtained results, it was observed that the hybrid
approaches obtained with the preprocessing methods applied to the water level
data improved the model performance and EMD-ANN and SSA-ANN hybrid models
were found to better predict average monthly lake water levels for a forecast
period of one to six months than the ANN and DWT-ANN model.

Gol Su Seviyesi Tahmininde Alt Bant Ayristirma Tekniklerinin Performanslarinin

Incelenmesi
Anahtar Kelimeler 0z: Bu calismada, dogal bir gélde ortalama su seviyesinin bir aydan altinci aya
GOl su seviyesi tahmini, kadar olan aylik ileri tahmini i¢in hibrit yontemler gelistirilmistir. Gol su seviyesi
Yapay Sinir Aglan, verileri Ayrik Dalgacik Déniistimii (DWT), Ampirik Kip Ayristirma (EMD), Tekil
AmP‘“k Kip Ayristrma, Spektrum Analiz (SSA) teknikleri kullanilarak 6n isleme tabi tutulmustur ve elde
Tekil Spektrum Analizi,

edilen bu alt bant sinyalleri Yapay Sinir Aglarina (YSA) giris verileri olarak
uygulanmistir. Boylece ii¢ farkli hibrit model elde edilmis olup bu modellerin
tahmin performansi analiz edilmistir. Elde edilen sonuclara gore, su seviyesi
verilerine uygulanan 6n isleme yontemleri ile elde edilen hibrit yaklasimlarin
model performansini iyilestirdigi gézlemlenmistir ve EMD-ANN ve SSA-ANN hibrit
modellerinin bir ila alt1 aylik bir tahmin dénemi icin ortalama aylik g6l suyu
seviyelerini ANN ve DWT-ANN modeline gére daha iyi tahmin ettigi gorilmiistiir.

Ayrik Dalgacik Doniisiimii

*Corresponding Author, email: leventlatifoglu@gmail.com
1.Introduction

Information about the water-related events acquired from gauged data is important because these data are used
to estimate their future magnitudes. Quantitative estimation of future hydrological phenomena is important for
analyzing and predicting the behavior of the nature and also for the optimal utilization of water resources
leading to a more productive water management. Lakes are one of the most important resource on the world.
Therefore, accurate water level forecasting of natural lakes is crucial. Lake water level estimations are needed
for planning of water supplies, hydropower plants, commercial navigation, fishing industry, design of hydraulic
and other structures along the coasts, evaluation of the aquatic ecosystem, and monitoring and regulation of
water quality [1, 2].

As an example for the significance of forecasting the lake water surface elevations in a couple of months ahead,
we can mention the present situation of Lake Beysehir and the man-made Beysehir canal conveying irrigation
water diverted from it. Lake Beysehir is the largest freshwater lake in Tiirkiye having clear water suitable for
irrigation and even for municipal purpose. At a northern edge of this lake there is a man-made canal known as
Beysehir Creek which discharges the lake with a flow rate as much as 30 m3/s into the land-locked Konya plain
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provided that the lake water surface elevation is higher than 1123.35 m above mean sea level [3]. With the
objective of releasing as much water as needed during the cultivation season, the Beysehir Weir, which has 15
bays and 15 sluice gates, was contracted by the Ottoman Empire to a German company in 1908, and the
construction was completed in 1914. Conveyance of water through Beysehir Creek with the purpose of irrigating
cultivated fields along the 60 km length until the canal joins the Sugla Lake has been provided in a controlled
manner since 1914, and this practice is still operational today with further smaller diversions and subsidiary
canals having been added along the way [3]. This irrigation activity has significantly increased the production of
mainly chickpea and lintel in that portion of the fertile Konya plain. In short, the accurate prediction of the water
surface elevation of Lake Beysehir one, two, or three months ahead of the summer season would improve
irrigation planning and management. As a second example of the significant effects of lake water level changes,
the case of Lake Van can be mentioned. The excessive rising of Lake Van in 1996, the largest lake in Tiirkiye,
which lies in the Eastern Anatolia Region, caused disruption of train services between Iran and Tiirkiye during
that period, among other problematic issues. While the average water level of Lake Van over the period from
1944 through 2007 was around 1648.0 m above MSL, the water level reached an elevation of 1950.2 m in 1996
[4-6]. Because the train station was built along Lake Van's coast to transfer the Ro-Ro train from the ferry boat to
the railway at the station, the unexpected rise of Lake Van that year caused inundation of the train station. There
were problems with bus services, too. And, quite a few commercial and residential buildings and some
agricultural fields nearby the coast of the lake were also inundated, causing considerable losses [4-6]. If the lake
surface elevation could have been forecasted three months prior to the flooding, the transportation management
to and from Iran would have been planned in another way, and precautionary measures in other sectors also
could have been taken beforehand. Lake water level data, like other hydrological data, are inherently nonlinear
and non-stationary. Many studies have been done to estimate and simulate these data. The early studies had
been based on linear approaches such as parametric autoregressive and autoregressive moving average models,
which had been introduced in the 1970s to analyze time series [7, 8]. These techniques assume that the time
series is stationary and linear [9, 10]. The wavelet transform (WT), which is frequently used in the analysis of
time series, enables the analysis of signals in both the time and frequency domains. WT is used in the estimation
of the hydrological data as well because it makes the estimation easier by decomposing the signal at different
resolution levels. Sifiizzaman analyzed the WT and Fourier Transform (FT) methods by detailed comparative
studies and concluded that WT has several advantages over FT [11].

Wavelet analysis and short-time Fourier analysis have been designed for linear but non-stationary data analysis
[12, 13]. Using wavelet analysis, Smith et al. carried out studies on the characterization and estimation of stream
flows [14].

Yet, nonparametric models have also been used for hydrological time series analysis and estimation. Yakowitz,
for example, presented a stochastic model for river flows [15]. In recent years, artificial intelligence (AI)
techniques have been widely used in nonlinear hydrological applications and noisy data sets [16]. Artificial
intelligence methods include mathematical optimization algorithms as well as logic, classification, statistical
learning, and probability-based methods. The Artificial Neural Networks (ANN) approach, based on the principle
of parallel processing of information by simulating the neuron structure in the human brain, has been used in
many studies on the estimation of hydrological data. In the study conducted by the ASCE Task Committee, the
place of ANN in hydrology has been investigated, and the strengths and limitations of the ANN methods have
been compared to those of other approaches [17]. In general, an ANN model consists of three layers: (1) the
input layer, into which the input data are loaded, (2) the hidden layer, to which the activation function is applied,
and (3) the output layer, which produces the expected outcome. Hornik et al. have applied the forward feed-back
propagation (FFBP) algorithm to ANN for the first time and used it for the modeling of hydrological data. This
algorithm finds the error between the real and the estimated values by investigating the best link weights [18].
In relevant literature, many studies on flow estimation using different ANN structures and learning algorithms
can be found [19]. Furthermore, hybrid models, Mamdani and Tagai Sugeno fuzzy system approaches, and ANN
models for flow estimation have been introduced by combining Support Vector Machines (SVM), Adaptive Neuro
Fuzzy Inference System (ANFIS) models, and ANN models [20-22]. Partal (2008) developed a hybrid model for
flow estimation by combining different ANN structures with WT [23]. The flow data were decomposed into
periodic components in his model. The ANN structure was used to estimate the decomposed data. The result was
a successful estimation obtained by the developed hybrid structure. As presented in the related literature,
approaches based on artificial intelligence techniques such as ANN, SVM, and ANFIS, which are nonlinear models,
have been used in the estimation of non-linear and non-stationary data. Hybrid approaches have been developed
to improve the performance of these approaches. The most widely used hybrid approach is also the WT-ANN
model [24]. The Empirical Mode Decomposition (EMD) technique is another approach for analyzing non-linear
and non-stationary data [25]. Kisi et al (2014) and Rezaie-Balf et al. (2019) revealed in their studies the success
of a hybrid approach using the EMD method in estimating flow data [26, 27]. Another important method that
differentiates the signals with respect to time is the single-spectrum analysis (SSA) technique, which is one of the
most powerful approaches among multivariate analysis schemes. This method has been widely used recently in
the analysis of stationary and non-stationary data, because it is a non-parametric model and does not require
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priority of the data as in the EMD technique [28, 29]. In another study, Latifoglu et al. (2015) demonstrated the
success of a hybrid approach using the SSA method in the estimation problem [30, 31]. According to relevant
literature research, hybrid models have been used at an increasing rate in forecasting studies in recent years. In
this study, for estimating the monthly water surface elevations of the natural lake of Egirdir in Tiirkiye, a pre-
processing treatment has been applied to the raw gauged data by separating them into subbands by each one of
the EMD, SSA, and wavelet methods separately. Next, the estimation performance of the subband data has been
analyzed by ANN using the pre-processed data. The lake water level data have been estimated by each of the
hybrid models EMD-ANN, SSA-ANN, and WT-ANN. The performances of these hybrid models and of the
conventional ANN model have been compared with each other. To the best of our knowledge, there is not a study
in the literature analyzing and comparing the performances of the EMD-ANN, SSA-ANN, and WT-ANN hybrid
models for forecasting lake water levels. Some meteorological factors, such as evaporation from the lake surface,
wind speed, humidity, and temperature, affect the lake water level. Naturally, these happenings vary spatially
from one region to another. Instead of inserting many inputs into the forecasting model, some of which may not
even be gauged, forming a forecasting model that uses the recorded previous lake levels is obviously more
advantageous. In this study, the lake water levels for the near future for periods from one month up to six
months have been forecasted using past recorded data only by hybrid models, which have not been used before
for lake level predictions using proposed models.

2. Material and Method

Recently, artificial intelligence techniques have been used as an alternative to classical approaches for estimation
of hydrological data. Among them, ANN is quite common. In addition to the traditional ANN method, the relevant
literature reveals that data pre-processing has recently been used for estimation calculations. The wavelet
transform has been used in earlier attempts at pre-processing the hydrological data, which decomposed the data
according to its frequency characteristics [23, 32, 33]. Because the hydrological data have a non-linear and non-
stationary structure, the EMD scheme turns out to be one of the methods that can be used appropriately for the
time-domain analysis of these data [26, 34]. Another suitable method of analysis for stationary/non-stationary
and linear/nonlinear data is the SSA approach. This method is a multivariate analysis method that processes
signals based on their time domain properties. Because there is no need for prior data, the EMD methods are
widely used [28-31, 35]. In this study, the performance of a hybrid approach for estimation of lake water levels
has been investigated. For this purpose, the gauged lake water level data have been divided into two segments as
training and test data and further divided into subbands by the EMD, SSA, and DWT methods [30, 31]. The
subband signals have been estimated using ANN. The flow chart of the study is shown below in Figure 1.

2.1 Lake water level data description
The monthly average water surface elevations of Lake Egirdir had been continuously gauged from 1953 through
1999. Hence, this data consisting of 523 successive numbers has been used as the material for this study (Figure

2). 310 of these elements have been used for the training phase, and the rest, 213 values, have been used for the
testing stage [31]. These data are normalized as shown in Figure 3.
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2.2 Empirical Mode Decomposition method
The Empirical Mode Decomposition (EMD) method has decomposed a signal into components called Intrinsic

Mode Functions (IMF). The signal is defined as the sum of the IMF components and the residual signal, as
depicted by Equation 1 below [25].

Kk
X(t) =" IMF, +r(t) 1)
i=1
The signal is subjected to the constraints defined below.
. The total number of maximum or minimum points and zero crossing points in the data set must be equal
or differ by one element only.
. The average of the envelopes formed by local maximas at any position and the envelopes defined by

local minimas should be zero.
This time-domain separation approach is simple to implement and incredibly efficient. The signals in the time
axis are handled as a mix of repeating and original oscillations with a local mean of zero that are dispersed
symmetrically around it in this technique.
The initial step is to identify the maxima and minima, as well as the zero crossing locations.
The upper and lower envelopes of the signals are obtained in the second step by treating both peaks and
minima with cubic interpolations.
In the third stage, Equation 2 below computes the average of the upper and lower envelopes for the whole time
period.

ml(t) = [Zmax(t) +Zmin(t)] 12 (2)
In the fourth step, the average signal is subtracted from the actual signal as given by Equation 3 below to obtain
the detail signal, d(t).

d(t) = x(t) — m(t) (3)
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The detail signal is processed as if it were a new original signal in the fifth stage, and the process steps are
repeated until the terminate requirement is met.

The two-level decomposition approach was used in this study to obtain good estimation accuracy on both the
training and testing parts of the lake water level data. As shown in Figure 4, three subsets were found, including
two subsets of IMF and R [31]. In all data sets, the last value has to be neither maxima nor minima. The reason
for this is; if the final values in the data are determined as maxima or minima, a limitation of the so-called
boundary effect of the EMD method arises for estimation studies and makes the model dependent on the future
[35, 36]. In order to prevent this, while the IMF values in the training data have been determined, the final values
in the data have been chosen not including the extremum points [36, 37].
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Figure 4a. Training subband signal decomposed by the EMD method
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Figure 4b. Testing subband signal decomposed by the EMD method

2.3 Singular Spectrum Analysis method

Singular-spectrum analysis (SSA) is a decomposition method that uses the time information of the signal. SSA
does not require any parametric model and does not call for a prerequisite. This method involves two main
stages: decomposition and reconstruction. In the decomposition step, the embedding process and singular value
decomposition (SVD) are applied, which express the signal as a matrix. In the reconstruction phase, there are
grouping and diagonal averaging processes [28].
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In the embedding process, which is the first step of the decomposition stage, the time series: X = [X1, X»,
X3,......Xn] is expressed as a matrix of K rows and L columns (KxL) instead of a one-dimensional single row by
taking the specified window length (L). The embedding process, expressed as the trajectory matrix of the signal,
is also referred to as the Hankel matrix. The window length L is in the range of 1<L<N, N is the length of the
signal and K= N - L + 1. In this case, the trajectory matrix Tx is defined as follows:

X, X, e XL X,
X, X3 o X xz

Ty =] . A =] =X+ X+ + X, (4)
X Xga 0 Xy XK

The SVD process is carried out after the embedding process as a second step of the decomposition stage.
Multiplications of Tx and TxT matrices yield three kinds of matrices called the eigen triple (U orthonormal unit
matrix of KxK size and S diagonal matrix of KxL size from the Txi*Tx;T operation, and V orthonormal unit matrix
of LxL size from the Tx;T*Tx; operation). And, X;’s are determined as follows:

Xi = Ui*Si*V; (5)
Next, the second stage, the reconstruction stage including the grouping and averaging steps is executed. At the
grouping step, the singular values obtained from SVD (S;) are plotted, categorized according to their components
such as monthly or seasonal components, white noise, trend. Equation 4 is rewritten with the number of
categories determined based on the representation rate of eigenvalues.

. . , (6)
Jit 12 Im
At the last step of this stage called averaging, the regrouped matrix Tx is transformed into a time serie by
averaging the Xj elements diagonally. The average of those X;; elements for which the sum of the i and j indices is
a constant yields the kth element of the new time series component, called the reconstructive component (RC)
satisfying i+j = k+2. This procedure is said to be dehankelization of the matrix. At the end of this process, the new
subband time series components (RC) are obtained.
Since the monthly lake water level data used in this study should reflect the nature’s periodic structure, the
window length is determined to be 12 in the embedding process. The data are divided into subbands according
to the eigenvalues (1.), (2.) and (3-12.). These are the subband signals, which are expected to lead to the best
estimates as seen in Figure 5 [31].
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Figure 5a. Training subband signals decomposed by the SSA method
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Figure 5b. Testing subband signals decomposed by the SSA method

2.4 Discrete Wavelet Transform method

The Discrete Wavelet Transform (DWT) method runs like a filter bank that decomposes the signals according to
the frequency bands. This method, which is based on sub-band coding, has been introduced for the fast
calculation of the Continuous Wavelet Transform method, is used to analyze the signal at different scales using
different cut-off frequency filters. In order to handle the low frequencies in it, the signal is passed through the
low pass filter, and to analyze the high frequencies in the signal, it is passed through the high-pass filter. The
resolution of the signal, indicating the amount of detailed information in the signal, is changed by the filtering
process, and the scale is replaced by downsampling and upsampling operations. x[n], where n is an integer,
represents the signal (Fig. 6). While the low pass filter is indicated by GO, the high-pass filter is indicated by HO
[36].

_>d1[n]

$2 [—>dnl

v2 [—>afn] ===

Figure 6. Subband decomposition operation during DWT

For each level, while the high pass filter produces the information of the detail (d[n]), the low pass filter
produces the information of the approximation (a[n]) by the scale function. At each decomposition level, the
semi-band filters produce a signal in half the frequency band. The filtering process continues until it reaches the
desired level. This process is also called "multi-resolution analysis". The maximum number of levels depends on
the length of the data. This operation is the opposite of the decomposition process (Fig. 7). The detail and the
approximation coefficients at each level are sampled with 2 and passed through the low- and high-pass filters,
then combined. Then, this process continues to the level of the decomposition process to obtain the original
signal [36].
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Figure 7. Reconstruction operation during DWT
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In this study, the lake water level data have been treated by a two-level decomposition process. Thus, the lake
water level signal has been decomposed into the approximation (a2) and detail (d2, d1) subbands (Fig. 8). We
have used Daubechies' 4th wavelet function in the decomposition process. The following figure shows the lake
water level data used in the training and testing phases, which are decomposed into subbands by using the
Discrete Wavelet Transform (DWT) method.
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Figure 8.a. Training subband signal decomposed by the DWT method
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Figure 8.b. Testing subband signal decomposed by the DWT method

2.4 The method of Artificial Neural Networks

Because of its features, such as the capacity to handle nonlinear structures and parallel and serial processing
capabilities, the ANN has recently become widely employed in data estimation. The sum and activation functions,
as well as the learning strategy of the processor components and the learning rule, are employed in an ANN
structure, and the topology determined by the connection of process elements produces the network model.
Artificial neural cells (neurons) unite to create their ANN. Neurons are not collected at random. Cells, in general,
comprise a three-layer network and are arranged in parallel inside each layer. These are the input, inner
(hidden), and output layers [37, 38].

The most widely used version of ANN is the multi-layer perceptron (MLP) model. An MLP model consists of the
input layer, one or more hidden layers, and the output layer, and each one has at least one neuron layer. The
input layer processor components act as a buffer, distributing input signals to the hidden layer processing units.
Each of these parts incorporates the input data into the sum function by multiplying it by the weight coefficients
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that represent the effectiveness of the input over the hidden neuron. These sum functions are then transferred
via a transfer function to compute the output value of that neuron. These procedures are carried out for each
processor in this tier. The processor units of the output layer also serve as hidden layer elements, calculating
network output values. Because the information flow in the MLP model is in the forward direction, it is also
known as "feed forward ANN". One advantage of this approach is that it may train the network using a variety of
learning techniques. The weights of the network are modified according to the training procedure until the error
between the network’s output and the desired output is reduced. Back Propagation Neural Network (BPNN) is a
feed forward network and is the most commonly used ANN model in time series estimation. In our study, the
MLP model and back propagation neural network (BPNN) feed forward network structure were used. In the
ANN, different learning algorithms are used to train the network. MLP-ANN is based on a supervised learning
strategy in which both input and output (that has to be produced corresponding to the input) are applied to the
network during training. The task of the network is to produce an output for each input. MLP-ANN learning
occurs in two steps. The output of the network is computed in the first stage, the forward calculation stage. The
weights are determined in the second stage, the backward calculation stage, based on the difference between the
predicted output and the network output. The MLP-ANN learning rule is known as the back-propagated MLP
learning rule because it is carried out in this manner via back-propagating. The Levenberg-Marquardt (LM)
learning method, which outperforms the ANN in terms of computing speed, is utilized here to estimate lake
water level data. The LM algorithm is similar to the Quasi-Newton method based on the least squares calculation
and the maximum neighborhood approaching the second-degree training speed without the use of a Hessian
matrix [39].

2.5 Parameters Used For Performance Criteria

The statistical criteria commonly used for comparing the estimation accuracies of the hydrological data by
various modeling techniques are the mean absolute error (MAE), the mean square error (MSE), the
determination coefficient (R2), and the correlation coefficient (R). In the lake water level estimation study, we
have used these parameters to evaluate the performances of the models.

The Mean Square Error (MSE): MSE is the arithmetic average of the squares of the differences of the observed
values in the series from the ones estimated by the model used, and is defined by Equation 7 below.

N
1
— 2
MSE = NZ(Xobserved,i - Xestimated,i) (7)
i=1
The Mean Absolute Error (MAE): MAE is the arithmetic average of the absolute differences of the observed
values in the series from the ones estimated by the model used, and is defined by Equation 8 below.

N
1
MAE = NZlXObserved,i - Xestimated,il (8)
i=1
Determination Coefficient (R2): R2 is a measure which quantitatively reflects the accuracy of the estimated
values given by the model defined by Equation 9 below. The second term in Equation 9 approaches zero for a
powerful model. Therefore, RZ approaches 1 for a good model.
N
2 Zizl[Xobserved,i estimated,i]2
R*=1-—1 2 (9)
Zizl[Xobserved,i — mean Of Xobserved,i]
Correlation Coefficient (R): It indicates the degree and trend of whether a linear relationship exists between
the observed and estimated series. R accepts values ranging from -1 to +1. There is no association between the
two data sets if R is near to zero, a significant positive relationship if R is close to +1, and a negative relationship
if Ris close to -1. Equation 10 below defines R.

N
1 X, — g\ Y, —
R=— §:<L llx)(z .UY) (10)
N 1 = Oy Oy
1=

Here, Uy and Oy represent the mean and standard deviation of the X data set, respectively, whereas [y and Oy
represent the mean and standard deviation of the Y data set.

3. Results

3.1 Results for forecasting the lake water levels using the ANN Model

In the first stage of this study, in order to evaluate the effect of pre-processing by the DWT, SSA, and EMD
methods on the estimation of the water level data of Lake Egirdir, the data estimation process has been
performed without any pre-processing on these data by using the ANN model. For the estimation of the data, the
MLP-ANN structure consists of the input, an hidden layer, and an output layer. The number of hidden layer
neurons has been increased from 1 to 9 stepwise and the number of neurons in the hidden layer has been
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determined according to the lowest mean square error. In order to determine the best ANN model; MSE and MAE
values have been used as the network performance criteria and trained by using the Levenberg Marquardt back
propagation algorithm. Successively one-month through six-months ahead forecasted lake levels have been
computed using such formed ANN model and the error values that occured during the ANN training and testing
stages are given in Table 1. Figure 9 shows the graphs of one-month ahead and six-months ahead forecasted
values of the test phase by the ANN model [31].

Table 1. The performance values of the estimated data obtained from one to six ahead forecasting results using the ANN
model for the monthly water levels of Lake Egirdir
ONE AHEAD FORECASTING WITH ANN MODEL

TEST TRAIN
MSE MAE R R2 MSE MAE R R2
0.0009 0.0264 0.9870 0.9742 0.0008 0.0227 0.9860 0.9855
TWO AHEAD FORECASTING WITH ANN MODEL
0.0033 0.0501 0.9541 0.9103 0.0027 0.0436 0.9542 0.9522
THREE AHEAD FORECASTING WITH ANN MODEL
0.0064 0.0696 0.9120 0.8318 0.0051 0.0610 0.9120 0.9098
FOUR AHEAD FORECASTING WITH ANN MODEL
0.0093 0.0846 0.8726 0.7614 0.0073 0.0731 0.8726 0.8617
FIVE AHEAD FORECASTING WITH ANN MODEL
0.0117 0.0935 0.8443 0.7128 0.0090 0.0806 0.8443 0.8472
SIX AHEAD FORECASTING WITH ANN MODEL
0.0136 0.0982 0.8317 0.6897 0.0096 0.0821 0.8317 0.8293
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Figure 9b- Six month ahead forecasted water level data
obtained from the ANN model
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3.2 Results for forecasting the lake water levels using the EMD-ANN model

First, the training and test data have been decomposed into two IMF components by the EMD method. In this
way, hydrological training and test data have been defined by the three-component equation of: The ANN model
has been used to estimate the data of Lake Egirdir, which has been divided into three components, two IMF and
one residual data.

For the estimation study, the same structure and design procedures have been carried out in the EMD-ANN
model as with the ANN. For each subband, ANNs have been trained using the Levenberg Marquardt back
propagation algorithm. In order to determine the best ANN model, the MSE and MAE values have been used as
performance criteria. Using the EMD-ANN model, one-month through six-months ahead forecasted values have
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been obtained, and the error values that occur during the EMD-ANN training and testing phases have turned out
to be as given in Table 2. Figure 10 shows the graphs of one-month ahead and six-months ahead forecasted
values of the test phase by the EMD-ANN model [31].

Table 2a. The performance values of the subband estimated data obtained for one-step to six-step ahead forecasting results
of subbands by using EMD-ANN model for monthly water levels of Lake Egirdir

ONE AHEAD FORECASTING
TEST TRAIN
MSE MAE R R2 MSE MAE R R2
IMF1 0.0006 0.0198 0.8599 0.7378 0.0008 0.0246 0.8698 0.7442
IMF2 0.00001 0.0065 0.9816 0.9831 0.000001 0.0036 0.9913 0.9292
R 0.00001 0.0073 0.9995 0.999 0.000001 0.0043 0.9997 0.9992
TWO AHEAD FORECASTING
IMF1 0.0017 0.0339 0.5063 0.2596 0.0023 0.0417 0.4919 0.2398
IMF2 0.0002 0.0122 0.8644 0.8073 0.0001 0.0064 0.9697 0.9442
R 0.0002 0.0116 0.9984 0.9967 0.0001 0.0068 0.9989 0.9976
THREE AHEAD FORECASTING
IMF1 0.0022 0.0395 0.0505 0.0193 0.0030 0.0481 0.0172 0.0118
IMF2 0.0004 0.0169 0.8837 0.8761 0.0001 0.0092 0.9360 0.8142
R 0.0004 0.0170 0.9963 0.9945 0.0003 0.0152 0.9973 0.9927
FOUR AHEAD FORECASTING
IMF1 0.0018 0.0357 0.4144 0.2433 0.0024 0.0427 0.4380 0.1639
IMF2 0.0007 0.0208 0.6428 0.7841 0.0002 0.0126 0.8855 0.4132
R 0.0007 0.0226 0.9936 0.9899 0.0006 0.0208 0.9950 0.9872
FIVE AHEAD FORECASTING
IMF1 0.0010 0.0264 0.7332 0.6246 0.0011 0.0273 0.7954 0.5480
IMF2 0.0009 0.0233 0.7027 0.6658 0.0003 0.0153 0.7940 0.2411
R 0.0011 0.0281 0.9901 0.9837 0.0010 0.0266 0.9918 0.9802
SIX AHEAD FORECASTING
IMF1 0.0005 0.0192 0.9042 0.8220 0.0005 0.0184 0.8722 0.7586
IMF2 0.0005 0.0183 0.6907 0.4309 0.0010 0.0237 0.4103 0.2796
R 0.0015 0.0327 0.9878 0.9757 0.0015 0.0334 0.9859 0.9720

Table 2b The magnitudes of the parameters used as performance criteria for estimation of monthly water levels of Lake
Egirdir by the EMD-ANN model for one-step to six-step ahead forecastings
ONE AHEAD FORECASTING WITH EMD-ANN MODEL

TEST TRAIN
MSE MAE R R? MSE MAE R R?
0.0009 0.0252 0.9879 0.9758 0.0007 0.0226 0.9939 0.9876
TWO AHEAD FORECASTING WITH EMD-ANN MODEL
0.0025 0.0430 0.9649 0.9306 0.0021 0.0392 0.9817 0.9640
THREE AHEAD FORECASTING WITH EMD-ANN MODEL
0.0035 0.0503 0.9515 0.9076 0.0032 0.0474 0.9729 0.9468
FOUR AHEAD FORECASTING WITH EMD-ANN MODEL
0.0034 0.0471 0.9563 0.9175 0.0033 0.0468 0.9716 0.9433
FIVE AHEAD FORECASTING WITH EMD-ANN MODEL
0.0027 0.0405 0.9698 0.9405 0.0030 0.0445 0.9743 0.9483
SIX AHEAD FORECASTING WITH EMD-ANN MODEL
0.0027 0.0498 0.9717 0.9429 0.0020 0.0443 0.9742 0.9493
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3.3 Results for forecasting the lake water levels using the SSA-ANN model
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The signals, which are the lake water levels in this case, are decomposed into related and non-related
components symbolized by RCi, using the SSA method, and they have been recovered as RC1 + RC2 + RC3. In the
SSA process, the signals are subjected to the hankelization process with a 12 length of window size and
transformed into the trajectory matrix. The component with the highest eigenvalue is denoted by RC1, the
component with the second highest eigenvalue by RC2, and the component with the other eigenvalues by RC3.
For the estimation study, the same structure and design procedures have been carried out in the SSA-ANN model
as in the ANN and EMD-ANN models. Using the SSA-ANN model also, one-month through six-months ahead
forecasted values have been obtained; and the resulting error values that occurred with this model are presented
in Table 3. Figure 11 shows the graphs of one-month-ahead and three-months-ahead forecasted values of the
test phase by the SSA-ANN model [31].

Table 3.a The performance values of the subband estimation data obtained from one to six ahead forecasting results of
subbands using the SSA-ANN model for monthly water levels of Lake Egirdir

ONE AHEAD FORECASTING

TEST TRAIN
MSE MAE R R2 MSE MAE R R2
RC1 0.000001 0.0031 0.9999 0.9954  0.000001 0.0024 0.9999  0.9987
RC2 0.0003 0.0070 0.9889 0.8185 0.000001 0.0042 0.9983 0.8243
RC3 0.0008 0.0247 0.8709 0.7416  0.0007 0.0216 0.9232 0.7574
TWO AHEAD FORECASTING
RC1 0.000001 0.0031 0.9998 0.9963 0.000001 0.0029 0.9998  0.9968
RC2 0.0003 0.0079 0.9801 0.7515 0.0001 0.0072 0.9948  0.7857
RC3 0.0025 0.0428 0.5477 0.3369  0.0022 0.0394 0.7457  0.3577
THREE AHEAD FORECASTING
RC1 0.0001 0.0055 0.9994 0.9914  0.0001 0.0074 0.9996  0.9929
RC2 0.0001 0.0068 0.9912 0.8942 0.0001 0.0077 09929  0.9655
RC3 0.0037 0.0526 0.1315 0.098 0.0036 0.0499 0.5053 0.0897
FOUR AHEAD FORECASTING
RC1 0.0001 0.0060 0.9991 0.9846  0.000001 0.0057 0.9993 0.9877
RC2 0.0001 0.0079 0.9917 0.8142 0.0001 0.0097 0.9880  0.9537
RC3 0.0034 0.0499 0.1001 0.0606  0.0049 0.0863 0.1806  0.0842
FIVE AHEAD FORECASTING
RC1 0.0001 0.0075 0.9986 0.9757  0.0001 0.0053 0.9991 0.9814
RC2 0.0002 0.0094 0.9862 0.9478  0.0002 0.0119 0.9815 0.9431
RC3 0.0034 0.0500 0.0829 0.0823 0.0048 0.0553 0.1652 0.1563
SIX AHEAD FORECASTING
RC1 0.0002 0.0090 0.9979 0.9642 0.0001 0.0084 0.9984  0.9741
RC2 0.0003 0.0110 0.9785 0.9696  0.0003 0.0141 0.9737  0.8081
RC3 0.0029 0.0446 0.4435 0.4081 0.0046 0.0543 0.2383 0.2315

Table 3b The performance values of the estimation data obtained from one to six six ahead forecasting results using the SSA-

ANN model for the monthly water levels of Lake Egirdir
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SSA-ANN MODEL ONE AHEAD FORECASTING

TEST TRAIN
MSE MAE R R2 MSE MAE R R2
0.0010 0.0257 0.9869 0.9758 0.0008 0.02180 0.9939 0.9776

TWO AHEAD FORECASTING WITH SSA-ANN MODEL
0.0028 0.0451 0.9611 0.9540 0.0024 0.0357 0.9623 0.9589
THREE AHEAD FORECASTING SSA-ANN MODEL
0.0037 0.0545 0.9430 0.9214 0.0030 0.0526 0.9659 0.9533
FOUR AHEAD FORECASTING SSA-ANN MODEL
0.0038 0.0552 0.9456 0.9325 0.0024 0.0511 0.9528 0.9489
FIVE AHEAD FORECASTING SSA-ANN MODEL
0.0039 0.0568 0.9446 0.9502 0.0036 0.0517 0.9514 0.9605
SIX AHEAD FORECASTING SSA-ANN MODEL
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Figure 11.a. One month ahead forecasted water level data Figure 11.b. Six month ahead forecasted water level data
computed by the SSA-ANN model computed by the SSA-ANN model

3.4 Results For Forecasting The Lake Water Levels Using The DWT-ANN Model

For the monthly lake water level data, the DWT method also has been decomposed into related and non-related
components. The two levels of the signals that are decomposed by DWT are approximation (A) and detail (D1,
D2) signals. In this way, both hydrological training and test data are expressed by the equation: x (t) = A + D1 +
D2. For the estimation study, the same structure and design procedures have been carried out in the DWT-ANN
model as in the ANN, EMD-ANN, SSA-ANN models. Using the DWT-ANN model also, one-month through six-
months ahead forecasted values have been computed and the error values that occurred during the training and
test phases turned out to be as given Table 4. Figure 12 shows the graphs of one-month ahead and three-months
ahead forecasted values of the test phase by the DWT-ANN model.

Table 4.a The performance values of the subband estimation data obtained from one to six ahead forecasting results of the
subbands using the DWT-ANN model for the monthly water levels of Lake Egirdir

ONE AHEAD FORECASTING
TEST TRAIN
MSE MAE R R? MSE MAE R R?
D1 0.000001 0.0034 0.4273 0.1826 0.000001 0.0028 0.4302 0.1851
D2 0.000007 0.0068 0.4379 0.1917 0.00002 0.0122 0.4494 0.2019
A 0.00009 0.0253 0.9882 0.9766 0.00007 0.0215 0.9934 0.9868
TWO AHEAD FORECASTING
D1 0.000002 0.0035 0.3841 0.1475 0.00001 0.0030 0.3161 0.0999
D2 0.000009 0.0078 0.3254 0.1059 0.00002 0.0121 0.4974 0.2474
A 0.0034 0.0486 0.9578 09174 0.0024 0.0396 0.9777 0.9559

THREE AHEAD FORECASTING
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D1
D2
A

D1
D2
A

D1
D2
A

D1
D2
A

0.000002
0.000003
0.0064

0.000002
0.000008
0.0089

2.4456x10-5
1.0356x10-4
0.0106

0.00002
0.000005
0.0107

0.0035
0.0051
0.0681

0.0038
0.0077
0.0801

0.0039
0.0081
0.0867

0.0042
0.0058
0.0867

0.4710
0.7602
0.9219

0.1326
0.3314
0.8914

0.1479
0.1755
0.8714

0.2515
0.7448
0.8688

0.2219 0.000001 0.0029

0.5779 0.00001 0.0085

0.8500 0.0044 0.0534
FOUR AHEAD FORECASTING

0.0176 0.00001 0.0030

0.1098 0.00002 0.0120

0.7947 0.0063 0.0638
FIVE AHEAD FORECASTING

0.0219 0.000001 0.0032

0.0308 0.00002 0.0126

0.7593 0.0076 0.0702

SIX AHEAD FORECASTING

0.0633 0.000001 0.0030

0.5548 0.000009 0.0077

0.7548 0.0085 0.0748

0.2150
0.7731
0.9594

0.1369
0.4913
0.9413

0.0093
0.3453
0.9280

0.2234
0.7879
0.9186

0.0462
0.5976
0.9204

0.0187
0.2414
0.8860

0.00008
0.1192
0.8612

0.0499
0.6207
0.8438

Table 4b The performance values of one to six ahead forecasting data obtained by using the DWT-ANN model for monthly
water levels of Lake Egirdir
ONE AHEAD FORECASTING WITH WAVELET-ANN MODEL

TEST TRAIN
MSE MAE R R2 MSE MAE R R2
0.0010 0.0267 0.9874 0.9750 0.00007 0.0224 0.9932 0.9865
TWO AHEAD FORECASTING WITH WAVELET-ANN MODEL
0.0038 0.0516 0.9529 0.9081 0.0024 0.0400 0.9779 0.9563
THREE AHEAD FORECASTING WITH WAVELET-ANN MODEL
0.0067 0.0697 0.9189 0.8443 0.0044 0.0540 0.9592 0.9200
FOUR AHEAD FORECASTING WITH WAVELET-ANN MODEL
0.0090 0.0816 0.8899 0.7920 0.0066 0.0662 0.9381 0.8800
FIVE AHEAD FORECASTING WITH WAVELET-ANN MODEL
0.0109 0.0887 0.8663 0.7505 0.0083 0.0738 0.9213 0.8488
SIX AHEAD FORECASTING WITH WAVELET-ANN MODEL
0.0113 0.0897 0.8613 0.7418 0.0094 0.0796 0.9094 0.8270
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Figure 12.a. One month ahead forecasted water level data
obtained by the DWT-ANN model

Figure 12.b. Six month ahead forecasted water level data
obtained by the DWT-ANN model

4. Discussion and Conclusion

When the literature is examined, there are studies that include linear and nonlinear approaches for estimating
the lake water level. In a study carried out in the literature, lake water levels were estimated up to 3-day time
intervals by using the autoregressive moving average (ARMA), ANN, adaptive-neuro-fuzzy inference system
(ANFIS), and gene expression programming (GEP). According to the results obtained, the superiority of GEP,
ANFIS, and ANN models over ARMA models has been demonstrated [40]. In another study, a recurrent neural
network (RNN) and ANFIS models were constructed, and the most suitable model was searched. In addition,
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autoregressive (AR) and autoregressive moving average (ARMA) models, which are classical stochastic models,
were obtained and compared with RNN and ANFIS models. The results show that RNN and ANFIS can be applied
successfully and provide higher performance in lake level estimation than AR and ARMA models [41]. In a review
article study, it was seen that the main machine learning (ML) models ANN, SVM, ANFIS, hybrid models,
evolutionary ML models, ELM, and deep learning models were used in lake water level estimation.

Also, in another review article, the performance of M5-Tree, multivariate adaptive regression spline (MARS) and
least square support vector regression (LSSVR) models in lake water level prediction was analyzed [42]. Demir
has shown that the MARS model performs better than LSSVR and M5-tree [43]. Although great progress has been
made in the application of ML models to predict the water level in lakes, there is still much space for further
research [44].

In this study, the lake water level was estimated using the ANN, EMD-ANN, SSA-ANN, and DWT-ANN methods,
and the estimation performance of these four methods with the effect of preprocessing the time series data in the
forecasting study was analyzed. The difference between this study and the literature studies is that it analyzes
the performance of the preprocessing methods in lake water level estimation.

All of the parameters of each of the four models are computed using the available recorded series, and in our
study, this is the 310-month portion of the approximately 44-year-long gauged data. Once a model is formed in
the optimized way summarized in the relevant sub-sections above, based on the single lake water value of the
present month, the water level of either one-month or two-months, .., or six-months ahead is computed
(estimated) by that model. For example, for estimating the 311st water level by any model, the water level
measured on the 310th day is given as the input value. Similarly, for any one-month ahead estimated water level,
the actual water level measured one month before, for each 213-element test series, is used. Also, the actual
water level of the present month is used for estimation of water levels more than one month ahead. Figures 9, 10,
11, and 12 reveal the same information for the models of ANN, EMD-ANN, SSA-ANN, and DWT-ANN, respectively.
The black lines in all of these eight figures are exactly the same because they exhibit the actual lake water levels
measured over the 213-month test period on normalized scales. The red points represent the estimated values in
the 213-element test segment. In any case, the closer the red points are to the solid black line, the better the
estimation accuracy. These eight figures are provided here to allow the reader to make a visual assessment of the
goodness of estimation accuracy of any model. As it can be observed in these figures, although the one-month
ahead forecasts by all four methods look pretty good, the six-months ahead water levels computed by the EMD-
ANN and SSA-ANN models are closer to the black line than the other two. The two-months, three-months, four-
months, and five-months ahead levels are not given with the purpose of not elongating the paper. They have
appearances that are relatively similar to the six-month-ahead figures, given here as Figures 9.b through 12.b.
Figures 13a and 13b show the magnitudes of the performance parameters of R, and R? obtained for all four
models over the 213-month test segment, respectively. As it is seen in these four figures, one-month ahead
prediction abilities of all of the four models seem to be good and close. However, the values begin deviating from
each other appreciably with increasing forecast periods up to six months. The calculated performance
parameters for the models of ANN, and DWT-ANN deteriorate while those for the models of EMD-ANN and SSA-
ANN stay fairly good and much better than the former with increasing forecast periods.
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Figure 13. The performance parameters of the EMD-ANN, SSA-ANN, DWT-ANN and ANN
models for the estimation of monthly water levels of Lake Egirdir
a. Rvalues, b. R2 values

In this study, the configurations of these four models have been formed the way summarized here and their
model parameters have been determined out of the 310-month sequentially gauged data of water levels of Lake
Egirdir as summarized above. We have used the remaining 213-month segment of sequentially gauged water
levels in Lake Egirdir as testing for the developed models. The measured water levels of Lake Egirdir over this
213-month period are the actual naturally occurring water levels, and we have computed the estimated water
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levels for one-month ahead to six-month-ahead periods using these four models. Therefore, Figures 10 through
12, and especially Figure 13, are tangible validations of these models, and yet they are comparisons of them for
betterness in estimation accuracies. Visual observations of graphs of actual water levels and estimated water
levels are in the same figures as those in Figures 9 through 12. The second quantification of the R and
R2performance of these forecasted values is shown in Figure 13. The ANN, DWT-ANN, EMD-ANN, and SSA-ANN
models are used to forecast the monthly average water levels of Lake Egirdir in Turkey one, two, and six months
ahead. In the study of the lake water level by the ANN model, one input layer, one hidden layer, and one output
layer structure is used. In the estimation study carried out by the EMD-ANN model, the hydrological data are
divided into three subbands. Two of these are the IMF components, and the other is the data called the residual
component. These subbands are named IMF1, IMF2, and R, and an input-output ANN model is used for the
estimation of IMF1, IMF2, and R subband data. In the estimation study performed by the SSA-ANN model, the
hydrological data are divided into three subbands called reconstruction components (RCs). These subband data
consist of the subband data RC1 having the first highest eigenvalue, the subband data RC2 having the second
highest eigenvalue, and the subband data RC3 having the sum of the other residual eigenvalues. In the estimation
study performed by the DWT-ANN model, the hydrological data are divided into three subbands. Two of these
are the detail subbands, and the third one is the approximation data subband. These subbands are named D1, D2,
and A. As for the other models, one input, one output ANN is used for the estimation of D1, D2, and A subband
data. In all of the models developed for the lake water level estimation, we have performed estimation studies
from one month ahead up to six months ahead. The worst estimation performance is obtained in three-month-
ahead forecasting. The performances are compared in three-months ahead forecasting, which is used to
determine the best results under the worst conditions. For the three-months ahead forecasting, the magnitudes
of the MSE, MAE, R, and R2 performance parameters have turned out to be; for the ANN model, 0.0064, 0.0696,
0.9120, and 0.8318; for the EMD-ANN model, 0.0035, 0.0503, 0.9515, and 0.9076; for the SSA-ANN mode],
0.0037, 0.0545, 0.9430, and 0.9214; and for the DWT-ANN model, they are: 0.0067, 0.0697, 0.9189, and 0.8443,
respectively. In the study of the hydrological data on temporal variations of the water surface level of a natural
lake, it is seen that the performances of the estimation studies carried out by the EMD-ANN and SSA-ANN models
are better than the estimation performances of the ANN and DWT-ANN models. Also, when compared to other
models, the EMD-ANN and SSA-ANN models perform quite well, particularly in two-month, three-month, and six-
month ahead estimation studies. The overall result of this study is that the preprocessing performed by the SSA
and EMD procedures for forecasting the water level of a natural lake one to six months in the future by such a
hybrid ANN method appreciably improves the estimation performance. Hence, the conclusion and
recommendation for natural lake management administrations is that a hybrid ANN model similar to either the
EMD-ANN or the SSA-ANN models developed in this study will enable them to forecast the average lake water
surface elevations in the coming couple of months up to six months with a pretty good accuracy. In this study, we
have used two-thirds of the gauged lake water data for obtaining the relevant parameters of these models, and
we have used the remaining one third for testing the goodness of the forecasts. The goodness of estimations has
been checked quantitatively by those four comparison criteria. The prediction ability of the recommended
models is indeed good because the errors are very small and the R2s are very close to 1.0. The proposed
approach should be used for forecasting the future water levels of the other lakes reliably.
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Abstract: Flow simulations are performed to analyze the resin flow behavior
through fibrous reinforcements to promote void-free composite manufacturing
with excellent mechanical properties. These flow simulations require an essential
parameter known as permeability tensor which is defined as the resistance to the
flow of resin due to fibrous reinforcement. This study proposes a key strategy to
determine all in-plane permeability components from a single rectilinear flow
experiment. The proposed method is based on introducing intentional disturbance
to the mold domain, which transforms the one-dimensional flow into a two-
dimensional flow. The process is divided into two steps, the experimental
determination of flow arrival times at designated locations within the mold
domain and comparing it to the numerical flow arrival times (obtained using LIMS
software) via the residual sum of squares (RSS). An optimization algorithm based
on particle swarm optimization (PSO) is established to reduce the RSS to get
accurate permeability predictions. The validation study of the proposed strategy
has been practiced for three cases. The results show that this method can
effectively characterize the in-plane permeability components from a single
rectilinear injection experiment.

Parcacik siiriisii optimizasyonu ile 1-boyutlu akis analizi yoluyla kompozit kumaslarin
gecirgenlik tensoriniin sayisal karakterizasyonu

Anahtar Kelimeler
Lifli takviye,
Gegirgenlik tensort,
Akis Simiilasyonlar,
Pargacik Siirti
Optimizasyonu

0z: Akis simiilasyonlari, yiiksek mekanik 6zelliklere sahip bosluksuz kompozit
liretimini tesvik etmek icin lifli takviyeler yoluyla recine akis davranisini analiz
etmek i¢cin gergeklestirilir. Bu akis simiilasyonlar, lifli takviye nedeniyle regine
akisina karsi direng olarak tanimlanan, gecirgenlik tensori olarak bilinen 6nemli
bir parametre gerektirir. Bu ¢alisma, tek dogrusal enjeksiyondan tiim diizlem igi
gecirgenlik bilesenlerini belirlemek i¢in anahtar bir strateji sunmaktadir. Yontem,
bir-boyutlu akisi iki-boyutlu bir akisa doéniistiiren, kalip alanina kasith bir
diizensizlik bélgesinin tanimlanmasina dayanmaktadir. Oncelikle, kalip alan
icinde belirlenmis konumlardaki akis varis zamanlarinin deneysel olarak
belirlenmesi ve bunu, artik kareler toplami (RSS) yoluyla LIMS yazilim ile elde
edilmis sayisal akis varis zamanlariyla karsilastirilmaktadir. Gegirgenlik
tahminlerini hizli ve yiiksek dogrulukta elde etmek icin parcacik siiriisii
optimizasyonuna (PSO) dayali bir optimizasyon algoritmasi kurulmustur.
Onerilen stratejinin validasyon calismasi ii¢ farkh gecirgenlik tensérii durmunu ile
yapilmistir. Sonuglar, bu yontemin, tek bir dogrusal enjeksiyon deneyi ile diizlem
ici gecirgenlik bilesenlerini etkili bir sekilde karakterize edebildigini
gOstermektedir.
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1. Introduction

Liquid composite molding (LCM) is a composite manufacturing process widely adapted across numerous
industries. In this process, a dry fibrous reinforcement in the shape of the final part geometry is placed in a mold,
and then a liquid resin system is allowed to flow through the reinforcement under the action of applied pressure
difference. The liquid resin is then allowed to cure, after which the composite is demolded. The resin must fill all
the empty spaces within the fibrous reinforcement so that the resulting composite is void-free and has excellent
mechanical properties. To achieve this, it is essential to analyze and control the flow of resin through the
reinforcement. An effective way to analyze the resin flow is to model it numerically. Mathematically, the flow of
resin through the fibrous reinforcement can be modeled as flow through porous media by using Darcy's law:

(u) KV 1
u)=—-——-
" p (1)

where (u) is the volume-averaged flow velocity, yt is the resin viscosity, Vp is the applied pressure gradient across
the gate and vent locations, and K is the permeability tensor. Permeability is defined as the resistance to flow of
the resin due to the fibrous reinforcement. It is an essential input parameter for resin flow simulations to design
and optimize gate and vent locations and other manufacturing parameters for LCM processes [1-3]. Permeability
tensor is represented as a second-order symmetric tensor, and for fluid flow in an anisotropic media, it is given as:

Kxx ny sz
K= |Key Ky Ky (2)
sz Kyz Kzz

In composite processing design, the accuracy of the permeability tensor plays such a crucial role that there have
been many attempts to characterize it. All the characterization methods presented in the literature [4]-[10] can
be divided into two main categories based on their injection methods: radial injection and rectilinear injection
flow. Radial injection allows the determination of complete in-plane permeability tensor from a single experiment,
whereas rectilinear injection requires at least three experiments. This fundamental difference between radial and
rectilinear injection methods makes the former method more attractive because of the fewer experimental efforts.
However, it has been established that results obtained from radial injection have high variations and are not
reproducible [10]-[12]. On the other hand, the reproducibility of permeability results via rectilinear injection has
been confirmed in an international benchmark study [13].

There have also been many attempts to determine dual scale or three-dimensional (3D) permeability using
numerical methods [14]. In 3D permeability, through-thickness resin flow behavior is also considered along with
the planar flow; hence, Eq (2) can represent three additional permeability components, i.e., Kzz, Kxz, and Kysz.
Okonkwo et al. [15] used the radial flow method and optimization routine to characterize 3D permeability, while
Yun et al. [16] explored a similar approach to characterize the 3D permeability for thick preforms. Gokce et al. [17]
used the rectilinear injection method to characterize the transverse permeability with the help of preform with
previously known in-plane permeability components.

Despite its ability to provide accurate permeability predictions, not much work has been done to reduce the
experimental efforts involved in the rectilinear injection method; therefore, the focus of this study is to utilize this
technique for in-plane permeability characterization and to reduce the related complexities. Lundstréom et al. [4]
proposed a multi-cavity rectilinear flow technique to determine in-plane permeability tensor from a single
experiment. Di Fratta et al. [5] suggested a strategy to use flow front angle for complete determination of in-plane
permeability tensor using two rectilinear flow measurements. Moreover, Lugo et al. [18] developed an analytical
method to determine in-plane permeability (in flow direction) as well as the permeability in the through-thickness
direction from a single rectilinear experiment. The method depends on the use of preform partially covered with
distribution media (a highly permeable layer). The presence of distribution media introduces a flow difference
between the top and bottom of the preform, causing two-dimensional (2D) flow conditions in the through-
thickness direction. This phenomenon provides the means to estimate the through-thickness permeability from
the same single experiment. The aforementioned studies have shown that it is possible to determine textile
permeability with fewer experiments than required when using the rectilinear injection method. However, the
number of the experiments needed to determine in-plane permeability via the rectilinear method can be further
reduced, and the process can be simplified.

This study presents a new and improved methodology to characterize all three components of the in-plane
permeability tensor (Kx, Kxy, and Kyy) from a single rectilinear flow experiment. The main idea of the proposed
method is to determine all three components of the in-plane permeability tensor by utilizing the intentionally
introduced disturbance to the unidirectional (1D) resin flow in the in-plane space. The resin arrival times at
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different sensor locations are recorded during the resin flow. Then, an optimization routine is created using the
particle swarm optimization (PSO) method in which the permeability values in a flow simulation of a similar
domain are updated continuously until the error between arrival times from simulation and experiment is
minimized.

2. Methodology

2.1. In-plane Permeability Tensor Characterization

The objective of this study to use a single rectilinear experiment to characterize in-plane permeability components
is based on the introduction of disturbance to the mold domain. The numerical simulation for the flow through
porous media is performed with Liquid Injection Molding Simulation (LIMS). LIMS [19] is a finite element/control
volume-based method that uses Darcy's law to simulate the mold filling process of resin transfer molding (RTM)
and other related processes. LIMS can be used to optimize gates and vent locations in a mold and design injection
scheme which allows to strategically control the resin flow into the mold [20,21]. However, LIMS needs
permeability tensor values, resin viscosity, fiber volume fraction, and boundary conditions to simulate the resin
flow and gives resin arrival time for each node of discretized geometry.

The mold domain used in this study is shown in Figure 1 along with its dimensions and the corresponding mesh.
The dimensions of mold in both cases are 0.5 m x 0.2 m, while the dimensions of the rectangular disturbance
located at the top-left of the mold domain are 0.1 m x 0.04 m. The dimension and position of the rectangular
disturbance will not have any effect on the prediction behavior. A transversely anisotropic preform of 0.5 fiber
volume fraction (with K = Kyy = 5.65 x 10-10 m2 and Kxy = 0) and rectilinear linear injection is considered along
the x-direction for both cases. Moreover, the left side of the mold is assigned as inlet gate with 1x105 Pa pressure,
whereas the right side is considered to be the vent for the flow of the resin having a viscosity of 0.1 Pa.s. Figure 2
and Figure 3 present the fill time behavior and pressure distribution, respectively, for both cases i.e., for a regular
mold and a mold with the rectangular disturbance. Figures 2(b) and 3(b) demonstrate the changes in fill-time
behavior and pressure distribution experienced by the flowing resin due to the presence of the rectangular
disturbance in the mold. As shown in Figure 2(b), the disturbance in the mold affects the fill time behavior and
results in two velocity components, i.e., in x- and y-direction. Similarly, the pressure distribution in Figure 3(b)
shows two components of pressure gradient, indicating that the initial 1D flow transformed into a 2D flow. This
transformation of the flow is extremely crucial in determining all in-plane permeability components from a single
rectilinear experiment. Also, the proposed methodology is highly dependent on the resin fill time.
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Figure 1. (a) Dimensions and (b) Mesh of the mold domain used in this study.
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Figure 2. Fill time (seconds) behavior for transversely anisotropic preform in (a) regular mold and (b) mold with rectangular
disturbance.
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Figure 3. Pressure (Pa) distribution for transversely anisotropic preform in (a) regular mold and (b) mold with rectangular
disturbance.
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The steps involved in this study to characterize the permeability components are summarized in Figure 4. The first
step is to conduct the virtual 1D flow experiment to record the experimental flow arrival time (Tj.,,) for the
assigned in-plane permeability tensor. In the second step, LIMS is used to compute numerical resin arrival time
(TiLims) for the permeability tensor values of the upper and lower limits of the search domain. The flow arrival
time obtained from LIMS is then compared to experimentally recorded resin arrival time and manipulated
continuously by updating the permeability tensor guess to reduce the residual sum of squares (RSS). The RSS
between the experimental and simulated flow arrival time is used as a parameter to quantify their difference. RSS
is calculated as follows:

N
2
RSS = D (Tyexp — Tyvivs) (3)
i=1

In Eq (3), N is the total number of nodes in a discretized geometry and/or corresponding sensors to detect the
position of resin in an experimental setup, T o, is virtual experimental flow arrival time and T; | ;us is simulated

flow arrival time at it node/sensor.

The accuracy of the predicted results depends on the minimization of RSS, and for this purpose different
optimization algorithms can be used. Okonkwo et al. [15] used the Golden Section Search Minimization Technique
(G2ZMST), and Yun et al. [16] used Simplex Algorithm to characterize 3D fabric permeability. However, in both
cases, determination of the initial permeability values was the initial requirement to execute the optimization
process. Therefore, in this study, a population-based stochastic technique named Particle Swarm Optimization
(PSO) is used to minimize RSS, which does not require initial guesses to start the optimization process.

Upper and lower
limits of search
domain

1D flow
experiment

Particle Swarm
Optimization

New predicted K
values

!

LIMS simulation

Ti, exp

T T No

Yes

Convergence Koptimum

N
2
RSS = > (Tyexp = Tivims)
i=1

Figure 4. Methodology for the characterization of all in-plane permeability components via single rectilinear injection
experiment.
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2.2. Particle Swarm Optimization

Particle Swarm Optimization (PSO) is a population-based optimization method initially developed by Eberhart et
al. [22]. The inspiration behind the development of PSO was derived from the socializing behavior of bird flocking
and fish schooling. A key advantage of using the PSO algorithm is that it requires low computational cost. PSO
applies social laws to search for the global optimum in a design space. The optimization process of PSO starts by
introducing a population of particles randomly distributed at various locations in a search domain, where the
location of each particle represents a specific solution. Due to the random distribution of particles, each particle is
at a different location in a search domain, and to achieve an optimum, the particles need to update their positions
continuously. The change in a particle’s position changes its corresponding velocity, resulting in a continuous
velocity update. The velocity update that corresponds to the best position of the particle is the key operator behind
the optimization process of the PSO algorithm. The best position/location is defined as the nearest position to the
possible optimum solution. In PSO, the overall best position is evaluated by considering the best of all particles
(global best position) and the best of an individual particle (local best position) that it has reached during the
search. This critical approach of PSO helps the entire population of particles to migrate toward the global optimum.
Each particle’s velocity and position are updated stochastically at each iteration during the optimization process
using the following relationships.

Vit = oV + Cri (B — XD) + Cors (P — X) (4)

X{t = XE 4 v (5)

In Eq (4) and Eq (5), Vi and X} are velocity vector and position vector, respectively. P! refers to the best position
of an individual particle, while Pgt represents the global best position of the whole population. Eq (4) explains the
velocity update criteria of the PSO algorithm. It contains three terms, the first of which represents inertia, the
second term refers to cognitive behavior, and the third term represents the social behavior of particles. Each term
has its respective coefficients w, C;, and C, which control the exploration and exploitation behavior of the particles.
w, known as inertia coefficient, defines the ability of the population to change its direction and, as the name
suggests, represents the inertia of the population. Higher values of w encourage exploitation whereas lower values
facilitate exploration. Thus, a suitable value of w can provide a balance between exploration and exploitation. C;
influences the individualistic behavior of the population; therefore, higher C; makes it very difficult to achieve
convergence as each particle tries to focus on its best solution. On the other hand, C, enforces the influence of
particles on each other and improves the collective behavior of the population.

3. Results and Discussion

The accuracy of the presented methodology is evaluated by considering a filling of 0.5 m x 0.2 m x 0.005 m
rectangular mold with a constant inlet pressure of 1 x 105 Pa (Figure 1). The fiber volume fraction is 0.5, while the
resin viscosity is 0.1 Pa.s. It is very challenging to control the variations in the predicted permeability values during
actual experiments. In this study, to validate the presented methodology for permeability characterization, virtual
experimentations are performed. In a virtual experiment, a simulation is performed via LIMS by providing
permeability values (considered as 'ground value'). This virtual experiment provides flow arrival time (Tj ) at
each node of discretized geometry (Figure 1(b)). The position of these nodes corresponds to the position of sensors
in an actual experiment. The methodology presented in the previous section is then used to predict the
permeability components, which are then compared with ground permeability values. To assess the efficiency of
the methodology, three different cases were tried: (i) predicting permeability components in flow direction by
using regular mold domain with isotropic preform only, (ii) predicting all three anisotropic permeability
components from a single injection by introducing the disturbance to mold domain, and(iii) predicting all three
anisotropic permeability components from a single injection by introducing the disturbance to mold domain in the
presence of race tracking phenomena as it is the main drawback of rectilinear injection [23], [24]. For each case,
two different trials were executed and for each trial the same search domain size was used (upper and lower limits
for search domain), while the population of particles was taken to be 200. The results are listed in Table 1. As
described earlier as an advantage of using PSO, no initial guess values were needed to proceed with the prediction
process. Thus, it can be concluded from the results presented in Table 1 that the proposed methodology is able to
predict the permeability values in a very accurate manner. In almost all cases, the error between the ground value
and the predicted value is less than 0.01%, with an exception in the second trial of case (ii), in which the maximum
error obtained is 3.96%.
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To further elaborate the role of PSO in permeability prediction in this study, an analysis on the evolution of
particles’ population has been performed. Since PSO relies on the convergence of the population to a single global
solution, the statistical range of particles in each variable direction is plotted against the iteration to observe the
population’s behavior. The statistical range represents the spread of particles from each other. If the particle
swarm converges to a single solution, then the range in each variable direction goes to zero. Otherwise, in some
variable directions, it remains away from zero. The results obtained for case 2(a) of Table 1 are presented in Figure
5. It can be observed that since the beginning of the optimization process, the range is very small, implying that
particles are already close to each other. The reason for this can be the upper and lower limits of the search domain
used in this study.

The pressure distribution obtained for all three cases are presented in Figure 6. For the first case in Figure 5(a),
the pressure gradient is parallel as no anisotropy is assumed. While for the second and third cases in Figures 5(b)
and 5(c), the pressure gradient is not parallel, and an inclination is observed (implying the presence of two
pressure gradient components) due to the presence of an anisotropic permeability component. In Figure 5(c), one
can also observe that at the end of the mold, the flow at the lower edge is distinctly delayed in comparison to the

flow at the upper edge due to race-tracking.

Table 1. Comparison of permeability values predicted by proposed methodology for three different cases.

e | et || ey | (S | e | S | et | Bt
Case 1. Isotropic preform - regular mold domain
a. 2.00E-11 | 2.00E-09 Kix 5.65x1010 | 565x10-10 | 6.40x 104 37 3924.407
b. 2.00E-11 | 2.00E-09 Kix 2.00x10-10 | 2.00x10-%0 | 1.63x10-3 34 3750.131
Case 2. Anisotropic preform — mold domain with disturbance
2.00E-11 | 2.00E-09 Kix 5.65x10-10 | 565x10-10 0
a. 2.50E-11 | 2.50E-09 Kyy 6.35x 1010 | 6.35x10-10 0 96 12440.06
1.00E-12 | 1.00E-10 Kxy 197x1011 | 1.97x10-11 0
2.00E-11 | 2.00E-09 Kix 2.00x10-10 | 2.00x10-10 0
b. 2.50E-11 | 2.50E-09 Kyy 2.50x 1010 | 2.50x 10-10 0 212 29833.51
1.00E-12 | 1.00E-10 Kxy 2.23x101t | 2.23x10-11 0
Case 3. Anisotropic preform with the presence of race-tracking - mold domain with disturbance
2.00E-11 | 2.00E-09 Kix 5.65x10-10 | 565x10-10 | 1.77x103
2.50E-11 | 2.50E-09 Kyy 6.35x1010 | 6.35x 1010 | 2.36x10-2
“ | 1.00E-12 | 1.00E-10 Ky 1.97x1011 | 1.97x1011 | 7.61x 102 173 33931864
1.00E-09 | 1.00E-07 Kt 1.00x 10-8 1.00x 108 | 3.00x10-2
2.00E-11 | 2.00E-09 Kix 2.00x10-10 | 1.99x10-10 | 3.82x10-1
b 2.50E-11 | 2.50E-09 Kyy 2.50x 1010 | 2.60x 1010 | 3.96x 100 800 95381 674
1.00E-12 | 1.00E-10 Kxy 2.23x1011 | 2.22x1011 | 4.20x 101
1.00E-09 | 1.00E-07 Kt 1.00x 10-8 1.02x 108 | 2.06x100
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Figure 5. Evolution of the population of particles in each variable direction for Case 2 (a) of Table 1.
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Figure 6. Pressure distribution for (a) isotropic preform - regular mold, (b) anisotropic preform - mold with disturbance,
and (c) anisotropic preform with presence of race-tracking - mold with disturbance.

The discretized geometry used for the virtual experiment for case (iii) has 1044 nodes, and as previously
mentioned, these nodes correspond to the position of sensors used in the actual experiment to record
experimental flow arrival time. To use these many sensors in an experiment is not efficient and requires a
substantial amount of effort, which is contrary to the objective of the present study. Therefore, additional analyses
have been made to observe the effect of the number of nodes/sensors on the prediction behavior of the proposed
methodology. The aim of the study is to find the minimum number of nodes/sensors sufficient to predict
permeability values with minimum error in less time. Hence, time to get predicted values along with an average of
errors associated with each permeability component is plotted against different numbers of nodes/sensors for
two different sets of permeabilities (Figure 7). The observed general trend for both cases is quite similar, i.e., there
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is a trade-off between total elapsed time and average error. After observing the elapsed time and average error for
each case, it can be concluded that ten nodes/sensors give the best combination of elapsed time and average error,
and it can be considered an optimum number of sensors required to predict permeability components in a time-
efficient manner.
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Figure 7. Effect of number of nodes/sensors on the prediction behavior of proposed methodology.

4. Conclusion

A methodology based on disturbing a unidirectional resin flow has been proposed to predict all three components
of in-plane permeability tensor from a single rectilinear flow experiment. The method depends on recording the
resin flow arrival times during the experiment and minimizing the error between experimental resin flow arrival
time and numerical resin flow arrival time obtained via RTM simulation of a similar mold domain in LIMS. The
residual sum of squares (RSS) is used to define the error between the experimental and numerical resin arrival
time, and the particle swarm optimization (PSO) algorithm is used to minimize this error. Three different cases
were performed, each containing two different sets of permeabilities. The proposed methodology has successfully
predicted the permeability with high accuracy for all three cases. An analysis to determine the least number of
nodes/sensors sufficient for permeability prediction has been performed to reduce the excessive efforts required
in the prediction process. It is found that ten nodes/sensors will be enough to determine the accurate permeability
values from a single rectilinear experiment, specifically for the geometry that used in this study.
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