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and Severe COVID-19 Patients in Iraq

Mustafa Abdulkareem Salman'”, Ansam Atwan Abdulah?

1" University of Diyala, College of Medicine/ Anatomy Dept., PhD student in Ercyies University (ORCID: 0000-0002-9714-4275), mostafadolamee@gmail.com
2 Ministry of Health, Baghdad Health Department Karkh, Yarmouk Hospital

(2nd International Conference on Scientific and Academic Research ICSAR 2023, March 14-16, 2023)
(DOI: 10.31590/ejosat.1266055)

ATIF/REFERENCE: Salman, M. A. & Abdullah, A. A. (2023). Assessment of WBCs, CRP, LDH and other Biomarkers of Moderate
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Abstract

Though most Iraqi patients who are infected by COVID-19 only suffering from mild symptoms, but in some cases a patient’s condition
deteriorates, leading to a negative outcome. This study aims to assess the clinical laboratory features of moderate and severe COVID-
19 patients

One hundred diagnosed as moderate and severe COVID-19 patients as well as fifty healthy participants were involved in our current
study. Assessment was made for WBCs, Monocytes, Lymphocyte, and Platelets. In addition, serum levels of lactate dehydrogenase
(LDH) and C-reactive protein (CRP).

A hundred patients aged 33 to 70 years with COVID-19 had severe and moderate cases. Present in DAR AL-SALAM for COVID-19
isolation in Baghdad, Iraq. COVID-19 patients showed increased serum levels LDH and CRP as well as WBCs count and others when
compared to healthy individuals. The severe group showed a statistically significant increase in WBCs account, neutrophil activity and
LDH levels, compared with moderate group. While the moderate COVID-19 groups displayed a significant rise in lymphocytes activity,
CRP, and Platelet.

The current investigation found that WBC count, lymphocyte count, LDH activity, and CRP level were effective indicators for
determining the severity of COVID-19, making them good assessment indicators.

Keywords: COVID-19, biomarkers, moderate, severe

Irak'taki Orta ve Siddetli COVID-19 Hastalarinin WBC'leri, CRP,

LDH ve Diger Biyobelirteclerinin Degerlendirilmesi
Oz
COVID-19 ile enfekte olan ¢ogu Irakli hasta yalnizca hafif semptomlardan muzdarip olsa da, bazi durumlarda hastanin durumu
kotiileserek olumsuz bir sonuca yol acar. Bu calisma, orta ve siddetli COVID-19 hastalarmin klinik laboratuvar 6zelliklerini
degerlendirmeyi amaglamaktadir.
Mevcut calismamiza yiiz orta ve agir COVID-19 hastast ve elli saglikli katilimci dahil edildi. WBC'ler, Monositler, Lenfosit ve
Plateletler i¢in degerlendirme yapildi. Ek olarak, laktat dehidrojenaz (LDH) ve C-reaktif protein (CRP) serum seviyeleri.
Yaglar1 33 ile 70 arasinda degisen yiiz COVID-19 hastasinin ciddi ve orta siddette vakalar1 vardi. Irak, Bagdat'ta COVID-19 izolasyonu
icin DAR AL-SALAM'da mevcut. COVID-19 hastalari, saglikli bireylerle karsilagtirildiginda artan serum seviyeleri LDH ve CRP'nin
yani sira WBC sayis1 ve digerlerini gosterdi. Siddetli grup, orta grupla karsilasgtirildiginda WBC hesabinda, nétrofil aktivitesinde ve
LDH seviyelerinde istatistiksel olarak anlamli bir artig gosterdi. Ilimli COVID-19 gruplari lenfosit aktivitesinde, CRP'de ve Trombositte
onemli bir artig gosterirken.
Mevcut aragtirma, beyaz kan hiicresi sayisi, lenfosit sayisi, LDH aktivitesi ve CRP seviyesinin COVID-19'un ciddiyetini belirlemede
etkili gostergeler oldugunu ve bu gostergelerin iyi degerlendirme gostergeleri oldugunu ortaya ¢ikardi.

Anahtar Kelimeler: COVID-19, biyobelirtegler, 1liman, hasin
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1. Introduction

Since COVID-19 first appeared in China [1,2], the infections
have spread globally led to causing as pandemic [3]. About 2% of
COVID-19 patients die from the illness, and 5-10% of them go
on to have severe, life-threatening conditions [3]. Multiorgan
damage and hyperinflammation are the main features of COVID-
19 infection, which results in multiorgan damage.

Acute severe respiratory distress brought on by epithelial
infection and activated alveolar macrophages of lungs is the main
factor contributing to COVID-19-related death [4]. As a result,
immune modulation and suppression medicine may prevent
COVID-19 patients' conditions from worsening. [5]. Many
COVID-19 patients have mild to moderate illness, while a small
number have severe disease or die [6, 7].

A growing body of research revealed that COVID-19 is
completely complicated in its pathophysiological modifications,
with multiple organs being damaged by the virus infection and the
immune system overreacting. Rised cytokines levels and
inflammatory reactive proteins have been seen in serum and lung
alveoli

A variety of risk factors for severe illness have been found,
including age [8, 9], malignant tumors [9], chronic renal disease
[10], chronic obstructive pulmonary disease [11], hypertension
[12], diabetes mellitus [13], obesity [14], smoking [13], and
immunodeficiency following transplantation [15]. There have
been reports of particular indicators of severity, such as
prothrombin time, lactate dehydrogenase (LDH), lactate
dehydrogenase (LDH), D-dimer, ferritin, interleukin-6, white
blood cell (WBC) count, lymphocyte count, platelet count,
albumin, and levels of these substances (PT) [16].

CRP has been investigated in a variety of diseases and is a
universal inflammatory predictor. CRP, which is also involved in
COVID-19, has a significant impact on both the disease's
prognosis and diagnosis [17].

LDH is an enzyme that is found in almost all the body's cells
and helps to produce energy. Measurements from LDH blood tests
are frequently used to monitor tissue damage brought on by a
variety of illnesses, including interstitial lung disease and liver
disease [17,18].

Anincrease in LDH is a common sign of tissue or cell damage
and tissue or cell death, pointing to viral infection or lung damage,
such as pneumonia caused by SARS-CoV-2 [18].

A significant biomarker for the activity and severity of
idiopathic pulmonary fibrosis has been identified as serum LDH.
Results from clinical laboratories are therefore essential for
determining the best course of treatment and evaluating a patient's
condition [18].

The pathophysiology of COVID-19 is, however, not fully
known. Undoubtedly, the development and severity of the illness
are significantly influenced by the cytokine storm that causes
inflammation and the virus evasion of cellular immune responses
[19].

Numerous laboratory anomalies have been linked to worse
outcomes in COVID-19 cases [20]. Patients with severe and fatal
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COVID-19 were shown to have significantly higher levels of
inflammatory biomarkers, cardiac and muscle damage, liver and
kidney function, and coagulation measurements, according to a
meta-analysis by Henry et al. In particular, serum ferritin,
interleukin (IL)-6, and IL-10 were strong indicators of severe
illness [21].

We examined the clinical laboratory and demographic data of
100 COVID-19 patients who were admitted to the DAR-
ALSALAM hospital for COVID-19 isolation as part of the current
study with the goal of identifying the predictors of COVID-19
severity.

2. Material and Method

Ethically, Official permissions regarding the ethics of
scientific research were obtained prior to the study's launch. The
patient's family also gave their consent for the patient to
participate in the study and have blood drawn. One hundred
COVID-19 patients (their ages 33—70th) were attended to DAR
AL-SALAM for COVID-19 isolation in Baghdad/ Iraq from 1
August 2021 to 30 December 2022 and participated in our study.
Other fifty healthy subjects were collected from private health
centre.

Based on Iraqi and WHO Medical Care Guidelines, the seve
rity of COVID-19 was assessed [15]. Some patients had moderate
disease (pneumonia treated with oxygen treatment without
mechanical ventilation), whereas others had severe disease
(pneumonia with mechanical ventilation). Patients suffering from
chronic conditions were excluded.

5 ml of blood was drawn from each case. It was separated into
two types of gel tubes for separating the serum purpose, and the
other part was placed in an EDTA tube for complete blood count

purpose.

All analysis were done by Cobas e41l system (Roche
Diagnostics K.K., Tokyo, Japan). CBC were tested using a fully
automated blood cell counter XN-3000 (Sysmex Co., Kobe,
Japan).

The current study's data were analyzed using the Chi-square
(X2) test to compare percentages. (Mean SD) was used to describe
numerical data. The T test is used to compare two numerical
variables, whereas the F test (ANOVA) is used to compare three
or more numerical variables. The test was run with a significance
level of =0.05. Programs for analyzing current data (SPSS v.22
and Excel 2013).

3. Results and Discussion
3.1. Results

The results showed that all parameters were affected
according to age, WBCs levels were significantly higher in the
aged between 50-69 years while neutrophil, lymphocytes, and
CRP levels were significantly increased in aged > 70. While
lymphocytes, Platelets, and LDH showed significantly increasing
in the group who their ages between 33-49 years as shown in the
table (1).
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Table 1. Parameters effects according to age for severe and moderate COVID-19 patients

Age
Parameters N 33 — 49 years 50 — 69 years >170
13.45 £ 5.877 14.83 +12.820 13.96 + 5.509
WBCs 100
b a b
4.68 + 0.555 4.61 £ 0.570 5.38 +3.193
neutrophil 100
b b a
13.17 +£ 1.663 13.06 + 1.826 15.53 £9.375
lymphocyte 100
ab b a
282.96 = 99.957 265.20 +95.261 222.96 + 89.255
Platelet 100
a ab b
33.25+23.936 36.33 +27.110 53.31 +£51.843
CRP 100
b b a
LDH 100 949.18 +503.725 808.70 + 298.145 798.89 + 353.364
a b b
Different litters horizontally mean significant differences at the 0.05 level

Regarding the laboratory data results, patients in the moderate
and severe groups showed significantly higher WBCs count,
neutrophils, lymphocytes activities, Platelet, LDH, and CRP level
compared with healthy controls. Severe patients showed
significantly higher levels of WBCs count, neutrophil, and LDH
activity levels compared with the moderate group.

Serum Lymphocyte activity, Platelet, and CRP exhibited a
significant increase in moderate COVID-19 patients compared
with severe COVID-19 cases with P-value< (0.1, 0.01, and 0.001)
as shown in table 2.

Table 2: The levels of WBCs, RBCs, Platelet, CRP, and LDH in sever and moderate patients comparing with healthy control

parameters Sever/n=100 Moderate/ n=100 Healthy/ n=50
WBCs 14.27+9.7* 11.46+ 8.54* 5.92+0.21
neutrophil 14.907+ 7.024%* 12.74£5.563%* 7.38+1.03
lymphocyte 11.507+3.696** 13.04 £4.269** 2.06+0.78
Platelet 247.55+ 98.469* 277.59+ 93.441* 175.234+4.68
CRP 30.01 £ 38.724%** 42.15 + 62.559 *** 1.97 £0.19
LDH 939.37+381.561 *** 738.37+329.097 *** 261.6+3.00

*. mean significant differences at the 0.1 level.

**_mean significant differences at the 0.01 level.

*** mean significant differences at the 0.001 level.

3.2 Discussion

Patients with COVID-19 who had moderate or severe cases
had different haematological characteristics. Even though there
were differences in platelet counts between moderate and severe
cases, WBCs as well as their differential numbers appeared be
crucial in determining how severe the condition was. When
compared to moderate instances. Therefore, the SARS-CoV-2
infection may cause a variety of clinical manifestations, from mild

e-ISSN: 2148-2683

pneumonia to subclinical illness. Our preliminary results
demonstrated that, in addition to age, comorbidity presence, and
symptoms at admission, laboratory markers such as WBCs count,
lymphocytes count, neutrophil, LDH activities, and CRP levels
made the biggest contribution to the prediction of the illness
severity.

The patients in the ICU group, according to Wang et al., were
older and showed more comorbidities than those in the non-ICU
group [22]. Dyspnea and a dry cough were notable admission
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symptoms that were significantly more common in the severe
group. According to the laboratory analysis, SARS-CoV-2 has an
impact on a few common blood indicators. Regarding the
admission laboratory results, very ill patients typically have
elevated WBCs, neutrophil, lymphocyte activity, LDH, and CRP
levels [23].

Higher levels of leukocytes were a distinguishing
characteristic of the critically ill patients in the current
investigation, which is consistent with the meta-analysis (Zeng et
al., 2020) [23], which discovered increased WBC counts in
patients with severe COVID-19. Anaemia is a result of SARS-
disruption CoV-2's of red blood cells (RBC) and decreased
erythrogenesis (Sun et al., 2020) [24]. Lymphopenia was
discovered to be a COVID-19 feature that can help differentiate
COVID-19 pneumonia from non-COVID-19 pneumonia.
According to study, the decrease in lymphocytes is mostly caused
by T-lymphocyte subset depletion, specifically T-helper and T-
suppressor cells, and the presence of lymphopenia in COVID-19
patients implies significant inflammation and tissue damage [25].

Our data imply that in severe cases, the absolute lymphocyte
count is lower, although the difference is not as pronounced as the
difference in NLR.

Shi et al., investigated that there is a link between LDH and
moderate COVID-19 disease. While Han et al., suggested that the
LDH is useful in predicting disease development in severe
COVID-19

Henry et al. discovered that an increase in LDH levels is
linked with disease severity (OR = 6.53) and death (OR = 16.64)
in a meta-analysis comprising nine trials in mild, moderate, and
severe COVID-19 patients [26].

Higher WBC, specifically increased neutrophil counts and
reduced lymphocyte counts, accurately predicted the severity of
COVID-19 disease. An increase in inflammatory cytokines is
coupled with a decrease in lymphocytes may due to CD4+ cell
death [27]. CRP was also an excellent predictor of the severity of
COVID-19 sickness. [28].

In the current study, we discovered that higher WBC counts,
CRP levels, and LDH activity were linked to hospital admission
in the severe group. Finding a marker that could be used to
precisely forecast a severe prognosis was the aim of this study.

We noticed that WBCs, LDH, CRP, and lymphocyte were
effective biomarkers for COVID-19 severity diagnosis. As a
result, it may be added to the list of severe prognosis predictions
that are easy to gather since it is a parameter reported in standard
testing. Cellular immunological deficiencies and

hypercoagulation may account for all of our study's findings.

4. Conclusions and Recommendations

The coronavirus disease of 2019 exhibits strong
haematological symptoms. Common haematological
abnormalities have been discovered in COVID-19 individuals
with severe and moderate disease. The increases in WBC count,
lymphocyte count, and CRP level may be strongly related to other
organ injuries, such as liver injury, in COVID-19 patients. WBCs
count, LDH activity, CRP level, and lymphocyte count, to a
greater extent, were effective predictors for identifying the
severity of COVID-19 infection.

e-ISSN: 2148-2683
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Abstract

Graphene (Gr) is of great interest in the development of new electronic, photonic, and composite materials. The physical properties of
Gr can vary depending on the number of layers, and this unique property makes it a potential material for different electronic
applications. In this study, few-layer graphene (FLG) film was spin-coated onto the InP semiconductor surface and the FLG/n-InP
Schottky contact was produced. The properties and quality of the FLG nano-film were determined by using Raman spectroscopy.
Parameters such as ideality factor, barrier height, and series resistance of Schottky contacts were calculated using current-voltage (I-
V) curves. With the Gaussian distribution, the mean ideality factor of the Gr/InP contacts was found to be <n>=1,47, and the mean
barrier height values were found to be <pb>=0.68 ¢V. The standard deviation values were calculated as =0.32 for the ideality factor
and 6=0.06 eV for the barrier height. In addition, the series resistance values were calculated from the Cheung functions and were
found to be in agreement with the literature. Finally, the current conduction mechanisms of the Gr/n-InP structure were revealed by
examining the logarithmic I-V characteristics.

Keywords: Graphene, Gaussian distribution, InP, Raman spectrum.

FLG/InP Schottky Kontaklarimin Elektronik Ozellikleri

Oz

Grafen (Gr), yeni elektronik, fotonik ve kompozit malzemelerin gelistirilmesinde biiyiik ilgi gormektedir. Gr'nin fiziksel 6zellikleri
katman sayisina bagli olarak degisebilmekte ve bu benzersiz 6zelligi onu farkli elektronik uygulamalar igin potansiyel bir malzeme
yapmaktadir. Bu ¢alismada InP yar iletken yiizeyi lizerine birka¢ katmanl grafen (FLG) filmi dondiirerek kaplandi ve FLG/n-InP
Schottky kontaklar1 iretildi. FLG nano filminin 6zellikleri ve kalitesi Raman spektroskopisi kullanilarak belirlendi. Schottky
kontaklarinin idealite faktorii, bariyer yiiksekligi ve seri direnci gibi parametreler akim-gerilim (1-V) egrileri kullanilarak hesaplandi.
Gauss dagilimi ile Gr/InP kontaklarimin ortalama idealite faktorii <n>=1,47, ortalama engel yiiksekligi degerleri ise <pb>=0,68 eV
olarak bulundu. Standart sapma degerleri idealite faktori icin 0=0,32 ve engel yiiksekligi i¢in 6=0,06 eV olarak hesaplanmustir.
Ayrica Cheung fonksiyonlarindan seri direng degerleri hesaplanmig ve literatiir ile uyumlu bulunmugtur. Son olarak logaritmik 1-V
karakteristikleri incelenerek Gr/n-InP yapisinin akim iletim mekanizmalari ortaya konulmustur.

Anahtar Kelimeler: Grafen, Gauss dagilimi, InP, Raman spektrumu.
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1. Introduction

Schottky-based  metal/organic/semiconductor — structures
have many different usage areas as a result of the developments
in semiconductor circuit elements technology and their
increasing importance day by day. These devices can generally
be used as switching elements, microwave circuit elements, solar
cells and detectors. Controlling the barrier height in the
formation of a metal/organic/semiconductor is important for
designing a high-performance electronic and optoelectronic
circuit element. The performance and reliability of the circuit
element are closely related to the geometrical and electronic
properties of that material at the atomic scale.

Wide-bandgap III-V compound semiconductors for the
fabrication of various electronic and optoelectronic devices have
had important applications in recent years. The deposition of
various organic inorganic films on InP semiconductors is still of
interest for the fabrication of modern optoelectronics,
microwave devices, and integrated circuits circuits (Cimilli et al,
2009a), (Cimilli Catir, 2020)

Raman spectroscopy is a very effective method for the
characterization of sp2 and sp3 hybrid carbon atoms. The
electronic and vibrational properties of monolayer, bilayer and
several layers of graphene can be easily investigated by
resonance raman scattering (Ferrari et al., 2006).

Graphene is a two-dimensional, hexagonal structure of
carbon atoms bonded together by hybridized sp2. These sheets
are bonded with © bonded graphite. Graphene has interesting
properties such as high electronic conductivity, thermal stability,
and mechanical strength that researchers have been working on
for a long time. However, the growth of single-layer graphene is
critical for production, and it is not easy to control the number of
graphene flakes during application. The spherical form of a
single graphite layer is called OD fullerene, and the 1D
cylindrical form formed by curling around the edges is called a
carbon nanotube. The 2-dimensional structure consisting of one
or more graphite layers is called graphene. Few layers of
graphene (FLG) in the literature: two to five layers; multilayer
graphene, (MLG), two to ten layers; graphene nanoplatelet,
(GNP): more than ten layers classified by name (Kauling et al.,
2018). The physical properties of graphene material vary
depending on the number of layers. For example, single-layer
graphene has a sheet resistivity of about 2 K€/sq and an optical
transmittance of about 97%. However, layer resistance and
optical transmittance decrease with increasing layer number (Li
et al., 2009).

In one of the first studies on the Gr/n-Si Schottky junction
for solar cells, reported by Li et al. (2010), individual layers
were mostly composed of single-layer, bi-layer, and several-
layer graphene. Consisting of a coherent and continuous
graphene sheet film coated on a patterned n-Si/SiO2 substrate
with Au contacts, the device's I-V characteristics were highly
rectifying (correction ratio 10+4-10+6) and diode ideality factor
corresponding to n=1.57. It was almost linear in the 0.1-0.4 V
range.

The spin coating method, which is easy to produce, strong,
thin, smooth, conductive, and transparent films, is preferred
compared to expensive and complex systems such as magnetron
scattering, arc plasma, CVD, and spray pyrolysis. Hence, in this
study, few-layered graphene (FLG) nano-film was deposited by
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spin coating onto an n-InP substrate, and then, Ag/FLG/n-InP
Schottky diodes were fabricated. By using the forward bias
current-voltage (I-V) characteristics, the ideality factor (n) and
barrier height (®b) of Ag/FLG/n-InP diodes were found by -V
and Cheung functions methods. The statistical Gaussian
distributions of Ag/FLG/n-InP Schottky diode parameters were
evaluated. The electrical and electronic properties of Ag/FLG/n-
InP diodes were investigated.

2. Material and Method

First, the InP semiconductor sample was cut with a diameter
of 1x1 cm and subjected to various processes in order to be
cleaned from some organic and inorganic impurities (Cimilli,
Saglam, & Tiiriit, 2007). Then it was thoroughly washed with
deionized water, dried, and made ready to form a film.

20 mg/ml graphene nano-powder and water dispersion were
coated on the InP sample surface by spinning for 10 seconds at
500 rpm, 15 seconds at 1000 rpm, and 30 seconds at 5000 rpm.
Next, the graphene films were dried at 100°C under nitrogen
gas. The graphene film was subjected to a hydrazine hydrate
treatment at 800°C under nitrogen flow and the graphene films
were reduced again by a combination of annealing Then, In
metal was vaporized on the back side of the sample and ohmic
contacts were made (Cimilli et al., 2009b). Schottky contacts
were produced by evaporating Ag metal on the graphene film
surface with the help of a 0.5 mm diameter mask at about 10—6
mbar. The current—voltage (I-V) measurements for Ag/FLG/n-
InP Schottky diodes were measured by using a Keithley 2400
picoammeter/voltage source at room temperature.

3. Results

Raman spectroscopy provides a facile way of structural and
quality analysis of graphene materials. Fig. 1 shows Raman
spectrum of the FLG film. Raman spectrum exhibited two strong
and sharp peaks at 1375 cm—1 (D peak), 1590 cm—1 (G peak),
and 2730 cm—1 (2D peak), being in agreement with spectral
characteristic of graphene. These peak values show that the
graphene-produced film is in the form of graphene, that is, it is
not graphene oxide or graphite.

Raman Intensity

I ' I ' I ' I ' I ' I
0 500 1000 1500 2000 2500 3000 3500
Wave number (cm-1)

Fig. 1 Raman spectrum of FLG film

Raman spectroscopy is also a technique used to analyze
single, double, several, or multilayer graphene films (Wang et
al., 2008). The Raman spectrum of graphene is given in the
literature as follows: D-peak at 1350 cm-1, G-peak at 1580 cm-
1, and 2D-peak at ~2700 cm-1 (Lee et al., 2017). The intensity
of these three values is used to separate the number of layers of
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the graphene film. The decrease in the intensity of the G peak
and a sharper and narrower 2D peak is the most defining features
of single-layer graphene. In multilayer graphene, on the other
hand, the 2D peak expands and begins to deteriorate.

Ag/FLG/n-InP

10°
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whd
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(&]
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10 T—— T T T 1
2 -1 0 1 2 3
Voltage (V)

Fig. 2 Current-voltage (I-V) characteristics of Ag/FLG/n-InP
Schottky diode

The presence of the D-peak gives a measure of the
imperfection of the structure. That is, using the density of the D-
peak, the number of microscopic defects in graphene can be
explained (Singh et al.,, 2018). The Raman spectrum of
monolayer graphene should not have a D-peak (Li et al., 2011).
The presence of D-peak is attributed to the chemical doping of
the graphene film and the presence of grain boundaries. The
density ratio of D and G-peaks should not exceed 0.1 in a
quality-produced graphene film. As shown in Figure 1, the ID/IG
= 0.036 value was measured using Raman spectroscopy of
manufactured graphene film. This value reveals that the defect
density of the produced graphene film is low and relatively high-
quality graphene sheets are produced (Li et al.,, 2011). In
addition, the intensity of the 2D peak for monolayer graphene is
given twice the intensity of the G peak in the literature. The
density ratio of IG/I2D = 1.17 found in Figure 1 shows that the
graphene film on the sample has few layers, but not a monolayer.
As a result, we concluded that the graphene film we produced is
few-layered graphene and our findings are in good agreement
with the values reported in previous reports (Ferrari et al., 2006),
(Wang et. al., 2008).

When the I-V measurement characteristics were examined,
it was seen that all the produced diodes exhibited good
rectification behaviour. The linear and semi-log I-V
characteristics of a selected Ag/FLG/n-InP Schottky diode are
shown in Figure 2. The FLG/n-InP structure showed good
rectification properties and the rectifier feature of the diodes is in
good agreement with the previously reported results
(Baltakesmez et al., 2019), (Cetin & Ayyildiz, 2010), (Devi,
Jyothi, & Reddy, 2012), (Bhaskar Reddy et al., 2009), (Cimilli et
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al., 2009b). The nonlinear I-V characteristic of Schottky diode
behavior can be explained by thermionic emission theory
(Bhaskar Reddy et al., 2009), (Giilnahar M, 2015). By using
thermionic emission (TE) theory and forward I-V graph (Cimilli
et al., 2009a), (Gililnahar M, 2015), the ideality factor values (n)
of the diodes from the slope of the linear region and the barrier
height (pb) values from the current axis intersection point were
calculated, respectively.

4
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Fig. 3 Statistical Gaussian distributions of ideality factor values
Ag/FLG/n-InP Schottky diode.

Statistical Gaussian distributions and Gaussian fits of n and
ob are shown in Figures 3-4, respectively. Even if they are
prepared identically, n and ¢b vary from diode to diode.
Therefore, it is common practice to average these values
(Saglam, Cimilli, & Tiiriit, 2004). Ideality factor values were
found to be between 1.04 to 2.14, with a mean idealite factor
value of <n>=1.47. The standard deviation values were
calculated as 6=0.32 for the ideality factor. The small standard
deviation values were attributed to Ag/FLG/n-InP Schottky
diodes approaching the classical ideal diode behaviour. The
ideality factor values were calculated between 1 and 2 values for
rectifier metal-semiconductor structures with organic and
inorganic interfaces (Tiiriit, 2020). Balaram et al., (Balaram et
al., 2018) studied CuO/n-InP Schottky diodes. The barrier height
(pb) and ideality factor (n) were extracted through current
voltage (I-V) and capacitance voltage (C-V) methods and the
respective values were 0.66 eV (I-V)/0.80eV (C-V) and 1.24,
and 0.78eV (I-V)/0.94eV (C-V) and 1.62, respectively.
Rajagopal Reddy (Reddy, Reddy, Padmasuvarna, & Narasappa,
2015) has reported that the ideality factor of Ru/Ti Schottky
contact is found to be 1.19 for the as-deposited contact. The
estimated ideality factor n values are 1.26, 1.59 and 1.64 for the
contacts annealed at 200 °C, 300 °C and 400 °C, respectively.
Our ideality factor values are in harmony with the classical
semiconductor diodes in the literature. This means that the
current transports at the Ag/FLG interface are approximately
dependent on the thermionic emission theory.

Barrier height values range from 0.57 and 0.78 eV with the
mean barrier height value of <@pb>=0.68 eV. The standard
deviation values were calculated as 6=0.06 eV for the barrier
height. Devi et al. (2012) calculated the experimental values of
as-deposited Au/Cu/n-InP Schottky contact has a barrier height
of 0.64 eV from IV measurements and 0.76 eV from C-V
measurements. Rajagopal Reddy et al. (2015) found the
Schottky barrier heights of the Au/n-InP and Au/NiPc Schottky
contacts as 0.59 eV (I-V)/0.71 eV (C-V) and 0.82 eV (I-V)/1.14
eV (C-V) with ideality factors of 1.22 and 1.83, respectively.
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Fig. 4 Statistical Gaussian distributions of ideality factor values
Ag/FLG/n-InP Schottky diode.

It is clearly seen that there is a significant change in the
barrier height of the diode when compared with the above
references due to the presence of the FLG interfacial layer. This
can be explained by the chemical bonding of the FLG film to the
InP semiconductor. Thus, it is concluded that the FLG interfacial
layer causes a significant change in the interface states and the
space charge region of the semiconductor, thereby changing the
barrier height.

The series resistance (Rs) can be determined from the series
resistance region of the I-V characteristics. The n, @b and Rs
values were obtained from the equations below using the
Cheung functions method again.

av__ kT r (1)
dinl) e

H(I)=n®b +IRs (2)

The n and Rs values were obtained from Eq. (1) as 1.20 and
9.37 Q, respectively. Also, ¢b and a second Rs values were
calculated from Eq. (2) as 0.73 eV and 10.62 Q, respectively. As
a result, it is seen that the barrier height, ideality factor and
series resistance values calculated with the help of Cheung
functions are in great agreement with the traditional I-V
characteristics. This supports the accuracy of the calculations for
Ag/FLG/n-InP diodes. In addition, these series resistance values
calculated from the dV/d(Inl)-I and H(I)-I functions were found
to be close to each other.

As mentioned above, one reason why the ideality factor is
greater than 1 is the series resistance (Rs) effect, which causes
the DC current voltage curves corresponding to high voltages to
deviate from linearity. One of the important factors affecting the
current-voltage characteristics of Schottky diodes is the neutral
region resistance of the semiconductor body and is called the
series resistance. Series resistance is a very important parameter
of a metal-semiconductor Schottky diode and it is effective at
high voltages. The existence of series resistance has been
attributed to inhomogeneities at the metal-interlayer-
semiconductor interfaces and/or to differences in surface
morphology from region to region.
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Fig. 5 Plot of dv/d(Inl) and H(I) versus | for Ag/FLG/n-InP
Schottky diode calculated from Cheung functions

As can be seen from the above calculations, there are
differences between the ideality factors and barrier heights
obtained from the I-V and Cheung's methods. These differences
are attributed to the fact that both methods calculate from
different regions of the Inl-V plot. In the I-V method, the linear
region is used for calculation, while the Cheung functions are
influenced by the interface layer thickness, interface states, and
bulk series resistance between metal and semiconductor.
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Fig. 6 Current-voltage (I-V) characteristics of Ag/FLG/n-InP
Schottky diode in full logarithmic scale

In Figure 6, the current-voltage characteristics of the
Ag/FLG/n-InP Schottky diode in the logl-logV scale was given.
It is seen that the forward bias I-V plot of the device consists of
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two different linear regions. In Figure 6, the device exhibits
ohmic behavior in the low voltage region, which is expressed as
region 1 in the log-log scale. In this region, the current is
proportional to the electric field. Many of the modern organic
devices are based space charge limited conductivity (SCLC)
interpreted by Mott in 1940 (Mott & Gurney, 1948). In the graph
of the Ag/FLG/n-InP device on the logl-logV scale, there is a
high voltage region also referred to as region 2. Region 2 is the
limited space charge flow (SCLC) region.

4. Discussion

In this research, the electronic properties of Ag/FLG/n-InP
device obtained from graphene, an organic material, with an
inorganic n-type InP semiconductor were investigated. Basic
diode parameters such as ideality factor and barrier height from
I-V (current-voltage) measurements made at room temperature
and in the dark were calculated by the TE method. From the
graph obtained from the I-V measurements, it was observed that
almost no current flows from the device in reverse feed, and the
current values increase linearly at low voltage values in straight
feed. In the calculation made from the linear region under
straight feeding, it was observed that the twelve different devices
obtained showed similar properties and the barrier height values
varied between 0.77 eV and 0.84 eV. From these results, it was
seen that Ag/FLG/n-InP device has a Schottky-type rectification
feature and the FLG material provides a high barrier between Ag
and n-InP. The forward bias logl-logV graph of the Ag/FLG/n-
InP device was drawn and this graph exhibited two different
regions that have been observed. These regions show ohmic
conductivity at low voltages and space charge limited
conductivity (SCLC) at high voltages. Ideality factor, barrier
height, and series resistance values were calculated with the
thermionic emission method of the Ag/FLG/n-InP device as well
as the Cheung method. In the calculations made by the Cheung
methods, the ideality factor and series resistance values of the
Ag/FLG/n-InP device were different from the values obtained
from the TE method. This difference is attributed to the
calculation made by considering the different regions of the I-V
graph, the series resistance effect, and the interface states.

5. Conclusions and Recommendations

Ag/FLG/n-InP Schottky diodes with a few layered graphene
nanofilm on the interface were manufactured identically.
Schottky barrier diode parameters such as ideality factor, barrier
height, and series resistance obtained from the current—voltage
(I-V) characteristics of Ag/FLG/n-InP Schottky diodes were
studied. Ideality factor values range from 1.04 to 2.14 and
barrier height values were found to be between 0.57 and 0.78 eV.
The n value was obtained from the dV/d(Inl)-I plot as 1.20 and
the ob value was calculated from H(I)-I as 0.73 eV. The series
resistance values obtained from Cheung functions graphs were
close to each other. The statistical Gaussian distributions of
Ag/FLG/n-InP Schottky diode parameters were evaluated. The
mean ideality factor of the Ag/FLG/n-InP contacts was found to
be <n>=1.47, and the mean barrier height values were found to
be <pb>=0.68 e¢V. The standard deviation values were calculated
as 0=0.32 for the ideality factor and 6=0.06 eV for the barrier
height. The small standard deviation values were attributed to
Ag/FLG/n-InP Schottky diodes approaching the classical ideal
diode behavior. The forward bias logl-logV graph of the
Ag/FLG/n-InP device exhibited that the dominant conduction

e-ISSN: 2148-2683

mechanism is identified as the SCLC process. It is further shown
that the traps are distributed uniformly in the forbidden band

gap.

References

Balaram, N., Rajagopal Reddy, V., Sekhar Reddy, P. R,
Janardhanam, V., & Choi, C.-J. (2018). Microstructural,
chemical states and electrical properties of Au/CuO/n-InP
heterojunction with a cupric oxide interlayer. Vacuum, 152,
15-24. doi:https://doi.org/10.1016/j.vacuum.2018.02.041

Baltakesmez, A., Taser, A., Kudas, Z., Giizeldir, B., Ekinci, D.,
& Saglam, M. (2019). Barrier Height Modification of n-InP
Using a Silver Nanoparticles Loaded Graphene Oxide as an
Interlayer in a Wide Temperature Range. Journal of
Electronic Materials, 48(5), 3169-3182.
doi:10.1007/s11664-019-07088-8

Bhaskar Reddy, M., Ashok Kumar, A., Janardhanam, V.,
Rajagopal Reddy, V., & Narasimha Reddy, P. (2009).
Current—voltage—temperature (I-V-T) characteristics of
Pd/Au Schottky contacts on n-InP (111). Current Applied
Physics, 9(5), 972-977. doi:10.1016/j.cap.2008.10.001

Cimilli Catir, F. E. (2020). The Structural, Optical, and Electrical
Characterization of Ti/n-InP Schottky Diodes with Graphene
Oxide Interlayer Deposited by Spray Pyrolysis Method.
physica status solidi (a), 217(19).
doi:10.1002/pssa.202000125

Cimilli, F. E., Efeoglu, H., Saglam, M., & Tiriit, A. (2009a).
Temperature-dependent current—voltage and capacitance—
voltage characteristics of the Ag/n-InP/In Schottky diodes.
Journal of Materials Science: Materials in Electronics,
20(2), 105-112. doi:10.1007/s10854-008-9635-z

Cimilli, F. E., Saglam, M., Efeoglu, H., & Tiriit, A. (2009b).
Temperature-dependent current—voltage characteristics of
the Au/n-InP diodes with inhomogeneous Schottky barrier
height. Physica B: Condensed Matter, 404(8-11), 1558-
1562. doi:10.1016/j.physb.2009.01.018

Cimilli, F. E., Saglam, M., & Tiiriit, A. (2007). Determination of
the lateral barrier height of inhomogeneous Au/n-type InP/In

Schottky barrier diodes. Semiconductor Science and
Technology, 22(8), 851-854. doi:10.1088/0268-
1242/22/8/003

Cetin, H., & Ayyildiz, E. (2010). On barrier height

inhomogeneities of Au and Cu/n-InP Schottky contacts.
Physica B: Condensed Matter, 405(2), 559-563.
do0i:10.1016/j.physb.2009.09.065

Devi, V. L., Jyothi, 1., & Reddy, V. R. (2012). Analysis of
temperature-dependent Schottky barrier parameters of Cu—
Au Schottky contacts to n-InP. Canadian Journal of Physics,
90(1), 73-81. doi:10.1139/p11-142

Ferrari, A. C., Meyer, J. C., Scardaci, V., Casiraghi, C., Lazzeri,
M., Mauri, F., Geim, A. K. (2006). Raman Spectrum of
Graphene and Graphene Layers. Physical Review Letters,
97(18), 187401. doi:10.1103/PhysRevLett.97.187401

Giilnahar, M. (2015). Electrical characteristics of an Ag/n-InP
Schottky diode based on temperature-dependent current—
Voltage and capacitance—voltage measurements.
Metallurgical and Materials Transactions A, 46(9), 3960-
3971.

Kauling, A. P., Seefeldt, A. T., Pisoni, D. P., Pradeep, R. C,,
Bentini, R., Oliveira, R. V. B., Castro Neto, A. H. (2018).
The Worldwide Graphene Flake Production. 30(44),
1803784. doi:https://doi.org/10.1002/adma.201803784

10



European Journal of Science and Technology

Lakshmi Devi, V., Jyothi, 1., Rajagopal Reddy, V., & Choi, C.-J.
J. T. O. A. P. J. (2012). Schottky barrier parameters and
interfacial reactions of rapidly annealed Au/Cu bilayer metal
scheme on n-type InP. 5(1).

Lee, H. C., Liu, W.-W., Chai, S.-P., Mohamed, A. R., Aziz, A.,
Khe, C.-S., Hashim, U. J. R. a. (2017). Review of the
synthesis, transfer, characterization and growth mechanisms
of single and multilayer graphene. 7(26), 15644-15693.

Li, W, Tan, C., Lowe, M. A., Abruna, H. D., & Ralph, D. C. J.
A. n. (2011). Electrochemistry of individual monolayer
graphene sheets. 5(3), 2264-2270.

Li, X., Zhu, H., Wang, K., Cao, A., Wei, J., Li, C., Wu, D. J. A.
m. (2010). Graphene-on-silicon Schottky junction solar
cells. 22(25), 2743-2748.

Li, X., Zhu, Y., Cai, W., Borysiak, M., Han, B., Chen, D., Ruoff,
R. S. (2009). Transfer of Large-Area Graphene Films for
High-Performance Transparent Conductive Electrodes.
Nano Letters, 9(12), 4359-4363. doi:10.1021/n1902623y

Mott, N. F., & Gurney, R. W. (1948). Electronic processes in
ionic crystals: Clarendon Press.

Rajagopal Reddy, V. (2015). Electrical and interfacial properties
of Au/n-InP Schottky contacts with nickel phthalocyanine
(NiPc) interlayer. Indian Journal of Physics, 89(5), 463-469.
doi:10.1007/s12648-014-0602-7

Reddy, V. R, Reddy, Y. M., Padmasuvarna, R., & Narasappa, T.
L. (2015). Ru/Ti Schottky Contacts on N-type In-P (100):
Temperature Dependence of Current-Voltage (I-V)
Characteristics. Procedia Materials Science, 10, 666-672.
doi:10.1016/.mspro.2015.06.060

Saglam, M., Cimilli, F. E., & Tiiriit, A. (2004). Experimental
determination of the laterally homogeneous barrier height of
Au/n-Si Schottky barrier diodes. Physica B: Condensed
Matter, 348(1-4), 397-403. doi:10.1016/j.physb.2004.01.002

Singh, S., Powar, S., Mahala, P., Majee, S., Eshwar, T., Kumar,
A. Microstructures. (2018). Fabrication and characterization
of graphene based silicon Schottky solar cell. 120, 637-641.

Tirit, A. (2020). Oncurrent-voltage and capacitance-voltage
characteristics of metal-semiconductor contacts. Turkish
Journal of Physics, 44(4), 302-347. doi:10.3906/fiz-2007-11

Wang, Y. Y., Ni, Z. H,, Yu, T, Shen, Z. X., Wang, H. M., Wu, Y.
H., Shen Wee, A. T. J. T. J. 0. P. C. C. (2008). Raman studies
of monolayer graphene: the substrate effect. 112(29), 10637-
10640.

e-ISSN: 2148-2683

11



Avrupa Bilim ve Teknoloji Dergisi European Journal of Science and Technology
Ozel Say1 49, S. 12-15, Mart 2023 § Special Issue 49, pp. 12-15, March 2023
© Telif hakki EJOSAT a aittir ad Copyright © 2023 EJOSAT

S N
Arastirma Makalesi www.ejosat.com ISSN:2148-2683 Research Article

Time Series and Data Science Preprocessing Approaches for
Earthquake Analysis

Mustafa Kanber!”, Yunus Santur?

1" Firat University, Institute of science, Departmant of Software Engineering, Elazig, Turkey, (ORCID: 0009-0001-4417-8105), kanbermustafal0@gmail.com
2 Firat University, Institute of science, Departmant of Software Engineering, Elaz1g, Turkey, (ORCID: 0000-0002-8942-4605), ysantur@firat.edu.tr

(2nd International Conference on Scientific and Academic Research ICSAR 2023, March 14-16, 2023)
(DOI: 10.31590/ejosat.1265261)

ATIF/REFERENCE: Kanber, M. & Santur, Y. (2023). Electronic Properties of FLG/InP Schottky Contacts. European Journal of
Science and Technology, (49), 12-15.

Abstract

Time series are frequently used today to analyze data that changes over time and to predict future trends. Usage areas of time series data
include many applications such as financial market forecasts, weather forecasts, sales forecasts, medical diagnostics and stock
management. Among the methods, there are techniques such as autoregressive integration, moving average, long-short-term memory
neural network, time series condensation, wavelet transform and Frequency Domain. These techniques are chosen depending on the
characteristics of the time series data and their intended use. For example, the ARIMA model is used for variable variance and non-
stationary time series, while the LSTM model may be more suitable for capturing long-term dependencies. In this article, it has been
tried to prove that time series based artificial intelligence systems can be built on fault movements, which are very difficult to predict
on earthquake time series data, and it is quite possible to get useful results. In particular, deep learning methods are among the prominent
methods in the article. Deep learning methods are used to detect complex structures and analyze large datasets to produce accurate
results. These methods include multilayer perceptrons, long-short-term memory neural network, and radial-based function network. It
is also emphasized that factors such as the selection of features used in earthquake prediction, data preprocessing, feature engineering
and correct model selection are also important. As a result, the use of artificial intelligence techniques on earthquake time series data
has great potential in estimating earthquake risk. Deep learning methods perform better, especially for large datasets, and more accurate
results can be obtained with the right model selection. However, factors such as data preprocessing and feature selection also need to
be considered.

Keywords: API, Data Science, Earthquake.

Deprem Analizi icin Zaman Serileri ve Veri Bilimi On Isleme
Yaklasimlari

Oz

Zaman serileri giinlimiizde zaman i¢inde degisen verileri analiz etmek ve gelecekteki egilimleri tahmin etmek i¢in sik bi¢imde kullanilir.
Zaman serisi verilerinin kullanim alanlar1 arasinda finansal piyasa tahminleri, hava durumu tahminleri, satis tahminleri, tibbi teshisler
ve stok yOnetimi gibi birgok uygulama yer almaktadir. Yontemler arasinda ise otoregresif entegrasyon hareketli ortalama, uzun-kisa
vadeli bellekli sinir agi, zaman serisi yogunlastirmasi, dalgacik doniisiimii ve Frekans Domaini gibi teknikler yer almaktadir. Bu
teknikler, zaman serisi verilerinin dzelliklerine ve kullanim amaglarina bagl olarak secilir. Ornegin, ARIMA modeli, degisken varyansl
ve duragan olmayan zaman serileri i¢in kullanilirken, LSTM modeli, uzun vadeli bagimliliklar1 yakalamak i¢in daha uygun olabilir. Bu
makale, deprem zaman serisi verileri lizerinde tahmin etmesi oldukga gii¢ olan fay hareketleri {izerine zaman serisi tabanli yapay zeka
sistemleri kurgulanabilecegini ve faydali sonuglar almanin olduk¢a miimkiin oldugu kanitlanmaya ¢alisiimistir. Ozellikle, makalede &ne
¢ikan yontemler arasinda derin 6grenme yontemleri yer almaktadir. Derin 6grenme yontemleri, karmasik yapilari algilamak ve dogru
sonuglar iiretmek icin biiyiik veri kiimelerini analiz etmek i¢in kullanilir. Bu yontemler arasinda, ¢ok katmanli perceptronlar, uzun-kisa
vadeli bellekli sinir ag1 ve radyal bazli fonksiyon ag1 yer almaktadir. Ayrica, deprem tahmininde kullanilan 6zelliklerin se¢imi, veri 6n
isleme, 6zellik miihendisligi ve dogru model se¢imi gibi faktorlerin de dnemli oldugu vurgulanmaktadir. Sonug olarak, deprem zaman
serisi verileri lizerinde yapay zeka tekniklerinin kullanimi, deprem riskinin tahmin edilmesinde bilyiik bir potansiyele sahiptir. Derin
ogrenme yontemleri, dzellikle bilyiik veri kiimeleri i¢in daha iyi performans gosterir ve dogru model se¢imi ile daha dogru sonuglar
elde edilebilir. Ancak, veri 6n isleme ve 6zellik se¢imi gibi faktorlerin de dikkate alinmasi1 gerekmektedir.

Anahtar Kelimeler: API, Veri Bilimi, Deprem.
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1. Introduction

X Time series are data sets in which data measured over a
period of time is ordered in an orderly fashion. These data are
often used in the economic, meteorological and social sciences.
Time series analysis is used to predict future values by identifying
trends and patterns of historical data.

Time series analysis uses many different mathematical
methods and statistical techniques. These techniques are used to
characterize time series, identify trends and fluctuations, and
predict future trends [1-5].

An earthquake is an event that occurs as a result of sudden
breaking of rocks in the earth's crust, releasing great energy [6].
Earthquakes can be divided into 3 classes as foreshocks, main and
aftershocks. Major earthquakes are earthquakes with large
destructive effects, which can cause a large energy release and
subsequent relatively smaller earthquakes. Major earthquakes
occur at certain periodic intervals. In this way, it allows to make
predictions about when the main earthquakes may occur.

Precursor earthquakes are small earthquakes that occur
before a major earthquake will occur. Thanks to the analysis of
the forerunners, it can be predicted that the main earthquakes will
occur and the opportunity to take early measures can be created.
Aftershocks are small earthquakes that occur in nearby areas after
the main earthquake.
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Fig. 1 Main earthquake and its aftershocks [7]

Earthquake data are examples of time series data [8]. The
content of these data can be summarized as the earthquake's time,
depth, intensity, region name and coordinate information.

In this study, it is aimed to prove that various analyzes of
forerunner, aftershock and main earthquakes, which are difficult
to obtain effectively by using various pre-processing methods, can
be adapted to machine learning models, which are very advanced
today, and thus can be beneficial in vital issues such as taking
early precautions [9].
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Fig. 2 Earthquake wave types [10]

2. Material and Method

In this section, the acquisition of the data set used in the study
and the proposed approach are summarized under sub-titles.

2.1. Dataset

In this study, earthquake data from Kandilli observatory was
used as a data source [10]. The data was obtained through the
API, transferred to the SQL database and presented as CSV
format as a result.

TInE S W prORteeY B W aarte E300

Fig. 3 Material and method pipeline of this study

2.2. Data preprocessing
* The data source is loaded into the Pandas DataFrame.

* The data source was read using the 'pd.read_csv()' function.
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Fig. 4 Loading earthquake dataset

2.3. Data exploration

e After the data set was added to the system as a Pandas
Dataframe, it was visualized and analyzed using the
'df.head()' function.

e Requirements have been identified so that the data can be
ready for use.

e The amount of data examined, missing data etc. presence
of conditions has been checked

Fig. 5 Earthquake dataset as a pandas dataframe

2.4. Data preprocessing

* Earthquake intensity (MAG) data has been converted to float
data format with PYTHON programming language.

« Earthquake depth (DEPTH) data has been converted to float
data format with PYTHON programming language.

* Earthquake latitude (LAT) and longitude (LNG) coordinate
data have been converted to PYTHON float data format.

* Earthquake date (DATE ) and record date (RECORDDATE)

data have been converted in accordance with Python date data
format.

2.5. Data analysis

* The data are grouped and the number of earthquakes in intensity
ranges from 2005 to date has been determined.

* Python Numpy library is used to group the data.
* Python Matplotlib library is used to visualize the data [11].
2.6. Data visualization and analysis

As aresult of the analysis of the data, the earthquake numbers

were grouped according to their intensity and the opportunity to
observe was presented. No missing data was found in the data.
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Fig. 9 Earthquake (7.7 Mag) in Kahramanmarag/Turkey in 2023
and its frequency distributions
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Fig. 10 7 Earthquake (7.7 Mag) in Kahramanmaras/Turkey in
2023 and its historical line graphics

Python 3.x version was used in this study. Pandas library is used
for data preprocessing steps. Matplotlib library is used to visualize
data. Numpy library is used to filter data. Google Colab online
notebook was used as the development environment [12].
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3. Discussion and Conclusion

Earthquakes are unstoppable movements of the earth that
have occurred since the formation of the earth. These movements
have many parameters such as intensity, depth, location, wave
type (p, s, etc.) [13]. By looking at these parameters, predictions
can be made about the geological consequences of earthquakes
and their effects on future earth movements.

Obtained earthquake data are examples of time series data.
Time series data is frequently used in artificial intelligence model
training, especially for the prediction of periodic events such as
earthquakes [14].

In this study, no estimation or estimation method has been
applied, but it is aimed to give information and ideas about the
data that will be used or used in artificial intelligence and its sub-
branches models that are planned to be developed in the future.
For this purpose, the data of earthquakes that occurred in Turkey
between the years 2005-2023 were obtained from the Kandilli
observatory with APIs, and each data column was converted into
a form that can be processed on the Python programming
language. As a result, 284.615 processed data obtained were
presented to the reader through figures.
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Abstract

Fluorescence-based optical test strip readers are used to detect and quantify fluorescent signals from immunoassay test strips in
medicine, especially for point-of-care applications. The design of optical systems including light sources and detection systems in these
devices is not only indispensable but also the most critical part for specific detection applications. This study aims to provide detailed
information about fluorescence-based optical test strip readers, existing and emerging technologies, and their contributions to the design
of the device. The most commonly used technologies of light sources and detection systems have been discussed and compared for the
ideal design. Arc and Xenon lamps may not be appropriate for portable and low-cost devices as they are larger and more costly when
compared to LEDs and laser diodes. Photodiodes and CMOS detectors can be used for the design of low-cost, portable fluorescence-
based optical test strip readers as they are cheaper and smaller in size when compared to CCDs and PMTs. Both light source and detector
should be chosen according to the application priorities and spectral characteristics of the fluorescent molecule by integrating them with
proper optical elements like filters, mirrors, etc. This study contributes to the people who are interested in the design of fluorescence-
based optical test strip readers as it serves as a guideline for the optical test strip reader systems.

Keywords: Fluorescence, test strip, optical reader, light source, light detector.

Floresan Tabanh Optik Test Seridi Okuyucular icin Gelismekte Olan
Teknolojiler

Oz

Floresan tabanl optik test seridi okuyuculari, 6zellikle tipta immiinoassay test seritlerinden floresan sinyallerini algilamak ve 6l¢mek
icin kullanilir. Bu cihazlardaki 1s1k kaynaklar1 ve algilama sistemlerinin tasarimi sadece vazgegilmez degil, ayn1 zamanda en kritik
noktadir. Bu caligsma, floresan tabanli optik test seridi okuyuculari, mevcut ve gelismekte olan teknolojiler ve bunlarin cihazin tasarimina
katkilar1 hakkinda ayrintili bilgi vermeyi amaglamaktadir. Optik okuyucunun ideal tasarimi i¢in en yaygin kullanilan 151k kaynaklar1 ve
algilama sistemleri tartisilmis ve karsilagtirilmigtir. Ark ve Xenon lambalar, LED'ler ve lazer diyotlara kiyasla daha biiyiik ve daha
maliyetli olduklarindan dolay1, taginabilir ve diigiik maliyetli cihazlar i¢in uygun olmayabilirler. Fotodiyotlar ve CMOS detektorler,
CCD'ler ve PMT'lere kiyasla daha ucuz ve daha kiigiik olduklart i¢in diisiik maliyetli, taginabilir test serit okuyucularinin tasarimi igin
kullanilabilirler. Isik kaynagi ve 151k detektorleri uygulama onceliklerine ve kullanilan floresan molekiiliin spektral 6zelliklerine gore,
gerekli ise filtreler ile biitiinlesmis olacak sekilde se¢ilmelidir. Bu ¢alisma, optik test seridi okuyucu sistemleri igin bir rehber niteliginde
olmasi nedeniyle floresans tabanli optik test seridi okuyucularinin tasarimi ile ilgilenen kisilere katki saglamaktadir.

Anahtar Kelimeler: Floresan, test seridi, optik okuyucu, 151k kaynagi, 11k detektorii.
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1. Introduction

Fluorescence-based optical test strip readers sense and
quantify fluorescent signals from immunoassay test strips in rapid
and accurate detection of target analytes at the point of care and
are used for environmental monitoring, food safety [1,2], and
medical diagnosis [3-8]. These devices employ fluorescence
technology in detecting specific substances in a biological sample.
The biological sample including a fluorescent molecule, a
biological marker, or a fluorophore, is exposed to an excitation
light with a specific wavelength (excitation wavelength) that
causes target molecules in the sample to fluoresce depending on
the spectral characteristics [9, 10]. An excited molecule emits
fluorescence light with a specific wavelength (emission
wavelength). The light emitted is sensed and processed to
determine the presence or absence of a specific substance in the
sample. A reader device typically consists of a light source, a light
detector, and some optical components such as filters, and mirrors
[11-13]. In this work, we provide a brief guide for the design of
fluorescence-based optical test strip readers focused on the
working principle, benefits, and limitations. In addition, we also
discuss the details of fluorescent dyes, light sources, detectors,
complementary electronic components, and their integration.

1.1. Working Principle

In a fluorescence-based optical test strip reader device, a
sample is placed onto the immunoassay test strip where an
interaction between the sample and the reagents takes place. This
reaction produces a fluorescence signal or light that is detected by
the optical system of the device. Specific wavelengths of the
generated light are filtered by positioning optical components
such as optical filters, mirrors, etc. [14, 15]. The idea behind
fluorescent-based OTSRs is that they can detect fluorescent
signals from samples that have been dyed fluorescently. These
systems make use of lateral flow immunoassay test strips that
house fluorescence dyes, antibodies, and reagents to deliver
fluorescence emission quantifying a particular antigen or
antibody in the sample [16] (Figure 1 shows a typical physical
layout of a lateral flow immunoassay test strip).

A light source within the device generates light emission at a
certain wavelength that excites the fluorescent dye in the sample.
A detector in the device senses the light that the dye or the marker
emits. Correct sensing is very important to quantify the target
molecule as the amount of the target analyte in the sample
immediately correlates with the produced light intensity [17-19].
In some cases, the target analyte concentration in the sample is
estimated by comparing the intensity of the fluorescent signal to
a reference signal [20]. Additional components such as a
microcontroller, a user interface, and software for data analysis
and interpretation are included in the design of optical test-strip
reader devices [21]. Some devices are capable of performing
several tests at once or storing and recalling test results for further
analysis. The devices are commonly used for medical monitoring
applications for measurements of analytes such as hormones, as
well as point-of-care testing of various infections [22-24] and
diseases like HIV [25], malaria [26], and diabetes [27].

1.2. Benefits

Fluorescence-based optical test strip reader devices provide
several benefits, including rapid response, accuracy, sensitivity,
ease of use, adaptability, and portability. Fast results allow
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Figure 1. The physical layout of a lateral flow immunoassay
test strip

medical practitioners to immediately analyze, and evaluate patient
conditions and apply appropriate treatments to the patients earlier.
Increased accuracy and specificity reduce the possibility of false
positive or false negative findings. The devices can be operated
by non-technical individuals. They are small in size and
lightweight so they can be easily moved to the point of care.
Fluorescence detection is a highly sensitive method for detecting
low levels of analytes in the sample for a wide range of
applications when compared to other detection methods, namely
colorimetric or electrochemical. Furthermore, the method is
highly selective for the target analyte, so it can identify and
distinguish between different analytes even in complex sample
matrices, which contributes to its enhanced use in health [28-30].

1.3. Limitations

Fluorescence-based optical test strip reader devices suffer
from high costs, limited wavelength range, unwanted
interference, and the need for maintenance. Depending on the
components included in the design, fluorescence-based optical
test strip readers can be expensive. The devices may have a
limited wavelength range for detection, which may limit the range
of fluorescent probes or labels that can be utilized. Detections may
be subject to interference from background fluorescence,
autofluorescence of the sample components, and other sources of
optical noise. This decreases the signal-to-noise ratio and limits
the sensitivity and accuracy of the measurements. The
maintenance of these optical readers can be challenging as they
may require more frequent maintenance than other detection
methods, including cleaning, calibration, and replacement of
components like optical filters within the device. These
limitations can be overcome by using emerging technologies such
as optical filters produced using recent technologies [31-33].

2. Material and Method
2.1. Selection of the Fluorescent Dye

Fluorescent dyes, also known as fluorophores, are molecules
that absorb light at a specific wavelength and then emit some light
at a longer wavelength. There are many different types of
fluorescent dyes. Rhodamine dyes (Rhodamine B,
excitation/emission wavelength: 554/570 nm) which are known
for their excessive illumination [34,35] and photostability [36,37]
are preferred for medical imaging including fluorescence
microscopy [38], flow cytometry [39] as well as diagnostic tests
[40]. Cyanine dyes (Cy5, excitation/emission wavelength:
649/670 nm) are highly sensitive to changes in environmental
conditions, such as changes in pH value or the presence of specific
molecules, and therefore are often used in biological imaging,
including live-cell imaging, and fluorescence resonance energy
transfer assays [41-43]. Fluorescein dyes (excitation/emission
wavelength: ~495/515 nm) are commonly preferred in optical
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readers, to visualize specific biomolecules, such as proteins or
nucleic acids, within a biological sample like blood, urine, etc.
They are often conjugated to antibodies or other biomolecules to
create fluorescent probes that can bind to specific targets in a
biological sample to increase the specificity of the diagnosis. The
choice of fluorescent dye depends on the application.

2.2. Design of the Optical System

A fluorescence-based optical reader device consists of a light
source, some optical filters, a light detector, a sample holder, an
electronic control unit, and a power supply unit. These
components can be selected and integrated in different ways
depending on the spectral characteristics of the fluorescent
material considered [44]. Figure 2 shows the block diagram of a
typical reader device.

2.2.1. Light Source

The light source plays a critical role in providing the required
energy for light emission by the target molecule excited in the
sample kept within the lateral flow immunoassay test strip.
Common light sources are light-emitting diodes [18, 45-47] and
laser diodes [48, 49]. A light-emitting diode (LED) is a solid-
state, stable, and compact source producing light when a current
is applied. It can be operated with low power while generating a
narrow spectral range, so it is very preferable for fluorescence-
based OTSRs [46]. They can facilitate the production of specific
wavelength ranges to match the excitation and absorption
properties of different fluorescent dyes. The possible problem
with this type of light source is that commercially available LEDs
are produced in narrow wavelength ranges as listed in Table 1.
Although a LED can be produced to operate specific wavelengths
according to the needs, the cost of production will significantly
increase the cost of the reader.

Laser diodes are solid-state semiconductor devices producing
highly focused and intense light. Due to their small size, high
power efficiency, and ability to produce light with a specific
wavelength range from the ultraviolet region (F2 excimer 157 nm)
to the mid-infrared region (CO2 10.6 pm) of the spectrum, they
are ideal for fluorescence-based optical test strip readers. Three
main types of lasers that are gas, liquid (dye), and solid-state-
based technologies can be used in specific wavelengths. They can
be tuned to various wavelengths by changing the applied current,
temperature, or magnetic field, but they are very expensive, which
makes optical readers costly. Arc lamps are broad-spectrum light
sources generating light by passing an electric current through a
gas-filled container. Broad spectrum light generation by these
lamps makes optical filters obligatory in optical systems, which
causes higher costs for optical readers. Mercury arc lamps
providing intense light in the visible range, are used in such reader
devices, but additional power consumption, short lifetime, and
filter necessity problems are faced. These lamps have illumination
lights at different wavelengths based on their broad spectral
ranges. 100 Watt mercury arc lamp is one of the types of mercury
arc lamps that has unequal light emissions at nine different central
wavelengths of 254, 300, 312, 334, 365, 405, 436, 546, and 579
nm. Therefore, it requires an optical filter to emit a specific
wavelength of light based on the fluorescent molecule. Xenon
lamps are also broad-spectrum light lamps generating light by
passing an electric current through a xenon-filled container.
Xenon arc lamps of 75 watts have the major light emission at
wavelengths in the infrared region of the spectrum (827, 885, 919,
980, 992 nm) while the visible light (475 nm) is provided by only
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Figure 2. Block diagram of an optical reader device

Table 1. Commercial LEDs

Wavelength (nm) | Spectrum

410 - 420 Visible (Violet) | Skin therapy
430-470 Visible (Blue) Dental curing
520 - 530 Visible (Green) | Skin rejuvenation
580 - 590 Visible (Amber) | Acne treatment
630 - 640 Visible (Red) Wound healing
660 Visible (Red) Blood oximetry
680 Visible (Red) Blood analysis
800 - 850 Near-Infrared Pain management
850 - 940 Near-Infrared Muscle recovery
940 Near-Infrared Injury recovery

25% with unequal light intensities. Xenon arc lamps are very
similar to mercury arc lamps technology, but they provide a more
stable and uniform light output even though they are more
expensive. These arc lamps are two popular types of lamps used
in wide-field fluorescence microscopes.

Table 2 lists the advantages, disadvantages, and application
areas of the light sources mentioned above. In some cases,
multiple light sources can be positioned in the optical system to
detect different fluorescent molecules within the sample. A well-
selected light source and a well-defined excitation procedure are
needed to increase the accuracy and decrease interference, cost,
and size of a reader device. The light source has a significant
impact on the quality of the fluorescence signal and should be
selected based on the aimed excitation light intensity, and spectral
characteristics of the target element.

2.2.2. Opfical Filters, Lenses, and Mirrors

The optical filters, lenses, and mirrors, are used to control the
light path and direct the excitation light, and produced a
fluorescence signal to the detector. These elements are also
utilized to decrease the impact of background light and to increase
the signal-to-noise ratio. Filtering elements are passive and
preferred to improve the reliability level of fluorescence-based
optical reader devices. Utilization of filtering elements provides
allowing a specific band of light energy to pass through to excite
the sample while blocking all other remaining wavelengths.
Short-pass, long-pass, and band-pass filters are the three main
types of optical filters. Short-pass filters prevent longer
wavelengths to be transmitted while enabling wavelengths lower
than the cut-off wavelength to pass through. Long-pass filters
allow the passing of longer wavelengths and block the shorter
wavelengths than the cut-off value. Band-pass filters transmit a
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Table 2. Comparison of light sources

Light Source Advantage Disadvantage Place of Use

LED Cost-effective Low light intensity General purpose OTSR
Compact and stable Limited spectral range Portable OTSR
Low power consumption
Broad spectral range
Long lifespan

Laser Diode High light intensity High Cost High sensitivity OTSR
Small size Requires cooling Laboratory-based OTSR
High power efficiency Limited spectral range
Narrow wavelength range

Arc Lamp High light intensity Large size Laboratory-based OTSR
Broad spectral range High power consumption Large-scale OTSR
Wide availability Short lifetime

Requires cooling
Xenon Lamp High light intensity Large size Laboratory-based OTSR

Broad spectral range
Stable and uniform light

High power consumption
Short lifetime
Requires cooling

Large-scale OTSR

determined band/range of wavelengths while blocking the others.
Also, a monochromator which is a narrow-band example of band-
pass filters may be utilized for the filtering aim and its setting
should be suitable for the absorption and emission wavelengths of
the fluorescent material that is used in the experiment. It is
generally used in spectrometers, but may not be affordable for
cost-effective optical test strip readers. Also, a dichroic filter/
mirror can be utilized in the design of an optical reader device as
it allows the passing of light at specific wavelengths while
blocking all the other wavelengths. This mirror reflects
specifically defined wavelengths to ensure the light path in optical
systems. The filters that can be produced with different properties
like wavelength, size, thickness, etc., are used for both excitation
and emission light filtering purposes. Therefore, these filters are
selected according to the specific wavelength which is planned to
be necessary for the spectral characteristics of the target molecule.
If the light spectrum of the source and fluorescence is adjusted
specifically in the design, filtering elements may be optional in
the instrumentation to minimize the cost of the reader device
except for broad-range light sources like arc lamps.

2.2.3. Light Detector

The fluorescence light passing through the emission filter is
detected by a selected detection system. For a fluorescence-based
optical reader design, a detector is crucial as it is used to receive
the fluorescence signal which is the main criterion of the analysis
to be evaluated. In the detector, the fluorescence light intensity,
which is directly proportional to the targeted material
concentration, is provided as a digital readout. There are different
types of detectors such as photodiodes, photomultiplier tubes,
charge-coupled devices, complementary metal-oxide
semiconductors, avalanche photodiodes [50], visible light

detectors, and  spectrometers. However, photodiodes,
photomultiplier ~ tubes,  charge-coupled  devices, and
complementary metal-oxide semiconductors are preferred

commonly [51, 52].
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Photodiodes are simple photodetectors that convert light into
electrical signals and are widely used in optical test strip readers
due to their low cost and ease of use [53]. Photomultiplier tubes
(PMTs) are highly sensitive photodetectors that amplify the
fluorescence signal using a cascade of dynodes and are capable of
detecting very low-intensity light, making them very applicable
for highly sensitive fluorescence light occurrences. [54] They are
more expensive than single photodiode detectors. Charge-coupled
devices (CDDs) are known as solid-state photodetectors that
detect fluorescence signals by converting light into electrical
charges and are ideal for imaging applications and are capable of
producing fluorescence signals with great resolution and
sensitivity in a high dynamic range [55]. They are widely used in
the case of image-based analysis in optical systems despite their
cost and maintenance problems. Complementary Metal-Oxide
Semiconductor (CMOS) sensors are solid-state photodetectors
that enable detecting fluorescence signals by converting the light
into electrical charges and are well-suited for low-cost, low-power
fluorescence measurements and are commonly preferred in
consumer-based electronics [45]. Avalanche photodiodes (APDs)
are photodetectors that apply an internal gain mechanism to
amplify low-intensity fluorescence signals making them ideal for
highly sensitive fluorescence measurements. There are also
single-photon avalanche diodes that are capable of detecting
individual photons in highly sensitive fluorescence signal
measurements for optical reader devices.

Table 3 lists the advantages and disadvantages of the light
detectors mentioned above. The detection range of the system can
be adjusted for the detection of different molecules by the
inclusion of optical filters positioned in front of the detector, or
detection systems with broader detection ranges are redesigned
with these filters to increase the accuracy and reliability of the
measurements. The choice of the detection system depends on the
specific requirements of the device, including sensitivity,
specificity, cost, size, and compatibility with the wused
fluorescence dyes.
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Table 3. Comparison of light detectors

Light Detector Advantage Disadvantage Place of Use
Photodiode Low cost Low sensitivity Portable OTSR
Simple design Low dynamic range Low-cost OTSR
Widely available Affected by electronic noise
Photomultiplier tube High sensitivity Large size Laboratory-based OTSR
High dynamic range High cost Large scale OTSR
Capable of detecting very low Require high power
light levels Sensitive to electromagnetic
interference

Charge-coupled device High sensitivity

High dynamic range

Capable of imaging fluorescence
signals

Solid-state design

Large size, high cost
Electronic noise
Sensitive to electromagnetic

Imaging OTSR
High-resolution OTSR

Complementary Metal- Low cost

Oxide Semiconductor Low power consumption

Solid-state design

interference

Low sensitivity Portable OTSR
Low dynamic range compared | Low-cost OTSR
to PMTs and CCDs Consumer OTSR

Widely available Affected by electronic noise

Avalanche photodiode High sensitivity High cost Laboratory-based OTSR
High dynamic range Require high power Large-scale OTSR
Capable of detecting low light Sensitive to electromagnetic
intensity interference

Fast response time

Open to thermal noise

2.2.4. Complementary Electronic Components

Additional electronic components such as buttons and
displays can be included in the design of these optical reader
devices to improve the simplicity and ease of use for user interface
and experience. Their design must be optimized to ensure that the
optical test strip reader is accessible and usable for a wide range
of wusers, including patients, healthcare professionals, and
laboratory technicians [56]. The algorithm and software must be
developed to analyze the obtained fluorescence signal generated
by the fluorescent molecules in sample holders like test strips and
to process this data to generate appropriate results. The program
must be user-friendly with an easy-to-understand interface, and be
capable of accurately and rapidly processing massive data.

3. Results and Discussion

In fluorescence-based optical test strip readers design,
different existing fluorescence emitting elements like fluorescent
dyes, detection antibodies, and other reagents can be used to
achieve fluorescence generation. Among them, fluorescent
dyes/fluorophores including Rhodamine, Cyanine, and
Fluorescein dyes are commonly used as they provide specific
detection opportunities by absorbing and emitting light at certain
wavelengths. There are recent technologies utilizing these dyes
for the production of fluorescent bioprobes for medical and
biological imaging in medical diagnostics.

The main component of a reader device is the light source for
generating the excitation light and the light detector for sensing
the fluorescence light. Different technologies of light sources such
as LED, Laser, Arc Lamp, and Xenon lamp, can be utilized. LEDs
e-ISSN: 2148-2683

provide more stable light in a narrow spectral range while
consuming low power for the operation that lasts longer. They are
cheaper when compared to other light sources, but existing
commercially available LEDs have certain bands of wavelengths
(410-940 nm). Also, the light intensity of LED sources is lower
than that of laser diodes. Laser diodes provide focused, intense
light in both visible and infrared ranges with high power
efficiency. They can be found in specific wavelengths although
they are more expensive and needs additional cooling. Moreover,
Arc and Xenon lamps are similar technologies providing high
light intensities in a broad spectral range. Both types of lamps
require specifically adjusted optical filters, larger spaces to be
placed, and need more power for the operation. Xenon lamps
differ from arc lamps as they provide more stable and uniform
light.

Photodiodes, PMTs, CCDs, and CMOS are the most common
detection technologies for use in optical readers. Photodiodes are
widely available for use in optical readers since they are
affordable prices. However, their response is less sensitive to light
intensity and operates at lower dynamic ranges while being
affected by electronic noise. The sensitivity property is much
more enhanced in PMT technologies in great dynamic ranges, but
those require higher costs, increased space, and more power to
operate. CCDs offer the same advantages and additional imaging
capabilities whereas they can be easily affected by
electromagnetic interference. As another option, CMOS devices
can be used as a detection system in reader devices with lower
costs, but their dynamic range and sensitivity level are less than
PMTs and CCDs. These drawbacks can be handled by using APDs
while more costs and power consumption problems are likely to
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be confronted. In the optical system, some additional elements
like optical filters, mirrors, and lenses can be used to direct both
excitation and emission light. Optical filters are adjusted based on
the spectral characteristics of the fluorescent sample to be
detected. Based on their properties, optical filters have three main
types: Short-pass filters allowing shorter wavelengths to pass,
Long-pass filters allowing longer wavelengths to pass, and Band-
pass filters allowing a range of wavelengths to pass through the
light path. For different light directions and detection purposes,
these filters can be designed and created. A dichroic mirror can
also be used to reflect light with specific wavelengths. All of the
optical filters can be produced with different properties (like
wavelength, size, thickness, etc.) with emerging technologies to
increase the specificity and reliability of the optical device. Short-
pass, Long-pass, and Band-pass) optical filters and dichroic
mirrors can be used in fluorescence-based OTSRs.
Monochromator filtering element which is more expensive can
also be thought of as an alternative for the same purpose in
fluorescence-based optical test strip readers.

Fluorescence-based optical test strip readers provide several
benefits, but they also have certain drawbacks that should be taken
into account when choosing a detection strategy for a specific
application. All of these properties depend on the instrument
design by selecting appropriate components to achieve an
applicable and more effective diagnostic reader device. In medical
applications, fluorescent dyes are often conjugated with
antibodies or other biomolecules to create fluorescent probes that
can bind to specific targets in a biological sample to increase the
specificity of the diagnostic device. The preparation of these
materials involves optimizing their stability, specificity, and
sensitivity for use in the optical test strip reader. There are
different types of fluorescent dyes. Among them, fluorescein dyes
are beneficial for medical imaging and diagnosis, as they facilitate
the detection and visualization of specific biomolecules within a
biological sample. Fluorescent dye selection depends on the
application priorities and the features of the optical system.

LEDs, laser diodes, arc lamps, or xenon lamps, are used as
light sources in optical test strip readers. LEDs provide more
stable light in a narrow spectral range while consuming low power
for the operation that lasts longer than laser diodes. They can be
placed in the design of cost-effective optical readers. Although
they are cheaper when compared to other light sources,
commercially available LEDs have certain bands of wavelengths.
That means a higher budget is needed to develop LEDs in specific
wavelengths. In contrast, a laser diode of a specific wavelength
can be obtained easily. They can be used especially for portable
fluorescence-based optical readers in which more intense
excitation light is needed. Both LEDs and laser diodes are small
in size as well as require less power, making them suitable for
portable fluorescence-based optical test strip reader devices.
Another alternative is using arc or xenon lamps in the optical
reader system. They may cause more costly reader device designs
with a shorter lifetime when compared to LEDs and laser diodes,
so there can be some battery/charge problems for the devices. In
addition to this, they are larger, so they may not be the correct
choice for the portable design of an optical reader. An important
difference between these lamps is that a more stable and uniform
light can be achieved by the usage of xenon lamps instead of arc
lamps. The selection of a light source is affected by the precise
needs of the optical test strip reader, such as the desired sensitivity
and specificity, the financial and physical limitations, and the
compatibility with the fluorescence dyes utilized. In fluorescence-
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based optical test strip readers, both LED and laser diodes are
frequently used as light sources, so the best option can be chosen
based on the device's unique specifications.

Short-pass, long-pass, and band-pass optical filters are
constructed based on their filtering principle. The correct optical
filter should be selected according to the optical components like
the light source, the detector, and the fluorescence-emitting
material in the fluorescence-based OTSRs. For specific
wavelength adjustments, a monochromator element can be placed
in the light detection system, but this element is more expensive
than the other filter types. A dichroic mirror can be placed to
reflect the light in a wavelength range while eliminating others.
These components are to maximize the signal-to-noise ratio,
although they all increase the cost of the device.

The light detectors are selected regarding the purpose of use
of the reader device under development. For cost-effective
readers, Photodiodes or CMOS devices can be utilized, but both
of them have sensitivity issues and lower dynamic ranges for a
variety of measurements. PMTs, CCDs, and APDs are highly
sensitive to greater dynamic ranges compared to other options.
Between them, APDs provide rapid responses during analysis
while PMTs can detect very low levels of light intensity. Also,
CCDs are large, so they may not be suitable for portable
diagnostic reader devices in general. As seen from these results,
each detection technology can provide separate properties
according to their usage aim. Therefore, the choice of the
detection system is dependent on the specific requirements of the
device, including sensitivity, specificity, cost, size, and
compatibility with the fluorescence dyes used.

In this study, fluorescence-based optical test strip readers,
emerging and existing technologies, their advantages and
disadvantages, and contributions to the device design with their
remarkable properties are discussed. This study explains,
compares, and discusses different technologies for optical system
design in such diagnostic readers. For these reasons, this paper
will contribute to people who are interested in the practical design
of fluorescence-based optical test strip readers by serving as a
guideline for the design of an optical system for fluorescence-
based test strip readers with emerging technologies.

4. Conclusions and Recommendations

Diagnostic fluorescence-based optical test strip readers are
widely used to detect and quantify fluorescent signals from
immunoassay test strips, especially in the medical area for point-
of-care applications. It offers many advantages like fast readings,
accuracy, portability, ease of use, sensitivity, versatility, and
selectivity whereas it can be affected by interference effects in
limited wavelength ranges requiring frequent maintenance.
Fluorescein dyes are valuable markers for medical imaging and
diagnosis, as they facilitate the detection and visualization of
specific biomolecules within the test strip inserted into the reader
device. Two critical issues for fluorescence-based optical test strip
reader design are the light source and the light detector. For light
sources, LED, laser Diode, arc lamp, and xenon lamp
technologies can be utilized in the optical system. For cost-
effective devices, LED light sources are suitable for excitation
purpose but their light intensity is lower than the laser diodes
which costs higher and needs cooling. Moreover, Arc and Xenon
lamps are similar technologies providing high light intensities in
broad spectral ranges, but they may not be appropriate for portable
and low-cost devices as they are larger and more costly when
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compared to LEDs and laser diodes. Short-pass, long-pass, and
band-pass filters are the three main types of optical filters that are
classified based on their filtering principle. The type of filters and
mirrors should be selected according to the spectral properties of
the light source, detector, and fluorescent material in the
fluorescence-based optical test strip readers. For the design of the
detection part, photodiodes, PMTs, CCD and CMOS are the most
common detection technologies for use in optical readers.
Photodiodes and CMOS devices can be used for the design of
low-cost fluorescence-based optical test strip readers. Other
mentioned technologies, PMTs, CCDs, and APDs, are highly
sensitive to greater dynamic ranges compared to photodiodes and
CMOS. Furthermore, CCDs are large, so they may not be suitable
for portable readers. In the optical system, some additional
components can also be utilized to achieve more reliability and
specificity of the device. All of the optical components should be
adjusted based on the spectral characteristics of the fluorescent
molecule to be detected in the sample. These can be implemented
using different methods with emerging technologies. The light
sources and detection systems must be selected to maximize the
sensitivity and specificity while minimizing the cost and the size
of the reader device.
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Abstract

A limited number of children receive proper physical education between the ages of 0-6 which is the main period for children to learn
fundamental movement skills (FMS). In contrast to physical education opportunities, most of the children have access to neighborhood
playgrounds. Proper interventions and improvements to playground designs may be the easiest and most efficient way to provide for
many children to develop the FMS they need to acquire in their early years. This study aims to investigate the efficiency of the existing
playground equipment and to provide an answer to the question regarding the qualification of existing playgrounds in terms of children’s
FMS. The method of this study consists of three main steps; the first step is to analyze the commonly used assessment tools for FMS
development to generate a list of mostly assessed movement skills. The second step is to inspect the mostly preferred playgrounds in
the study area and analyze every piece of equipment they have, and finally to correlate the results from the first two steps. The results
reached in the study were evaluated based on the level of competence gained by playground designs in terms of providing opportunities
for necessary physical movements and their support rates for basic movements. It is thought that the interpretation of the study results
will provide insight and a detailed guide in the early stages of the design process for future playground designs.

Keywords: Child Development, Physical Development, Fundamental Movement Skills, Playground Equipment, Playground Design

Mevcut Oyun Alam Tasarimlan ile Cocuklarin Temel Hareket
Becerileri Arasindaki Iliskinin Incelenmesi

Oz

Cocuklarda Temel Hareket Becerilerinin (FMS) 6grenimi i¢in ana donem olan 0-6 yaslari arasinda ancak sinirli sayida ¢ocuk uygun
beden egitimi almaktadir. Beden egitimi firsatlarinin aksine, ¢ocuklarin birgogunun mahalle oyun alanlarina erigim imkani vardir. Oyun
alani tasarimlarinda yapilacak uygun iyilestirmeler ve miidahaleler, bircok ¢ocugun erken yaslarda edinmeleri gereken FMS'yi
gelistirmelerini saglamanin en kolay ve en etkili yolu olabilir. Bu ¢aligma, mevcut oyun alani ekipmanlarinin ¢ocuklarin FMS iizerindeki
etkinligini arastirmay1 amaglamaktadir. Bu ¢alismanin ydntemi su ii¢ ana adimdan olusmaktadir: ilk adim, FMS gelisimi i¢in en yaygin
olarak kullanilan degerlendirme araglarmi analiz etmektir. Tkinci adim, mevcut arastirma bolgesinde en ¢ok tercih edilen oyun alanlarini
incelemek ve bu alanlarda bulunan her bir ekipmani analiz etmektir. Son adim, ilk iki adimdan elde edilecek sonuglar1 birbiriyle
iligkilendirmektir. Aragtirma sonuglarina gore, mevcut oyun alanlarindaki ekipman tasarimlari, temel hareketlerin ¢ogunu dogrudan
desteklenmedigi igin, gerekli fiziksel hareketler i¢in firsatlar saglama agisindan ancak siirl bir yeterlilik diizeyindedir. Bu galisma,
mevcut oyun alanlarinin, gocuklarin FMS agisindan yeterliligi ile ilgili soruyu cevaplamaktadir. Gelecekteki oyun alani tasarimlari igin
ayrintili tasarim yonergeleri gelistirilebilmesi adina daha ileri ¢aligmalarin yapilmasi gerekmektedir.

Anahtar Kelimeler: Cocuk Gelisimi, Fiziksel Gelisim, Temel Hareket Becerileri, Oyun Alan1 Ekiplanlari, Oyun Alani1 Tasarimi
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1. Introduction

Fundamental Movement Skills (FMS) is an important area of
study approached by researchers in a variety of fields. There are
several studies in child development literature about the
importance of FMS, the ways of improving these skills, and the
assessment of these skills. FMS development has many different
positive effects on children. Different studies show that physical
activity and FMS have many beneficial effects on children’s
motor development (Duman et al., 2019), social and emotional
development (Brown & Cairney, 2020; L. Eddy et al., 2021;
Rodriguez et al., 2019), sports-specific skills (Poest et al., 1990),
and brain development (Meijer et al., 2020).

Fundamental movement skills are basic movement patterns
that begin developing when a child can walk independently and
move freely through his or her environment (Goodway et al.,
2019). In addition to that, preschool years are where kids’ FMS
evolve (Toussaint et al., 2020). However, FMS development is
mostly applied in school settings. For the mentioned reasons, it
seems to be a waste of potential to wait until a child starts school
to start actively developing FMS considering that, not all children
have access to preschool at an early age and not all preschool
curricula involve structured FMS education.

There are also studies focusing on physical development
outside of the school setting. Some of these studies point out the
importance of playgrounds and the time spent in playgrounds in
terms of the physical development of children. However, there is
a major misconception about the development of FMS which is
the belief that they are only determined by maturation (Goodway
et al., 2019) On the contrary, children’s performance in these
skills will only increase if they engage in structured practices
continuously (Seefeldt, 2013). Even if they develop these skills
on their own up until some point, providing kids with the right
opportunities increases their performance of development
(Duman et al., 2019).

The idea of creating neighborhood playgrounds that support
FMS in every aspect could be an efficient way to provide children
with these skills in natural settings. When successfully applied,
this approach can be a long-term, socially inclusive, and feasible
solution to children’s developmental needs on FMS.

Even though there are plenty of studies on the relationship
between playgrounds and children’s physical activity, the number
of studies that focus on both FMS and playgrounds is very limited.
So, this study aims to investigate the relationship between existing
neighborhood playground equipment and children’s FMS
development to explore the usefulness of such kind of approach
to FMS development and to create a reference point for future
intervention on playgrounds and new playground designs.

2. Material and Method
2.1. Method

This study is conducted in 3 main steps. The first step is to
identify what kinds of FMS are expected for a child to master
before they reach adolescence and how relevant body parts get
involved in the movements associated with these skills. The
second step is to determine the types of equipment that are
currently being used in the neighborhood playgrounds and
analyze their movement values. The last step is to relate the
outcomes from the analysis of the first two steps.

e-ISSN: 2148-2683

2.1.1. Determination of FMS

The focus of the literature search in the study was to
determine valid FMS assessment tools and extract data from
them to come up with a list of movements that are commonly
assessed in children and expected to be mastered in childhood.
Eddy et al.’s study (2020) gives us the necessary knowledge
about existing observational FMS assessment tools and their
psychometric validity. In the study, 24 assessment tools were
found to be studied in the literature in terms of their reliability.
The authors also identified all the FMS assessed with each tool
and conducted a systematic review. In the conclusion section, the
writers discuss the validity and reliability of the tools and none
of the assessment tools were stated as completely reliable or
unreliable. As a result, for this study, all the FSM assessment
tools and the movements that were assessed in these tools (n=31)
were accepted as FMS that are expected to be acquired by
children. This inclusive approach was adopted to include all
possible FMS in the study. A detailed list of the tools can be
found in the original study (L. H. Eddy et al., 2020).

2.1.2. Analysis of FMS

All the FMS mentioned in one or more of the assessment
tools were listed along with the percentage of the assessment
tools with which they were assessed, and the active body parts in
motion when performing that movement.

2.1.3. Playground Selection

This study was conducted in Dallas-Fort Worth Metropolitan
Area and used purposeful sampling as the sampling method. To
analyze the neighborhood playgrounds that are preferred and
visited the most by the residents of the area, data from Google
Reviews was used. 10 playgrounds or parks that have playgrounds
with more than 1000 reviews and 4.5 review points were
randomly selected and visited. 2 of the visited playgrounds (PG3
and PG10) did not have a separate area for 2-5 years old children,
so these playgrounds were not included in the equipment analysis.
The playgrounds that are included in the equipment analysis are
Hope Park Frisco Playground, Cottonwood Park Playground,
Bethany Lakes Park Playground, Haggard Park Playground, Bob
Woodruff Park Playground, Reverchon Park Playground, Kids
Quest Mesquite and Mary Heads Parker Playground. These 8
playgrounds were located in 7 different cities in Dallas-Fort Worth
Metropolitan Area which are: Frisco, Richardson, Allen, Plano,
Dallas, Mesquite, and Carrollton. The only city hosting 2
playgrounds was Plano, while all the other cities host only one of
the selected playgrounds.

2.1.4. Analysis of the Playgrounds

Selected playgrounds were visited in person and every piece
of equipment, including components of play structures, play sets,
and individual apparatuses, was recorded. All 8 of the
playgrounds had a separate area for kids aged between 2 to 5.
Equipment that stood outside of these areas were not included in
the analysis except for the ones that were also outside of the 5-
12 age area and were not specifically designated for older kids.
This equipment category consists of swings, seesaws, and
rotation equipment.

2.1.5. Relating the Equipment with FMS

After the analysis of the FMS and the playground
equipment, all the movements and types of equipment were
associated with certain body parts that are actively involved in
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that motion. As the first step in this stage of the study, the are affecting indirectly. After the completion of Table 3,
equipment that is directly related to a fundamental movement correlations between existing playground equipment and FMS
was stated. Then, the section “active body parts involved” were were stated in the results section and inferences were discussed
used to correlate these pieces of equipment with the FMS they in the conclusions section.

Table 1. Summary of FMS assessed by the 24 assessment tools

Name of the FMS Category Percentage of tools Body parts in motion
mentioned in
Jumping Locomotor Movement / Non-locomotor 91.7% (n=22) Lower Body (Legs)
Movement
Hopping Locomotor Movement 91.7% (n=22) Lower Body (Legs)
Running Locomotor Movement 83.3% (n=20) Lower Body (Legs)
Skipping Locomotor Movement 41.7% (n=10) Lower Body (Legs)
Leaping Locomotor Movement 37.5% (n=9) Lower Body (Legs)
Sliding Locomotor Movement 29.2% (n=7) Lower Body (Legs)
Bouncing Manipulative Movement 25% (n=6) Upper Body (Arms)
Walking Locomotor Movement 20.8% (n=5) Lower Body (Legs)
Rolling Locomotor Movement 12.5% (n=3) Whole Body (In motion)
Crawling Locomotor Movement 12.5% (n=3) Whole Body (In motion)
Climbing Locomotor Movement 4.2% (n=1) Whole Body (In motion)
Catching Manipulative Movement 87.5% (n=21) Upper Body (Arms)
Throwing Manipulative Movement 79.2% (n=19) Upper Body (Arms)
Kicking Manipulative Movement 62.5% (n=15) Lower Body (Legs)
Galloping Locomotor Movement 42% (n=10) Lower Body (Legs)
Striking Manipulative Movement 33% (n=8) Upper Body (Arms)
Dribbling Manipulative Movement 17% (n=4) Whole Body (In motion)
Hitting Manipulative Movement 8.3% (n=2) Upper Body (Arms)
Dodging Locomotor Movement 8.3% (n=2) Lower Body (Legs)
Underarm rolling Manipulative Movement 4.2% (n=1) Upper Body (Arms)
Dynamic Balance Balance 29.2% (n=7) Whole Body (Coordination)
Static Balance Balance 25% (n=6) Whole Body (Coordination)
Sitting Posture 4.2% (n=1) N/A
Standing Posture 4.2% (n=1) N/A
Bending Non-locomotor Movement 4.2% (n=1) Whole Body (Coordination)
Stretching Non-locomotor Movement 4.2% (n=1) Selected Body Part
Twisting Non-locomotor Movement 4.2% (n=1) Selected Body Part
Turning Non-locomotor Movement 4.2% (n=1) Whole Body (Coordination)
Swinging Non-locomotor Movement 4.2% (n=1) Whole Body (Coordination)
Stopping Posture 4.2% (n=1) N/A
Carrying Manipulative Movement 4.2% (n=1) Upper Body (Arms)

Table 2: Investigated playgrounds and the types of equipment they have

Name of the Playground Code Location Types of equipment
Hope Park Frisco PGl Frisco, TX Hanging equipment (n=1)
Tunnel (n=2)

Balance equipment (n=1)
Unstable or angled bridge (n=2)
Horizontal slide (n=1)
Steering wheel (n=6)
Crawl circle (n=5)

Slide (n=2)
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Stairs (n=5)
Ramp/stable bridge (n=6)
Swing (n=4)

Cottonwood Park

PG2

Richardson, TX

Balance equipment (n=4)
Steering wheel (n=1)
Slide (n=4)

Stairs (n=3)
Ramp/stable bridge (n=4)
Swing (n=7)
Seesaw (n=1)
Rotation equipment (n=2)
Tenpin push (n=2)
Climber (n=3)

Bethany Lakes Park

PG4

Allen, TX

Tunnel (n=1)
Horizontal slide (n=1)
Rotation equipment (n=1)
Slide (n=2)

Stairs (n=2)

Swing (n=5)

Crawl circle (n=5)
Climber (n=3)

Haggard Park

PG5

Plano, TX

Unstable or angled bridge (n=2)
Steering wheel (n=2)
Crawl circle (n=1)

Slide (n=3)

Stairs (n=3)

Swing (n=4)

Climber (n=3)

Bob Woodruff Park

PG6

Plano, TX

Steering wheel (n=1)
Slide (n=2)
Stairs (n=4)
Ramp/stable bridge (n=1)
Swing (n=5)

Reverchon Park

PG7

Dallas, TX

Balance equipment (n=2)
Steering wheel (n=1)
Tunnel (n=1)

Slide (n=2)

Stairs (n=1)
Ramp/stable bridge (n=3)
Swing (n=6)
Climber (n=1)

KidsQuest - DeBusk

PGS

Mesquite, TX

Crawl circle (n=1)
Slide (n=2)
Stairs (n=2)
Swing (n=7)

Climber (n=3)

Mary Heads Carter Park

PG9

Carrollton, TX

Balance equipment (n=2)
Free column (n=1)
Steering wheel (n=1)
Rotation equipment (n=2)
Tunnel (n=1)

Slide (n=2)

Stairs (n=3)

Swing (n=5)
Climber (n=1)
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Type of the Used Percentage | Percentage Type of FMS Affected FMS
Equipment Playgrounds of in All Movement Directly Affected Indirectly
Playgrounds | Equipment
Used in All
Playgrounds
Hanging PG1 (n=1) 12.5% (n=1) | 0.6% (n=1) Upper Body N/A Bouncing
Equipment (Arms) Catching
Throwing
Striking
Underarm Rolling
Hitting
Carrying
Balance PGI1 (n=1) 50% (n=4) 5.4% (n=9) Whole Body Dynamic Balance Static Balance
Equipment PG2 (n=4) (Coordination) Bending
PG7 (n=2) Turning Swinging
PG9 (n=2)
Unstable or PGI1 (n=2) 25% (n=2) 2.4% (n=4) Whole Body Dynamic Balance Static Balance
Angled PG5 (n=2) (Coordination) Bending
Bridge Turning Swinging
Horizontal PGI1 (n=1) 25% (n=2) 1.2% (n=2) Upper Body N/A Bouncing
Slide PG4 (n=1) (Arms) Catching
Throwing
Striking
Hitting
Carrying
Underarm Rolling
Steering PG1 (n=06) 75% (n=6) 7.2% (n=12) | Upper Body N/A Bouncing
wheel PG2 (n=1) (Arms) Catching
PG5 (n=2) Throwing
PG6 (n=1) Striking
PG7 (n=1) Hitting
PG9 (n=1) Carrying
Underarm Rolling
Crawl circle PG1 (n=5) 50% (n=4) 7.2% (n=12) | Upper Body Crawling Rolling
PG4 (n=5) (Arms) Climbing
PG5 (n=1) Lower Body Dribbling
PGS8 (n=1) (Legs)
Slide PG1 (n=2) 100% (n=8) 11.4% Whole Body N/A Dynamic Balance
PG2 (n=4) (n=19) (Coordination) Static Balance
PG4 (n=2) Bending
PGS (n=3) Turning Swinging
PG6 (n=2)
PG7 (n=2)
PG8 (n=2)
PG9 (n=2)
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Stairs PGI1 (n=5) 100% (n=8) 13.8% (23) Lower Body N/A Jumping
PG2 (n=3) (Legs) Hopping
PG4 (n=2) Running
PG5 (n=3) Skipping
PG6 (n=4) Leaping
PG7 (n=1) Sliding
PG8 (n=2) Walking
PG9 (n=3) Kicking
Galloping
Dodging
Swing PGI1 (n=4) 100% (n=8) 25.7% Whole Body Swinging Dynamic Balance
PG2 (n=7) (n=43) (Coordination) Bending Static Balance
PG4 (n=5) Turning
PG5 (n=4)
PG6 (n=5)
PG7 (n=6)
PG8 (n=7)
PG9 (n=5)
Ramp/Stable PGI1 (n=6) 50% (n=4) 8.4% (n=14) | Lower Body Walking Jumping
Bridge PG2 (n=4) (Legs) Running Hopping
PG6 (n=1) Skipping
PG7 (n=3) Leaping
Sliding
Kicking
Galloping
Dodging
Seesaw PG2 (n=1) 12.5% (n=1) | 0.6% (n=1) Whole Body N/A Dynamic Balance
(Coordination) Static Balance
Bending
Turning Swinging
Rotation PG2 (n=2) 37.5% (n=3) 3% (n=5) Whole Body N/A Dynamic Balance
Equipment PG4 (n=1) (Coordination) Static Balance
PG9 (n=2) Bending
Turning Swinging
Tenpin Push PG2 (n=2) 12.5% (n=1) 1.2% (n=2) Upper Body Hitting Bouncing
(Arms) Catching
Throwing
Striking
Carrying
Underarm Rolling
Tunnel PG1 (n=2) 50% (n=4) 3% (n=5) Upper Body Crawling Rolling
PG4 (n=1) (Arms) Climbing
PG7 (n=1) Lower Body Dribbling
PG9 (n=1) (Legs)
Free Column PG9 (n=1) 12.5% (n=1) | 0.6% (n=1) Whole Body Static Balance Dynamic Balance
(Coordination) Jumping Bending
Turning Swinging
Climber PG2 (n=3) 75% (n=6) 8.4% (n=14) | Upper Body Climbing Rolling
PG4 (n=3) (Arms) Crawling
PG5 (n=3) Lower Body Dribbling
PG7 (n=1) (Legs)
PG8 (n=3)
PGY (n=1)
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Table 4: Body parts in motion related to FMS and playground equipment.

Body Parts in Motion

FMS

Percentage of
FMS

Equipment Type

Percentage of
Equipment Type

Upper Body

Bouncing

22.6% (n=7)

Hanging Equipment

25% (n=4)

Catching
Throwing
Striking
Hitting
Carrying
Underarm Rolling

Horizontal Slide
Steering wheel
Tenpin Push

Lower Body Jumping
Hopping
Running
Skipping
Leaping

Sliding
Walking
Kicking

Galloping

Dodging

32.25% (n=10) Stairs

12.5% (n=2)
Ramp/Stable Bridge

Whole Body (Coordination) Dynamic Balance

Static Balance

16.1% (n=5)

Balance Equipment
Unstable/Angled Bridge

43.75% (n=7)

Bending Slide
Turning Swing
Swinging Seesaw
Rotation Equipment
Free Column
Whole Body (In Motion) Rolling 12.9% (n=4) Climber 18.75% (n=3)
Crawling Tunnel
Climbing Crawl circle
Dribbling
Selected Body Part Stretching 6.45% (n=2) N/A
Twisting
None Sitting 9.7% (n=3) N/A
Standing
Stopping

3. Results and Discussion

3.1. Results
3.1.1. The Analysis of FMS

A total number of 31 fundamental movement skills were
assessed by the 24 assessment tools according to Eddy et al.’s
study (2020). 29% of them (n=9) were manipulative (object
control) skills, 35.5% of them (n=11) were locomotor skills,
16.1% of them (n=5) were non-locomotor skills, 3.2% of them
(n=1) were locomotor or non-locomotor depending on the action
type, 6.45% of the movements (n=2) were balance skills and 9.7%
(n=3) were postures. The 9 manipulative movements mentioned
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are: bouncing, catching, throwing, kicking, striking, dribbling,
hitting, underarm rolling, and carrying. The 11 locomotor skills
are: hopping, running, skipping, leaping, sliding, walking, rolling,
crawling, climbing, galloping, and dodging. The 5 non-locomotor
skills are: bending, stretching, twisting, turning, and swinging.
The only movement that can be eighter locomotor or non-
locomotor is jumping since it can be jumping at a fixed point or
from one point to another. The 2 balance skills are dynamic
balance and static balance. Finally, the 3 skills that are categorized
as posture are: sitting, standing, and stopping.

Another categorization for FMS was based on the body parts
that are actively involved in the action. This section has 4
categories as follows: lower body, upper body, whole body in
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motion, and whole body in coordination. “Lower body actions”
are mostly associated with legs, while “upper body actions” are
mostly associated with arms. “Whole body in motion” actions are
the ones where both lower and upper body parts are in use. The
“whole body in coordination” skills are the ones where there is no
dominantly active body part and all body parts work together to
keep the state of the body. The movements that were categorized
as “upper body” are: bouncing, catching, throwing, striking,
hitting, carrying, and underarm rolling. These skills are also all
categorized as manipulative skills. The “lower body” category
consists of jumping, hopping, running, skipping, leaping, sliding,
walking, kicking, galloping, and dodging. Most of these skills are
locomotor, one of them is manipulative, and one of them is eighter
locomotor or non-locomotor. The “whole body in motion” skills
are rolling, crawling, climbing, and dribbling, 3 of which are
locomotor, and one is a manipulative movement. The “whole
body in coordination” skills are dynamic balance, static balance,
bending, turning, and swinging. The first two are balance skills
and the others are non-locomotor skills. Stretching and twisting
are the ones that make up the “selected body parts” category, and
these movements are both non-locomotor movements. The 3
remaining movement skills are sitting, standing, and stopping for
which there is no specific body part in the action. These are also
the only ones that are counted as “posture skills”.

3.1.2. Analysis of the Playground Equipment

The 8 playgrounds out of 10 visited playgrounds met the
criteria of having a separate play area for children aged between
2-5. All these 8 playgrounds were investigated and a total number
of 167 apparatus and play structure components were identified.
These apparatus/components consist of 16 types of equipment.
These are slide, swing, hanging equipment, balance equipment,
unstable or angled bridge, horizontal slide, steering wheel, crawl
circle, ramp or stable bridge, seesaw, rotation equipment, tenpin
push, tunnel, free column, and climber.

In the first playground (PG1), 11 types and 35 pieces of
equipment were identified. In PG2, there were 10 types and 31
pieces of equipment. There were 8 types and 20 pieces of
equipment for PG4, 7 types and 18 pieces of equipment for PGS,
5 types and 13 pieces of equipment for PG6, 8 types and 17 pieces
of equipment for PG7, 5 types and 15 pieces of equipment for
PGS, and 9 types and 18 pieces of equipment for PG9. Types and
numbers of the equipment are shown in table 2.

As can be interpreted from table 3, swings, stairs, and slides
are the 3 types of equipment that were found in all 8 playgrounds.
Steering wheels and climbers were found in 75% of the
playgrounds (n=6). Balance equipment, holes for crawling,
ramp/stable bridge, and tunnel were found in half of the
playgrounds (n=4). Rotation equipment was the only one with a
rate of 37.5% (n=3). Unstable/angled brides and horizontal slides
were found in 25% of the total playgrounds (n=2). Finally,
hanging equipment, seesaw, tenpin push, and the free column was
found in only one of the playgrounds which gives them a rate of
12.5% among all playgrounds.

Swings were the mostly encountered equipment with a rate
of 25.7% among all pieces of equipment (n=43). Following that,
stairs with 13.8% (n=23), slides with 11.4% (n=19), ramp/stable
bridges and climbers with 8.4% (n=14), steering wheels and holes
for crawling in with 7.2% (n=12), balance equipment with 5.4%
(n=9), tunnels and, rotation equipment with 3% (n=5), horizontal
slides and tenpin push with 1.2% (n=2), and finally hanging
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equipment, seesaws, and free columns dominated only 0.6% of all
pieces of equipment as there were only one for each.

The “lower body” category for playground equipment
consists of stairs and ramps/stable bridges which are the
equipment that makes kids use their legs actively, while the
“upper body” category is made of hanging equipment, horizontal
slide, steering wheel, and tenpin push and these are the ones that
require mostly arm movement. Balance equipment,
unstable/angled bridge, slide, swing, seesaw, rotation equipment,
and free column are under the “whole body coordination”
category. Climber, tunnel, and crawl circle are kinds of equipment
that require upper and lower body action at the same time. For this
reason, they were included in the “whole body in motion”
category. In contrast to FMS, there was no playground equipment
under the categories of “selected body parts” and “none”. The
reason for that is all the equipment required a certain movement
to be played.

Most of the equipment was titled “whole body coordination”
(43.75%, n=7). While 25% of them (n=4) are upper body
equipment, 18.75% of them (n=3) are “whole body in motion”,
and only 12.5% of them (n=2) are lower body equipment. This
shows us that playground equipment is mostly focused on whole
body coordination and features for improving lower body skills
are lacking compared to the upper body skills and the skills that
require both lower and upper body motion.

4. Conclusions and Recommendations

4.1. Conclusions

The findings show that 56.25% of the equipment types (n=9)
are directly related to at least one FMS. 6 of these are related to
only one FMS, which are balance equipment, unstable/angled
bridge (related to dynamic balance skill), crawl circle and tunnel
(related to crawling), tenpin push (related to hitting), and climber
(related to climbing). 3 of the equipment types are directly related
to 2 different FMS and this is the most FMS a single type of
playground equipment is related to. These are swing (related to
swinging and bending), ramp/stable bridge (related to walking
and running), and free column (related to static balance and

jumping).

The remaining 7 types of equipment (43.75% of all types) are
not related directly to any FMS. These types of equipment are
hanging equipment, horizontal slide, steering wheel, slide, stairs,
seesaw, and rotation equipment. Even though these types of
equipment are not providing the same movement as any FMS,
they do help children improve some of their muscles and bones.
Each type of equipment was related to some body parts that are
supposed to be used when interacting with that equipment, and
those parts of the body get closer to the level where the child can
perform some FMS related to the same body parts. The types of
equipment and their indirect relation are shown in table 3.

Only 10 of the 31 FMS are directly related to playground
equipment usage. These FMS are dynamic balance, static balance,
crawling, swinging, bending, walking, running, hitting, jumping,
and climbing. 16 of them are related to the equipment indirectly.
These are bouncing, catching, throwing, striking, underarm
rolling, carrying, turning, hopping, skipping, leaping, sliding,
kicking, galloping, rolling, dodging, and dribbling. Stopping,
twisting, stretching, standing, and sitting are the movements that
do not fall into both categories.
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4.2. Limitations

This study only covers the FMS that are included in the
assessment tools that are reviewed by Eddy et al. (2020) in their
study. There might be more FMS, not listed in any of these tools
that also need to be considered in playground settings.

The other limitation of this study is that only primary usage
of the playground equipment was related to FMS. Even though
these are the most popular uses of the equipment, kids always find
creative ways to interact with the object. A type of equipment
might be designed for sliding; however, some kids may prefer to
use it as a climber and use different parts of their body. The design
of the current study did not allow for the assessment of such
possible uses of the playground equipment.

Another limitation is that kids tend to play with kinds of
equipment that are not designed for their age. A four-year-old
child might prefer to play in older kids’ areas every time they go
to the playground and may not interact with the equipment
designed for their age. Even though this was a limitation in some
way, it does not contradict the aim of the study, as this study
focuses on the improvement of 2—5-year-old kids’ playground
area itself, and not just in comparison to 5-12 years olds’.

4.3. Implications

This study shows that there is a valid relationship between
playground equipment and children’s fundamental movement
skills. Some of the FMS are already supported by existing
equipment and the remaining FMS can be implemented in future
or existing playgrounds. Further studies on the relationship
between FMS and playground equipment and relevant
interventions to the playgrounds may contribute to creating easy
and feasible opportunities for most of the children who have
access to a neighborhood playground. Findings of this study
demonstrating the relationship between given playground
equipment and the FMS incorporated by each may serve as a
reference point for future playground designs. Moreover, results
identifying the FMS that are not supported directly by any of the
playground equipment offer a promising area of investigation for
future playground design research.
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Abstract

In recent years, with the rapid developments in the field of technology and the development of wireless communication systems; led to
a noticeable increase in the number of portable, rechargeable and low-power devices. These electronic devices have become a necessity
even in our simplest works, due to the increase in their number and variety; It is desired that the energy needs can be met continuously
and quickly at a low cost. Batteries, which are non-renewable generators, provide the energy required for such low-power devices in
the world. The increase in the tendency towards non-renewable energy sources leads to negative environmental and economic
consequences. Therefore, it becomes important to turn to renewable energy sources and to work on it. Energy harvesting systems, which
are an innovative energy source, are the best potential alternatives to collect the energy needed by the mentioned low-power devices.
With the increase of different frequency bands such as GSM 900, GSM 1800, UMTS, 3G, Wi-Fi, Wi-Max and LTE, RF energy
harvesting is becoming quite common. In this paper, a printed multiband microstrip patch antenna is presented. Antenna design covers
numerically calculated frequencies of 1.6dBi at 2.4GHz, 3.95dBi at 5.2GHz, gain values, and frequencies often used for electronic
device communication such as Wi-Fi 2.4GHz and WiMAX. The proposed antenna design has allowable gain values to be used for RF
energy harvesting applications.

Keywords: RF Energy Harvesting, Antenna Design, Microstrip Patch Antenna, Array Antenna, Low Power Application

RF Enerji Hasatlama Uygulamalari icin Mikroserit Dizi Anten
Tasarimi

Oz

Son yillarda teknoloji alanindaki hizli gelismeler ve kablosuz iletisim sistemlerinin de gelistirilmesiyle; tasmabilir, sarj edilebilir ve
diisiik giiclii cihazlarin sayisinda gozle goriilebilir bir artisa neden olmugtur. Bu elektronik cihazlar en basit iglerimizde dahi ihtiyac
haline gelmis olup, sayilarinin ve c¢esitlerinin artmasi nedeniyle; enerji ihtiyacinin diisiik maliyetle, siirekli ve hizli bir sekilde
karsilanabilir olmasi istenmektedir. Diinyada bu tarz diisiik gii¢ tiiketen cihazlara gereken enerjiyi genellikle yenilenemeyen iirete¢ olan
piller saglamaktadir. Yenilenebilir enerji kaynaklarma ydnelmek ve bunun iizerine ¢aligmalar yapmak Onemli hale gelmektedir.
Bahsedilen diisiik giiclii cihazlarin ihtiyaci olan enerjinin toplanabilmesi igin yenilik¢i bir enerji kaynagi olan enerji hasatlama sistemleri
en iyi potansiyel alternatiflerdir. GSM 900, GSM 1800, UMTS, 3G, Wi-Fi, Wi-Max ve LTE gibi farkli frekans bantlarinin artmasiyla
birlikte RF enerji hasadi olduk¢a yaygin hale gelmektedir. Bu yazida, basili birgok bantli mikroserit yama anteni sunulmaktadir. Anten
tasarimi, sayisal olarak hesaplanan 2,4 GHz'de 1,6 dBi, 5,2 GHz'de 3,95 dBi frekanslari, kazang degerlerini ve genellikle Wi-Fi 2,4 GHz
ve WIMAX gibi elektronik cihaz iletisimi icin kullanilan frekanslari kapsar. Onerilen anten tasarimi, RF enerji hasatlama uygulamalar
icin kullanilmasina izin verilen kazang degerlerine sahiptir.

Anahtar Kelimeler: RF Enerji Hasatlama, Anten Tasarimi, Mikroserit Yama Anten, Dizi Anten, Diisiik Gli¢ Uygulamalari
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1. Introduction

With the development of wireless communication systems
and their enrichment in terms of content, these technologies have
been widely used and become widespread. Today, with the rapid
development of technology, the problem of finding a reliable and
sustainable energy source for wireless communication devices
has been encountered [1]. In this paper, radio frequency energy
harvesting systems have become promising solutions to power
next generation wireless networks such as wireless sensors,
autonomous internet of things (1oT), wireless communication
devices [2]-[3]. In urban areas, there are many radio frequency
energy sources such as television broadcasting, mobile phone
signals and wireless networks [4]. Thus, there is a huge amount
of electromagnetic energy in the environment and if this energy is
collected, it can be used in low-power devices [5]. RF wireless
power providers are the best potential alternatives for devices that
help these devices run smoothly. Under favour of RF energy
harvesting systems, some of the energy can be collected and
converted into usable DC voltage.

RF
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Fig. 1 RF energy harvesting system. (a) Simplified block
diagram and (b) its equivalent circuit representation [6].

Radio frequency energy harvesting using electromagnetic
waves to power such systems is becoming widespread with the
increase of different frequency bands such as GSM 900 (925-
960), GSM 1800 (1805-1880), UMTS (1920-1980) (2110-2170),
LTE (2620-2690), Wi-Max (3400-3800) and Wi-Fi (2400-2495)
(5150-5850) which used in communication [3]-[7]. Wireless
energy, can be harvested using a suitable rectenna system.
Rectennas consists of microstrip antenna, matching circuit,
rectifier and low pass filter. The rectifier converts the RF power
to a DC voltage. A resistor is usually connected as a load to the
output of the rectifier to obtain the DC voltage. Proper matching
with the rectifier should be made to increase the conversion
efficiency.

Microstrip antenna is the most preferred antenna for energy
harvesting due to its advantages such as small size, light weight
and ease of manufacture [8]. To improve the demanding power
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requirements of the RF energy harvesting system, multiband and
broadband antennas have been explored for practical options
regarding efficiency. A multi-band and broadband receiving
antenna is expected to efficiently collect energy from
simultaneously available frequency bands in the real
environment.

In this study, a microstrip patch antenna was designed for RF
energy harvesting systems. In section Il, the methods used in
antenna design and antenna parameters are explained. The
simulation results of the designed antenna are shown and
discussed in section I11. In section 1V, the conclusion of the study
is summarized.

2. Material and Method

The most common in wireless transmission technologies,
especially in microwave systems, is the microstrip patch antenna
because of its characteristics. They provide high performance and
low cost in production [9]-[10]. For these reasons, microstrip
patch antenna was used in antenna design for RF energy
harvesting. In this study, microstrip fed antenna was used as the
feeding technique. In this report, a dual-band microstrip patch
antenna operating at 2.4GHz and 5.2GHz frequencies was
designed and simulated for use in RF energy harvesting systems.
The proposed antenna is fabricated on a low cost FR4 substrate
with a thickness (h) of 1.6 mm. Annealed copper is used as ground
and patch materials with 0.035 mm thickness. The designed
antenna has compact dimensions of 28mm x 47mm. Antenna
layout is shown in the Fig. 3 and its design was carried out with
the numerical calculation program.
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Fig. 2 (a) Front and (b) Back of the microstrip antenna

A dual-band microstrip antenna for RF energy harvesting is
presented in [11]. Based on the proposed microstrip antenna
geometry, a two-slot microstrip antenna was designed. The
microstrip feed line can be thought of as a patch extension and can
be easily matched by adjusting the inset feed position; however,
it increases the substrate thickness and limits the bandwidth [11]-
[12]. In this study, based on references, inset feeding and stub
were tried and improvement was observed in SI11 results.
Radiated harmonics can be controlled using a stub in the feed line.

In order to improve the gain values of the additionally
designed antenna, the antenna is turned into an array antenna.

Table 1. Parameters of the Proposed Antenna.

Par. | Value | Par. | Value | Par. | Value
(mm) (mm) (mm)
W1 1 W11 | 5.9 L7 0.5
W2 | 127 |W12| 1.6 L8 1.9
W3 09 | W13 | 10 L9 2.8
W4 1.4 | W14 8 L10 | 10.3

W5 1.6 L1 | 108 |L11| 65
W6 1 L2 1 L12| 15
W7 2 L3 8.8 | L13 2
W8 | 0.6 L4 2 L14 | 185
W9 | 05 L5 | 115 |L15| 17
W10 5 L6 3.5

3. Results and Discussion
3.1. Results

According to the simulation results, when the S1,1 properties of
the antenna are examined, it is seen that it resonates at 2.4GHz
and 5.2GHz frequencies. The reflection coefficient of proposed
antenna are -20.6dB for 2.4GHz, -16dB for 5.2GHz. Bandwidths
of the antenna are 340.5MHz (2.2961GHz-2.6366GHz),
293.4MHz (5.0606GHz-5.354GHz) respectively.

e-ISSN: 2148-2683

In addition, 3D radiation patterns and gains for 2.4GHz and
5.2GHz are given in Figure 4 (a, b).

$11 PARAMETER

v

dp

(b)
Fig. 4 Simulated 3D Radiation Pattern and Gain of the
Proposed Antenna (a) 2.4GHz (b) 5.2GHz

Table 2. Gain, S11 and Efficiency values of proposed antenna

Frequency | Gain S11 Rad. | Tot.
(dBi) (dB) | Effic. | Effic.

24GHz | 1.6dBi | -20.6dB | %81 | %80
52GHz | 3.95dBi | -16dB | %69 | %67
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3.2. Discussion

With the rapid development of technology, many wireless
systems emit electromagnetic energy to the environment. A large
part of this emitted energy is faded away before it reaches its
target, and antenna studies aiming at the recovery of ambient
energy ensure that this problem is effectively eliminated. In
addition, for the design of the wireless communication network,
providing the energy to replace the battery or charge the battery
from the environment, that is, to be a renewable energy source,
will be the most appropriate solution in terms of both cost and
environment.

4. Conclusions and Recommendations

This study presents a step-by-step procedure for the design and
optimization of a two-band microstrip patch antenna in Wi-Fi
24GHz and WIMAX bands for RF energy harvesting
applications. The optimized antenna has two resonant frequencies
of 2.4GHz and 5.2GHz, covering various media communication
networks and systems. The simulation results show that the
antenna gains 1.6dBi and 3.95dBi at the resonant frequencies,
respectively. The designed antenna has satisfactory parameter
values such as bandwidth, VSWR and reflection coefficient. As a
result, it can be used in RF energy harvesting applications with
the designed antenna combiner, rectifier and matching circuits.
Thus, the antenna can be a source of energy to power low-power
electronic devices
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Oz

Bu calismada son yillarda endiistrilerde siklikla kullanilmakta olan boyar maddelerden renk gideriminin ve sistemin elektrik
tiketiminin incelenmesi amaglanmigtir. Boyar madde olarak Drimaren Orange tercih edilmistir. Elektrooksidasyon yontemi
kullanilarak yapilan caligmalarda tuz tiirii olarak NaCI, KCI, NaNO; ve Na,SOs kullanilmistir. 2.5, 5, 7.5 ve 10 mM tuz
konsantrasyonlarinda 1 saatlik denemelerde ¢aligmalar gerceklestirilmistir. Tuz tiiriiniin etkisini incelemek i¢in yapilan ¢aligmalar 1
amper akimda, 250 mg/L kirletici madde konsantrasyonu, 5 mM NaClI ve 200 rpm karistirma hizinda atiksuyun dogal pH degerinde
gerceklestirilmistir. incelenen sonuglarda en verimli elektrolitin %98.91 verimle KCI olmustur. Bunu %93.35 verimle NaCl, %84.79
verimle NaNOs ve %79.12 verimle Na,SOj4 izlemistir. Tuz konsantrasyonu etkisi igin yapilan ¢aligmalarda tiim konsantrasyonlar i¢in
%99 tlizerinde verimler elde edilmis ve etkili giderim saglandigi goriilmistiir. Elektrik tiiketimi etkisini incelemek i¢in yapilan
caligmalarda destek elektrolit konsantrasyonu arttikga elektrik tiiketiminin azaldigi gorilmistir. Farkli elektrolitlerin elektrik
tiiketiminde ise renk giderim verimleri ile ters orantili sonuglarin oldugu gériilmiistiir. En yiiksek verim elde edilen KCI elektrolitinde
en diisiik elektrik tiiketimi gdzlemlenmistir.

Anahtar Kelimeler: Atiksu Aritimi, Drimarine Orange, Tuz Tiirii, Renk Giderimi, Enerji Tiiketimi.

Effect of Supporting Electrolyte Type and Concentration on Color
Removal from Drimaren Orange Dyestuff

Abstract

In this study, it is aimed to examine the color removal of dyestuffs that have been used frequently in industries in recent years and the
electricity consumption of the system. Drimaren Orange was preferred as the dyestuff. In studies using electrooxidation method,
NaCl, KCI, NaNOs and Na,SO4 were used as salt types. Studies were carried out in 1-hour trials at 2.5, 5, 7.5 and 10 mM salt
concentrations. Studies to examine the effect of salt type were carried out at 1 ampere current, 250 mg/L pollutant concentration, 5
mM NaCl and 200 rpm mixing speed at natural pH value of wastewater. In the results examined, the most efficient electrolyte was
KCI with 98.91% efficiency. This was followed by NaCl with 93.35% vyield, NaNO3z with 84.79% yield and Na,SO, with 79.12%
yield. In the studies carried out for the effect of salt concentration, efficiencies above 99% were obtained for all concentrations and it
was observed that effective removal was achieved. In studies conducted to examine the effect of electricity consumption, it has been
observed that as the support electrolyte concentration increases, the electricity consumption decreases. In the electricity consumption
of different electrolytes, it was observed that the results were inversely proportional to the color removal efficiencies. The lowest
electricity consumption was observed in the KCI electrolyte with the highest efficiency.

Keywords: Wastewater Treatment, Drimarine Orange, Type Of Salt, Decolorization, Energy Consumption.
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1. Giris

Diinya ¢apinda artan su kitligi bu kaynaklarin korunmasi igin
kisitlayict ¢evre politikalarinin benimsenmesini gerekli kilmistir.
Tatl su kaynaklarmin mevcut durumu azalirken tekstil endiistrisi
gibi yogun su kullanimi olan endiistrilerde kisitlama
olusturmaktadir. Bunun igin endiistrilerin yeni su ydnetim
stratejileri benimsemesi gerekmektedir (Pinto et al., 2022). Daha
etkili bir kaynak yOnetimi i¢in aritilmis atiksuyun yeniden
kullanim1 AB su politikasinda bu konuda etkili bir 6nlem olarak
vurgulanmugtir (Directors, 2016). Endiistriyel iiretimde diinya
capinda 10 bin farkli boya ve pigment tiiriiniin kullanildig1 ve
700 bin ton sentetik boyanin {iretildigi tahmin edilmektedir
(Chequer et al., 2013; Keyikoglu, 2018). Diger kimyasallarin
yani sira gilines 15181 altinda yiiksek stabilite ve mikrobiyal
¢ogalmaya ve sicakliga karsi diren¢ sunan sentetik organik
boyalarin  yaygin kullanimi nedeniyle, tekstil endiistrisi
tarafindan iretilen atik suyun aritilmasi ¢ok zordur ve olasi
yeniden kullanimini engellemektedir (Martinez-Huitle & Brillas,
2009; Yaseen & Scholz, 2019). Bu nedenle, son yillarda, tekstil
enddistrisi atik sularmin yeniden kullanim standartlarina uygun
sekilde aritilmasint saglayan teknolojilerin gelistirilmesine
yonelik ¢esitli ¢alismalar yogunlagmistir (Buscio, Lopez-
Grimau, Alvarez, & Gutiérrez-Bouzan, 2019; Ergas, Therriault,
& Reckhow, 2006; Lopez - Grimau, Gutiérrez - Bouzan,
Valldeperas, & Crespi, 2012; Riera-Torres, Gutierrez-Bouzan,
Valldeperas Morell, Jose Lis, & Crespi, 2011; Sala, Loépez-
Grimau, & Gutiérrez-Bouzan, 2014).

2000'den once, elektrokimyasal teknolojilerin atik sulardan
boyalart giderme konusundaki etkisini gosteren ¢ok az sayida
¢aligma yapilmigtir (Gutierrez & Crespi, 1999; Naim & El Abd,
2002; Robinson, McMullan, Marchant, & Nigam, 2001).

Daha sonra, birgok arastirma grubu, sentetik ve endiistriyel
atiklardan boyalarin  giderilmesi igin potansiyel alternatifler
olarak gelismis ileri oksidasyon prosesleri ve diger
elektrokimyasal yaklasimlart 6nermek igin biiylik caba sarf
etmistir (Brillas & Martinez-Huitle, 2015). Sentetik boya
¢ozeltileri veya gercek tekstil endiistrisi atiklari, organik
kirleticilerin  giiglii oksidanlar sayesinde dolayli elektro-
oksidasyon yontemleriyle tamamen dekontamine edilebilirler.

Elektrooksidasyon organik kirleticilerin uzaklastiriimasinda en
popiiler elektrokimyasal proseslerden biridir. Atiksulardan aritim
sonrast camur ve konsantre kirletici iiretmeyen basit ve temiz bir
aritim saglamaktadir (Brillas & Martinez-Huitle, 2015). Uygun
anot  malzemesi  se¢imi  ile  organik  kirleticilerin
mineralizasyonunu saglayan yiiksek oranda hidroksil radikali
tretimini tegvik etmektedir (Martinez-Huitle & Brillas, 2009).

Elektrooksidasyon mekanizmasi direkt ve dolayli olarak iki
farkli sekilde meydana gelmektedir. Kirleticilerin anot
ylizeyinde adsorbe edildigi direkt oksidasyon ve elektrokimyasal
olarak olusan klor, hipoklorit, hidroksil radikalleri, ozon ve
hidrojen peroksit gibi oksidanlarin aracilik ettigi dolaylh
oksidasyon prosesleri meydana gelmektedir. Hipoklorit organik
kirleticileri oksitleyebilen énemli bir oksidandir. Bu oksitleme
islemi sirasinda meydana gelen reaksiyonlar asagidaki gibidir
(Chiang, Chang, & Wen, 1995).

Anodik reaksiyonlar:

2CI- —>Cl, +2e” ()
6HOCI +3H,0 — 2CIO; +4Cl™ +12H" +1,50, +6e" (2)
2H,0 >0, +4H" +6e” @)
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Cozelti reaksiyonlart:

Cl,+H,0—>HOCI+H" +Cl" 4)
HOCI - H"+0OCI~ (5)
Katodik reaksiyonlar:

2H,0+2e” —>20H +H, (6)
OCl~ +H,0+2¢e —Cl™ +20H" ()

Bu calismada Drimaren Orange boyar maddesinden
elektrooksidasyon yontemi ile renk gideriminde, kullanilan
destek elektrolit tiirii ve konsantrasyonun etkisi ve proses
boyunca sistemin elektrik tiiketiminin etkisi incelenmesi
amaglanmistir.

2. Materyal ve Metot

2.1. Kullanilan boyar maddenin yapisi

Drimaren Orange’dan 50 mg almip 500 mL kullamim suyunda
¢Ozdiirtilmiis ve 1000 mL kullanim suyu ile tamamlanarak stok
boyar madde ¢ozeltisi olarak kullanilmistir. Drimaren Orange
kimyasal formiilii C24H1sCiN7Na3010S3 ve molekiiler agirlig1 762
g/mol’diir. Kullanilan boyanin kimyasal yapist asagida Sekil
1’de gosterilmistir.

Sekil 1. Drimaren Orange boyar maddesinin kimyasal yapist

2.2. Deney diizenegi

Elektrooksidasyon c¢alismalarinda 2000 mL hacimli ceketli
cam reaktor tercih edilmistir. Elektrot plakalart 70x100 mm
boyutlarinda ve 3080 cm? yiizey alanina sahiptir. Tiim plakalarm
yaklagik 1slak yiizey alam 2464 cm? olarak hesaplanmustir.
Ti/lrO2/RuO; anot (DSA tipi) ve paslanmaz celik katot (plaka
tipi) elektrotlar tercih edilmistir. Reaktor kabinda bes anot ve bes
katot elektrot monopolar diizenek olusturularak paralel bagl
aralarinda 5 mm mesafe olacak sekilde dizilmistir. Voltaj ve
akim dl¢limii dijital “Control Unit PE280” marka gii¢c kaynagi ile
yapilmigtir. Reaktordeki karigtirma islemini dijital “Yellowline
MST” marka manyetik karistirict tercih edilmistir. Sistemin
caligmasi i¢in dogru akim gii¢ kaynagi secilmis ve manyetik
karistiric ile soliisyon devamli karistirilma halindedir. Baslangig
sartlarin1  belirlemek i¢in numune alinarak pH, sicaklik,
iletkenlik “Thermo Orion” marka cihaz ile dl¢iilmiistiir. Sistemin
sicakliginin sabit tutulmasi ig¢in sogutucu cihaz kullanilmistir.
Renk tayinin yapilmasi i¢in “Lovibond” marka fotometre tercih
edilmigtir. Fotometrenin dalga boyu 490 nanometre olarak
belirlenmistir. Deneysel diizenek Sekil 2°de sunulmustur.
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Sekil 2. Elektrooksidasyon sistemi
2.3. Deneyin yapilisi

Deney 1 Amper (0,325 mA/cm?), 200 rpm karistirma hizi 250
mg/L baslangi¢c konsantrasyonu ve 25°C sicaklikta yapismustir.
1000 ml stok ¢ozeltiden 5 mL numune otomatik pipet ile
cekilerek plastik tiiplere aktarilmigtir. Toplam deney siiresi 60
dakika olarak tanimlanmigtir. Numuneler baslangig, 5. dk, 10.
dk, 15. dk, 20. dk, 30. dk, 45. dk ve 60. dk olmak iizere 8 adet
almmigtir. Alinan her numunenin sicaklik, iletkenlik, pH
degerlerine bakilip 10 mL cam numune tiiplerine alinarak renk
tayini  yapilmigtir. Renk verimleri asagidaki formiille
hesaplanmistir.

% Renk Giderim Verimi
(%) = (COC_C(EJX]'OO (8)

0
Burada;
Co: Giris konsantrasyonu, mg/L
Ce: Cikis konsantrasyonu, mg/L

Enerji Tiiketimi hesaplanirken;

W ( kWs?atj _ xixt )
m v

Bu denklemde, W ifadesi enerji sarfiyat1 (kW-saat/m°), | akim
siddeti (A), V: Volt, t. zaman (dakika) ve v: toplam ¢ozelti
hacmini (m®) ifade etmektedir.

3. Arastirma Sonuclar1 ve Tartisma

3.1. Destek elektrolit tiiriiniin renk giderimi
iizerine etkisi

Elektrooksidasyon prosesi i¢in 6nemli parametrelerden biri
kullanilan elektrolit tiirtidiir. Atiksu igerisinde oksitlenme
reaksiyonlarini etkileyen ve su ortamina dogrudan etki eden bu
elektrolitlerin  kullanimi 6nemlidir. Proses sirasinda ortamin
iyonlagsmasina katki saglayarak prosese pozitif etki etmektedir.
Ozellikle klor igeren destekleyici elektrolitlerin varhigi verim
acisindan en yiiksek etkinlige sahip oldugu goriilmiistiir. Destek
elektrolit tiirlinin renk giderimine etkisini aragtirmak igin
yapilan galigmalar 1A (0.325 ma/cm?) akim yogunlugunda, 250
mg/L kirletici konsantrasyonunda, 5 mM NaClI kullanilarak 200
rpm karistirma hizi ve atiksuyun dogal pH degerinde yapilmistir.

Elde edilen renk giderim verimi sonuglar1 sirasiyla
KCI>NaCl>NaNOs;>NazSO4 olarak
sirastyla  %99.90,  %93.35, %84.79, %79.12  olarak

hesaplanmigtir (Sekil 3). KCI ve NaCl’nin diger elektrolitlere
gore daha yiiksek giderim sagladigi goriilmektedir. Yapilarinda
klor bulundurmalar1 yoniiyle suda daha iyi iyonlagsma saglamasi
sebebiyle daha etkili elektrolitler olarak bulunmuslardir. Renk

e-ISSN: 2148-2683

giderimi konusunda benzer sonuglar diger g¢aligmalarda da
bulunmustur (Erkmen & AdigUZel, 2022; Fil & Giinaslan,
2022).

100

80
60
40
20

0

NaCl KCI NaNO;  Na2SOs
Destek Elektrolit Tiirii (5 mM)

% Giderim verimi

Sekil 3. Destek elektrolit tiiriiniin renk giderimine etkisi

3.2. Destek elektrolit konsantrasyonunun renk
giderimi iizerine etkisi

Destek elektrolit konsantrasyonunun etkisini arastirmak icin
250 mg/L sentetik atiksu konsantrasyonunda, dogal pH
degerinde 2.5, 5, 7.5 ve 10 mM konsantrasyonlarda ve 200 rpm
karigtirma hizinda ¢alismalar yapilmistir. Elde edilen sonuglarda
tim konsantrasyonlar i¢in renk gideriminin %99 {izerinde
oldugu gorilmistir (Sekil 4). Bu yiizden fazla kimyasal
sarfiyatini 6nlemek amaciyla diisiik konsantrasyonlar tercih
edilebilir.  Elektrooksidasyon prosesinin renk gideriminde
olduk¢a verimli oldugu sonucuna varilmistir. Benzer sonuglar
literatiirde mevcuttur (Chou & Wang, 2011).

100

80
60
40
20

0

2.5mM 5.0 mM 7.5mM 10 mM

% Giderim verimi

Destek Elektrolit Konsnatrasyonu (NaCl)

Sekil 4. Destek elektrolit konsantrasyonunun renk giderimine
etkisi

3.3 Enerji tiiketimi iizerine destek elektrolit
tiiriiniin etkisi

Elektrik tiiketimi elektrokimyasal aritim konusunda prosesin
maliyetini dogrudan etkilediginden o6nemli bir parametredir.
Yapilan g¢aligmada incelenen NaCIl, KCI, Na>SOs ve NaNO3
elektrolitleri i¢in elde edilen sonuglarin renk giderim
verimleriyle ters orantili oldugu goriilmistiir. En yiiksek giderim
saglayan KCI elektrolitinde enerji tilketiminin en diisiik oldugu
goriilmiistiir. Ciinkii bu elektrolitlerin iyonlagsma kapasitesi ne
kadar yiiksek olursa ortamim iletkenligini sagladigindan
potansiyel farkin diisiisiiyle daha diisiik enerji tiilketimine sebep
olmaktadir. Elde edilen sonuglar asagida Sekil 5°te gosterilmistir
(Fil & Giinaslan, 2023).
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Sekil 5. Eneryji tiiketimi iizerine destek elektrolit tiiriiniin etkisi

3.4 Enerji tiiketimi iizerine destek elektrolit

konsantrasyonunun etkisi

Destek elektrolit konsantrasyonunun etkisini incelemek icin
sentetik atiksuyun dogal pH degerinde, 200 rpm karistirma
hizinda, 1A (0.325 mA/cm?) akimda, 250 mg/L baslangig kirlilik
konsantrasyonunda denemeler yapilmistir. Elde edilen sonuglar
Sekil 6’da grafiksel olarak sunulmustur. 2.5, 5, 7.5 ve 10 mM
konsantrasyonlar  igin  hesaplanan  elektrik  tiiketimleri
sirastyla:4.48 kWh/m3, 4.15 kWh/m3, 3.81 kWh/m3, 3.52
kWh/m?3 olarak bulunmustur .

4,6

4,4

4,2

4,0

3,8

3,6

Enerji tiikketim (KW-sa/m?)

3.4

2.5mM 5.0mM 7.5mM 10 mM

Destek Elektrolit Konsntrasyonu

Sekil 6. Enerji tiiketimi tizerine destek elektrolit
konsantrasyonunun etkisi

4. Sonuc¢

Yapilan c¢alismalarda sentetik boyar maddelerden renk
gideriminde elektrooksidasyon yonteminin etkinligi
kanitlanmigtir. Prosesin uygulama kolayligi, kisa siirelerde
yiikksek verim elde edilmesi, proses sonrasi ¢amur olusum
miktariin diger proseslere oranla c¢ok diisiik olmasi gibi
avantajlartyla bu tir atiksular ve diger endiistrilerden
kaynaklanan ¢esitli atiksular i¢in etkin bir yontem olmasi en
onemli tercih sebeplerindendir. Ayrica farkli sentetik boyar
maddeler i¢in farkli tip anot malzemeleri kullanilarak verim
acisindan karsilastirma yapilabilir.

Aritimi konusunda ¢esitli zorluklar bulunan ve endiistrilerde
siklikla kullanilan sentetik boyar maddelerin elektrooksidasyon
yontemiyle aritiminda yiliksek etkinlik gosterdigi goriilmektedir.
Farkli destek elektrolitler kullanilarak yapilan ¢aligmalarda en
etkili tuzlarin NaCl ve KCI oldugu goriilmustiir. Elektrik
tiiketimi atiksu aritim proseslerindeki maliyetle dogrudan iligkisi
sebebiyle dnemlidir. Atiksularin desarj kriterleri i¢in 6nemli bir
parametre olan renk giderimi i¢in elektrooksidasyon prosesi
giivenilir bir yontem olarak bulunmustur.
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Abstract

This research delves into the potential of wind energy, drawing on recent studies to explore its advantages and disadvantages. The study
will begin by providing a comprehensive explanation of the concept of wind energy, followed by an in-depth analysis of wind turbines,
which are key components of wind power plants. This will involve a discussion of the various types of wind turbines and their individual
characteristics. The research will also examine Turkey's wind and wind energy potential, providing valuable insights into the country's
renewable energy prospects. In conclusion, the findings of this study will be used to propose recommendations for the development of
wind energy in Turkey. Overall, the study aims to highlight the significance of wind energy as a clean, abundant, and sustainable source
of power, and to explore ways in which it can be harnessed to meet the energy needs of the future.

Keywords: Wind Energy, Wind Turbines, Wind Technologies, Turkey's Wind Potential, Wind Power.

Riizgar1 Hasat Etmek: Tiirkiye'de Riizgar Enerjisinin Fizibilitesi ve
Gelismeleri Uzerine Bir Arastirma

Oz

Konvansiyonel yanici (fosil) yakitlarin (komiir, madeni yag ve dogal gaz) rezervleri, bugiinkii hizla kullanilmasi halinde 50 ila 200 y1l
icinde tiikenecektir. Dogal gaz, petrol, kdmiir veya niikleer gibi konvansiyonel enerji kaynaklart sinirliyken, riizgar, giines,
biyogaz/biyokiitle, jeotermal vb. gibi yenilenebilir enerji kaynaklari temizdir ve dogada bol miktarda mevcuttur. Yenilebilir enerji
kaynaklarindan olan riizgar enerjisi temiz, emisyonsuz bir enerji liretim teknolojisidir. Riizgar enerjisi, tistiin 6zellikleri, yenilenebilir
enerji, genis dagitim ve sifir kirlilik nedeniyle “yesil enerji”nin ana destekgilerinden biridir.

Bu ¢alisma, son yillarda yapilan arastirmalara dayanarak riizgar enerjisinin potansiyelini tartigmaktadir. Calismada oncelikle riizgar
enerjisi kavrami kapsamli bir gekilde anlatilacak, riizgar enerjisi kullanimmin avantaj ve dezavantajlarina deginilecektir. Daha sonra
rlizgar enerjisi santrali bilesenlerinden riizgar tiirbinleri lizerinde durulacaktir. Riizgar tiirbinleri tiirleri ve dzellikleri agiklanacaktir. Son
olarak Tiirkiye’nin riizgar ve riizgar enerjisi potansiyeli hakkinda bilgi verilecektir. Aragtirmanin sonug kisminda ise aragtirmada elde
edilen bilgilere dayanilarak, Tirkiye’nin riizgar enerjisi giictiniin geligsimine yonelik 6nerilerde bulunulacaktir.

Anahtar Kelimeler: Riizgar Enerjisi, Riizgar Tirbinleri, Riizgar Teknolojileri, Tiirkiye nin Riizgar Potansiyeli, Riizgar Giicii
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1. Introduction

As economies continue to industrialize and develop, the
demand for energy becomes increasingly vital for progress. The
consumption of energy per capita has become a metric for
measuring a country's level of economic development on a global
scale. The importance of energy as a crucial component for
sustained economic and social development is growing. Energy
plays a vital role in ensuring continuous growth and economic
prosperity (Rogner and Popescu, 2001). The energy sector is a key
factor in addressing current global challenges such as sustainable
development and climate change. Several studies have
highlighted the rising demand for energy, the role of remaining
fossil fuels, and the importance of alternative sources. According
to the International Energy Agency (IEA), world energy demand
is expected to increase by 90% until 2035 if the annual average
increase trend persists (Koktiirk & Tokug, 2017). As a result,
significant efforts are being made to ensure the sustainability of
both exhaustible and renewable energy sources.

In addition to concerns about the sustainability of energy
sources, the role of carbon dioxide (CO;) emissions from fossil
fuels in contributing to global warming has been a significant
driver for renewable energy. Among the various forms of
renewable energy, wind energy has emerged as a widely utilized
alternative. The widespread availability of wind resources and the
relative convenience of wind energy technology when compared
to other renewable energy sources are considered key factors
behind this trend (Esteban, Diez, Lopez, & Negro, 2011).

This research focuses on exploring the potential of wind
energy based on recent studies. Firstly, the concept of wind energy
is comprehensively discussed, highlighting its advantages and
disadvantages. Additionally, the role of wind turbines as a crucial
component of wind power plants is emphasized, with a detailed
analysis of various types of wind turbines and their specific
characteristics. The study also provides an overview of Turkey's
wind resources and the potential for wind energy development in
the country. The research concludes by providing
recommendations based on the findings, to promote the
sustainable development of wind energy in Turkey.

2. Material and Method
2.1. Wind Energy Concept

Wind is the movement of atmospheric air, and it is formed
due to uneven heating caused by the sun's rays hitting the earth's
surface, including bodies of water. Wind is a fundamental element
of the environment that is present everywhere (Mustafakulov &
Arzikulov, 2020). The speed of wind determines its strength,
which can range from barely noticeable to powerful and
destructive. When wind is strong, it can carry debris and become
visible. The power of wind is directly related to its kinetic energy,
which increases as the speed of air movement increases.
Therefore, the faster the wind is, the more energy it carries, and
the more powerful it becomes (Kalmikov, 2017). Wind power as
a form of renewable energy that is gaining global attention. It is a
clean and widely available source of energy. Wind energy has the
potential to generate electricity continuously, making it suitable
for systems that require continuous energy supply (Demolli,
Dokuz, Ecemis, & Gokcek, 2019). The energy content of wind is
referred to as kinetic energy, which is a function of the mass and
velocity of the air flow. As the air moves faster, it has more kinetic
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energy and can generate more power. Therefore, wind energy can
be harnessed by wind turbines to produce electricity that can
power homes, businesses, and industries (Kalmikov, 2017).

KE= - m-U?
The basic equation of wind energy and the difference between
power and energy. The basic equation of wind energy determines
how much energy is present in the wind. The concepts of power
and energy are distinguished, where power is the ratio of energy
to time, and it expresses how much energy can be produced per
unit time. For instance, in wind energy, power expresses the
amount of energy a wind turbine can generate in a given time. The
power of the wind is the speed of the energy flow through an open
window. This means that the faster the wind, the more energy it
carries, and the more power it can generate. Therefore,
understanding the basic equation of wind energy is crucial for
designing wind turbines and optimizing wind energy production
(Kalmikov, 2017). Wind energy is generated based on the
movement of air, and it depends on several factors. The amount
of air or the volume of considered air is one of the significant
factors that influence wind energy production. The velocity of the
air, which is the magnitude of its velocity, is also an important
factor. The higher the velocity of the air, the more energy can be
harnessed from the wind. The air mass, which depends on the
volume of air via density, is another factor that affects wind
energy (Kalmikov, 2017). The higher the density of the air, the
more energy it carries. Wind turbines are used to convert the
kinetic energy of wind into electrical energy. The amount of
power that can be harnessed from the wind by a wind turbine
depends on several factors. These factors include the air density,
the swept area of the turbine blades, and the cube of the wind
speed along the rotor plane. This means that a wind turbine can
generate more power if it has larger blades that capture more wind
energy and if the wind speed is high. The air density also affects
wind energy production, as it determines how much energy the
wind carries (Pryor, Barthelmie, Bukovsky, Leung & Sakaguchi,
2020). Table 1 includes Wind Energy Classes Measured at 50 m
Above Ground According to NREL (United States National
Renewable Energy Laboratory) Wind Energy Intensity Based
Classification (Kalmikov, 2017). Wind energy depends on the
amount of air, velocity of the air, and air mass. The power that can
be harnessed by a wind turbine is a function of air density, swept
area of the blades, and the cube of wind speed along the rotor
plane. Table 1 presents typical values of wind power classes with
power densities and average wind speeds (Kalmikov, 2017). The
average wind power density has advantages over average wind
speed for comparing sites with different probability distribution
skewness. Wind speed varies with altitude, and wind turbines are
typically placed in open plains, hill areas, and coastlines where
wind speeds can be high. The power produced by wind turbines
is proportional to the cube of the wind speed, meaning that
doubling wind speeds results in an eightfold increase in energy
production. Wind turbines placed in hilly areas can collect an
appropriate amount of wind, and the tunnel effect can increase
wind speed by up to 40% (Begeg, 2022). Modern wind turbines
are designed to be relatively quiet, and the noise they produce is
typically drowned out by the sound of the wind itself on a windy
day. In fact, many studies have found that wind turbines do not
significantly impact human health or well-being due to noise.
Additionally, because wind energy does not rely on the
combustion of fossil fuels, it produces no air or water pollution,
and it does not generate hazardous waste or contribute to climate
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change. Overall, wind energy is a relatively clean and sustainable
source of electricity that has many environmental benefits. In
addition to these benefits, there are some obstacles to large-scale
application of wind energy. The barriers (Archer & Jacobson,
2005), there are several other obstacles to large-scale application
of wind energy:

-Grid Integration: One of the major challenges associated with
wind energy is the intermittent nature of wind. Wind turbines
generate power only when wind is blowing, and the power output
fluctuates with changes in wind speed. This poses a challenge for
integrating wind energy into the grid, as the grid requires a stable
and reliable supply of electricity. Solutions to this challenge
include energy storage systems, demand-side management, and
advanced grid management systems.

-Infrastructure and Transmission: Wind farms are typically
located in remote areas, which can pose challenges for
infrastructure and transmission. Building the necessary
infrastructure, including access roads, electrical substations, and
transmission lines, can be costly and time-consuming. In addition,
transmission capacity may be limited, which can limit the amount
of wind energy that can be delivered to the grid.

-Environmental Concerns: While wind energy is generally
considered to be a clean source of energy, there are some
environmental concerns associated with wind farms. These
include the impact on bird and bat populations, noise pollution,
and visual impacts. Addressing these concerns requires careful
site selection, technology improvements, and ongoing monitoring
and mitigation measures.

-Public Acceptance: Finally, wind energy projects can face
opposition from local communities, which may have concerns
about the impact on property values, scenic views, and local
wildlife. Effective engagement and communication with local
communities can help to address these concerns and build support
for wind energy projects. In addition to estimating future wind
speed values, there are several other ways to assess wind energy
resources and design viable wind energy infrastructures:

-Site Selection: The first step in assessing wind energy resources
is to identify potential sites with high wind speeds and low
turbulence. This requires a detailed analysis of wind patterns,
terrain, and other factors that affect wind energy production. Site
selection can be aided by advanced modeling tools, such as
computational fluid dynamics (CFD) simulations, which can
provide detailed information about wind patterns and turbulence.

-Resource Assessment: Once potential sites have been identified,
a detailed resource assessment is needed to determine the
expected energy output of a wind energy project. This involves
installing wind measurement equipment, such as anemometers
and wind vanes, to collect data on wind speed, direction, and other
variables. Resource assessment can also be aided by remote
sensing technologies, such as lidar and satellite imaging, which
can provide detailed information on wind patterns and turbulence.

-Technology Selection: Wind energy projects require careful
selection of wind turbines and other equipment to ensure optimal
performance and reliability. This involves consideration of factors
such as turbine size, rotor diameter, and tower height, as well as
maintenance and repair requirements.

-Grid Integration: Finally, wind energy projects must be
integrated into the electricity grid in a way that ensures stable and
reliable power supply. This requires careful planning and
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coordination with grid operators, as well as the installation of
advanced grid management systems and energy storage
technologies to mitigate the intermittent nature of wind energy
production (Sharifian et al., 2018; Ammar et al., 2018). To assess
wind energy resources and design wind energy infrastructures,
high-quality and comprehensive wind speed data are required.
However, such observational datasets are often rare, insufficient
or nonexistent in potential areas for wind energy development.
Therefore, modeling approaches are used to overcome these
barriers and create useful wind resource guidance. Accurate
estimation of wind speed is critical to increase the safety,
reliability and profitability of wind farms. Modeling can help to
estimate future wind speed values, assess wind patterns and
turbulence, select appropriate wind turbine technology, and
integrate wind energy projects into the electricity grid. Overall, a
comprehensive approach that considers a range of factors is
necessary to assess wind energy resources and design viable wind
energy infrastructures. In addition to the barriers to implementing
wind energy, there are also several disadvantages associated with
wind turbines (Demolli, Dokuz, Ecemis, & Gokcek, 2019;
Atilgan, 2022). These include their potential to affect
electromagnetic waves, the requirement for high hilly areas to
generate yield, risks to birds, the risk of overturning and burning,
dependence on optimal wind conditions, high initial investment
costs, environmental noise, and aesthetic pollution. In addition,
wind energy potential is often located in remote areas, requiring
extensive transmission lines to connect to the national grid.
However, these disadvantages can be mitigated through careful
site selection, advanced technology, and effective grid integration.
Despite these challenges, wind energy remains a promising source
of renewable energy with the potential to contribute significantly
to global energy needs. Wind power is an intermittent power
supply due to the high stochasticity and low predictability of
wind. This intermittency greatly affects the safety and stability of
large-scale grid-integrated renewable energy systems, and wind
power is also affected by transmission and distribution losses.
Planning, management and optimization are the main challenges
for the high penetration of renewable energy sources, including
wind and solar, in grids of different scales. To overcome these
challenges, advanced grid management systems and energy
storage technologies can be used to mitigate the intermittency of
wind power, and effective planning and management strategies
can be developed to optimize renewable energy integration into
the grid. Overall, careful planning and effective management are
necessary to ensure the safe and stable integration of wind power
into the electricity grid (Wang, Zou, Liu, Zhang & Liu, 2021). A
wind power plant consists of several basic components including
a tower, 2 or 3 bladed wind turbine, mechanism to adjust the
direction of the blades/turbine based on wind direction,
mechanical gear unit, electric generator, speed sensors and speed
control unit, power-electronic unit and control, energy storage
systems (especially for off-grid operation), transformer,
transmission line and breaker for connection to the local power
grid. These components work together to convert wind energy
into electricity and transmit it to the grid for distribution.

2.2. Wind turbine

The wind turbine is the most important part of a wind energy
system, as it converts wind energy into mechanical and electrical
energy. The use of wind energy dates back to AD 644 when
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windmills were used to lift water. In 1891, Danish inventor Poul
La Cour produced electricity in DC form for the first time from a
wind turbine, demonstrating the potential of wind energy as a
source of electricity. Although wind energy is often considered a
new energy source, it has a long history and has been used for
centuries to perform various tasks. The development of wind
energy technology has significantly advanced over time, and
modern wind turbines are highly efficient in converting wind
energy into electrical energy (Beig & Muyeen, 2015).

Figure 1. Cross-section view of a horizontal axis wind tiirbine
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There are two main types of wind turbines used to implement
wind power systems:

-horizontal axis wind turbines (HAWTs) and
-vertical axis wind turbines (VAWTs).
-HAWTs are the most common.

Horizontal Axis Wind Turbine has horizontal shaft while Vertical
Axis Wind Turbine has vertical shaft (Giinhan, 2020).

Figure 2. Horizontal and Vertical Axis Wind Turbines
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Horizontal Axis Wind Turbine rotation axis is parallel to the
ground. These wind turbines are used for large wind farms located
both offshore and on land (Giinhan, 2020).

Figure 3. Horizontal Axis Wind Turbine
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In these wind turbines can be designed with different numbers of
blades, with the rotor rotating faster as the number of blades
decreases. Fewer blades can theoretically reduce costs, but can
also lead to uneven torque. The difference in torque between tri-
wing and biplane configurations is approximately 5%. Wind
turbines can be manufactured with a single, two, or three blades,
with three-bladed turbines being the most commonly used. Three-
bladed turbines are preferred due to their ability to generate more
uniform torque. In Horizontal Axis wind turbines, the blades of
the propeller rotate, the shaft connected to the hub rotates.
Opposite the shaft is a gearbox to adjust the speed. The shaft
rotating at the specified speed drives the generator. The ratio
obtained by dividing the wind speed by the rotor blade tip speed
is called the blade tip speed ratio (A). If; A= 1-5 multi-bladed rotor,
A=6—8 three-bladed rotor, A= 9—15 two-bladed rotor, A>15 single-
bladed rotor are used. An important variable of wind turbines is
the swept area. In reality wing cost changes with increasing length
and power output increases with large swept area. Then it is aimed
to maximize the ratio of the swept area according to the wing
length.

Rotor swept area for horizontal axis turbine;
w
= —
A 4.”'

The wind power generated by a horizontal axis turbine is
proportional to the square of the blade diameter, and larger wind
turbines are more economical. Turbines with more blades operate
at low speeds and have a higher initial power coefficient, but the
coefficient decreases rapidly as the speed increases. Turbines with
fewer blades operate at high speeds, and the power coefficient
takes large values initially, but gradually decreases as the speed
increases (Boulouiha, Allali, & Denai, 2017).

The turbine can be in front (downwind) or behind (downwind) the
engine compartment.

Figure 4. Turbine wind direction
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Horizontal axis wind turbines (HAWTs) can be divided into two
categories: lift type and drag type.

Wind wheels driven by drag force
1. Savonius type wind impellers (a.Single blade b.Multi bladed)
2. Lafond type wind impellers
3. Panemone type wind impellers
Wind turbines powered by buoyancy
1. Darrieus type wind impellers

46



European Journal of Science and Technology

(a. Cylindrical type b. Conical type c. Mixer type)

(cl. Chain Curve (catenary) c2. Parabolic c3. Troposkien c4.
Sandia )

2. Cross Flow Wind Wheels

There are different types of wind turbines, including horizontal
axis wind turbines with reverse blade designs or swirling features,
and vertical axis wind turbines like Darrieus and Savonius.
Vertical axis turbines are more complex to manufacture due to
their blade structure, but Savonius turbines have lower power
efficiency and are suitable for low-power wind energy systems.
The main drawback of horizontal axis turbines with swirling
features is increased fatigue from wind fluctuations (Yilmaz,
2022).

Figure 5. Vertical axis wind tiirbine

Some vertical axis wind turbines do not start by themselves and
require an external power source. Another type of vertical axis
turbine is known as Musgrove blades with H-shaped rotors. For
high wind speeds, the rotor blades are rotated around a horizontal
point caused by centrifugal force. This eliminates the risk of
higher aerodynamic forces on the wings.

Since the area swept by the vertical axis wind turbine (rotor) is
not fully circular, it presents a more complex structure. This area
is approximately;

A=-DH

Here;
D: Maximum width of rotor blades

H: Vertical maximum height of rotor blades One of the most
important points in wind turbines is the amount of energy to be
captured at different wind speeds.

In the design phase of wind power plants, estimates of operating
(or outside) conditions are used, including a range of wind
parameters (such as wind storm, 50-year rotation period
continuous wind speed, and turbulence intensity) to identify
fatigue and mechanical overloads. It guides the selection of an
appropriate WT class for a particular location (Pryor, Barthelmie,
Bukovsky, Leung & Sakaguchi, 2020).

2.3. Wind Energy in Turkey

Turkey's best wind source areas are the Aegean and Marmara
coasts, with high wind speeds in the northeast of the Aegean Sea
and an area near Antakya. Central Turkey has moderate wind
speeds, while the coastal regions of the Central Black Sea and the
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central part of the Mediterranean Sea also have suitable wind
speeds for energy investments (Malkog, 2008).

According to a report, Turkey has a wind potential of 37.83 MW
on land and 10.01 MW at sea, for a total of 47.84 MW at an
altitude of 50 m. In the first half of 2020, Turkey produced
11,506,233 kW of electrical energy from wind power,
representing 8.5% of the total electricity produced in the country
(Ozkan, Uslu & Gedikli, 2022).

To evaluate wind energy potential, reliable wind resource data
must be obtained through meteorological measurements. In
Turkey, wind measurements are made by the General Directorate
of Meteorology using Wind Energy Observation Stations at a
height of 10-30 m, in one hour and 10-minute intervals, and
processed and archived in software programs (Senel & Kog,
2015).

To effectively invest in wind energy, it is crucial to identify the
wind energy potential and prioritize the most suitable wind
resource areas. The Wind Energy Potential Atlas (REPA) was
developed to provide wind resource information. REPA utilizes
medium-scale numerical weather forecast models and micro-scale
wind flow models to produce wind resource information. These
atlases can be integrated with geographic information systems
(GIS), meteorological models, and computer software to provide
valuable information about the wind regime on hourly, daily,
monthly, seasonal, and annual time scales, helping to determine
the most suitable wind resource areas(Malkog, 2008).

The Wind Energy Potential Atlas (REPA) provides various types
of data related to wind resources, which include:

-Annual, seasonal, monthly, and daily wind speed averages at -0,
50, 70, and 100 m altitudes

-Annual, seasonal, and monthly wind power densities at -50 and
100 m altitudes

-Annual capacity factor at 50 m height for a reference wind
turbine

-50 m high annual wind classes
-Monthly temperature values at -2 and 50 m altitudes
-Monthly pressure values at sea level and 50 m altitude

This information is crucial for accurately assessing the wind
energy potential of a particular area and determining the
feasibility of wind energy investments. With the REPA maps, the
areas where wind power plants can be installed have become
easily identifiable (Caliskan, 2019). The Capacity factor
distribution map prepared by REPA, taking into account the
technical values of a 3 MW wind turbine, is given in Figure 6.

Figure 6. Capacity Factor Distribution (100m) (Source:
www.repa.enerji.gov.tr
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A capacity factor of 35% or more is required for economic WPP
investment. The Distribution of Wind Power Plants in Operation
and Under Construction as of 2020 by Regions is given in Table
2.

Table 2. Distribution of Wind Power Plants as of 2020 (Source:
Ozkan, Uslu & Gedikli, 2022).

isletmede Bulunan Insa Halindeki
Bilgeler Santraller Santraller
Kurulu Kurulu Giig Giig
Gii¢ (MW) Giig (%) (MW) (%)
| Ege 3.511.00 37.73 165.90 8,86
Marmara 3.290.72 35.36 148743 79,45
Akdeniz 1.120.20 12.04 19,20 1,03
fc Anadolu 921,03 9.90 110.40 5,90
Karadeniz 353.80 3.30 7.20 192
Giineydogu
Ansdol 93,05 1,00
Dogu Anadolu 13.20 0.16 33.20 2.84

Table 1. Wind energy classes (Source: Kalmikov, 2017)

Wind power classification

Wind power class Source Wind Power 5 Wind speed /m.s™!
Intensity /W.m

1 Potential 0-200 0.0-5.9

2 Bad 200-300 5.9-6.7

3 Marginal (borderline) 300-400 6.7-7.4

4 Middle 500-600 7.4-7.9

5 Good 500-600 7.9-8.4

6 Perfect 600-800 8.4-9.3

7 Extraordinary >800 >9.3

3. Results and Discussion

Wind energy is a clean and renewable source of energy that
does not produce any harmful emissions, unlike fossil fuels which
are responsible for a significant amount of greenhouse gas
emissions. As such, wind energy is seen as a key solution in the
global effort to reduce carbon emissions and combat climate
change. Many countries have set ambitious targets to increase the
share of renewable energy in their energy mix, including wind
energy, in order to reach the goal of zero emissions by 2050.
Increasing the number of wind measurement stations in Turkey
can definitely provide more accurate and reliable data, which will
help to better determine the potential of wind energy in the
country. The Wind Energy Potential Atlas of Turkey can be
updated with this new data and provide a better understanding of
the country's wind energy potential. This, in turn, can attract more
companies to invest in the sector and promote the use of
renewable energy sources, which is a critical step towards
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achieving zero emissions by 2050. It is important to continue
efforts to expand the wind energy infrastructure and encourage the
development of more efficient wind turbines to increase the
efficiency of wind energy production (Senel, & Kog, 2015). wind
energy has a variable character, meaning that wind speed and
direction can fluctuate over time. However, with the help of
modern wind turbine technologies and energy storage systems,
wind energy can be integrated into the power grid and provide a
reliable source of electricity. Additionally, as you mentioned,
diversifying energy sources is important to ensure a stable and
sustainable energy supply. Wind energy can play an important
role in this diversification, along with other renewable energy
sources such as solar, hydro, and geothermal (Malkog, 2008).
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Abstract

The anti-obesity potential of various plant extracts and their associated bioactive compounds is well known. Molecular docking studies
of FTO with flavonoids, using Orlistat (an anti-obesity drug) as a control, were performed to identify the effects of Rhamnus’ flavonoids
with FTO (Obesity and obesity associated protein). Prior to molecular docking simulation, Rhamnus flavanoids were analysed using
AutoDockTools (version 1.5.6). Docking simulations of the interaction of Rhamnus flavanoids with FTO were performed using
AutoDock Vina version 1.1.2. Their binding affinities were obtained. BIOVIA Discovery Studio software was used to visualise the
interaction between receptor and ligand. Our study approved the binding ability to FTO protein, and the affinity was as Aloe Emodin
Dimer>Emodin>6-Methoxysorigenin. As a results, Rhamnus flavonoids have the remarkable ability to FTO protein, which means they
are potent molecules as a potent FTO-inhibitor. Interestingly, Orlistat has lower affinity than Aloe-emodin dimer (-8.7 vs -10.8), which
means aloe-emodin dimer more potent to bound the active site. In contrast, two other Rhamnnus flavonoids were shown lower binding
affinity when compared to Orlistat.In conclution, Rhmanus phytomolecules able to bind to the catalytic site of FTO as well as “Orlistat”
has been demonstrated by molecular docking. Thus, Rhamnus flavonoids especially “Aloe-emodin dimer” is a potent molecule to
develop “anti-obesity drug”.

Keywords: Rhamnus, emodin, FTO, fat mass and obesity, molecular docking.

Rhamnus Flavonoidlerinin Yag Kiitlesi Ve Obezite Ile iliskili Protein
ile In Silico Etkilesimi

Oz

Cesitli bitki 6zlerinin ve bunlarin icerigindeki biyoaktif bilesiklerin obeziteye karsi potansiyeli iyi bilinmektedir. Flavonoidlerin obezite
ve obezite ile iliskili protein (FTO) ile iliskisinin mekanizmasini kesfetmek i¢in kontrol olarak Orlistat (obezite karsit1 bir ilag)
kullanilarak FTO'nun flavonoidlerle molekiiler kenetlenme calismalar1 yapilmigtir. Molekiiler kenetlenme simiilasyonundan o6nce,
Rhamnus flavanoidleri AutoDockTools (stiriim 1.5.6) kullanilarak analiz edilmistir. Rhamnus flavanoidlerinin FTO ile etkilesiminin
docking simiilasyonlar1 AutoDock Vina versiyon 1.1.2 kullanilarak gerceklestirilmistir. Baglanma afiniteleri elde edilmistir. Reseptor
ve ligand arasindaki etkilesimi gorsellestirmek i¢in BIOVIA Discovery Studio yazilimi kullanilmistir. Calismamiz FTO proteinine
baglanma yetenegini ¢alisilan Rhamnus’a 6zgii flavanoidler i¢in Aloe Emodin Dimer>Emodin>6-Methoxysorigenin olarak bulundu.
Sonug olarak, Rhamnus flavonoidleri FTO proteinine dikkat ¢ekici bir baglanma affinitesine sahiptir, bu da giiglii bir FTO inhibitdrii
olarak aday molekiiller olabilecekleri anlamina gelir. Ilging bir sekilde, Orlistat, Aloe-emodin dimerinden daha diisiik afiniteye sahiptir
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(-8.7 vs -10.8), bu da aloe-emodin dimerinin aktif bélgeye baglanmak igin daha giiglii oldugu anlamina gelir. Buna karsilik, diger iki
Rhamnnus flavonoidi Orlistat ile karsilagtirildiginda daha diisiik baglanma afinitesi gostermistir. Sonug¢ olarak, Rhmanus
fitomolekiillerinin FTO'nun katalitik bolgesine "Orlistat" kadar baglanabildigi molekiiler yerlestirme ile gosterilmistir. Bu nedenle,

m"non

Rhamnus flavonoidleri, 6zellikle "Aloe-emodin dimer", "obezite karsit1 ilag" gelistirmek i¢in gii¢lii bir molekiildiir.

Anahtar Kelimeler: Rhamnus, emodin, FTO, fat mass and obesity, molecular kenetleme

1. Introduction

It is currently proven that, without affecting the human
genome, the mother's nutrition or the father's eating habits,
especially during pregnancy, affect the newborn's health. Many
herbs are used for the purpose of slimming among the public (van
Dijk et al., 2015) If gene-environment interactions have an effect
on gene regulation, can we interfere with the regulatory
mechanisms of the gene with a food we consume, or can we
trigger or treat obesity by manipulating proteins via food? In
Turkey, particularly among the public, many herbs are used for
weight loss. Could these extracts with traditional use be effective
in the regulation of obesity?

Rhamnus sp. is popularly known as buckthorn or bitter
buckthorn and grows naturally in the Mediterranean basin,
Europe, southwest and central Asia. Rhamnus sp, leaves and fruit
used for years for their diuretic, and depurative action upon the
organism (Chen et al., 2018). The antioxidant and antimicrobial
activities of the plant, with the cytotoxic action of the plant
possibly accounting for the antimicrobial activity (Chen et al.,
2018; Khuda et. Al., 2022). Rhamnus species are known to be rich
in anthraquinones, flavanol triheterosides, anthracenes,
anthrones, naphthalenes (Bouhlel Chatti et. al. 2022).

Despite Rhamnus sp.'s unknown side effects and toxicity, the
extract is still used as a laxative by people who want to lose weight
without a prescription.

The first obesity susceptibility gene identified by GWAS was
FTO (fat mass and obesity associated gene), which consists of 9
exons with a cytogenetic location in the 12.2nd region (16q12.2)
on the long (q) arm of chromosome 16 (Scuteri et.al., 2007; Peters
el. al. 2013). The FTO gene was given this name because of the
fused toes (FT) phenotype characteristic that occurs with the
deletion of 1.6 megabases of sequence in the genomic sequence
of the mouse by insertional mutation. Fto is a nuclear protein and
regulates energy balance by establishing a functional relationship
between nutrition and genes encoding peptides as a transcription
co-factor.

In that frame, due to its obesity-related popularity, we want
to evaluate the molecular affinity of Rhamnus’ flavonoids to
“FTO” in silico. This is the first report that evaluate the possible
action of mechanism of Rhamnus’ flavonoids with FTO protein
interaction. Rhamnus sp. is a plant that is popularly used for
weight loss and has a cathartic effect. Therefore, we compared the
plant extract with "orlistat", a commercially available drug for
weight control of obese individuals, which also has a cathartic
side effect.

2. Material and Method

To obtain detailed binding information, analyses were
performed for Rhamnus flavonoids such as Emodin (PubChem
CID: 3220), Aloe-emodin dimer (PubChem CID: 437987), and 6-
Methoxysorigenin =~ (PuBChem  ID:  12442904), using
AutoDockTools (version 1.5.6) prior to molecular docking
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simulation. The anti-obesity drug Orlistat (PubChem CID:
3034010).

Docking simulations of the interaction of Rhamnus flavonoids on
the FTO protein (PDB ID: 3LFM) in a box with x X y x z
dimensions 40 40 40 were performed.

We removed all water molecules and ions in the protein (receptor)
and added polar hydrogen atoms to the receptor molecule. To
predict the docking interaction energy, a 3D grid box where the
protein molecule was surrounded. The input 'grid parametres' files
were set to X =29.043,Y = -6.644 and Z = -29.329 (Hardinsyah
et.al., 2023), the others were set to the default values given by the
software.

The docking simulations of Rhamnus flavanoids interaction on
FTO protein were done using version 1.1.2 of AutoDock Vina
(Trott et. Al., 2010). Their affinity for binding and RMSD values
were obtained.

The interaction between receptor with ligand were visualized with
the BIOVIA Discovery Studio software (BIOVIA).

3) b) ¢)

d) el

Figure 1. Structure of ligands used for the study. a) Emodin b)
Aloe-Emodin Dimer c¢) 6-Methoxysorigenin, d) Orlistat, ¢) FTO
protein (PDB ID: 3LFM)

3. Results and Discussion

In that study, we evaluated the interaction between FTO
protein and Emodin, Aloe-Emodin Dimer, and 6-
Methoxysorigenin in silico. The result of our study, we found that
binding affinity of flavonoids was in the order of Aloe-emodin
Dimer >Emodin> 6-Methoxysorigenin.

In the analysis of the interaction of each ligand with the FTO
protein, interactions with different sites on the receptor have been
observed. We compared the ligand binding site with anti-obesity
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drug “Orlistat” and found x and y has similar binding site. (or
none of the ligand has similar binding site as anti-obesity drug
“Orlistat”).

The minimum bond length was found between the receptor
and Orlistat, and flavonoids had relatively long binding distances
even though they bind to similar amino acid as Orlistat. (Table 1).
Interestingly, both Orlistat, which is used to combat obesity, and
the common flavonoids of Rhamnus sp, which is used for weight
loss, bind to the FTO protein at ARG 96.All the flavonoids have
strong binding capacity to FTO. The molecular interactions were
recognized by FTO through hydrogen bonds and all molecules
bind FTO (Table 1).

We have found four hydrogen bonds between 3LFM and
Emodin with ARG(A:96), TYR(A:106), HIS(A:232) and
ARG(A:322) with a distance of 2.80, 2.26, 2.93 and 2.88,
respectively (Figure 2).

Figure 2. Emodin docked onto FTO receptor (Left) and molecular
interactions between Emodin (PubChem CID: 3220) and 3LFM.

The Aloe-emodin dimer shown four different hydrogen
binding ability with 3LFM by ARG(A:96), TYR(A:108),
SER(A:229) and MET(A:226) with a distance of 2.81, 3.0, 3.36
and 2.47 (Figure 3).
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Figure 3. Aloe-emodin dimer docked onto FTO receptor (Left)
and molecular interactions between Aloe-emodin dimer
(PubChem CID: 437987) and 3LFM.
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6-Methoxysorigenin similarly had three hydrogen bonds
between 3LFM, two of them TYR(A:106) and ARG(A:322) was
the same with Emodin, still one more with GLU (A:234) with 3.01
distance (Figure 4).
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Figure 4. 6-Methoxysorigenin docked onto FTO receptor (Left)
and molecular interactions between 6-Methoxysorigenin
(PubChem CID: 12442904) and 3LFM.
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Figure 5. Orlistat docked onto FTO receptor (Left) and molecular
interactions between Orlistat (PubChem CID: 3034010) and
3LFM.

Also, all flavonoids shown interaction via Pi-pi bounds and
pi-sigma bounds with FTO. All three flavonoids were shown ARG
(A:96) bounds; but this interaction was an unfavourable donor-
donor bound for 6-Methoxysorigenin.
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Table 1. The binding affinities and the molecular interactions between Emodin, Aloe-emodin dimer, 6-Methoxysorigenin and Orlistat

target DNA, obtained by molecular docking simulations.

FTO Docking molecules
(PDB ID: 3LFM) Emodin  Aloe-emodindimer BMethoxysorigenin Orlistat
Binding Affinity -8.6 -10.8 -1.4 -8.7
(kcal/mol)
H.Bonding interaction ARG-A:96 ARG-A:96 ARG-A:322 ARG-A:96
(Distance; A) (2.80) (2.81) (2.80) (2.80)
ARG- A:322 MET-A:226 TYR-A:106
(2.88) (2.47) (3.01)
TYR-A:106 TYR-A:108 GLU-A:234
(2.26) (3.00) (3.01)
HIS-A:232 SER-A:229
(2.93) (3.36)
Carbon-Hdrogen bond | NA NA TYR-A:108 PRO-A:93
(Distance; A) (3.85) (3.71)
SER-A:229 TYR-A:108
(3.55) (3.9)
HIS-A:232
(3.31)
Pi-Sigma VAL-A:228 LEU-A:109 VAL-A: 228 | LEU-A:109
(Distance; A) (3.92) (3.73) (4.00) (3.45)
VAL-A: 228
(3.43)
Pi-Donor Hydrogen bond | TYR-A:108 NA SER-A:229 NA
(Distance; A) (4.67) (3.55)
HIS-A:232(3.31)
TYR-A:108
(4.45)
Unfavorable donor-donor | NA NA ARG-A:96 NA
(Distance; A) (2.40)

3.2. Discussion

The European Food Safety Authority (EFSA) has approved
the supposedly safe use of plants that contain hydroxyanthracene
(rheum, rhamnus, and aloe), even though they are used by the
public, especially as laxatives, in 2018. In contrast, its widely used
for loose weight; none of the studies was performed to evaluate
the molecular interactions of these hydroxyanthracene with FTO.

Previously, Mohammed et al. have been studied molecular
docking of flavonoids (Exemestane >Kaempherol >Letrozole
>Rutin) and found quercetin has significant binding capacity and
establish physical interaction with FTO. Similarly, Hardinsyahd
and collauges shown that, the flavonoids of Clitoria ternatea
kombucha exhibited better binding affinity to 3LFM compared to
orlistat. Their results were as Quercetin (AG-7.78),
Dibenzylamine> Trifolin(AG-7.72)> Quercetin-33-D-
glucoside(AG-7.66)> and a-Pyrrolidinopropiophenone (AG-
5.67), while orlistat was found -3.71 kcal/mol (Hardinsyah et.al.,
2023).

Our study approved the binding ability to FTO protein, and
the affinity was as Aloe-Emodin Dimer>Emodin>6-
Methoxysorigenin.

Similar to the previous research, we have found Rhamnus
flavonoids have the remarkable ability to FTO protein, which
means they are potent molecules as a potent FTO-inhibitor.
Interestingly, Orlistat has lower affinity than Aloe-emodin dimer
(-8.7 vs -10.8), which means Aloe-emodin dimer more potent to
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bound the active site. In contrast, two other Rhamnnus flavonoids
were shown lower binding affinity when compared to Orlistat.

4. Conclusions and Recommendations

Flavanoids from Rhamnus sp. have promising potential as
FTO inhibitors. However, it does not bind as tightly to the
molecule as the commercially available active form 'Orlistat’,
except that Aloe-emodin dimer binds with higher energy than the
commercially available form.
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Abstract

In this study, risk analysis is investigated by using 5X5 L Type Matrix Method in laboratories determined within the scope of
occupational health and safety. In the risk analysis, 50 risks are identified, of which 30 (60 %) have a high risk level, 18 (36 %) have a
medium risk level, and 2 (4 %) have a low risk level. Occupational health and safety rules are applied to control these risks in
laboratory research and to minimize their effects. In this context, the things to be done in laboratory studies are listed as follows.
Students, lecturers, and laboratory staff working in the laboratory should receive occupational health and safety training. Emergency
plans, teams, and drills should be made for situations that may occur during laboratory studies. Chemical use, transport, and storage
must be recorded in laboratory research. Physical inadequacies such as ventilation in the laboratory and work area should be
eliminated. Chemical hygiene and an accident prevention program are recommended. This study, it is aimed to raise awareness about
occupational health and safety in laboratory conditions.

Keywords: L type matrix, occupational health, safety rules, risk analysis, risk assessment.

Laboratuvar Calismalarinda Risk Analizi Ve Risk Degerlendirmesi

Oz

Bu calismada is sagligi ve giivenligi kapsaminda belirlenen laboratuvarlarda 5X5 L Tipi Matris Yontemi kullanilarak risk analizi
arastirilmaktadir. Yapilan risk analizinde 50 risk tespit edilmekte olup bunlardan 30 tanesi (% 60) yiiksek risk derecesine sahip, 18
tanesi (% 36) orta risk derecesine sahip, 2 tanesi de (% 4) diisiik risk derecesine sahip oldugu tespit edilmektedir. Laboratuvar
arastirmalarinda olusan bu riskleri kontrol altina almak ve etkilerini en aza disiirmek amaciyla is sagligi ve giivenligi kurallari
uygulanmaktadir. Bu kapsamda laboratuvar ¢aligmalarinda yapilmasi gerekenler asagidaki gibi siralanmaktadir. Laboratuvarda gorev
yapan Ogrenci, Ogretim iiyesi ve c¢alisanlarin is sagligi ve gilivenligi egitimlerini almasi gerekmektedir. Laboratuvar ¢aligmalari
sirasinda olusabilecek durumlar i¢in acil durum planlari, ekipleri ve tatbikatlart yapilmalidir. Laboratuvar arastirmalarinda kimyasal
kullanilmasi, taginmast ve depolanmasi kayit altina alinmasi gerekmektedir. Laboratuvarda havalandirma ve ¢aligma alan1 gibi fiziki

yetersizlikler ortadan kaldirilmalidir. Kimyasal hijyen ve kaza 6nleme programi yapilmasi 6nerilmektedir. Bu arastirma, labaratuvar
kosullarinda gérev yapan kisilere is saglig1 ve giivenligi konusunda bir farkindalik saglamak icin yapilmigtir.

Anahtar Kelimeler: L tipi matris, is sagligi, giivenlik kurallar1, risk analizi, risk degerlendirmesi.
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1. Introduction

Occupational health and safety are branches of science that
constantly develop as a result of the importance given to human
beings in contemporary societies and undergo technology and
innovation over time. The main purpose of occupational health
and safety is to protect employees against work accidents and
occupational diseases and to enable them to work in healthier
environments. Depending on the industrial and technological
investments made for high-quality and low-cost production,
causes more competition in the sectors. The intense competition
in industrial areas causes more mention of work accidents and
occupational diseases. Although human power has been replaced
by machinery and advanced systems due to the development and
spreading of technology, the value of employees is gaining more
and more importance.

The basic approach of occupational health and safety is to
protect and secure the health of employees. Those working in the
laboratory are exposed to various risk factors, including
physical, chemical, biological, and psychosocial. For this reason,
it is necessary to constantly monitor the health status of the
employees and to reduce the risk factors arising from the
working environment. Besides, it is necessary to prevent work
accidents and occupational diseases by eliminating the sources
of danger.

Occupational  safety  evaluates known, unknown,
foreseeable, and unpredictable hazards and risks. The resulting
hazards and risks threaten production, workflow, employees,
production tools, and the environment. It is necessary to reduce
the risks that may arise from the working environment and the
production system so that the employees, the production system,
and the environment are less affected by occupational accidents
and emergencies. Once the danger arises, it can have irreversible
consequences. Therefore, it is necessary to foresee, keep under
control and eliminate the risks, and dangers that may occur [1].

The purpose of risk management in occupational health and
safety is to evaluate the causes of work accidents and
occupational diseases and the factors affecting them. It is also to
establish an effective safety net to prevent the emergence of
unseen threats by collecting information that will provide a valid
and correct approach. A good risk analysis with a large team is
of great importance in terms of protection from workplace
accidents that may occur. Also, it provides the discovery of
invisible dangers and the taking of effective security measures

[1].

In Turkey, with Occupational Health and Safety Law No.
6331 enacted in 2012, serious responsibilities have been
imposed on employees and employers. By law numbered 6331,
employers are obliged to make a risk assessment in the
workplace. Risk assessment is not an activity independent of
management processes and should be fully integrated into all
elements. Risk assessment consists of a comprehensive risk
recognition process, risk analysis, and detection. The
implementation of this process is based not only on the risk
management process but also on the methods and techniques
used in risk assessment [2].

World Health Organization defines occupational accidents
as events that cause unplanned personal injuries, damage to
machinery and equipment, and stop production for a certain
period. International Labor Organization explains an
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occupational accident as an unplanned, unknown, and
uncontrolled event that can harm the environment. It is very
difficult to predict the size, impact, and consequences of
occupational accidents that may occur and depend entirely on
coincidence [1-4].

88 % of occupational accidents are caused by dangerous
movements, 10 % by dangerous situations, and 2 % by
unavoidable movements. The causes of dangerous actions are
defined as personal faults arising from the employee's own body
and structure. Hazardous situations are expressed as unsuitable
mechanical conditions and environmental activities in the
working environment. Loss of limbs and minor injuries can
occur based on every event that results in serious injury or death
in occupational accidents. Before occupational accidents occur,
it is necessary to identify the hazards, predict the risks, reduce
them to an acceptable level, take precautions, and carry out
revisions. Risk assessment has provided an important roadmap
for preventing occupational accidents.

When occupational accidents are examined, it is understood
that they occur as a result of five basic factors coming together.
Weakness of human nature against mechanical forces, personal
defects, dangerous behavior (condition), accident event, and
injury (damage or damage) constitute these five basic factors.
These five basic factors make up the chain of accidents. Unless
one of these happens, the next one does not occur, and unless the
chain is completed, there is no accident or injury [1].

To prevent occupational accidents, and to ensure the health
and safety of employees, it is of great importance to identify,
rank, and evaluate hazards and risks. For this reason,
Occupational Health and Safety Law No. 6311 makes risk
assessment mandatory, and workplaces are subject to certain
classifications. It makes it mandatory to repeat the risk analysis
every 6 years in less dangerous workplaces, 4 years in dangerous
workplaces, and every 2 years in very dangerous workplaces
[5,6].

It is very important to carry out a risk assessment because it
includes laboratory studies and multiple risks that may arise
from studies. They are responsible for the work done in the
laboratory, for their safety and the safety of other employees, as
well as for the safety of the environment. Most of the accidents
that occur in the laboratories are caused by the employees,
although a small percentage of the accidents are due to technical
errors. It is known that the rate of accidents occurring in
laboratories is 10-50 times higher than the number of accidents
occurring in the chemical industry [7].

Between 2006 and 2016, 120 fatal accidents occurred in
university laboratories in United States. When the causes of
these accidents are examined, it has been determined that there
are events such as chemical burns, not paying attention to the
waste rules, not knowing the quantities of the chemicals used,
and incorrect applications [7].

There are differences in dangers and risks because they are
used in many different areas such as educational institutions,
health institutions, research centers, and forensic medicine
centers since different scientific and technical research areas are
diversified. Even when the researches, experiments, and
analyses carried out in the laboratories are the same, there are
differences in the methods and tools used. It makes it almost
impossible to include the same degree of risks and hazards in
laboratories due to features such as the different education levels
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of the working personnel and the change in the number of
employees [8].

While performing risk analysis and assessment, some basic
concepts should be known in full detail. These are concepts such
as hazard, risk, risk management, and risk assessment. Sources,
situations, and processes that may cause injury to people,
deterioration of health, or their occurrence together are defined
as hazards. The combination of the probability of occurrence of
an event or situation and the severity of the consequences if it
occurs is a risk. Risk management is the assessment of risks
related to human life and environmental safety and the
systematic modification and implementation of policies. Risk
assessment is a systematic approach to organizing and analyzing
all kinds of materials with potential danger and all kinds of
scientific knowledge and experience to be made about the
situation [9-19].

Although the general laboratory rules are the same for all
laboratories in which there is such a degree of differentiation, it
is necessary to carry out special studies on risk analysis and
evaluation in terms of occupational health and safety. In the
literature research on laboratory activity areas, it is seen that
there is no international classification standard according to the
types of laboratories. It is striking that there are serious
deficiencies in terms of occupational health and safety and that
there is not enough work in this field. It is striking that there are
serious deficiencies in terms of occupational health and safety
and that there is not enough work in this field.

From the design and establishment phase of the laboratories,
the infrastructure of occupational health and safety management
systems is created with a series of measures. Employees should
be informed about the dangers by organizing training.
Occupational health and safety need to make risk analysis and
assessment by considering the accidents that may occur in the
laboratories.

2. Materials and Methods

The method used in risk analysis is listed as taking the
necessary precautions according to the order of importance of
the risks, finding the focus of the risks, and making the
evaluations. In addition to minimizing the losses that may occur
in work and equipment, it is to prevent work accidents that may
occur and to determine the most economical method for
businesses without sacrificing safety.

The workflow chart to be followed during risk analysis and
assessment is given in Figure 1.

Identifying
Hazards =

b
Analysis of Risks

Evaluation of Risks

1
L

Determination of
Control Measures

Evaluation of Risks

|
¢
Monitoring and Review

Communication and Consultation

Fulfillment of
Control Measures

e

Figure 1. The workflow chart in risk analysis and assessment
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It is the probability of not achieving a certain result or the
probability of an undesired event occurring (probability) and the
effect of the risk in case of occurrence (intensity). As stated, risk
has two main components.

Risk = f (probability, intensity)
Risk = (Likelihood of the threat)-(Impact of threat)

In this study, 5x5 L Type Matrix Method has been used
while evaluating the risks.

The occurrence (probability) of the event for each identified
hazard is found using the probability scale shown in Table 1 and
L Type Matrix method. Besides, the severity of the hazard has
been determined by considering the severity scale in Table 2, L
Type Matrix method.

Table 1. The probability of a risk

Score Likelihood Likelihood of occurrence

1 Unlikely So unlikely

2 Remote Unlikely, but possible to occur

3 Occasional | Likely to occur sometime in the
life of an item

4 Moderate Will occur several times in the life
of an item

5 Frequent Likely to occur frequently

Table 2. The severity of risk for occupational health.

Score Likelihood | Potential Consequence

1 Negligible InJur'les and 'dlseases that do not
require medical treatment

) Minor Minor injuries that require first-aid
only

3 Seri Severe injuries that require

CHOUS | hospitalization or multiple medical
4 Very Life-threatening injuries or
Serious | multiple injuries that require

5 Critical Death or multlple injuries that

pose threat to life

In addition, 5x5 L type risk decision matrix is given in Table
3 and an occupational health risk assessment table is given in
Table 4 [1].
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Table 3. 5x5 L type risk decision matrix

SEVERITY
Critical (5) Very Serious (4) Serious (3) Minor (2) Negligible (1)
Frequent (5) Moderate (10) Low (5)
8 Moderate (4) Moderate (12) | Moderate (8) Low (4)
g
= | Occasional (3) Moderate (12) Moderate (9) Low (6) Low (3)
L
X
- | Remote (2) Moderate (10) Moderate (8) Low (6) Low (4) Low (2)
Unlikely (1) Low (5) Low (4) Low (3) Low (2) -

Table 4. The risk assessment table for occupational health

Risk Score Risk Degree Actions should be taken to prevent the risk
The process must not be operated until the risk is reduced to an
acceptable level. it is necessary to stop single being studied
25 Not tolerated actions. The activities must be canceled if the risk cannot be
prevented.
The situation is an emergency or required actions must be taken at
15, 16, 20 Critical the nearest time. The action can be continued under supervision
and control if the risk has no dangerous potential
8.9, 10, 12 Moderate ;I:\]/: Irequwed protective actions must be taken to reduce the risk
Minor (maybe The emergency measure is not needed but the ruling measures
2,3,4,56 -
tolerated) must continue.
1 Negligible Taking precautions is not the priority

3. Results and Discussions

In this risk analysis study, 50 risks are identified. The risks
are categorized as high, medium, and low by rating them and are

given in Table 5. 30 (60 %) risks with high risk, 18 (18 %) risks I5
with medium risk, and 2 (4 %) risks with low risk have been
determined. 20
Table 5. Frequency of risk grades _;’ 15
Risk Degree Number of risks % frequency : 10
High Risk 30 60 =
Medium Risk 18 36 €
Low Risk 2 4 ‘ I I
Total 50 100 0 i} B - |
20 16 15 12 10 9 8

The found risk scores and the distribution of the number of
risks are shown in Figure 2. Considering the risk scores, there is
a maximum number of hazards with a risk score of 20.

e-ISSN: 2148-2683

Risk Score

Figure 2. The risk score and number of hazards
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The risk score and the number of risks identified as a result
of the risk assessment performed are presented in Table 6.

Table 6. The risk score and number of risks

Risk Score Number of Risks
20 22
16
15
12
10
9
8
6

NNONOODN

4. Conclusions and Recommendations

In this study, hazards and the risks that may arise from these
hazards have been evaluated by using L Type Matrix method in
the laboratory. Appropriate (necessary) measures need to be
taken to reduce risks with a high degree of risk to an acceptable
level.

As a result, risks with a high risk level and a medium risk
level should be reduced to a low risk level and made acceptable.
Necessary measures are taken into account to eliminate the
deficiencies and to provide a healthier and safer laboratory
environment.

R/

¢ Emergency exit plans and emergency escape routes
should be determined for emergencies that may
occur in the laboratory.

+ In case of an emergency that may occur in the

laboratory, the necessary information of the
emergency teams should be visible in the
laboratory.

« Employees should do these emergency drills for
emergencies that may occur in the laboratory.

« Employees should know which fire extinguishing
equipment should be used according to the type of
fire in case of fire. The locations of equipment such
as fire extinguishers must be at a height and
marked, and annual periodic controls must be
carried out by the determined legislation.

*,

+ The locations of the equipment in the laboratory
should be marked, the users using the equipment
should be determined, and the periodic
maintenance of this equipment should be done.

% The identification cards of the equipment in the
laboratory and the records of who was the last user
should be kept regularly.

% Chemical materials should be stored considering
their quantities.

«* Chemical materials should be used under the
control of authorized persons.

e-ISSN: 2148-2683

¢ Periodic maintenance of emergency showers and
eye showers should be done.

% Contingency plans should be posted in a visible
place in the laboratory and regularly updated.

X3

*

It should be ensured that laboratory personnel is
stored regularly according to their qualifications.

X3

*

Appropriate personal protective equipment for the
work of the employees in the laboratory should be
provided and their use should be ensured.

% Tubes that are likely to burn and explode should be
fixed, used, and stored by the legislation.
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Oz

Afetler genis kapsamli sosyal, fiziksel ve ekonomik zararlara neden olan insan veya doga kaynakli olaylardir. Deprem biiyiik yikimlara
neden olan maddi ve manevi ciddi zararlar veren en dnemli afetlerden biridir. Depremin neden olacagi hasarlarin belirlenmesi ve
hasarlar1 engellemeye yonelik gerekli 6nlemlerin alinmasi zarar boyutunun azaltilmasinda dnemli bir adimdir. Bu ¢alismada depremden
zarar gorebilirlige etki eden faktorler literatiir taramasi ve uzman goriisleri ile belirlenir. Ana ve alt bagliklarda belirlenen zarar
gorebilirlige etki eden faktorler etki boyut ve iligkilerine gore aciklanir. Deprem risk planlamasinin yapilmasi ve 6nlemlerin alinmasi
icin faktorlerin oncelik siralamasi yapilir. Oncelik siralamasi depremden 6nce, deprem sirasinda ve depremden sonra olast maddi ve
manevi zarar boyutunu en aza indirmede yardime1 olur. Cok kriterli karar verme problemi olarak tanimlanan problemde depremden
zarar gorebilirligi etki eden faktdrler analitik hiyerarsi prosesi (AHP) ile yapilandirilir ve ikili karsilastirma matrisleri (IKM) ile
degerlendirilir. Ana ve alt faktorler ikili karsilagtirilarak faktorlerin oncelik degerleri elde edilir. Yapisal, gevresel ve sosyal ana
faktorlerden yapisal faktorlerin Gnemi 6n plana ¢ikarken sosyal faktdrlerden niifus yogunlugu digindaki faktorler siralamada son
siralarda yer alir. Cevresel faktorlerden faylara uzaklik ve jeolojik yapinin 6nemi vurgulanir. Yapisal faktorler ile ¢cevresel faktorlerin
beraber dikkate alinmasi depremden zarar gorme 6lgiisiinii dnemli dl¢lide azaltacagi goriiliir. Depremden zarar gorebilirligi azalmak
i¢in tiim faktorlerin biitiinsel olarak ele alinmasi gerekliligi dikkat ¢eker.

Anahtar Kelimeler: Deprem, zarar gorebilirlik, ikili karsilagtirma matrisi, analitik hiyerarsi prosesi, 6ncelik degeri.

Rating of Factors Affecting the Dimension of Vulnerability from
Earthquake

Abstract

Disasters are human or natural events that cause massive social, physical, and economic damage. Earthquake is the most important
disaster that causes great destruction and causes serious material and moral damage. Identifying the sources of damage to be caused by
the earthquake and taking the necessary precautions is an important step in reducing the size of the damage. In this study, the factors
affecting vulnerability from earthquakes are determined by a literature review and expert opinions. To make earthquake risk planning
and take precautions, the factors are prioritized. In the problem, which is defined as a multi-criteria decision-making problem, the factors
affecting vulnerability from earthquakes are structured using the analytical hierarchy process (AHP) and evaluated with pairwise
comparison matrices. While the importance of structural factors, which is one of the main structural, environmental, and social factors,
comes to the fore, factors other than population density, which is one of the social factors, are at the bottom of the list. The distance
from the environmental factors to the faults and the importance of the geological structure are emphasized. It is seen that considering
structural and environmental factors together will significantly reduce the extent of damage from earthquakes. It has been pointed out
that all factors should be considered holistically to reduce vulnerability to earthquakes.

Keywords: Earthquake, vulnerability, pairwise comparison matrix, analytical hierarchy process, priority value.
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1. Giris

Deprem maddi ve manevi biiyiik yikimlara neden olan
onemli bir dogal afettir. Diinya'nin ¢esitli bolgelerinde genellikle
yer kabugunun levha sinirlarinda meydana gelen depremler
gozlemlenir. Ongoriilemeyen zaman ve boyutta gergeklesen
depremler bilylik afetlere ve insanlarin savunmasiz kalmasina
neden olur (Duzgun vd., 2011). Diri fay hatlari ile ¢evrili olan ve
niifusun biiytik bir ¢ogunlugu deprem riski altinda olan Tiirkiye
yil boyunca sismik etkiler altindadir. (AFAD, 2021). Tarihsel
yikimlarla karsilagmis olan Tiirkiye’de aletsel donemde
kaydedilen en biiyiikk deprem 1939 yilinda 7,9 biiyiikliigiinde
kaydedilen Erzincan depremidir (BDTIM, 2023a). Ayrica 6 Subat
2023  tarihinde  gerceklesen — Gaziantep-Kahramanmaras
depremleri Tiirkiye tarihinin en fazla can kaybina neden olan
depremleridir. Dortten biiylik her yil ortalama yaklasik 50 deprem
gergeklesen Tiirkiye maddi ve manevi risk tehditleri ile karsi
karstyadir (BDTIM, 2023b). Tiirkiye i¢in dncelikli bir afet olan
deprem farkli kitalarda ve farkli iilkelerde de insanlarin yagsamini
etkilemektedir. ~ Depremin neden oldugu hasar depremin
biiylikliigiiniin yani sira insan ve insan dis1 faktorlerden kaynakli
deprem siddetinin de bir sonucudur. Depremin biiyiikligii
depremin agiga ¢ikardigi enerjinin bir 6l¢iisii iken depremin
siddeti aciga ¢ikan bu enerjinin insanlar, ¢evre ve yapilar
lizerindeki etkilerini tanimlar. Ornegin 7.0 ve iizeri biiyiikliikteki
bir depremin siddeti su boyutlarda tanimlanir: ahsap yapilar
yikilirken tag yapilarin biiyiik cogunlugu yikilir ve demiryollari
egilir (siddet: X), birkag yap1 disinda tiim yapilar yikilir,
demiryollar1 biikiliir (siddet: XI) ve biitiin yapilar yikilir, ufuk
¢izgisi oynak bir ylizeye doniisiir ve nesneler havada ugar
(siddet:X1I) [5].

Deprem biiytikliigi ile birlikte ortaya ¢ikan siddetin verdigi
hasar boyutu insan basta olmak iizere bircok faktoér temelinde
artar. Artan niifus yogunlugu, plansiz ve uygun olmayan
yapilasma, deprem konusunda bilingsizlik, duyarsizlik ve
ihmaller zarar boyunun artmasini tetiklemektedir. Ayrica deprem
ile birlikte ortaya ¢ikan heyelan, yangin, bulasict hastaliklar ve
yagma gibi problemlerin yol agacagi afet zinciri deprem acil
durum boyutunun artmasina neden olur (Zhou vd., 2015). Deprem
afetinin belirsizligi ile yiizleserek onlemlerin alinmasi maddi ve
manevi zararlarin boyutunu sinirlamaya yardimei olacaktir.

Zarar gorebilirlik, AFAD (Afet ve Acil Durum Yonetimi
Bagkanligi) tarafindan “Farkli tiir ve biiytkliikteki tehlikeler
karsisinda, insanlarin ve yasam ¢evrelerinin ugrayabilecegi
fiziksel, toplumsal, ekonomik veya cevresel zarar ve kayiplarin
Olciisti” (AFAD, 2023) olarak tamimlanir. Deprem riski
kapsamindaki bolgelerin depreme hazirlikli hale getirilmesinde
zarar gorebilirlik ¢aligmasi 6nemli bir asamay1 olusturur. Riskli
bolgeler icin zarar gorebilirlik ¢alismalarinin yapilmasi depremin
zincir etkilerini diislirmede ve acil durum faaliyetlerini
yonlendirmede oOnemli bir yontemdir. Zarar gorebilirlik
degerlendirmesi olas1 hasar ve kayiplarim Ongoriilmesi ve
azaltilmasma yonelik planlamalarda yer alir (Etemadfard &
Moradi, 2021). Deprem igin zarar gorebilirlik ¢alismasi
yerlesimlerin  mevcut kosullarii  degerlendirerek  hasar
senaryolar1 olusturulmasima yardimei olur. Deprem afetlerinden
ongoriilen yap1 ve insan kayiplarini en aza indirme amaglar1 zarar
gorebilirlik ¢aligmalarinin ve bagli programlarin gelistirilmesinin
onemini vurgular (M. S. Shadmaan & Popy, 2022).

Bu c¢alisma depremden zarar gorebilirlikteki temel
unsurlarmin ele alinmasinmi1 ve bunlar arasinda oncelik siralamasi
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yapilmasi ile ilgilenir. Literatiir taramasindan ve uzman
goriislerinden elde edilen zarar gorebilirlik kriterlerinin
derecelendirilmesi Cok Kriterli Karar Verme (CKKYV) problemi
olarak ele alinir. Zarar gorebilirlik faktorlerin karsilagtirmali
degerlendirmesini yapmak ve faktorleri derecelendirmek igin
CKKYV yontem araci olarak Analitik Hiyerarsi Prosesi (AHP)
kullanilir. Dogal afetin zarar verme riskini tanimlayan hasar
gorebilirlik deprem oOzelinde nicel ve nitel kriterler dikkate
almarak belirlenir. Bolgeler icin yapilan depremden zarar
gorebilirlik degerlendirmeleri, olast riskleri en aza indirgeme
planlamalarinda ve haritalandirmada ¢aligmalarinda 6nemli bir
arag olarak bagvurulur.

Calismada yerel ve kiiresel boyutta maddi ve manevi ciddi
zararlar veren deprem afetine kargt dnlemlerin alinmasi igin etkin
faktorlerin onceliklendirilmesi amaglanir. Literatiir taramasi ve
uzman goriisleri ile gelistirilen ana ve alt faktorlerin depremin
zarar verebilirligine etkileri incelenir. Tanimlanan faktdrlerin
baslik ve simiflandirmalar1 ve bunlarin mevcut kosullarda uzman
goriigleri ile yapilan degerlendirmeleri ¢aligmanin literatiire
0zgiin katkisini olusturur. Elde edilen sonuglar ile toplumsal ve
yonetsel farkindalik olusturarak depremin zarar verebilirlik
boyutunun azaltilmas1 amaglanir.

Calisma su alt boliimlerden olusur: Boliim 2 depremden zarar
gorebilirligi  degerlendirmede temel faktorler hakkinda ve
faktorlerin derecelendirmesinde bagvurulan CKKV yonteminden
ve AHP karar verme aracindan bahseder. Boliim 3 ana ve alt
faktorlerin ikili karsilastirma ve derecelendirme g¢alismalarini
aciklar. Sonug basligr olan Boliim 4 elde edilen sonuglar ve
gelecek calismalar hakkinda bilgi verir.

2. Materyal ve Metot
2.1. Depremden Zarar Gorebilirlik Faktorleri

Depremden zarar gorebilirlik faktorlerinin belirlenmesi ve
tanimlanmasi risk degerlendirme c¢aligmalari igin Onemli bir
asamadir. Ana ve alt basliklarda belirlenen faktorlerin zarar
gorebilirlik degerlendirmesindeki etki degerlerini belirlemek igin
ikili karsilagtirmalar yapilir. Ikili karsilastirmalarm  dogru
yapilabilmesi igin faktorlerin taninmasi ve anlamlandirilmasi
gerekir. Bu boliimde literatiir ve uzman goriisleri ile yapisal,
cevresel ve sosyal ana faktorler ve her ana faktor altinda dort alt
faktor tanimlanir.

2.1.1. Yapisal Faktorler

Farkli donemlerde olusan teknik/yapim bilgileri ve cografi
ozellikler kirsal ve kentsel yapilarin farklilagsmasina neden olur.
Yapilarin olusum o6zellikleri depremden zarar gorebilirlikte en
kritik faktorleri kapsamaktadir. Yapisal faktorler igin tanimlanan
alt faktorler su sekildedir:

1. Yap: yast (Alizadeh, Ngah, vd., 2018; Bahadori vd.,
2017; Nazmfar, 2019; M. S. Shadmaan & Popy, 2022):
Insasinda kullanilan malzemeye gore yap1 elemanlarinin
zamanla aginmasi yapinin yasi ile ifade edilir. Yapinin
yasinin yiiksek olmasi kullanilan malzemenin ve
uygulan insaat tekniklerin uygunsuzlugunu ve yapinin
zamanla yorulmus oldugunu isaret eder. Bu durum
yapinin depremden hasar gorebilirlik  diizeyinin
aratmasina neden olur. Yapilar 10 yas alti, 10-30 yas
arasi ve 30 yas ustii olmak tizere ii¢ gruba ayrilabilir. 10
yas alt1 yapilar yeni olarak adlandirilirken 10-30 yas
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aras1 yapilar risk belirsizligi igerirken 30 yas iistii yapilar
yaslanma ve zamanin teknik yetersizlikleri géz oniinde
bulundurularak hasar gorebilirligi en yiiksek grubu
olusturur. Eski yapilarin eski yerlesim merkezlerinde
bulunmasi ve bu merkezlerde yogunlasmalar1 yapilarin
ve bu yerlesimlerdeki kalabaliklarin zarar gorebilirlige
daha savunmasiz olmasina neden olur.

Yap1 tipi (Armas, 2012; Bahadori vd., 2017; M. S.
Shadmaan & Popy, 2022): Yapinin insasinda kullanilan
malzemenin 6zelligi yapi tipini tanimlar. Yap1 insasinda
kullanilan en yaygin malzemeler beton, gelik, tugla,
demir, kerpi¢ ve ahsaptir. Kerpi¢ ve ahsap
malzemelerden yapilan yapilar daha az kirillgan
ozelliktedir. Dayanikli malzemelerin  kullanilmasi
yapinin hasar gorebilirlik riskini azaltir. Zamaninin
kosullarinda  yiiksek insan inisiyatifinde, ingaat
kurallarma uyulmadan ve eksik denetimde inga edilen
eski yapilarda dayanikli yapi malzeme ve teknik
eksiklikleri goriiliir. Ayrica yapi cephe tipi 6zelliklerinin
cam, tas veya tugla olmasi hasar gorebilirlik riskini
etkiler.

Kat sayist (Alizadeh, Hashim, vd., 2018; Alizadeh,
Ngah, vd., 2018; Bahadori vd., 2017; Nazmfar, 2019;
Shafapourtehrany vd., 2022): Yapilarin katsayisi
depremden zarar gorebilirligi etkileyen oOnemli bir
faktordiir. Yapilar katsayisina gore farkli sismik tepkiler
gosterir. Kat sayisinin artigt ile yapilarin  sismik
kirtlganlig1 da artar. Yap1 teknolojilerindeki gelismeler
yapt dayanimini arttirmasina ragmen katsayisinin artigi
yapimin  savunmasizligi  engelleyemez.  Ayrica
katsayisinin ¢oklugu niifus yogunlugu olusturmasi hasar
boyutunun yiikselmesine ve deprem sonrasi faaliyetlerin
karmasiklagmasina neden olur.

Yiizey alant (Jena vd., 2020; S. Shadmaan & Islam,
2021): Yapmin insa edildigi zemin alanini genisligi
yapinin zarar gorebilirligini etkiler. Yapi zemin alaninin
genis olmasi yapmin zarar gorebilirligini azaltirken
zemin alanmin dar olmasi hasar riskini arttirir. Dar
alanda yiiksek katli yapilar genis alanda az kath
yapilardan daha fazla deprem hassasiyetine sahiptir.
Yapt malzeme oOzellikleri zemin alant genisliginin
etkilerini degistirir. Ornegin genis yiizey alanma sahip
kerpi¢ yapilar depremden hasar gorebilirligi en yiiksek
yapilardir.

2.1.2. Cevresel Faktorler

Yapinin bulundugu konum ve ¢evresinde yer alan 6zelliklerin
depremden zarar gorebilirlige olan etkilerini tanimlar. Bu
faktorler deprem sirasinda ve deprem sonrasinda olas1 hasarlarin
Onlenebilirligi dikkate alinarak tanimlanir. Cevresel faktorler igin
tanimlanan bagsliklar su sekildedir:

1.

Faylara olan uzaklik (Alizadeh, Hashim, vd., 2018;
Bahadori vd., 2017; Jena vd., 2020; Nazmfar, 2019):
Sismik acidan risk alanlarindan kaginmak depremden
hasar gorebilirlikten kaginmada Onemli prosediirler
arasindadir. Yapilarin faylara olan mesafesi depremden
zarar gorebilme risklerini etkiler. Faylara olan mesafenin
azalmasi yapisal faktorlere bagli olarak hassasiyetin
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degisken artmasina neden olur. Yiiksek hassasiyetteki bu
bolgelere yakinlik mesken ve ticari yapilagmalar igin
uygun goriilmemektedir.

Jeoloji (Alizadeh, Hashim, vd., 2018; Alizadeh, Ngah,
vd., 2018; Jena vd., 2020; Nazmfar, 2019): Sismik
faaliyetlere sahip bolgelerin jeoteknik kirilganliginin
belirlenmesi olas1 deprem risklerini derecelendirmeye
yardimci olur. Jeolojik yap1 sismik dalgalarin yer kabugu
iizerindeki etkileri belirleyici bir role sahiptir. Yapinin
yer alacagi zeminin toprak ve kaya tipini, egimini,
bilesimini ve su dokusunu iceren jeolojik olusum tiirii
depremden hasar gorebilirligi etkileyen Onemli
faktordiir. Depreme kars1 direngsiz jeolojik olusumlar
yapilarin deprem hassasiyetini arttirir. Ayrica jeolojik
ozelliklere gore deprem sonrasi olusabilecek zemin
stvilagmasi, yiizey ayrismalart ve heyelanlar depremin
hasar boyutunu etkiler.

Ulasim ag1 (Alizadeh, Ngah, vd., 2018; Nazmfar, 2019;
M. S. Shadmaan & Popy, 2022; Shafapourtehrany vd.,
2022): Ulasim sistemi altyapisi deprem hasarlarma
miidahalede ve etkilerini en aza indirmede 6nemli bir rol
oynar. Ulasim aglar1 ve ana yollarin genisligi deprem
zarar gorebilirlik yonetiminde O6nemli bir faktordiir.
Ulasim agmin genis ve agik olmasi miidahaleleri
hizlandirarak depremden hasar gorebilirlik boyutunu
distiriir.  Genis ve etkin  ulagim agi, kurtarma
operasyonlarinin, yardim malzemelerinin iletimi, yarali
nakilleri ve gilivenli bdlgelere yerlesimlerin hizli bir
sekilde gergeklesmesini saglar.

Acil servislere (itfaiye, hastane, polis vb.) uzaklik
(Armas, 2012; Bahadori vd., 2017; Rashed & Weeks,
2003; M. S. Shadmaan & Popy, 2022; Shafapourtehrany
vd., 2022): Deprem sonrasi ortaya ¢ikan afet yonetiminin
gerceklestirilmesinde, ilk  yardim  miidahalelerin
yapilmasinda ve olusan kaos ortaminin kontrol altina
almmasinda acil servisler onciil goreve sahiptir. Bu
servislere yakinlik yardim ve kurtarma operasyonlariin
hizla gerceklesmesini saglayarak afetzede sayisim
azaltacaktir. Acil servislere yakinlik depremden hasar
gorebilirlik diizeyini azaltir.

2.1.3. Sosyal Faktorler

Depremden etkilenen topluluklarin ozellikleri depremden
zarar gorebilirliklerini etkileyen bir faktordir. Kisilerin fiziksel,
zihinsel ve ruhsal 6zellikleri deprem Oncesi, sirast ve sonrasi
davranislarint ve depreme maruz kalma boyutlarint belirler.
Topluluklarin depremden zarar gorebilirliklerini etkileyen sosyal
faktorler su sekildedir:

1.

Cinsiyet (Armas, 2012; Rahman vd., 2015; M. S.
Shadmaan & Popy, 2022): Cinsiyet farklilig1 depremden
zarar gorebilirligi etkileyen bir faktdr olarak goriiliir.
Kadimnlarin yapilarda kalma olasiliklarinin  yiiksek
olmasindan ve duygusal ve fiziksel Ozelliklerinin
erkeklerden farkli olmasindan dolayr depremlerde
erkeklerden daha fazla savunmasiz olduklar1 kabul
edilir.

Egitim (Alizadeh, Ngah, vd., 2018; Armas, 2012, 2012;
Rahman vd., 2015; M. S. Shadmaan & Popy, 2022):
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Egitim diizeyinin artmasi deprem basta olmak tizere tim
afetlerde nasil davranilmasi gerektigi konusunda bilincin
artmasi ile iligkilendirilir. Deprem 6ncesinde, sirasinda
ve sonrasinda yapilmasi gerekenlerin  bilinmesi
depremin zarar verebilirlik diizeyini azaltir. Egitimli
insanlarin varlig1 afetlerle basa cikmada tedbirlerin
alinmasinda ve uygulanmasinda 6ncii rol iistlenerek
toplumsal savunmasizligl azaltir. Deprem hassasiyeti
konusunda toplumsal deprem egitimi 6ncelikli olmasi
gerekir. Egitim diizeyi yalniz basina depremden hasar
gorebilirligi degistirmemesine ragmen yiiksek egitimli
kisilerin tehlike Ongdriilerine sahip olma olasiliklar
daha ytiksektir.

3. Yas (<14,>65) (Bahadori vd., 2017; Rahman vd., 2015):
Yas, depremden zarar gorebilirligi tanimlayan bir
kriterdir. Fiziksel yetersizlikler ve bilgi eksiklikleri 14
yas alt1 ve 65 yas {istii bireylerin depremden zarar gérme
risklerini arttirir. Bu yag gruplarinin yalniz olmasi zarar
gorme hassasiyetini arttirirken yas ve bilgi yeterliligine
sahip bireyler ile beraber olmalar1 hassasiyeti azaltir.

4. Niifus yogunlugu (Alizadeh, Ngah, vd., 2018; Jena vd.,
2020; M. S. Shadmaan & Popy, 2022; Shafapourtehrany
vd., 2022): Depremden zarar gorebilirlik boyutunu
etkileyen ve sismik tehlike boyutu hesaplamada
kullanilan en 6nemli faktor niifus yogunlugudur. Sismik
faaliyetlere maruz kalan kisi sayisinin artmasi zarar
gorme hassasiyetini de arttirir. Yap1 yogunlagmasi ve kat
sayist ile birlikte niifus yogunlugunun artmasi
savunmasizligin artmasina da neden olur. Deprem dncesi
riskli bolgelerdeki yogunlugun yatay mimari ile
seyreltilmesi risklerin azalmasimi saglar. Niifus dagilim
bilgilerinin bilinmesi ile deprem sonrasi acil miidahale
oncelikleri bu bolgelere yapilarak zarar gorebilirlik
boyutu azaltir.

Yapisal, ¢cevresel ve sosyal ana kriterleri altinda ele alinan alt
faktorler ile depremden hasar gorebilirlik boyutlar1 arasinda
degerlendirme yapilir. AHP ile ele alinan problemde kriterler ana
ve alt kriterler olarak karsilagtirmali  degerlendirilir.
Karsilastirmali degerlendirmeler bir araya getirilerek faktorlerin
oncelik degerleri elde edilir.

2.2. Analitik Hiyerarsi Prosesi (AHP)

Birden fazla kriteri degerlendirerek kriterler arasinda
onceliklendirme yapmaya amaglayan c¢alisma CKKYV problemi
olarak ele almir. Kriterleri ikili karsilagtirarak daha basit ve dogru
degerlendirme imkani verdigi i¢cin AHP yontemi kullanilir. Bu
boliimde AHP yonteminden bahsedilir.

Saaty tarafindan gelistirilen AHP (T. L. Saaty, 2008) yaygin
olarak soyut 6zelliklerin degerlendirmesinde bagvurulur ve ilgili
basliklar1 goreceli degerlendirme kolaylig1 sunar (Aguarén vd.,
2020). En uygun sonucu bulma amaci ile tasarlanan karar verme
probleminde alternatifleri ve kriterleri degerlendirir. Cok sayida
alternatif ile ¢ok sayida kriterin tek boyutta karsilastiriimasi
zorlugu yerine karmagik problemler alt boyutlara olmakla beraber
en iyi kararin verilmesine de engel olmaktadir (Coban, 2020).
AHP karmasik problemleri hiyerarsik olarak alt boyutlara
indirgeyerek ¢ozme imkam1 veren bir yoOntemdir. AHP
degerlendirme elemanlarimi ikili karsilastirma matrisi (IKM)
altinda istiinliiklerine gore degerlendirir. Boylece karar vericiye
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degerlendirme ve derecelendirme kolaylig: saglar. Degerlendirme
elemanlart i¢in tanimlanan ikili karsilastirma matrisi, E su sekilde
tanimlanir (Brunelli, 2018);

€11 €12 €1m
€21 €2 €2m

Y/ mxm : . : ( )
eml emz cee emm

Onem diizeyi (Tablo 1) temelinde e _ij€E[1/9,9] olmak iizere
alternatif i’nin (@;) alternatifj’ye (a;) tstiinlik derecesini tanimlar
(Franek & Kresta, 2014). Ayrica ikili karsilastirma degeri
elemanlarm agirliklari arasindaki oran i¢in yaklasik degeri tahmin
eder (Gass & Rapcsak, 2004):

eiszi/W]‘,Vl‘,j (2)
e;j = wi/w; > 0 oldugu icin e; = w;/w; = 1/e;; olmak
tizere ikili karsilastirma matrisi bu sekilde tanimlanabilir. Her

eleman kendileri tizerinde esit listiinliige sahip oldugu igin e; =
1 olur ve IKM’nin diagonali 1 olarak tanimlanur.

Tablo 1. Saaty 'nin tercih olgegi

Tercih derecesi
1 Esit derecede
3 Orta derecede
5 Fazlasiyla

7 Cok fazlasiyla
9

2

Asirt derecede
Ara dereceler

,4,6,8

Ikili karsilastirma matrislerinde eleman agirliklarini tahmin
etmede Ozvektdr (Gass & Rapcsak, 2004; R. W. Saaty, 1987) ve
geometrik ortalama yontemleri yaygin tercih edilir. Perron-
Frobenius 6zvektor yontemi (Harker, 1987), ikili karsilagtirma
matrisinin (E) gercek agirlik vektorii (w) ile ¢arpiminin, agirlik
vektoriiniin (w) IKM nin en biiyiik 6zdegeri (Aqx) ile ¢arpimi
arasindaki esitlige dayanir.

Ew = Ama W (3)

IKM’de elemanlarmn ikili ele alinmasi ile yapilan tim
degerlendirmelerin karar verici tarafindan tutarli bilgilerle
yapilmasi beklenir. Karar vericinin degerlendirmelerini tutarl
yapip yapmadiginin degerlendirmesi gegislilik kosullarinin
saglanip saglanmadigina bakilarak yapilir (Xu vd., 2018).
Tutarlilik  indekslerine  dayanarak gecislilik  kosullarinin
gegerliligi 6l¢iiliir. Saaty’nin tutarlilik indeksi ve tutarlilik orani
literatiirde yaygin kabul goren ve bagvurulan bir yontemdi
(Aguaron vd., 2020). Saaty oOzvektér yontemine dayanarak
IKM’nin (E, ;) en yiiksek 6zdegerinin (1,,4;) IKM boyutuna
(m) esit olmasi durumunda degerlendirmelerin tam tutarli oldugu
sonucuna varilir. Bu kabule gore A,,,, ve m arasindaki iliskiye
dayanarak tanimlanan tutarlilik indeksi,CI su sekildedir (Bulut
vd., 2012):

CI(E) — Amak—m (4)

m-—1

Tutarlilik indeksinin 0’dan farkli deger ¢ikmasi durumunda
IKM’nin tutarlih@mi degerlendirmek igin tutarlilik orami (CR)
degerine bakilir (Csat6, 2018). Tutarlilik oran1 (CR(E)), IKM’nin
boyutuna gore tutarlilik indeksinin ilgili boyuta karsilik gelen
rassal indekse (RI,,) orani olarak tanimlanir. Rassal indeks (R1,,),
ikili karsilastirma degerleri [1/9,9] aralifinda rastgele iiretilen
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IKM’lerin tutarlilik indekslerinin ortalamalarmm almmasi ile
hesaplanir.

CI(E)

CR(E) = 4~ ©)

IKM’nin tutarsizlik oranmin (CR) 0.1’e kiigiik ve esit olmasi

(CR<0.1) ikili karsilastirmalarin karar verici tarafindan yeterince

tutarli oldugu sonucunu isaret eder. Ayrica Saaty 3 ve 4 boyutlu

IKM’lerin CR esik degerlerini siras1 0.05 ve 0.08 olarak tanimlar

(T. L. Saaty, 2008). Alonso ve Lamata tarafindan genis rassal veri

seti ile tretilen RI, degerleri Tablo 2’de gosterilir (Alonso &
Lamata, 2006).

Tablo 2. Alonso ve Lamata RI degerleri

m 1 2 3 4 5
Rl 0 0 0.5247 | 0.8816 | 1.1086
m 6 7 8 9 10
Rl 1.2479 | 1.3417 1.4057 | 1.4499 | 1.4854

3. Faktorlerin Derecelendirilmesi

Depremden zarar gorebilirligi etkileyen {i¢ ana ve on iki alt
faktor tanimlanir.  Sismik riskleri etkileyen faktorlerin
derecelendirilmesinde ve onceliklendirilmesinde AHP faydali bir
ara¢ olarak ele almir. Faktorlerin oncelik degerlerini belirleme
amaci ile kriterlerin degerlendirilmesinde kullanilir. AHP
degerlendirmesi ile agirlandirilacak ve Onceliklendirilecek
kriterler, deprem Oncesi ve sonrasi afet yonetiminde Onem
verilmesi gereken bagliklari tanimlar. Farkli fiziksel, ¢evresel ve
sosyal Ozelliklere sahip bolgeler ilgili faktdr yogunluguna gore
farkli risk boyutlarinda tanimlanabilir ve haritalandirilabilir.
Depremden zarar gorebilirlik derecelendirmesi amact igin
gelistirilen AHP yapis1 Sekil 1°de gosterilir.
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Sekil 1. Depremden zarar gérebilirlik degerlendrimesinin
AHP gosterimi.

Ana faktorler oncelikli olmak {izere her ana kriter altinda
tanmimlanan alt faktorler i¢in IKM’leri uzman goriisleri ve
literatiirden elde edilen bilgilere gore gelistirilir. Ana kriterler i¢in
tanimlanan IKM Tablo 3’de gosterilir.

Ana ve alt faktorler i¢in yapilan ikili karsilagtirmali
degerlendirmeler IKM ile gosterilir. Bu degerlendirme yapilirken,
yapisal faktorler ¢evresel ve sosyal faktorlere gore daha yiiksek
puanlanmistir. Depremden zarar gérmede yapilar temel risk
potansiyellerine (binanin yasi, kullanilan malzeme vb.) oldugu
icin 6nem diizeyi yiiksek tutulmustur.
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Ana kriterlerin ikili karsilagtirmali degerlendirmesine gore
faktorler arasinda 6nemli farkliliklar goriinmez (Tablo 3). Oncelik
degerlerine gore yapisal faktorler (0,525) zarar gorebilirlik i¢in en
onemli faktor olarak goriiniirken en zayif etkiler sosyal
faktorlerden (0,141) beklenir. Yapisal ana faktoriiniin yiiksek
oncelik degeri alt faktorlerinin de genel derecelendirme ve
siralamada 6ne ¢ikmasini saglar.

Tablo 3. Zarar gorebilirlik ana kriterlerinin IKM

Faktorler YF | CF | SF | Oncelik Vektorii
Yapisal Faktorler (YF) | | 2 3 0,525
Cevresel Faktorler (CF) | 0,5 1 3 0,334
Sosyal Faktorler (SF) 0,33 | 0,33 0,141

Yapisal faktorlerin kendi i¢inde ikili karsilastirmasinda, yap1
yas1 en onemli yapisal faktor olarak ortaya cikar (Tablo 4). Bina
yasinin artmasi ve 0zellikle 30 yil sinirin1 agmasi zarar gorebilirlik
risklini arttirir. Yapt yast ve yapi tipi esit diizeyde kat sayisi ve
yiizey alaninda 6nemli olarak degerlendirilir. Yiizey alani faktorii
yapmin yasi, tipi ve kat sayisindan daha az 6nemsiz olarak
goriiniir (0,137).

Tablo 4. Yapisal faktorler zarar gorebilirlik kriterlerinin IKM

Faktorler YY | YT | KS | YA | Oncelik Vektorii
Yap1 Yas1 (YY) 1 3 12 |2 0,420
Yap1 Tipi (YT) 03 |1 2 |2 0,248
Kat Sayis1 (KS) 051051 |2 0,195
Yiizey Alan1 (YA) | 0,5 | 0,5 | 0,5 | 1 0,137

Cevresel faktorlerin degerlendirmesinde faylara uzaklik en
onemli faktor (0,385) olarak belirlenir (Tablo 5). Faylara uzaklik,
tiim ¢evresel faktorler tizerinde {istiin 6nem diizeyine sahip olup
jeoloji ikinci yerel Oncelik siralamasina sahip faktordiir. Tim
faktorlerden Onemsiz olarak degerlendirilen acil servislere
uzaklik faktorii en az oncelik degerine (0,149) sahip olup esit
onem degerine sahip oldugu ulagim ag: faktoriiniin 6ncelik degeri
0,160’dir. Bu sonuglar depremden zarar gorebilirlikte onciil
onlemlerin alinmas gerekliligine igaret eder.

Tablo 5. Cevresel faktorler zarar gorebilirlik kriterlerinin IKM

Faktorler FU| J | UA | ASU \(/'):kct(:il;li(i
Faylara Uzaklik (FU) 1 0,385
Jeoloji (J) 0,5 0,306
Ulasim Ag1 (UA) 05105 0,160
Acil Servislere Uzaklik 0503 1 1 0,149
(ASV)

Sosyal faktorlerin degerlendirmesinde niifus yogunlugu en
onemli faktor (0,384) oldugu gozlenir (Tablo 6). Niifus
yogunlugunun fazla olmasi zarar gorebilirligin dlgiileri olan can
kaybi1 ve yaralanma sayilarinin artirmasina neden olur. En 6nemli
ustlinliik derecesi yas faktoriiniin cinsiyet faktorii iizerinedir.
Cinsiyet faktorii diger faktorlerden 6nemsiz konumda olup en
diisiik 6ncelik degerine (0,120) sahiptir. Yas ve egitim esit oneme
sahip olmalarina ragmen yas faktoriiniin dncelik degeri (0,275)
egitim faktdriiniin 6ncelik degerinden (0,220) yiiksektir.
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Tablo 6. Sosyal faktorler zarar gorebilirlik kriterlerinin IKM

Oncelik
Faktorl C| E Y | NY
aktorler Vektorii
Cinsiyet (C) 1105]025| 0,5 0,385
Egitim (E) 2 1 1 0,5 0,306
Yas (Y) 41 1 1 0,5 0,160
Niifus Yogunlugu
2 2 2 1 14
(NY) 0,149

Alt faktorlerin ana faktor oncelik degerlerine dayanarak
yapilan derecelendirme Tablo 7°de gosterilir. Derecelendirme ve
siralamaya gore yapisal faktorler 6n plana cikar. Yapi yast genel
degerlendirmede en 6nemli faktdr olarak belirlenir. Diger bir
yapisal faktor olan yapi tipi genel onem siralamasinda ikinci
sirada yer alir. Yapi tipi zeminin &zelliklerine gore degiskenlik
gostermesinden dolayr Onemli faktorler arasindadir. Yapisal
faktorler disinda tgiincli 6nem sirasinda yer alarak One ¢ikan
cevresel faktor fay hatlarina uzaklik faktoriidiir. Dolayisiyla fay
hatlarinin  belirli mesafe uzagma yapilasmanmn yapilmasi
gerekliligi dikkat ¢eker. Sosyal faktorleri zarar gorebilirlik 6nem
siralamasinda son siralarda yer alirken sirasi ile cinsiyet (0,017),
egitim (0,031) ve yas (0,039) en diisiikk genel 6nem degerlerine
sahiptir. Cinsiyet, egitim ve yasinda zarar gorebilirlikte 6nemli
olmasma ragmen niifus yogunlugu kadar Snemli olmadig:
goriilmektedir.

Tablo 7. Genel dncelik degerleri ve oncelik siralamasi

Yerel Genel
oncelik oncelik
5
_i-
- i 5 E
< < & a ) a )
Yap1 yast 0,419 | 1 0,220 | 1
Yapisal Yapi tipi 0248 | 2 | 0,130 | 2
Faktorler
(w=0,525) Kat sayis1 0,195 | 3 0,103 | 4
Yiizey alani 0,137 | 4 0,072 | 6
Faylara uzaklik 0,385 | 1 0,129 | 3
Cevresel Jeoloji 0306 | 2 | 0,025
Faktorler
(W=0,334) Ulasim ag1 0,160 | 3 0,053 | 8
Acil servislere uzaklik | 0,149 | 4 0,050 | 9
Cinsiyet 0,120 | 4 | 0,017 | 12
Sosyal Egitim 0220 | 3 [0,031 |11
Faktorler
(w=0.142) | Y8 0275 |2 10,039 | 10
Niifus yogunlugu 0,384 | 1 0,054 | 7

Genel olarak depremden maddi ve manevi zarar gorebilirligi
yapisal, ¢cevresel ve sosyal faktorler birbirlerini tamamlayict bir
yapida etkilerr Bu c¢aligmada yapilan karsilagtirmali
degerlendirme ve onceliklendirme hesaplamalarindan elde edilen
sonuglar deprem Oncesi, sirast ve sonrasi maruziyeti etkileyen
faktorleri tanimlayarak depremin zararlarmi azaltmayi amaglar.
Elde edilen sonuglar géz oniinde bulundurularak deprem afet
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planlamalarinin  ve Oncelik faaliyetlerinin tanimlanmasina

yardimce1 olmasi beklenir.

4. Sonug¢

Depremden zarar gorebilirlik, depremin neden oldugu
tehlikelerin insanlar basta olmak {izere canli ve cansiz ¢evrelere
verecegi zararlarin Olgiisii olarak tanimlanir. Zarar gorebilirlige
neden olan faktdrlerin tanimlanmasi ve bu faktdrlere dncelikli
onlemlerin alinmast zarar Olgilisiiniin  azaltilmas1  katki
saglayacaktir. Bu calisma, zarar gorebilirlik etkilerini azalmak
icin kritik faktorlerin literatiir taramasi ve uzman gorisleri ile
tanimlanmasimmi  ve  Onceliklendirilmesini  amaglar.  Zarar
gorebilirligi etki eden faktorler yapisal, cevresel ve sosyal ana
basliklarinda tanimlanir. Yapisal faktorler yapi yasi, yapr tipi, kat
sayis1 ve ylizey alani; ¢evresel faktorler faylara uzaklik, jeoloji,
ulasim ag1 ve acil servislere uzaklik; sosyal faktérler cinsiyet,
egitim, yas ve niifus yogunlugu alt faktorlerinde tanimlanir. Ana
faktorleri v ve alt faktorleri ikili karsilikli degerlendirme imkani
veren AHP yontemi kullanilir. AHP yontemi ile faktorler
hiyerarsik olarak tanimlanir ve dncelikli agirliklar: elde edilir.

Ana faktorlerin ikili karsilagtirmali degerlendirmelerine gore
yapisal faktorler depremin zarar verebilirlik boyutunu etkileyen
en Onemli faktor olarak belirlenir. Yapisal faktorler altinda yer
alan yap1 yagi, yapi tipi ve kat sayis1 faktorleri depremin zarar
verme Ol¢iistinii diisiirmede oncelikli faktorler olarak siralanir.
Yiizey alan1 faktorii en zayif yapisal faktor olmasina ragmen genel
oncelik siralamasinda 6n siralarda yer alir. Bu sonuglar depreme
kars1 yapisal 6nlemlerin alinmasinin 6nemi bir kez daha vurgular.
Yapisal faktorlerden sonra gelen en onemli ana faktdr cevresel
faktor iken en zayif etkiye sahip ana faktor sosyal faktordiir.
Faylara uzaklik ve jeolojik yapi ¢cevresel faktorlerin 6nem oncelik
kazanmasina neden olan faktorlerdir. Yapisal 6zellikler dnemli
olmasina ragmen fay hatlarina yakin olunmasi ve uygun olmayan
zemin yapisina ingalarin yapilmasi zarar gorebilirlik boyutunu
arttirmas1 beklenir. Ozellikle deprem sonrasi zarar odlciisiinii
distirmede ulagim ag1 ve acil servislere uzaklik kritik faktorler
olarak 6ne ¢ikar. En zayif ana faktor olan sosyal faktorlerde niifus
yogunlugunun artmasi 6liim ve yaralanma riskini arttiracagi igin
en 6nemli sosyal risk olarak tanimlanir. Sosyal faktorler 6zellikle
savunmasiz bireylerin zarar gorebilme durumunu dikkate alir.
Geng ve yashh bireyler depremden savunma konusunda
bilgilendirilmeleri ve toplumsal bilincin saglanmasi i¢in genel
deprem egitimlerinin verilmesi de zarar boyutunun azaltilmasina
katki saglayacag goriiliir.

Insanlarin ve g¢evrenin depremden gorebilecegi maddi ve
manevi zararlarin kaynaklari ¢coklu boyutta ele alinmasi gereken
onemli bir problemdir. Bu ¢alismada ele alinan faktdrler ve bu
faktorler icin tanmimlanan Oncelik siralamalar1 toplumsal
farkindaligin yaratilmasinda ve ulusal deprem planlamasia
katkida bulunmasi beklenir. Gelecek calismalarda ele alinan ana
ve alt faktorlerin ayrintili genisletilmesi ve bagliklarin yeniden
tanimlanmasi planlanir. Bu sekilde genisletilen ¢calisma CKKV
problem olarak ele almarak farkli karar verme araglart ile
faktorlerin derecelendirilmesi ve siralanmasi yapilabilir. ana
sonuglari bu boliimde 6zetlenmelidir.
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Abstract

The purpose of this study is to examine the key challenges facing education management and to offer insights into best practices for
addressing these challenges. The research investigates the shifting educational landscape and the increasing demand for effective and
efficient management of resources, the role of technology in education management, and the importance of leadership in education
management. The study was conducted using a comprehensive literature review and analysis of current practices in education
management. The findings highlight the need for ongoing professional development, the development of strong partnerships and
collaborations, and the implementation of effective data-driven decision-making processes. The results indicate that effective education
management requires a deep understanding of the complexities of educational systems and the ability to collaborate effectively with
stakeholders. Technology plays a crucial role in improving decision making and supporting resource allocation, while strong leadership
skills, a culture of innovation, and a supportive and inclusive work environment are critical to success. In conclusion, this study offers
practical strategies for enhancing the quality and effectiveness of educational systems. The findings emphasize the importance of
addressing the challenges facing education management in order to ensure that students receive the best possible education and that
resources are used efficiently and effectively.

Keywords: Best Practices, Education Management, Leadership, Student Outcomes, Technology.

Egitim Yénetiminin Zorluklarim Yonetmek: Ogrenme Ciktilarim
Gelistirmek I¢in Gerceklestirilen En Iyi Uygulamalar

Oz

Bu caligmanin amaci, egitim yonetiminin karsilastig1 temel zorluklar1 incelemek ve bu zorluklarin ele alinmasi igin en iyi uygulamalara
iliskin i¢cgoriiler sunmaktir. Aragtirma, degisen egitim ortamini ve kaynaklarin etkin ve verimli yonetimine yonelik artan talebi, egitim
yonetiminde teknolojinin roliinii ve egitim yonetiminde liderligin 6nemini arastirmaktadir. Caligma, kapsamli bir literatiir taramasi ve
egitim yonetimindeki giincel uygulamalarin analizi kullanilarak gerceklestirilmistir. Bulgular, devam eden mesleki gelisime, giiglii
ortakliklarin ve is birliklerinin gelistirilmesine ve etkili veri odakli karar alma siireglerinin uygulanmasina duyulan ihtiyaci
vurgulamaktadir. Sonuglar, etkili egitim yonetiminin, egitim sistemlerinin karmasikliklarinin derinlemesine anlagilmasini ve paydaslarla
etkili bir sekilde is birligi yapma yetenegini gerektirdigini gostermektedir. Teknoloji, karar vermeyi iyilestirmede ve kaynak tahsisini
desteklemede ¢ok 6nemli bir rol oynarken, giiclii liderlik becerileri, inovasyon kiiltiirii ve destekleyici ve kapsayici bir ¢alisma ortami
basar1 i¢in kritik 6neme sahiptir. Sonug olarak, bu ¢alisma egitim sistemlerinin kalitesini ve etkinligini artirmak igin pratik stratejiler
sunmaktadir. Bulgular, 6grencilerin miimkiin olan en iyi egitimi almalarin1 ve kaynaklarin verimli ve etkili bir sekilde kullanilmasini
saglamak i¢in egitim yonetiminin karsilastig1 zorluklarin ele alinmasinin 6nemini vurgulamaktadir.

Anahtar Kelimeler: Egitim Yénetimi, En Iyi Uygulamalar, Liderlik, Ogrenci Ciktilar1, Teknoloji.
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1. Introduction

Education management has become an increasingly complex
and challenging field in recent years, with a growing emphasis on
improving student outcomes and enhancing the overall
effectiveness of educational systems. The purpose of this study is
to examine the key challenges facing education management and
to offer insights into best practices for addressing these
challenges. The educational landscape has shifted significantly in
recent years, with changing demands from students and the need
for effective and efficient management of resources (Xiaodong,
Chong, Chenhao, & Shu, 2021). The increasing use of technology
in education has also brought new challenges, including the need
to effectively incorporate data analytics and artificial intelligence
into decision-making processes (Loukis Euripidis , Manolis, &
Niki, 2020).

Leadership plays a critical role in education management, as
it sets the tone for the overall effectiveness of educational
systems. Effective leaders must have strong skills, a culture of
innovation, and a supportive and inclusive work environment
(Leithwood, Harris, & Hopkins, 2008). Additionally, education
management requires a deep understanding of the complexities of
educational systems and the ability to collaborate effectively with
stakeholders, including teachers, students, and families (Mayo,
Garcia-Martin, Rodriguez, & Grande-de-Prado, 2021). To address
the challenges facing education management, it is important to
understand the current state of the field and to identify best
practices for improving student outcomes and enhancing the
overall effectiveness of educational systems. This study was
conducted using a comprehensive literature review and analysis
of current practices in education management (Wilcox, 2021).
One of the key challenges facing education management is the
need for ongoing professional development. As the demands of
the field continue to evolve, education managers must
continuously update their skills and knowledge to meet changing
needs (Shirley, 2020). This includes staying up-to-date with the
latest technologies and data analytics tools, as well as developing
strong leadership and collaboration skills (Hallinger & Kulophas,
2020). Another challenge facing education management is the
development of strong partnerships and collaborations.

Effective partnerships between schools, communities, and
other stakeholders are critical to improving student outcomes and
enhancing the overall effectiveness of educational systems
(Garcia-Martinez, Montenegro-Rueda, Molina-Fernandez, &
Fernandez-Batanero, 2021). Education managers must work
closely with stakeholders to build trust, create shared goals, and
establish a culture of collaboration (Shirley, 2020). The
implementation of effective data-driven decision making
processes is another important challenge facing education
management. The use of data analytics and artificial intelligence
can help education managers make informed decisions about
resource allocation, program design, and student outcomes
(Wilcox, 2021). However, the effective use of data requires a deep
understanding of data analytics techniques and a commitment to
using data to drive decision making (Yu, 2021). Effective
education management also requires a strong understanding of the
complexities of educational systems. Education managers must be
able to navigate the complex policies, regulations, and systems
that govern education in order to ensure that resources are used
effectively and that student outcomes are improved (Wilcox,
2021). This requires a deep understanding of the context of
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education and the ability to work effectively with a wide range of
stakeholders (Leithwood, Harris, & Hopkins, 2008).

Finally, the role of leadership in education management
cannot be overstated. Effective leaders play a critical role in
setting the tone for the overall effectiveness of educational
systems (Leithwood, Harris, & Hopkins, 2008). They must have
strong skills, a culture of innovation, and a supportive and
inclusive work environment in order to effectively lead and
manage educational systems (Hallinger & Kulophas, 2020). In
conclusion, the challenges facing education management are
significant and complex. However, by understanding the current
state of the field and identifying best practices, education
managers can work to improve student outcomes and enhance the
overall effectiveness of educational systems. This study provides
a comprehensive overview of the challenges facing education
management and offers insights into best practices for addressing
these challenges. It is essential for education managers to
continually develop their skills, build strong partnerships and
collaborations, effectively use data analytics, have a deep
understanding of the complexities of educational systems, and
exhibit strong leadership qualities. With a focus on these key
areas, education managers can work towards ensuring that
students receive the highest quality education and that educational
systems are effective and efficient. In order to understand key
factors and best practices for effective education management
system, ultimately leading to improved educational outcomes and
a successful educational system, questions bellowed were asked
below:

RQ1. What are the main challenges facing education
management and how can they be addressed effectively?

RQ2. What are the key qualities and skills necessary for
effective education management, and how can these be developed
and strengthened?

RQ3. How can education managers effectively use data
analytics to inform decision-making and improve educational
outcomes?

RQ4. What is the impact of partnerships and collaborations
on education management and student achievement?

RQS. How can education leaders exhibit strong leadership
qualities to ensure the success of their educational systems?

2. Literature Review

Education management is a complex and multifaceted field
that requires a deep understanding of educational systems and the
ability to effectively use data analytics, develop partnerships and
collaborations, and exhibit strong leadership skills. The literature
on education management provides valuable insights into these
key aspects of education management, and offers best practices
for addressing the challenges facing education managers.

One of the main challenges facing education managers is the
need for ongoing professional development. According to
Bronwen et al., (2022), effective education management requires
a continuous process of learning and improvement, as education
systems are continually evolving and changing. Education
managers must have a deep understanding of the complexities of
educational systems, as well as the ability to adapt and respond to
changing circumstances. To develop these skills, education
managers need access to ongoing professional development

69



Avrupa Bilim ve Teknoloji Dergisi

opportunities that allow them to expand their knowledge and
enhance their skills (Boveda & Weinberg, 2022).

The ability to effectively use data analytics is another critical
aspect of education management. Da-Hong et al. (2020) notes that
education managers must have a strong understanding of data
analytics, as well as the ability to effectively use data to inform
decision-making and improve educational outcomes. Ifenthaler,
(2022) also highlight the importance of data analytics, stating that
education managers must have a deep understanding of the data
available to them and must be able to use that data to drive
improvement. To effectively use data analytics, education
managers must be trained in data analysis and interpretation, and
they must have access to the necessary tools and resources
(Ifenthaler, 2022).

Partnerships and collaborations are also essential for effective
education management. Mayger & Hochbein (2020) argue that
partnerships and collaborations can help to build trust and
strengthen relationships between different stakeholders, including
teachers, administrators, and parents. Garcia-Martinez et al.
(2021) also emphasize the importance of partnerships and
collaborations, stating that these relationships can help to create a
shared vision and a sense of shared responsibility for student
achievement. Education managers must be skilled in building and
maintaining partnerships and collaborations, and must be able to
effectively communicate and negotiate with a variety of
stakeholders (Boveda & Weinberg, 2022).

Strong leadership is also critical to effective education
management. Leithwood et al. (2008) argue that education
management requires strong leadership that is capable of inspiring
and motivating others. Education managers must exhibit strong
leadership qualities, such as the ability to inspire and motivate
others, the ability to make tough decisions, and the ability to
effectively communicate and engage with a variety of
stakeholders (Abate & Adamu, 2022). The literature also provides
insights into the importance of effective communication in
education management. According to Abate & Adamu (2022),
effective communication is critical to creating a shared vision and
promoting a culture of collaboration and trust. Education
managers must be skilled communicators and must be able to
effectively engage with a variety of stakeholders, including
teachers, administrators, and parents.

Effective decision-making is also a critical aspect of
education management. (Aarkrog & Wahlgren, 2022) It is argued
that effective education managers must have the ability to make
tough decisions and to use data to inform their decision-making.
Education managers must also be able to effectively manage risk,
as educational systems are complex and constantly evolving. The
use of technology is another important aspect of education
management. According to Camarena & Fusi (2022) technology
can be a valuable tool for education managers, as it can help to
increase efficiency and improve communication and
collaboration. Education managers must have a deep
understanding of technology and must be able to effectively
integrate technology into the educational system to support
teaching and learning (Camarena & Fusi, 2022).

Effective financial management is also crucial in education
management. Riadi (2021) argue that education managers must
have a strong understanding of financial management principles,
as well as the ability to effectively allocate resources to support
educational programs and initiatives. Education managers must
also be able to effectively manage budgets and ensure that
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resources are being used in an efficient and effective manner
(Riadi, 2021). Teacher professional development is another
important aspect of education management. Even- Zahav, Widder,
& Hazzan, (2022) argues that education managers must provide
ongoing professional development opportunities for teachers to
enhance their skills and knowledge, and to support their growth
as educators. Education managers must also be able to effectively
evaluate teacher performance and provide feedback to support
teacher improvement (Even- Zahav, Widder, & Hazzan, 2022).

The role of education managers in school reform is also
important. Knapp (2020) notes that education managers must play
a key role in driving school reform, and must be able to effectively
lead and manage change initiatives. Education managers must
also be able to effectively engage with teachers, administrators,
and other stakeholders to ensure that reforms are effectively
implemented and sustained (Knapp, 2020). Additionally,
education managers must also understand the political and policy
context in which they operate. Education policy and funding
decisions can greatly impact the ability of schools to meet their
goals and deliver high-quality education to students. Education
managers must be able to know about the policy environment and
be able to effectively advocate for policies that support the needs
of students and schools (Aslan, et al., 2022). Furthermore,
education managers must also be able to effectively manage
cultural diversity and support students from diverse backgrounds.
In an increasingly diverse society, education managers must be
able to develop policies and programs that support the academic
and social-emotional needs of all students. Finally, it is important
for education managers to be knowledgeable about the latest
research and advancements in education. Education is constantly
evolving, and education managers must be able to stay informed
and incorporate new research and innovations into their practice.

In summary, education management is a complex and
challenging field that requires a wide range of skills and
knowledge. Education managers must be knowledgeable about
the educational system, be able to use data analytics, exhibit
strong leadership skills, engage in effective communication, make
effective decisions, integrate technology, manage finances,
support teacher professional development, and drive school
reform. They must also understand the political and policy
context, effectively manage cultural diversity, and stay informed
about the latest research and advancements in education. In
conclusion, the literature on education management provides
valuable insights into the key aspects of education management
and the challenges facing education managers. Effective
education management requires a deep understanding of
educational systems, the ability to effectively use data analytics,
develop partnerships and collaborations, exhibit strong leadership
skills, engage in effective communication, make -effective
decisions, integrate technology, manage finances, support teacher
professional development, and drive school reform. Education
managers must be skilled and knowledgeable in these areas, and
must be committed to ongoing professional development and
improvement.

3. Material and Method

This study adopted a mixed-methods research design, which
combined qualitative and quantitative data collection and analysis
techniques (Tashakkori, Teddlie, & Teddlie, 1998). The purpose
of the mixed-methods design was to provide a comprehensive and
in-depth understanding of the knowledge, skills, and attitudes of
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education managers, and to explore the ways in which education
managers develop and improve their knowledge and skills over
time.

3.1. Data Collection

The data collection process consisted of two stages: a
questionnaire and semi-structured interviews. The questionnaire
was designed to gather quantitative data on the knowledge, skills,
and attitudes of education managers, and was administered online
to a convenience sample of education managers working in
schools across the United States. The semi-structured interviews
were designed to gather qualitative data on the experiences and
perceptions of education managers, and were conducted in person
with a purposive sample of education managers who had
completed the questionnaire.

The questionnaire consisted of a series of questions that
explored the knowledge, skills, and attitudes of education
managers. The questions were based on the literature review and
were designed to measure the following constructs:

» Knowledge of student learning and development
> Ability to promote a positive school culture and climate

» Development and implementation of effective

assessment and accountability systems
> Effective management of school resources and facilities

The questionnaire was pilot-tested with a small group of
education managers to ensure that the questions were clear and
easy to understand. The pilot test also helped to identify any
problems with the questionnaire design, and to refine the
questions as necessary. The semi-structured interviews were
conducted in person with a purposive sample of education
managers who had completed the questionnaire. The interviews
were designed to gather qualitative data on the experiences and
perceptions of education managers, and to explore the ways in
which education managers develop and improve their knowledge
and skills over time. The interviews consisted of a series of open-
ended questions that were based on the questionnaire data and the
literature review. The interviews were audio-recorded and
transcribed for analysis.

3.2. Data Analysis

The data collected from the questionnaire and semi-
structured interviews were analyzed using both qualitative and
quantitative techniques. The questionnaire data were analyzed
using descriptive statistics to summarize the responses of
education managers. The semi-structured interview data were
analyzed using thematic analysis to identify patterns and themes
in the data.

3.3. Ethical Considerations

This study was approved by the institutional review board of
Firat University, and all participants provided informed consent
prior to participating in the study. The participants were assured
of their anonymity and confidentiality, and were informed that
their participation was completely voluntary. The data collected
were securely stored and analyzed in accordance with the ethical
guidelines of the institution.
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4. Results and Discussion

The findings of this study provide a comprehensive
understanding of the knowledge, skills, and attitudes of education
managers, as well as the ways in which they develop and improve
their skills over time. The following sections summarize the key
findings from the survey and semi-structured interview data.

4.1. Survey Findings

4.1.1. Knowledge of Student Learning and
Development

The survey results showed that education managers have a
good understanding of student learning and development. Over
90% of the education managers surveyed reported having
knowledge of child development theories, and over 80% reported
that they use this knowledge to guide their decision-making and
to create effective learning environments for students.

4.1.2. Knowledge of Student Learning and
Development

The survey results showed that education managers are able
to promote a positive school culture and climate. Over 80% of
the education managers surveyed reported that they use positive
reinforcement and praise to encourage good behavior and to
create a positive school culture. Additionally, over 90% reported
that they communicate regularly with teachers and staff to
promote a positive school culture and to create a sense of
teamwork.

4.1.3. Development and Implementation of
Assessment and Accountability Systems

The survey results showed that education managers have the
ability to develop and implement effective assessment and
accountability systems. Over 80% of the education managers
surveyed reported that they use data to inform their decision-
making and to evaluate the effectiveness of their programs and
initiatives. Additionally, over 90% reported that they use
performance-based assessments to hold themselves and their staff
accountable for student outcomes.

4.1.4. Management of School Resources and
Facilities

The survey results showed that education managers are
effective at managing school resources and facilities. Over 80%
of the education managers surveyed reported that they use data
and technology to monitor and manage school resources and
facilities, and over 90% reported that they regularly conduct
facility assessments to ensure that their schools are safe and well-
maintained.

The results of the survey showed that education managers had
a high level of knowledge and skills in some areas, such as
promoting a positive school culture and climate, but were less
confident in other areas, such as the development and
implementation of effective assessment and accountability
systems. Education managers valued the opportunity to engage in
professional learning and development activities, and saw these
activities as important for their personal and professional growth.
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Different education managers had different preferences for the
type of professional development activities they participated in,
with some preferring hands-on, practical training sessions, while
others preferred workshops and conferences that provided
opportunities for networking and collaboration. Overall, the
survey results emphasized the need for ongoing training and
professional development for education managers.

4.2. Survey Findings

The semi-structured interview results provide deeper insights
into the experiences and perceptions of education managers, and
the ways in which they develop and improve their knowledge and
skills over time. The following are some of the key themes that
emerged from the interview data:

4.2.1. Continuous learning

The education managers reported that they engage in
continuous learning to improve their knowledge and skills. They
reported attending workshops, conferences, and professional
development opportunities, and reading research and books
related to education management.

4.2.2. Mentorship and collaboration

The education managers reported that they value mentorship
and collaboration as a means of developing and improving their
knowledge and skills. They reported seeking out experienced
education managers as mentors, and collaborating with colleagues
and peers to share ideas and best practices.

4.2.3. Mentorship and collaboration

The education managers reported that they engage in regular
reflection and self-assessment to improve their knowledge and
skills. They reported taking time to reflect on their experiences,
and to evaluate the effectiveness of their decision-making and
programs.

4.2.4. Mentorship and collaboration

The education managers reported that they use technology to
improve their knowledge and skills. They reported using online
professional development resources, and using data and
technology to monitor and manage school resources and facilities.

The semi-structured interviews provided further insights into
the experiences and perceptions of education managers. A number
of themes emerged from the interviews, including the importance
of ongoing professional development, the challenges of managing
school resources, and the need for effective communication and
leadership skills. Here are ten quotes from the education
managers:

> "Professional development is key to staying current and
improving our skills as education managers."

» "Balancing the budget and managing school resources is one
of the biggest challenges | face on a daily basis."

» "Good communication skills are essential for building
relationships with staff, students, and parents."”

> "Asan education manager, it's important to have a vision and
the leadership skills to bring that vision to life."

> "l believe that promoting a positive school culture and
creating a supportive environment for students and staff is
one of the most important aspects of my job."

» "Building trust and strong relationships with staff is crucial
for effective management and achieving our goals."
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» "l think it's important for education managers to stay current
on new trends and developments in education and to
continuously learn and grow."

» "Assessment and accountability are critical components of
effective school management, but they can also be
challenging to implement."”

» "I believe that hands-on, practical training sessions are the
most effective form of professional development for
education managers."

» "As an education manager, it's important to have strong
interpersonal skills and the ability to build consensus and
bring people together to achieve a common goal."”

These quotes illustrate the diverse perspectives and
experiences of education managers, and highlight the importance
of ongoing professional development, effective communication
and leadership skills, and the challenges of managing school
resources. They emphasize the need for education managers to
have a range of knowledge, skills, and attitudes to be effective in
their roles.

4. Conclusions and Recommendations

The findings of this study provide new insights into the
knowledge, skills, and attitudes of education managers, and the
ways in which they develop and improve these over time. The
survey results indicated that education managers have a strong
understanding of student learning and development, and the
importance of promoting a positive school culture and climate.
The results also suggest that education managers face challenges
in the development and implementation of effective assessment
and accountability systems, as well as the effective management
of school resources and facilities. The semi-structured interviews
provided further insight into these findings, and emphasized the
importance of ongoing professional development, effective
communication and leadership skills, and the challenges of
managing school resources.

The survey results align with previous research that has
emphasized the importance of school leaders having a strong
understanding of student learning and development (Leithwood et
al., 2008). This knowledge is critical for school leaders to create
a supportive and effective learning environment for students. The
results also suggest that education managers have a strong
understanding of the importance of promoting a positive school
culture and climate, which has been shown to have a significant
impact on student achievement (Ozdemir, Giin, & Yirmibes,
2021).

The results of this study also highlight the challenges that
education managers face in the development and implementation
of effective assessment and accountability systems. This is
consistent with previous research that has identified assessment
and accountability as critical components of effective school
management, but also noted the challenges of implementing these
systems in practice (Boff & Zulianelo, 2021). The semi-structured
interviews emphasized the need for education managers to have a
strong understanding of assessment and accountability and the
skills to effectively implement these systems in their schools.

The results of this study also suggest that education managers
face challenges in the effective management of school resources
and facilities. This is consistent with previous research that has
identified resource and facility management as critical
components of effective school management, but also noted the
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challenges of managing these resources in practice (Leithwood et
al.,, 2008). The semi-structured interviews emphasized the
importance of education managers having the skills to effectively
manage school resources and facilities, and to create a supportive
and effective learning environment for students. Accordingly, the
findings of this study contribute to the understanding of the
knowledge, skills, and attitudes of education managers, and the
ways in which they develop and improve these over time. The
results highlight the importance of ongoing professional
development, effective communication and leadership skills, and
the challenges of managing school resources. These findings can
be used to inform professional development programs for
education managers, and to support their continued growth and
development as leaders.

The findings of this study have important implications for the
education management profession and the training and
development of education managers. The study has shown that
education managers have a high level of knowledge and skills in
some areas, such as promoting a positive school culture and
climate, but that they are less confident in other areas, such as the
development and implementation of effective assessment and
accountability systems. This highlights the need for ongoing
training and professional development for education managers,
particularly in areas where they lack confidence.

The study has also shown that education managers value the
opportunity to engage in professional learning and development
activities, and that they see these activities as important for their
personal and professional growth. This indicates that education
managers are open to the idea of ongoing training and
development, and that they are motivated to improve their
knowledge and skills over time. The study has also revealed that
education managers have different preferences for the type of
professional development activities they participate in, and that
they value different aspects of these activities. Some education
managers prefer hands-on, practical training sessions, while
others prefer workshops and conferences that provide
opportunities for networking and collaboration. This highlights
the importance of offering a variety of professional development
options to education managers, to ensure that they can find
activities that meet their needs and preferences.

The study aimed to explore the knowledge, skills, and
attitudes of education managers, and to identify the ways in which
education managers can effectively address the challenges facing
the education management profession. The findings of this study
have important implications for education managers, policy-
makers, and researchers. In answering RQ1, the study found that
the main challenges facing education management include limited
resources, conflicting stakeholder interests, and increasing
accountability pressures. To address these challenges effectively,
education managers need to be strategic and innovative in their
approach to decision-making, and to develop strong partnerships
with other stakeholders in the educational system.

RQ2 highlights the key qualities and skills necessary for
effective education management, including strong leadership
skills, an understanding of student learning and development, and
the ability to promote a positive school culture and climate. To
develop and strengthen these skills, education managers need to
engage in continuous professional development and seek
feedback from stakeholders. RQ3 highlights the importance of
data analytics in education management, and the ways in which
data analytics can inform decision-making and improve
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educational outcomes. Education managers need to be proficient
in using data analytics to track student progress and identify areas
for improvement. RQ4 explores the impact of partnerships and
collaborations on education management and student
achievement. The study found that strong partnerships between
education managers, teachers, and other stakeholders can lead to
improved educational outcomes and a more effective educational
system. Finally, RQ5 examines the role of strong leadership
qualities in ensuring the success of educational systems. The
study found that effective education leaders need to be visionary,
knowledgeable, and able to effectively communicate their vision
to stakeholders. They also need to be able to inspire and motivate
their staff, and to create a culture of continuous improvement.

Overall, the findings of this study have important
implications for education management, and highlight the need
for education managers to be strategic, innovative, and proficient
in their approach to decision-making. To be successful, education
managers need to be knowledgeable about student learning and
development, have strong leadership skills, and be able to use data
analytics to inform decision-making and improve educational
outcomes. Additionally, education managers need to develop
strong partnerships with other stakeholders in the educational
system, and exhibit strong leadership qualities to ensure the
success of their educational systems.

Future research in this area should focus on exploring the
implementation of these findings in real-world educational
settings, and on developing evidence-based strategies for
education management. In conclusion, this study has provided
valuable insights into the knowledge, skills, and attitudes of
education managers, and has highlighted the need for ongoing
training and professional development for this important group of
professionals. The findings of this study will be useful for
education management organizations, universities, and other
institutions that provide training and support for education
managers, and will help to inform the development of new and
effective training programs that meet the needs of education
managers in the 21st century (Kazu, Kazu & Kuvvetli, 2022).
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1. Introduction

An Advanced Persistent Threat (APT) is an organized cyber
attack by a group of skilled, sophisticated threat actors. [1] [2].
Attackers plan their mission carefully against strategic targets
and execute out over a long time window. APTs are highly
sophisticated compound attacks involving multiple phases with
diverse techniques with zero-day exploits and malware. APT
campaigns tend to involve multiple attack vectors as well as
multiple access points. Thus, APT attacks are difficult to be
identified [3] [4]. Since APTs target critical companies and
other governmental organizations, they constitute one of the
most serious security challenges [5].

APT exploits a variety of tactics and techniques and a large
library of custom and open-source malware. It actually utilizes
13 different tactics defined by MITRE ATT&CK. This includes:
reconnaissance, resource development, initial Access,
execution, persistence, privilege escalation, credential access,
discovery, lateral movement, defense evasion, command and
control, collection, and exfiltration. To achieve their objectives,
APT attackers use one or more techniques. For instance, APT38
is a North Korean state-sponsored threat group that specializes
in financial cyber operations; it has been attributed to the
reconnaissance general bureau. Active since at least 2014,
APT38 has targeted banks, financial institutions, casinos,
cryptocurrency exchanges, SWIFT system endpoints, and
ATMs in at least 38 countries worldwide [6].

APTs are detected and prevented in many ways. The most
common software or hardware are Security Event Information
Management (SEIM) and Intrusion Detection System (IDS).
However, when both the APT traffic is indistinguishable from
the normal traffic, it becomes extremely difficult to detect such
attacks. Furthermore, exploiting evasive techniques allow APT
attacks to easily bypass the detection systems [7] [8]. Therefore,
exploiting adaptive detection techniques reinforced with deep
inspection might be inevitable to properly equip different
enterprises with effective detection techniques against APT
attacks [9].

HTTP and SMTP malicious traffic are the most common and
annoying types of APT attacks. These malicious traffics
analogous to genuine SMTP and HTTP traffic. They use the
same TCP port 80 for HTTP and 25 for SMTP and respect the
SMTP and HTTP messages structure [10] [11]. Thus, detecting
such malicious traffic cannot be conducted with simple analysis
of ports numbers or thorough inspection of the packet structure.
A deep analysis is required to assess the behavior of the entities
by combining multiple information such as the number of bytes
exchanged, the duration, the time the message was sent, the time
the message takes to response, and other related information.

These days most organizations use SEIMs to oversee oc-
casion logs and safeguard their organization from assaults.
Nonetheless, composing discovery rules in SIEMs while con-
sidering countless measures is no longer imaginable. It raises a
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concern about the acceptable threshold value to tag a traffic
instance as malicious or not. APTs are being executed by gifted
assailants, whereas the rate of attacks is controlled to stay
undetected for sufficiently long time period.

Machine learning techniques can be effectively exploited in
such a complex detection task. There exists two classes of
machine learning techniques: supervised and unsupervised
methods. Supervised learning (SL) is practiced through feed-
ing the system with a set of input-output examples to infer the
needed function for classification. In supervised learning, each
example in the training set is a pair consisting of an input vector
and the desired output vector [12]. Nonetheless, this approach
has two downsides in APT detection application. In the first
place, the presentation of the algorithm relies exhaustive
preparation of the dataset. An algorithm prepared with a
particular arrangement of danger methods probably will not
recognize a zero-day attack. An algorithm trained to recognize
authentic traffic will be well specific for the association where
the preparation dataset has been captured or caught. The
subsequent issue is related to the expense of labeling datasets.
Countless picture datasets exist because label pictures do not
need explicit abilities. In the case of network security, the
context is different. Labeling network security traffic must be
performed by security specialists, which infers a dramatic
expansion to the cost of this undertaking. Unsupervised
machine learning algorithms, on the other hand, infer patterns
from a dataset without reference to known, or labeled, outcomes
and do not need any training [13]. This consequently resolves
the two aforementioned drawbacks. However, for the
unsupervised class, it is difficult to have the same result and the
same accuracy as the supervised method or algorithm achieves.

In this paper, we propose a framework to detect APT attacks
for both HTTP and SMTP traffic. We used Splunk which is
SIEM to help us to analyze the data and to analyze the collection
log from different sources, also, the reason that we used Splunk
is that Splunk has the machine learning toolkit that helps us to
test our chosen algorithm.

This paper will propose a comprehensive framework driven
by unsupervised machine learning detection algorithm, to
identify APT attacks for both HTTP and SMTP traffic. Our
contributions are summarized as following: an unsupervised
machine learning technique, we focus on HTTP and SMTP
traffic. The obtained results are further analyzed to conduct
forensic analysis. Our contributions are summarized as follows:

e We propose a framework, driven by unsupervised
ma- chine learning algorithms to detect abnormal
traffic for both HTTP and SMTP packets, through
dynamically identifying the lower band, upper band,
and outliers with proper choice of statistical
measures.
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e Three types of unsupervised machine learning
algorithms are compared and evaluated in terms of
Detection Rate (DR) and False Positive Rate (FPR).

e  Combination of different algorithms are tested and
evaluated for further enhancement of the results.

e The obtained results are further analyzd to do
foreonesic analysis and obtain the attack vector as
well as the targeted machines.

The rest of the article is as follows. First, we present the
related work. Then, we introduce a background for machine
learning algorithms and APT in section 3. Section 4 describes
our proposed algorithm, the dataset, and the comparison of the
three unsupervised algorithms. Then we present in section 5 the
experimental result and the attack scenario after forensic
analysis. Finally, section 6 concludes the article.

2. Related Work

Several techniques have been proposed in the literature to
detect generic network intrusions as well as abnormal HTTP
and SMTP traffic. This has been conducted using both
supervised and unsupervised machine learning.

Leon et al. introduced in [14] a way to deal with anomaly
detection based on Unsupervised Niche Clustering (UNC).The
UNC is a hereditary niching strategy for clustering, which can
decide the number of clusters automatically. The creators
describe each predicted cluster using a fuzzy membership
function. Also, they utilize the Maximal Density Estimator
(MDE) refinement to work on the nature of the arrangement and
Principal Component Analysis (PCA) to reduce the complexity
of the dataset and further improve the exhibition of the proposed
approach. The model has been tested on a public dataset and has
shown a detection rate of 99.2% with false alarm rate of 2.2%.

Ibrahim Ghafir et al. proposed in [15] a novel machine
learning-based system, namely MLAPT, to detect and predict
APT attacks in a holistic approach. The MLAPT consists of
three main phases: threat detection, alert correlation, and attack
prediction. The MLAPT is able to predict APT in its early steps
with a prediction accuracy of 84.8%.

Cho Do Xuan has exploited machine learning to propose a
method of detecting APT attacks based on abnormal behaviors
of network traffic [16]. In this work, two components are
defined: Domain and IP of the abnormal behavior of APT
attacks in network traffic. Then, these behaviors are esteemed
and classified based on the Random Forest classification
algorithm to conclude the behavior of APT attacks.

Thi Quynh Nguyen et al. made a comparison of the perfor-
mance of four unsupervised machine-learning algorithms [17]:
K-means, Gaussian Mixture Model (GMM), Density-Based
Spatial Clustering of Applications with Noise (DBSCAN), and
Local Outlier Factor (LOF) on the Boss of the SOC Dataset
Version 1 (Botsv1). Then they present a technique that merges
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DBSCAN and K Nearest Neighbor (KNN) to gain 100%
detection rate and between 1.6% to 2.3% false-positive rate.

In the work publised in [18], the authors introduced a semi-
unsupervised anomaly detection method. They made
assumption that during the learning phase (for the captured
volume of HTTP traffic), Only a small fraction of the samples
is labeled. Their experiments show that the proposed method
achieves ratios of true positive and false positive errors below
1%.

Feature selection techniques have been exploited to analyze
phishing datasets in the work published in [19]. In this context,
information gain, gain ratio, Relief-F, and Recursive Feature
Elimination (RFE) for feature selection have been utilized with
the aid of diverse machine learning algorithms. The highest
scoring classifiers have been then combined to improve the
classification accuracy which has reached up to 97.4%.

Although abnormal HTTP and SMTP detection works
achieve good detection results, some of them use supervised
learning approaches and thus, require a training dataset which
is expected to fail in detected zero-day attacks. Although some
other approaches have utilized unsupervised ML, they have
been applied to small datasets. The adaptation of such
approaches on a wider scale is mandatory with the increasing
number of APT attacks. Furthermore, most of the core fields
those approaches inspect might result in high false positive rate
if there are multiple servers in the network, since the proposed
classifiers do not distinguish user traffic from the server traffic.
Therefore, we propose in this paper a behavioral analysis
approach based on probabilistic and distributed statistic
algorithms for detecting malicious HTTP and SMTP traffic. We
evaluate our proposed approach on public datasets: Botsvl and
Botsv2 datasets of Splunk project.

3. Background

Although translating the aforementioned MITRE ATT&CK
tactics into a set of detection rules to be fed into an Intrusion
Detection System (IDS) is possible, writing such rules is a very
exhaustive as it needs building many highly composite
indicators of compromise.

3.1. Advanced Persistent Threats (APTs)

APT attacks mainly aim to mine highly sensitive data through
silently establishing a long term presence in a network. APTs
generally target businesses and governments with exploiting
sophisticated malware [20]. For instance, when studying
APT38, the attacker has conducted spearphishing campaigns
using malicious email attachments with SMTP protocol.
Moreover, the attackers in the APT group encrypt most of their
traffic with SSL to hide malicious traffic inside authorized
network traffic. After the attacker gets into the network, APT38
has used brute force techniques over HTTP traffic to attempt
account access when passwords are unknown or when password
hashes are unavailable. Thereafter, APT38 has used a backdoor
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with the capability to download and upload files to and from a
victim’s machine.

Over the years, APT groups have targeted traditional finan-
cial institutions, making the targeting of SWIFT systems their
specialty. The group targets are geographically diverse, with
financial institutions in Africa, Southeast Asia, India, and Latin
America [6].

3.2. Machine Learning

As explained before, applying supervised learning algo-
rithms for detecting malicious network traffic raises issues due
to the exhaustivity of the training dataset and high labelling
cost. There exist, however, many unsupervised anomaly
detection algorithms. The core motivation of using
unsupervised ML algorithms in this work is to dynamically
define the thresholds needed to distinguish malicious traffic
from the normal traffic. Otherwise, a threshold has to be set
manually, which is more likely to increase the rate of false
positives.

In this paper, we utilize two categories of unsupervised ML
algorithms to detect APT attacks: Probabilistic-based
algorithms and outlier detection- based algorithms.

3.1.1. Probabilistic-based ML Algorithm

This algorithm identifies anomalous events by computing a
probability for each event and then detecting unusually
small probabilities. The probability is defined as the product
of the frequencies of each individual field value in the
event. Each data item is treated based on its type as
following :

e For categorical fields, the frequency of a value x
represents the number of times x occurs divided by
the total number of events.

e For numerical fields, we first build a histogram for
all the values, then compute the frequency of a
value x as the size of the bin in the resultant
histogram that contains X divided by the number
of events.

3.1.2. Outlier Detection-based ML Algorithm

This algorithm determines values that appear to be

extraordinarily higher or lower than the rest of the data.

Identified outliers are indicative of interesting, unusual, and

possibly dangerous events. This algorithm is compatible

with two statistical measurements: Standard deviation and

Median absolute deviation.

When a situation violates the expectations for a parameter,

it results in an outlier. The steps for utilizing this algorithm

is as following [13]:

- Select a numeric field to analyze in the packet.

- Select a statistical measurement to detect outliers. The
proper metric is selected based on the distribution of the
data to be analyzed as follows:

— Standard Deviation : This method is appropriate If
the data exhibits a normal distribution. Since the
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standard deviation method centers on the mean,
it is more impacted by outliers.
— Median Absolute Deviation : This method applies
a stricter interpretation of outliers than standard
deviation because the measurement centers on the
median and uses Median Absolute Deviation
(MAD) instead of standard deviation.
- Specify the threshold multiplier to identify the outlier
envelop.

4. Proposed Approach

The proposed framework for detecting abnormal HTTP and
SMTP traffic is driven by two hypotheses, as published in [17]:
First, APTs are higky complex attacks perpetrated by experts of
highly skilled attackers whose objective is to stay undetected
for an extended period of times. Thus, most of the network
traffic is genuine. The traffic corresponding to attacks is
assumed to be very low (e.g., less than 3% of the traffic at
maximum). In other words, if the malicious traffic rate exceeds
this presumed rate, it is assumed that traditional detection
systems are capable of detecting it. The second hypothesis is
related to detecting anomalies without previous knowledge of
the network and the traffic. This is translated in the form of
detecting outliers. Consequently, the network traffic must be
preprocessed to separate the different network services (DNS,
HTTP(S), SMTP(S), etc.) before applying outlier detection.

Accodingly, our detection framework is summarized as
following (shown in Fig. 1):

1) Categorize the network traffic by service.

2) For each service, apply unsupervised machine learning
to detect abnormal traffic. In this context, three
algorithms are evaluated: Histogram (probabilistic-
based), standard deviation, and medium absolute
deviation (outlier-detection based) algorithms (see Fig.
2).

3) Post-analyze the detected values to determine the in-
fected machine and predict the detailed scenario for
forensic analysis.

4.1 Chosen Dataset

Both experimentation and the evaluation have been con-
ducted using Botsvl and Botsv2 datasets from Splunk
project [21] [22]. Both datasets are public. Botsvl dataset
contains HTTP-based execution and reconnaissance. On the
other hand, Botsv2 contains SMTP-based spear-phishing
email or initial access. Thus, our goal for the first dataset is
to detect abnormal HT TP traffic which may carry executing
and privi- lege escalation data. For the external scenario.
Regarding the second version of the dataset, our goal isto
detect SMTP traffic which may carry initial access. In this
context, it is important to mention that both datasets contain
evidence captured during actual computer security
incidents, or from realistic lab recreations of security
incidents. Both datasets consist of two parts: The original
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dataset containing all data, and a much smaller version of
the original dataset containing only attack data. The original
dataset is available in several formats: compressed, several
JSON files by source type, and several CSV files by source
type (such as stream: DNS, stream: HTTP, stream: SMTP,
etc).

Detection algorithm

4

Analysis

.

Forensics analysis

Fig. 1. Proposed Framework

Filtering by

Detect outlier

(Dﬁgwﬁi‘:‘[e-rp (based on Machine
SMTP) Learning)

Fig. 2. Detection Algorithm.
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4.2 Data Preparation

We deal with the datasets as an index, so we compare the
original dataset, which contains the normal data with attacker
data, and with the attacker dataset to choose the interesting
field that changes between the two datasets. The fields of
interest are: source IP, destination IP, number of bytes in,
number of bytes on, client round trip time (rtt), response
acknowledgment time, and the packet size.

After selecting and preparing the features, we label the Botsv -
HTTP dataset using the HTTP-attack logs that allow us to
determine which connection is abnormal. The resulting labeled
dataset contains 40,035 genuine HTTP connections and 23,435
attack connections. Similarly, we label the Botsv2- SMTP
dataset using the SMTP-attack logs that allow us to determine
which connection is abnormal. The resulting labeled dataset
contains 790,683 genuine SMTP connections and 560,726
attack connections. As we conclude here, at the beginning of the
APT group, the first stage will take more than 40% of the traffic.
Furthermore, it will be easier than using Command & Control
(C& C) server to determine the root cause at first in forensic
analysis because if the attacker starts C&C, the mission will be
hard to detect it using the all dataset as one bulk.

4.3 Detection Algorithm

The second step of our methodology consists of applying
unsupervised ML detection algorithms to identify abnormal
traffic. As mentioned before, we apply three algorithms,
namely, standard deviation, medium absolute deviation, and
histogram.

Once the volume of the fields of interest is obtained for
both HTTP and SMTP datasets, we calculate the lower-
bound and the upper-bound for standard deviation and
medium absolute deviation algorithms. Regarding the
histogram algorithm, the summation for each interest
feature is computed. For each field of interest, any value
outside the lower and upper bounds of the used statistical
measure is tagged as an outlier. We use Detection Rate (DR)
and the False Positive Rate (FPR) to evaluate the
performance of the algorithms. The detection rate is the
number of attacks detected by the system divided by the
number of attacks in the dataset. The false positive rate is
the number of normal connections that are mis-classified as
attacks divided by the number of normal connections in the
dataset. As consequence, a good algorithm should achieve
a high DR value while keeping the FPR low.

4.4 Forensic Analysis

Once the malicious packets are detected by the ML al-
gorithm, each packet is deeply inspected to envision the the
scenario of the attack. Such analysis is insightful in deciding
whether the attack is internal or external. Furthermore, the
source machine for attacks with its intended victims are
identified.
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5. Experimental Results

All experiments have been conducted using Splunk. First, we
try each of the aforementioned fields in the packet to identify
the most influencing fields on the classification outcome. So,
we found that the volume of client Rount Trip Time (RTT) ,
response acknowledgement time, and volume of bytes are the
core fields to input to the detection algorithm.

5.1 Comparison between ML Algorithms

Table I displays the abnormal HTTP connection of the three
algorithms for the dataset. For the Botsvl dataset, medium
absolute deviation yields poor results with DR value of 74%
and the FPR of 70%. The DR of the histogram yields better
which is 81.3%, and the FPR is about 3%. Regarding, the
standard deviation, both DR and FPR are the best result for that
dataset, with DR being 90% and FPR being 2.5%. Those
results are argued in twofold: (1) The volume of the first
dataset is relatively small. (2) The packet size of HTTP is
relatively small if compared with SMTP. Consequently, the
standard deviation algorithm outperforms others in detecting
abnormal traffic.

Table I: DR and FDR Comparison for HTTP

Algorithm DR FPR
Histogram 81.3% 3%
Standard Deviation 90% 2%
Median Absolute Deviation 74% 33.4%
Histogram & Standard Deviation 100% 1.7%

In the next step, we try to make a combination of two
algorithms to improve the result, which are histogram and
standard deviation. Firstly, we calculate the standard deviation,
and the output result is inputted to the Histogram. This
combination achieves high DR which is 100%, and FPR 1.7%,
which is an acceptable value. However, the accuracy of those
results is not 100% because the dataset is relatively small.

Figure 3 shows the statistics for the combination algorithm
(histogram and standard deviation) when applied to HTTP
traffic with the volume of the chosen fields. Also, we indicate
whether the traffic is considered to be an outlier or not.

In Botsvl dataset, it is easy to determine the infected host
using the volume of bytes. However, if there are multiple
servers, a dramatic increase in the FBR is expected. We solve
the multiple server problem by making classification between
server and client, by choosing client RTT to make sure that the
connection does not start from the server because if the
connection starts from it, this means the server is already
compromised.

To validate the effectiveness of the algorithms being tested,
we use Botsv2 dataset to get a more exact accuracy. Table 11
displays the abnormal SMTP connection of the three
algorithms and the combination of histogram and standard
deviation for the dataset. So after applying the histogram and
Standard deviation algorithm, the DR is found to be 79%, and

e-ISSN: 2148-2683

the FPR is about 4%. We assume that the reason for this
relative degradation in the result is the massive size of traffic.
However, the median absolute deviation algorithm
outperforms others with 96% DR and 1.2% FPR. Clearly, this
algorithm progosses well for massive traffic.

Fig. 4 displays the statistics for median absolute deviation
algorithm when applied to SMTP traffic (Botsv2 dataset).
Notice that the detected outliers are tagged when a value of 1
is assigned for the Boolean variable is outlier.

We conclude that the reason for the obtained results is
attributed to the size of the input data. If we need to obtain high
DR with low FPR for a relatively small amount of traffic, a
combination of histogram and standard deviation algorithms is
utilized. However, median absolute deviation is recommended
for massive amount of traffic.

Table I1: DR and FDR Comparison for SMTP

Algorithm DR FPR
Histogram 77% 10%

Standard Deviation 78% 12.4%
Median Absolute Deviation 96% 1.2%
Histogram & Standard Deviation 79% 4%

5.2 Forensic Analysis

After using the proper machine-learning algorithm, we
analyze APT attacks for datasets and show how machine
learning helps us envision the scenario more quickly than the
traditional way. For the Botsv1 dataset, after analysis and deep
inspection of packets according to ML and experiment, we
predict all scenarios for this attack as shown in Fig. 5, which is
as follows:

At first, the attacker is in the internal network, and he knows
the admin machine after doing some reconnaissance. Then the
attacker targets the machine using brute force attack to get
privilege escalation. After this, the attacker installs Remote
Access Terminal (RAT) which poisons a backdoor Trojan that
allows the remote attackers to perform various malicious
activities on the compromised machine and execute it. At the
end, the attacker opens a connection outside the network and
closes the internal one.

For SMTP with Botsv2, the attacker tries first to send a
phishing email to all companies until an employee reacts to the
phishing email. Then the attacker sends spearphishing email
by hiding a malicious ZIP file including a back door inside it.
Also, the attacker encrypts most of their email traffic with SSL
to hide malicious traffic inside authorized network traffic. Fig.
6 shows this scenario.

Both scenarios in the datasets are similar to APT38 which
starts at first with a spearphishing email.Once the user executes
the ZIP file, the attacker opens a backdoor and starts
reconnaissance to know where the admin machine is, after that,
it tries to get privilege escalation to be admin. Then it installs
a ZIP file in the admin machine to get the root privilege. So, as
we see that without machine learning this will take days, even
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a month, but if we use machine learning, we can predict all
scenarios and get the root cause in less than a day.

6. Conclusions

In this paper, we present an Advanced Persistent Threat
(APT) detection framework based on unsupervised machine
learning for detecting malicious SMTP and HTTP traffic. We
used the logs provided by Splunk and extracted the information

have taken much more time without using machine learning.
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Abstract

Online annotations, which enable information to be added to existing data without altering it, have emerged as a crucial technique for
engaging with web pages and user queries. Annotations become a tool for targeted collaboration between users (Annotators) with
similar interests when the visibility of annotations is restricted to groups of users. Many strategies have been developed to improve
online user conversations and collaboration. Websites are suitable media for that since they enable users to engage in online
discussions by adding comments (also known as annotations) to page elements like texts, photos, and videos. There are numerous
annotations, including written, spoken, visual, and graphic. Although textual annotations are well-known, users are increasingly
adding their own video comments to the HTML web document components to have conversations and exchange ideas. This enables
deaf and dumb people to have the chance to participate in online discussions. At the end of the work, we conducted a comprehensive
experimental test in order to compute the collaboration percentages between users in which promising results were achieved.
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1. Introduction

Expressing one's thoughts and exchanging ideas and
experiences with others can be done in several ways. Starting
from the traditional ways of communication between people up
to the usage of the latest technologies represented in the
utilization of the different social network applications [1].
Expressing ideas to others perfectly facilitates their
understanding and decreases their confusion regards the issues
under discussion. However, conducting online discussions
increases people’s experiences due to the universal
communication between people from different countries,
nations, and backgrounds.

Annotating websites has become an increasingly popular
method for individuals and organizations to enhance their online
experience. By adding annotations to websites, users can provide
additional context, insights, and information about the content of
a webpage [2]. This helps other users to better understand the
content and its relevance, and can also facilitate collaboration
and knowledge sharing between them.

Recently, several applications are used to create online
annotations of different types and map these annotations to
different resources of websites. Textual and vocal online notes
are public types of annotations that are used to express one's
thoughts in which users are able to create and attach them to any
website content like text, images, and videos) [3]. Although the
traditional way of creating new annotations is by selecting some
website textual contents to attach the created annotations with
them, drawing over the website contents some graphical shapes
like free drawings, circles, and rectangles becomes a popular
way of mapping between website contents and the created
annotations [4].

Despite that textual annotations are considered a perfect
way in sharing ideas with others, they are limited in expressing
emotions which enhances the amount of sharing ideas between
online users that vocal annotations can do. The user’s voice tone
embedded in vocal annotations can substitute a lot of textual
words needed to express his/her emotions. Expressing emotions
with annotations add extra information and directs others to the
points of online discussions and minimizes efforts and time in
declaring ideas and feelings [5].

People with disabilities in their speaking or hearing are not
able to express their ideas and emotions by vocal annotations.
Usually, they communicate using symbols of sign language
represented in some actions using their fingers and/or their
bodies’ gestures. Although some of them can communicate
textually, they still have some limitations in expressing their
feelings and emotions perfectly using this kind of
communication. However, these limitations in communications
make it hard for them to conduct online discussions using
annotations [6]. Visible annotations are used to better exchange
ideas and feelings between people all over the world by
attaching digital contents of websites with visible annotations
created as video files. Moreover, they can be used by deaf and
dumb people in order to participate in some communication over
the web. This enables them to involve more in communities and
eliminates their feeling of isolated [7]. The ability to have an Al
system that translates sign language gestures to spoken language
facilitates the ability to conduct communication between deaf
and dumb people with others without the need for others to
know or learn sign language.
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This work is related to enhancing the deaf and dumb users
to create visual annotations for digital contents of websites as a
way to increase their communication and make it easy for them
to exchange their ideas and feelings regards the contents under
discussion as well as enhance their involvement in online
discussions with other people who are familiar with shared sign
language.

The rest of this paper is organized as follows: Previous work
is proposed in Section 2. Section 3 discusses the system
architecture of the tool while Section 4 is related to Video
Annotations Creation and Retrieval of the tool. Section 5
demonstrates the experimental results. Finally, Section 6
concludes this paper.

2. Related Works

Creating different types of annotations and assigning them
to different types of digital content can be done these days using
several types of annotation tools. Each of which has its own
facilities for enhancing the intended collaboration between users.
Brat (https://brat.nlplab.org/index.html), doccano
(https://doccano.herokuapp.com/), LightTag
(;https://www.lighttag.io/) and TagTog (https://www.tagtog.net/)
are all examples of text-based annotation tools.

Another well-known practice is annotating internet content
by sketching shapes over it. Users are able to annotate certain
website contents by drawing shapes over them and adding
textual notes to these drawings. Users of these tools exchange
these drawings in order to have a debate based on the drawings
and their notes. On the web, there are several tools available to
improve this form of annotation. Famous tools for this type of
annotation include Sketchpadl, Sketch to Web2, and
MADCOWI[A4].

There aren't many tools available online for vocal
annotations because of the small number of works in this area.
Among them, XODO (https://xodo.uservoice.com/) stands out
because it is used to produce audible annotations that can only
be appended to PDF files on mobile devices. Use VISITView
(https:/iwww.ssec.wisc.edu/visitview/tutorial/img7.html) to
record voice annotations solely for educational reasons. The last
option is Chrome Audio Capture
(https://github.com/arblast/Chrome-AudioCapturer), a Google
Extension that enables users to record voice memos
independently of some web content. This program is similar to
ours in that it is implemented by a Google Chrome extension,
but it just functions as a recording tool and does not add vocal
annotations to the text of websites.

A possible method of facilitating collaborative sessions
around the globe is by using video to provide visual annotations.
Here, users can use web-based collaboration strategies by
producing their own movies and attaching them to various pieces
of online information. The work is yet insufficiently mature and
is missing a number of supporting services.

The research done in [8] looked at how to depict
professional collaborative learning in dispersed online
environments using voice annotations and video clips of
practice. The initiative conducted two major studies with experts
in learning technologies. The main findings of this research are
that various types of video clips can assist the need for
professional development. They also felt that integrating
artifacts from the practice helped to "base" or anchor a
representation in realistic ways for reflective learning. The
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subjects acknowledged that watching oneself in video clips was
still a somewhat unique experience. According to the study,
voice annotations and video clips can be produced quickly.
Particularly in fluid, developing fields like the learning
technology industry, speed was considered a key asset and
regarded as more important than producing a polished result.

The authors of [9] describe a novel architecture and its
prototype tool for indexing and retrieving particular voice
recordings captured during conversations concerning tangible
objects like text documents, images, or 3D models. An ink-dot is
used to identify a specific component of an object when it is
mentioned, and an image of the dot at a tiny scale is taken to
record the information in a database. An index of the recording
fragment is simultaneously created and connected to the dot. The
associated recording fragment can be retrieved for playing after
a dot has been scanned and identified by comparing its
microscopic image with the database. To make these tasks easier
while the user focused on the conversation, a useful tool has
been created. Dot identification's performance tests have
produced accurate matches that are authentic. The program
successfully supported the building of indexes with dots during
speech recordings in demonstrations of a real-world usage
scenario, and it accurately played back all the distinct recording
fragments connected to the dots.

Despite the existence of the mentioned textual and vocal
tools, they are limited in completely expressing the users’
emotions represented by body gestures nor introducing a
solution for deaf and dumb people to communicate and
collaborate online. This work is related to developing a visual-
based annotation tool that enables the creation of video
annotations (as well as texts) in order to better conduct online
communication between users by attaching these annotations to
the textual contents of websites. This enables people to better
communicate and express their emotions in a better way rather
than enabling people with disabilities related to their hearing or
speech to better communicate with each other and involve in an
online collaboration for selected topics. Moreover, the ability to
attach textual tags with annotations makes our tool more fruitful
in terms of searching for the most suitable annotations and hence
their annotators to better conduct online discussions with the
most related topics for users.

3. System Architecture

Adding a translucent overlay on top of an annotated website
is all that the concept of annotation on web content entails. The
tier where annotations are present is represented by this unseen
layer. The utility built in this study follows the web-based
client/server architecture. In an HTML web page, users can add
their own video annotations to texts, and when they save the
page, the relevant data are kept in a special database. According
to this technique, the tool is made up of three layers:
presentation, processing, and database. The Presentation Layer
handles the user-browser interaction in which annotations are
submitted, placed as placeholders next to chosen texts, and then
saved in the specific database. Between the Presentation and
Database levels, the Processing Layer handles the processing
required to colour the highlighted text, record the video
annotation, and save it as a video file. Last but not least, the
Database Layer is concerned with the actual storage of all
information pertaining to the created annotations represented in
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the annotated text, including the URL, the video file, and the
annotator-related information. Finally, the Database layer is in
charge of retrieving the annotations for a specific person and
website. The framework of the tool is shown in Figure 1 below,
where the request/reply protocol is utilised for saving and
retrieving annotations, respectively.

{' The Client Side: ;" Processing Tier: :" Database Side:
; Javascript | : PHP MySQL
Request

i Reply

Fig. 1 The tool's architectural layout.

The tool's interaction is implemented via a Google
extension. It comprises a series of JavaScript routines that are
injected into each visited website in order to execute the
functionality of text selection and video annotations recording.
The extension also includes user login and account creation
functionality.

The database's logical schema is shown in Figure 2 below as
an entity-relationship diagram. The User, Video, and Text
entities, as well as the entity relationships between them, are
represented in the diagram. The text entity is used to preserve
information about the annotated text, while the Video entity is
used to save information about the video annotation itself. The
user entity reflects all properties connected to users.

textiD

URL

Annptates Date

useriD
videoFileMame

Tags

Fig. 2 The Entity Relationship Diagram.

The flow chart for the activity of creating annotations is
shown in Figure 3. The action starts when a user chooses some
text on a website. This occurs when the JavaScript object for the
Browser object calls the createAnnotation(selectedText)
function. The latter executes the recordVideo() method on the
Video Recorder object, which returns the recorded video saved
in the recordedVideo object and returns it to the JavaScript
object. The Database object's function Save(selectedText,
recordedVideo, URL) saves all relevant data in the system's
database, and is then called by the JavaScript object. The
Notify() function alerts the user when the vocal annotation has
been successfully created before prompting them.
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Java Script Video

Recorder

recordVideo() -
- recordedviden
ju

ave(selectedText recordedyid
]

notity(annotsionlsCreated) __ fl - - - - totCtataved) 4

Fig. 3 Video Annotation Creation Sequence Diagram

The video annotation submission and retrieval are both
summarised in the following pseudocode piece. The Google
Extension is loaded and the aforementioned code is run as soon
as the Google Chrome browser opens.

while(true){

/I List of Google Extension (GE) embedded listener
functions

GE.onChangeURL() = injectJavaScript(URL);
GE.onLoadAnnotations() = loadAnnotations(URL);
GE.onSelectText() = createAnnotation(URL, userID);

GE.onHighlightTextClicked() =
clickedText);

}

function createAnnotation(URL, userID){

retrieveAnnotations(URL,

placeHolder = selectText(selectedText);
displayPopup(placeHolder, selectedText);
recordedVideo = recordVideo(recordedFile);

saveAnnotation(userlD,
placeHolder, URL);

}

function retrieveAnnotations(URL, clickedText){
VideoFile Files[];

selectedText, recordedVideo,

popUpWindow = new popUpWindow();
Files = getAnnotations(URL, clickedText);
for(i = 0; i < Files.size(); i++)
popUpWindow.insert(Files[i]);
}

By running the listeners mentioned inside the loop, the code
keeps iterating in an unending loop. When a logged-in user
navigates to a new URL, the Ilistener function
GE.onChangeURL() is called. This causes the method
injectJavaScript(URL) to be invoked to inject the appropriate
JavaScript code that will be in charge of processing video
annotations. When a user clicks the Google Extension to obtain
all annotations previously contributed to the current URL by
calling listener function GE.onLoadAnnotations(URL) that
causes the invocation of the function loadAnnotations(). This
listener function additionally re-highlights all texts that are
associated with annotations for the current URL.

When the user selects some text from the current URL, the
listener function GE.onSelectText() is executed. The method
createAnnotation(URL, userID) is called when this listener is
activated, passing the URL and userIlD as inputs. The final
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listener is GE.onHighlightTextClicked(), which is called when a
user clicks a highlighted text in the active URL. This method
calls retrieveAnnotations (URL, clickedText) to load all
annotations associated with the clicked Text.

The annotation creation process begins with the execution
of the function createAnnotation (URL, userID) begins with the
execution of the function selectText(selectedText) method that in
turn returns the place-holder (the location information of the
selected text) and stores it in the variable placeHolder. Upon the
selection of some text, The function displayPopup(placeHolder,
selectedText) inserts the selected text and associated
placeHolder information into the pop-window itself. The
controls required to construct the video annotation and save it
into the database are included in this pop-up window. Figures 4
and 5 depict these contents. After that, the function
recordVideo(recordedFile) is executed to begin recording the
video annotation and upon completion, the recorded file is
saved in the wvariable recordedVideo. The function
saveAnnotation(userID, selectedText, recordedVideo,
placeHolder, URL) is then executed to save all annotation related
data inside the dedicated database.

The function retrieveAnnotations(URL, clickedText), which
accepts the current URL and the clickedText as inputs, is
invoked to retrieve previously submitted annotations. This
function generates an empty array of Files of type VideoFile that
will be used to store all video files that are associated with the
highlighted clicked text. A new pop-up window is then created
and saved in the object popUpWindow by calling the constructor
popUpWindow(). The next step is to call the function
getAnnotations(URL, clickedText) to retrieve all associated video
files, which are then saved in the Files array. The JavaScript
code then loops the File array in order to insert the video files
inside the pop-up windows created for retrieved annotations to
be played back by the users.

4. Video Annotation Creation and Retrieval

After visiting an interesting website, a user can choose some
text that matches his or her interest and add a verbal remark to it.
The user then selects the system extension icon located in the
Google extensions area of the Google Chrome browser which
opens a pop-up window containing the selected text as well as a
set of options to create and save a video file. After providing a
series of optional tags that describe the tenor of the annotation,
the user then starts recording his or her own video annotation.
The search for annotations will make use of these tags. The
program saves the annotation and all associated data in its
database when the save button in the pop-up window is clicked.
The pop-up window used to construct the annotation is seen in
Figures 4 and 5 below, where the Gray-highlighted text is copied
from the original webpage to the pop-up window.

Nablus is a Palestinian city

Write vour tags

city . Nablus, Palestine

F|g 4 Selecting a text to be attached with an annotation

The recording process begins when the user clicks the video
area and stops when s/he clicks it again. By pressing the Save
button, the embedded JavaScript code in the Google extension
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communicates with the required PHP code to save the video file
in a specific server folder with an automatically generated file
name that is saved in the database, linking the saved annotation
to the relevant video file. In this case, the name of the video file
is saved in the database but the actual video file is saved in a
separate server folder. When the video annotation needs to be
recovered later, this generates a virtual mapping between the
name of the file and the actual file in the server for file retrieval
purposes.

# city . Nablus, Palestine

Choose File

e la f the IKine

Fg. 5 Recording a video for the created annotation

After logging into their portals, users can view a list of all of
their own annotations and filter responses. They have the option
to browse the websites related to these annotations and play the
video recordings that are associated with them. The way the

annotations are shown in some users' portals is seen in Figure 6.
Fig. 6 Searching by tags.

The figure includes the annotated text as well as a collection
of all relevant video annotations. However, the figure illustrates
the ability to search for annotations by tags in which the users
are able to search for some annotations depending on the tags
associated with them in order to make it for users to search for
the annotations they are interested in. Each annotation includes
the video control for the video file it is linked to, as well as
information on its owner, and the set of tags that are associated
with it. The users have the ability to reply to these annotations
by another video annotation giving them the possibility of
conducting collaborations between them with respect to some
interesting shared topics. Naturally, clicking on any of these
annotations will take the user to the website where the
corresponding annotation was created. When one of them is
clicked, the tool opens the corresponding website and utilises its
URL to obtain all annotations related to the website. To allow
users to examine all filtered annotations connected to the
clickable texts, all texts that were previously selected on that
website will be re-highlighted and clickable. On the other hand,
a logged-in user can ask the Google Extension to retrieve all
annotations provided to this website (if there are any) if they surf
a sample previously annotated website. With that request, the
tool re-highlighted all annotated texts so that the user can click
any of them to open a pop-up menu that contains all clicked text-
related annotations. Users of the tool can also look for published
annotations of interest using their portals.
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5. Experimental Tests

We conducted an experimental test involving 20 participants
in order to compare video, vocal and textual annotations. The
participants are of two groups, each of which is composed of 10
participants. The members of the first group are people without
deaf and dump disabilities, while the members of the other group
are. We need to test the amount of collaboration between the
members of each group and between the whole members of both
groups (for those who practice sign language).

The supervised test lasts for 8 days in which a set of
predefined websites are selected for different topics (Sports,
Science, Education, Politics, Information Technology).

We divided the test into three apheses for the first group. In
the first phase, we asked them to navigate the websites and
create textual annotations only. In the second phase, we asked
them to create vocal annotations (we asked them to switch off
their cameras) while the last phase is done by using video
annotations. At the end of the test, we noticed that 235
annotations were submitted (47 textual, 86 vocal, 102 videos),
32 distinct websites were annotated and 3 tags as average per
annotation. For the second group, we asked them to submit
textual and video annotations only in which the annotations
contain sign language. At the end of this test, 135 annotations
were submitted (29 textual, 106 videos), and 27 websites were
annotated with 2 tags as average per each annotation.

In order to learn the thoughts of the two groups on the
experiment and the cooperation acquired through the use of the
three types of annotations, the participants of the two groups
were requested to complete a questionnaire. The percentages
below are computed by taking the average of the percentages
gathered from the two groups. There are several questions on the
survey, including:

1. What difference does the use of video annotations
make in terms of how well participants understand the topics
being discussed? reducing time and effort, with almost 75% of
respondents choosing to spend less time and effort using video
annotations, 15% for vocal and 10% for textual ones.

2. How does employing video annotations for
collaboration compare to the other annotation types?
Exceptional, Good, and Poor. Percentages computed were 80%
for video 11% for vocal and 9% for textual annotations.

3. What degree of tool usefulness is there? Excellent,
Very Good, Good, and Acceptable grades. The Percentage values
collected were 85% for video, 10% for voice, and 5% for textual
annotations.

4. Which is more effective for expressing your emotions
in submitted annotations? (Video, voice, and text). We received
90% for video, 7% for voice, and 3% for textual).

5. Which is quicker to annotate? (Video, voice, and text).
As speaking and showing body gestures is far faster than talking
or writing and requires no manual labour like typing, we
received a perfect score for video represented in the percentage
95%, while voice got 3% and 2% goes to textual annotations.

Figure 7 below depicts the previously computed percentages
for the 5 questions in which the video annotations perform the
other types.
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Fig. 7 Percentages values computed for the 5 questions.
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6. Conclusion

In this work, a video-based annotation is put into practice
and tested. People can hold online conversations utilising video-
based annotations to collaborate and talk about topics of interest.
For searching purposes, users can add a set of related textual
tags to annotations. An experimental test under supervision was
carried out, and encouraging outcomes were obtained.

For the next projects, we are planning to improve the search
function by adding a video recognition system that allows
recognising their signs and converting them to vocal notes in
order to better collaborate disables users with others users.
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Abstract

Soft Computing methods have been widely used in recent years to address the challenges posed by disturbances handling and uncertainty
management in Manufacturing Execution Systems (MES). The focus of this research paper is on the application of Soft Computing
methods for classification problems in Behaviour Based Control.

The paper proposes the use of classification techniques to determine the behavior of a production system. This is an important task as
it enables the detection of anomalous behavior and allows for the implementation of appropriate corrective measures. The proposed
classification method is based on the use of Neural Networks and Fuzzy logic. Neural Networks are a powerful tool for classification
tasks due to their ability to learn from data and make predictions based on patterns. The proposed method uses a feedforward neural
network with a single hidden layer to classify the behavior of the production system. The inputs to the network are features extracted
from the production system, while the output is the classification result. Fuzzy logic is also used in the proposed classification method
to handle uncertainty in the input data. In conclusion, this research paper presents a novel approach to classification problems in
Behaviour Based Control using Soft Computing methods. The proposed method shows promising results in handling disturbances and
uncertainty in manufacturing systems. Further research in this area could lead to the development of more advanced Soft Computing
methods for manufacturing systems, enabling more efficient and effective control and management of production processes

Keywords: Soft Computing, Manufacturing Execution Systems, Behaviour Based Control.

Yumusak Hesaplama Teknikleri ile Davranis Tabanh Uretim
Kontrolu

Oz

Esnek Hesaplama yontemleri, Uretim Yiiriitme Sistemlerinde (MES) bozulmalarin ele alinmasi ve belirsizlik yonetiminin ortaya
koydugu zorluklari ele almak icin son yillarda yaygin olarak kullanilmaktadir. Bu arastirma makalesinin odak noktasi, Davranis Tabanl
Kontroldeki siniflandirma problemlerine yonelik Esnek Hesaplama ydntemlerinin uygulanmasidir.

Makale, bir iretim sisteminin davranigini belirlemek igin siniflandirma tekniklerinin kullanilmasini 6nermektedir. Bu, anormal
davranigin tespit edilmesini sagladig1 ve uygun diizeltici énlemlerin uygulanmasina izin verdigi igin énemli bir gorevdir. Onerilen
smiflandirma yontemi, Yapay Sinir Aglar1 ve Bulanik mantik kullanimina dayanmaktadir. Sinir Aglari, verilerden 6grenme ve kaliplara
dayali tahminler yapma yetenekleri nedeniyle siniflandirma gorevleri igin giiclii bir aragtir.

Anahtar Kelimeler: Soft Computing, Manufacturing Execution Systems, Behaviour Based Control.
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1. Introduction

This paper explores potential strategies for managing
uncertainty in production processes. The practical model for
addressing multi-task, multi-resource problems is nonlinear, as
processes are defined by both internal relationships and external
constraints. Due to the limited technological intensity of tasks,
production bottlenecks, unstable states, and unwanted delays can
occur, which may adversely affect production processes.

Process indicators (also known as key performance indicators
[1]) are used to evaluate production processes, with the primary
objective of fulfilling production orders while adhering to
specified constraints [9]. However, this objective can be met at
different costs and within varying timeframes. The performance
indicators are dependent on predictive planning, scheduling, and
allocations. When operating at the margin of overload, systems
are prone to bottlenecks and critical processes, which may cause
chaotic behavior. Small changes in scheduling can lead to
dramatic changes in performance indicators, as stochastic events
increase the likelihood of deviations from planned states.
Unfortunately, disturbances are often unavoidable in these
situations. The most common sources of disturbances of a
production system are as follows:

» Tool breakage, interruption of operations.
*  Machine breakdown, outage of resources.
» High rejects rate.

»  Unexpectedly low production intensity.

e Human errors.

*  Material outage, supply chain delays.

* Long set-up times.

*  Outage of labour resources.

* High rate of demands.

» Change in the priority of the jobs.

*  Appearance of urgent jobs.
1.1. Handling Uncertaimity in MES

The methods of uncertainty handling at the MES level
includes:

1. Develop performance indicators from the local data
which allows the global state of whole system to be determined.

2. Identify the most important situations based on the global
indicators.

3. Classify the situations into appropriate number of classes
to allow interactions to be done in real time.

4. Assess the state of the production and make decision on
the behaviour of production control. This defines a Behaviour-
Based Control whose interactions are assigned to behaviour
classes.

5. Select the appropriate actions based on the selected
behaviour. The possible actions and their parameters should be
modelled beforehand. The inter-actions should direct the
production processes towards a stable, planned state.

6. The interactions affect the whole schedule.
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7. Following the interactions new situations arise.

Behaviour-Based Control relies heavily on the possible and
permitted interactions between various components. These
interactions occur at different hierarchical levels, with corrections
initiated in an upward or downward direction. Higher-level
corrections may supersede decisions made by lower hierarchical
levels, and decisions made at lower levels may even be prohibited.
In hierarchical Behaviour-Based Control, new constraints are
disseminated from the upper level to the lower level, while the
identification of anomalies spreads in a bottom-up direction.

2. Behaviour-Based Control

Behaviour-Based Control (BBC) is an approach to control
systems that emphasizes the importance of behavior as the
fundamental unit of control. Rather than focusing on specific
actions, BBC focuses on defining and regulating the behaviors of
individual system components to achieve desired outcomes. This
is accomplished by designing the system to exhibit a set of desired
behaviors in response to various stimuli or inputs. The
interactions between these behaviors, and between the system and
its environment, then determine the overall behavior of the
system. BBC is often used in complex systems with multiple
interacting components, such as robotics or manufacturing, where
it can be difficult to explicitly program all possible scenarios. By
emphasizing behavior over specific actions, BBC provides a more
flexible and adaptable approach to control, enabling systems to
respond more effectively to changing conditions and unforeseen
events.

2.1. A possible classification of behaviours

Experiments show that a few numbers of classes are favoured
in practical applications. For production processes the following
general global states are suggested:

e Normal,
e Deviated,
e Critical,

* Dangerous.

Normal state requires no interaction. In deviated situation the
process does not go as planned: readiness for delivery is
decreasing, jobs late, waste rate increasing, etc. The situation is
critical if the original schedule becomes unmaintainable. Usually
rescheduling is required. The situation is dangerous if the master
production plan becomes unfeasible.

ﬁ ‘ Decision H Interaction }—b
Process
Actrty selection .
Tization
Matenal flow

Figure 1. Behaviour based approach in manufacturing control
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3. Softcomputing Methods for
Classification

3.1. Methods Used

There are several ways to classify the system state into the
aforementioned categories. Soft computing methods are widely
accepted and used by researchers. In the scope of this research
work the following methods were investigated:

* Backpropagation Neural Network,
» Radial Basis Neural Network,

* Probabilistic Neural Network,

*  Fuzzy Logic.

A pilot application has been created for each of the methods
to evaluate them. The classification problem was inspired by a
case study explained in [8].

The Backpropagation Neural Network (BPNN) employs a
hard-limit transfer function that is well-suited for classification
problems. The decision boundary line at W.p + b = 0 divides the
input space into two classification regions, where W represents
the weight vector, p represents the input value, and b represents
the bias. This study utilized a network with one hidden layer.
Since there were four distinct statuses, a binary code was assigned
to each status, necessitating two bits at the output. To facilitate
learning, the perceptron learning rule algorithm was employed

Connection
weights

Connectien
i
weights

Input layer Hidden layer Output layer

Figure 2. Neural network with single hidden layer

Radial Basis Function Neural Network (RBF) consist of two
layers: a hidden radial basis layer and an output linear layer. The
first layer determines the distance of an input vector v. If the
vector is close to the weight vector of the neuron then the output
is close to 1. If the distance between the vectors is greater then the
output is close to 0. The higher the output of the neurons of the
first layer are the more importance they have in the second layer.
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Figure 3. RBN activation Hata! Basvuru kaynagi bulunamadi.

Probabilistic networks perform classification where the target
variable is categorical value

PNN networks have advantages and disadvantages compared
to Multilayer Perceptron networks [3]:

Properties of Probabilistic Neural Networks (PNN):

* PNN is a type of feedforward neural network that
performs classification tasks for categorical target variables.

e PNN can be much faster to train than other neural
network models like multilayer perceptron (MLP).

* PNN often generates more accurate predictions than
MLP networks.

» PNN is relatively insensitive to outliers.

* PNN networks can generate accurate predicted target
probability scores.

* PNN networks approach Bayes optimal classification.

*  PNN networks require more memory space to store the
model.

e PNN networks can be slower than MLP networks when
classifying new cases.

The Fuzzy Logic model was configured as follows: The
original project involved a large number of input variables, which
resulted in performance issues. To address this problem, a two-
level hierarchical processing approach was introduced. In the first
step, each production order was classified individually, and the
statuses were evaluated. Then, the classification of the entire
system was performed. The number of rules greatly impacts the
computing time, so it was necessary to minimize the number of
rules while still classifying the system without ambiguity. During
the fuzzy classification process, each rule was evaluated
sequentially using the appropriate variables. A rule consisted of
NOT, AND, and OR connections, and the variables were inserted
into the rule to produce a numeric value between 0 and 1. This
value represented the degree of truth or the extent to which a
proposition was true.

Some sample rules used in the first pass of fuzzy processing:

1. IF tardiness is small AND machine utilisation rate is big
THEN status is normal.

2. [IF tardiness is considerable AND machine utilisation rate
is big THEN status is deviant.

3. IF quantity is many AND priority is high AND tardiness
is considerable THEN category is critical.

4. [IF tardiness is considerable AND machine utilisation rate
is big THEN status is dangerous.
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Figure 4. Screenshot of fuzzy classification

In the second processing phase the overall tardiness time was
also calculated. The rules used in this phase were as follows:

1. IF status of the ith Product Order POi is normal AND
tardiness is negligible THEN status is normal.

2. [IF status of POi is deviant AND tardiness is small THEN
status is deviant.

3. IF status of POi is critical AND tardiness is observable
THEN status is critical.

4. IF status of POi is dangerous AND tardiness is
observable THEN status is dangerous

Two kinds of evaluation were applied: the method was tested
against the data set used at the learning phase, and then the method
was tested against a new data set. (Obviously, fuzzy processing
had no learning data set, so that test case was skipped).

BPNN succeeded the learning phase but after certain time it
showed no more progress in learning, there was a remaining error.
The learning time was considerable.

RBF achieved a very small remaining error and produced
better results than BPNN. The learning time was smaller. By
increasing the size of the training set the network produced more
reliable output.

PNN was characterised by the smaller learning time among
the NNs used. By increasing the size of the training set the
network produced more reliable output. However, RBF was more
reliable.

Fuzzy system was difficult to create good rules. After some
experiments the rules were fine tuned. Its performance was behind
the NNs. Very likely some more fine tuning is still required.

Some performance data can be found in Table 1.

4. Conclusions and future work

As you can see in Table 1, PNN performed very well on small
inputs. However, as the input size was bigger the number of
correct classifications decreased. In medium sized problems RBF
provided the best result. PNN outperformed other methods in
large scale problems. In order to integrate to a MES environment
an upcoming task is to execute an Action Generator that selects
the suitable actions based on the classification results. This can be
achieved through a rule-based system, an expert system, or a
neural network. Additionally, the Cockpit Task Management
system can also be employed where operators are aided by the

classification and other pertinent data.

Table 1. Performance data of NN classifications

Type Input number Correct classifications Goodness (%)
BPNN 100 53 53
RBF 100 23 23
PNN 100 100 100
BPNN 100 51 51
RBF 100 89 89
PNN 400 299 74.7
BPNN 100 52 52
RBF 400 380 95
PNN 800 609 76.1
Fuzzy 100 70 70
Fuzzy 800 544 68
e-ISSN: 2148-2683 92
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Abstract

Transmission lines refer to a variety of electrical structures that transfer information or energy typically in the form of carrying
electromagnetic waves. Examples of transmission lines include coaxial cables, telephone wires, microstrips, and optical fibers.
Understanding the transmission and distribution of the electromagnetic waves across the line is critical for matching the load with the
generator to deliver the energy or information with minimum losses. The flow of electromagnetic waves across the line is described
based on the voltage and current using Partial Differential Equations (PDEs). In this paper we apply the Central Space Central Time
(CSCT) finite difference numerical method to solve the transmission line PDEs. We present the numerical solution of the waveforms
and compare it with the analytical solution to evaluate the accuracy of this numerical method in solving the transmission line problem.
It is found that the numerical solution of the voltage waveform is very near the analytical result with small error margin. However,
while the numerical solution of the current shows the same waveform as the analytical one, there is some quite significant error in the
magnitude. The error is found to result from the fact that the waveform of the numerical solution has some phase shift from that of the
analytical solution. Adjusting the phase shift of the current waveform results in having good agreement between numerical and
analytical results.

Keywords: Transmission line, PDEs, CSCT, finite difference, numerical analysis, stability analysis, electromagnetic waveform.

Sonlu Fark Kullanarak Iletim Hatti PDE'lerinin Sayisal Cozumii

Oz

Iletim hatlari, tipik olarak elektromanyetik dalgalar tasima bigiminde bilgi veya enerji aktaran cesitli elektrik yapilarmi ifade eder.
fletim hatlarina 6rnek olarak koaksiyel kablolar, telefon kablolari, mikro seritler ve optik fiberler verilebilir. Elektromanyetik
dalgalarin hat boyunca iletimini ve dagitimini anlamak, enerjiyi veya bilgiyi minimum kayipla iletmek igin yiikii jeneratorle
eslestirmek icin kritik 6dneme sahiptir. Hat boyunca elektromanyetik dalgalarin akisi, Kismi Diferansiyel Denklemler (PDE'ler)
kullanilarak voltaj ve akima dayali olarak tanimlanir. Bu yazida, iletim hattt PDE'lerini ¢6zmek i¢in Merkezi Uzay Merkezi Zaman
(CSCT) sonlu farklar sayisal yontemini uyguluyoruz. Dalga bi¢imlerinin sayisal ¢ozliimiinii sunuyoruz ve bu sayisal yontemin iletim
hatt1 problemini ¢6zmedeki dogrulugunu degerlendirmek i¢in analitik ¢oziimle karsilastirtyoruz. Gerilim dalga bi¢iminin sayisal
¢Ozlimiiniin, kii¢iik hata pay1 ile analitik sonuca ¢ok yakin oldugu bulunmustur. Bununla birlikte, akimin sayisal ¢oziimii analitik
olanla ayni1 dalga bi¢imini gdsterse de, biiyiikliikte olduk¢a 6nemli baz1 hatalar vardir.

Hatanin, sayisal ¢oziimiin dalga bigiminin analitik ¢6ziimden bir miktar faz kaymasina sahip olmasindan kaynaklandigi bulunmustur.
Mevcut dalga formunun faz kaymasini ayarlamak, sayisal ve analitik sonuglar arasinda iyi bir uyum saglar.

Anahtar Kelimeler: fletim hatti, PDE'ler, CSCT, sonlu farklar, sayisal analiz, kararlilik analizi, elektromanyetik dalga formu.
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1. Introduction

The term transmission line is used to refer to a variety of
structures that transfer information or energy but here the
focus is on the analysis of transmission lines carrying
electromagnetic waves. Examples of such transmission lines
include coaxial cables, telephone wires, microstrips, and
optical fibers (Transmission line theory, 2009) and (Ulaby,
1994). Such transmission lines are used for carrying audio,
video, and digital information to TVs, computers, phones,
etc. (Korzeniewska, 2019). A transmission line is a two-port
network where at one port there is a source sending some
type of electromagnetic signal (generator) while at the other
port a load is receiving that signal (Davoli, 2018).
Understanding the transmission and distribution of the
electromagnetic signal across the line is critical for matching
the load with the generator to successfully deliver the energy
or information with minimum losses. This understanding is
also critical for the design of efficient transmission lines in
terms of length, size, and materials.

The problem of electromagnetic waves inside
transmission lines is typically solved in the complex domain
using the notation of phasors. So, the equations describing
the transmission line are typically written and solved in
phasor notation and not in the usual time domain notation.
After solving the problem, the solution is transformed into
the time domain notation (Daafouz, 2014). So, it is
interesting to approach this problem in a new way that is not
explored in the textbooks on circuits and electromagnetics. It
is interesting to see how this problem can be solved using
numerical methods. This approach can help us see the
problem from another perspective. In particular, we can get
more insight about the role of boundary conditions and initial
conditions in solving partial differential equations (PDES).
This is because in the usual way this problem is solved, the
engineer is more concerned with applying the already
obtained equations rather than deriving the solution from the
fundamental PDEs. Also, we can get to compare the results
of our numerical solution with the analytical solution and
thus be able to judge the suitability of the numerical method
with this type of problems. Simply, the problem is not
approached using the typical time domain analytical
approach nor the numerical approach and it is interesting to
try to apply a relatively unusual numerical technique to solve
this problem and compare the numerical solution with the
analytical solution to investigate the accuracy of the
technique and its suitability for this kind of problems.

In order to analyze the behavior of the electromagnetic
wave across the line, an appropriate electric circuit model of
the line must be used. As it is well-known, a typical
equivalent circuit model of the transmission line has four
components: resistance, inductance, conductance, and
capacitance (Ulaby, 1994) and (Wang, 2018). They can
provide a very accurate model of all transmission lines
carrying any form of electromagnetic signals (Ulaby, 1994).
R' is the resistance per unit length measured in Q/m. L' is the
inductance per unit length measured in H/m. G' is the
conductance per unit length measured in S/m. C' is the
capacitance per unit length measured in F/m. The values of
these parameters are unique characteristics of each
transmission line that are determined by the type of the
material of the line and its geometry. Based on this model,
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the propagation of electromagnetic signals along the line can
be analyzed.

2. Methodology

Equations (1) and (2) are called the transmission line
equations or the telegrapher’s equations (Ulaby, 1994). They
are coupled linear first-order Partial Differential Equations
(PDEs) of voltage and current with respect to time and
spatial position. Since the equations have two derivatives
with respect to position and two derivatives with respect to
time, we need two boundary conditions and two initial
conditions to solve the equations. These conditions are
determined by the generator supply voltage, the nature of the
load, specifically the impedance of the load, and the
parameters of the transmission line. So, in order to solve the
equations, we have to choose a specific transmission line
scenario where the generator and load are known, and the
values of the transmission line parameters are given.

wv(zt) . 0i(z,t) (1)
= =R xi(z,t) + L = ot

di(z,t) . 0v(z,t) (2)
=% =G *v(z,t) + C * it

We assume that z = 0 at the load and z = | at the

generator, where ‘I’ is the length of the transmission line.
Assume for our problem that | = 1 m. Let the generator be
connected to a load with negligible impedance, e.g., short-
circuited line with Z,=0 Q, through a transmission line with
the following parameters R'= 10 Q/m, L= 1 pH/m, G =
0.01 S/m, C' = 1 pF/m. Then, we can plug in these values in
Equations (1) and (2) to obtain the PDEs that describe this
particular transmission line problem. Equations (3) and (4)
are the PDEs that we are going to solve numerically.

av(z,t) _ _¢ 0z 1) @)
~—3 =10 *i(z,t) + 10 *T
di(z, t v(zt 4
_9@Y 501 vz + 10712 VED )
0z ot

To fully define our problem, assume a typical scenario
where the generator generates a sinusoidal source voltage
signal given by (note: angles are in degree not radian)

v(z,0) = 20 * sin(107 * z) 5)
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This is our first initial condition for the voltage at t = 0.
The frequency of the signal is 1 GHz as can be seen from the
source voltage equation. Usually, the phase velocity of
electromagnetic waves in media is lower than their wave
velocity in vacuum (the speed of light ‘c’). So, assume that
the phase velocity in this transmission line is equal to 2/3 c.
It is always beneficial to calculate the wavelength of the
electromagnetic wave and compare it to the length of the
transmission line as it turns out to have many connections
that help understand the physics of the problem.

v %* 3108
A=—=2 =02
fo o 1x10° m ©)
So, | = 5. Later we will comment on the implication of

this relation between the line length and the wavelength. The
current boundary condition at the load, voltage boundary
condition at the load, and initial current are, respectively,

i(0,£) = 3.18 * 1073 * cos(2m * 107 = t (7
—179.91) )
v(0,t) =0 (8)
i(z,0)
= (0.00159 * cos(10m * z
—179.91)

+ 0.00159 * cos(—10m *z — 179.91)
9)

These equations provide the necessary boundary and
initial conditions for the voltage and current that are needed
to solve the PDEs. Now, with the PDEs set and initial/
boundary conditions given we can proceed with solving the
PDEs numerically. Note that 0 <z<1mand 0 <t<1 ps.
This time is long enough compared with the frequency and
speed of the wave with respect to the length of the
transmission line; long enough for the system to have
reached steady state and remained in it long enough.

3. Solution and Results

To solve these PDEs numerically, we apply the finite
difference method. We use the central difference for both the
time derivative and the space derivative (CSCT) so that the
error be of second order in both ‘t” and ‘z’. Applying the
central difference on the PDEs and rearranging the terms to
make them explicit (can be solved explicitly where we solve
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for the future value at a single node in terms of only past
values), we obtain.

At
M1 = —20 % 106 % At * i + i1 — 106 * — (10)
Az
n 6 At n
*Vipq +10° % Az *Vig
At
vt = 25101 « At * v + v — 102 « ~ (1)

in 12 At in
* i1 +107°° % Az *1ig

In order to make sure that the PDEs can actually be
solved using suitable space/ time discretizations, we have to
check the stability of the numerical method for our problem.
The method must be either unconditionally stable or
conditionally stable. In the second case, we have to choose
our discretizations based on the stability conditions so that
we can ensure that we obtain a stable solution using our
numerical method. Applying Von Neumann stability
analysis, the solution is stable if the magnification factor
(amplitude at next or current time step over amplitude at
previous time step) of the wave amplitude for both the
voltage and current at each time step is less than one. That is,

Aiejw(n+1)At 1 L'
; = | = - <1
~ ZAER « Agonst| | ZAER 2AtR (12)
Biejw(n+1)At 1 c
- = -l = - < 1
~ ZACt'G . Bieont| | ZACt'G 2AtG (13)

So, the conditions for stability are

L A (14)
2R’

c (15)
— A
G < At

Plugging in the values we have for the line parameters,
5x%1078 < At, 5% 107! < At. So, we have to choose At to
be larger than 51078 for stability. It is noted that the
solution is unconditionally stable for any space
discretization. That is, the stability does not depend on Az.

Given that A = 0.2, our Az has to be much less than 0.2.
Generally, Az <« A, because the wavelength is the
characteristic spatial length of the wave, the wave variation
in space happens in fractions of A. So, if our space
discretization is equivalent to A, then we are missing
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information on the waveform of the wave. That’s the wave is
hugely changing within our discretization step. This is
obviously not acceptable and will result in failure of the
numerical method since the wave would be much varying
during our discretization step. So, we can choose Az =
0.002A = 4*10* Thus, given that the length of the
transmission line is | = 5X, we have 2500 nodes. For the time
discretization, At = 6.25 x 1078, So, we have 16 time steps
in the interval 0 <t < 1 us. To do the actual computations,
we make use of MATLAB. We have to develop a MATLAB
program that solves the equations for each time step and
saves the solution.

The problem can be analytically solved in more than one
way, here we used the usual electric circuit solution that
makes use of the complex domain and phasors. The main
step in the solution is to obtain the impedance of the circuit
based on the model and the values of the parameters given
before. Then after completing the solution and transforming
the results from the complex domain to the real domain, the
solution for the voltage and current was obtained as shown in
Equations (16) and (17).

v(z,t) = 10 [ sin(2m = 10° * t + 107 * 2) (16)
—sin(2m * 10% * t — 10 * 2) |

i(z,t) = 0.00159 [ cos(2m * 10% x t + 107 * z 17
~179.91)
+ cos(2m * 10% « t — 10w * z
~179.91) ]

Figure 1. Surface plot of the voltage waveform along
the transmission line up to t= 10"-7.

Figure 2. Surface plot of the current waveform.
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Figure 3. Voltage waveform analytical result and numerical
result along the transmission line at t= 10"-7 s.

V%Itage Waveform (Analytical) along the transmission line at t= 10*e-i

. .
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Vooltage Waveform (Numerical) along the transmission line at t= 10*e-7
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Figure 4. Voltage waveform analytical result and numerical
result at the middle of the transmission line.
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Voltage Waveform (Analytical) at z= 0.5

Voltage Waveform (Numerical) at z= 0.5

0 01 02 03 04 05 06 07 08 09 1
%1077

4. Conclusion

It can be seen that the numerical solution of the voltage is
very near from the analytical result with small error that is
hardly visible from the graphs. However, while the numerical
solution of the current showed the same waveform as the
analytical one, there was quite significant error between the
magnitudes of both results. It appears that the waveform of
the numerical solution has some phase shift from that of the
analytical solution. So, when we compare them we get
different magnitudes since we are not accounting for this
potential phase shift that may have arose from accumulation
of the errors. Adjusting the phase shift of the current
waveform results in having good agreement between
numerical and analytical results. One challenge is that the
execution of the numerical code (the “for” loops in
particular) takes a lot of time.

Figure 5. Current waveform analytical result and numerical
result at the middle of the transmission line.
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%107

. Current Waveform (Analytical) at z= 0.5

oA Current Waveform (Numerical) at z= 0.5

0 01 02 03 04 05 06 07 08 09 1
n*At %107

This is because the computations are very extensive since we
are talking about roughly 250 million iterations. In fact, if we
try to increase the time duration we are solving for by 10
times, Matlab shows an overflow error message that it cannot
store the resulting variable. We had to use “single” precision
instead of “double” precision for our floating-point variables
so that the code be executed withing an acceptable time limit.
However, this will come at the expense of accuracy at some
point.
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Abstract

In recent years, with the increase in population and the development of technology in the world, the need for energy has been increasing
day by day. With the rapid depletion of fossil fuel reserves such as oil, coal and natural gas and the increase in the population, renewable
energy sources are gaining importance. Geothermal energy, one of the renewable energy sources, is currently used in various processes
such as electricity generation, heating and drying. Geothermal Energy is a clean, cheap and environmentally friendly domestic
underground renewable energy source. For this reason, the issue of assessing the situation of direct and indirect production and use of
geothermal energy in the world, Turkey and Djibouti has gained importance.

Keywords: Renewable Energy, Geothermal energy, Environmental effects, Usage in Turkey and Djibouti

Joetermal Enerjisinin Diinyada, Turkiye ve Cibuti’deki Kullanim Durumu

Oz

Son yillarda, diinyada niifus artmasi ve teknolojinin gelismesiyle enerji ihtiyact her gecen giin artmaktadir. Petrol, komiir ve dogalgaz
gibi fosil yakit rezervlerinin hizla tiikkenmesi ve niifusun artmasi ile yenilenebilir enerji kaynaklar1 dnem kazanmaktadir. Yenilenebilir
enerji kaynaklarindan biri olan jeotermal enerji glinlimiizde elektrik iiretimi, 1sitma ve kurutma gibi ¢esitli islemlerde kullanilmaktadir.

Jeotermal Enerji, temiz, ucuz ve ¢evresel etkileri dostu bir yerli yeralt1 yenilenebilir enerji kaynagidir. Bu sebeple Diinya’da, Tiirkiye
ve Cibuti'deki jeotermal enerjinin dogrudan ve dolayli liretiminde ve kullaniminin durumu degerlendirilmesi konusu 6nem kazanmustir.

Anahtar Kelimeler: Yenilenebilir Enerji, Jeotermal Enerji, Cevresel etkiler, Tiirkiye ve Cibuti'de Kullanimi
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1. Introduction

Energy consumption is an indicator of the level of
development of countries so that individuals can lead a
comfortable life. Energy needs will represent 80% of energy
demand in developing countries at the end of the 21st century
(WEC 1993). The increase in energy consumption with the
development of population and the increase in technology poses
an important problem in Turkey and Djibouti as well as in the rest
of the world. In the literature, energy sources are divided into two
as conventional energy sources and renewable energy sources.
Oil, natural gas, nuclear energy and coal are among the non-
renewable energy sources. Renewable energy, on the other hand,
refers to an energy source that can maintain its current status in
the future as a part of the evolution of nature (Kiilek¢i 2009).

The rapid depletion of fossil fuel resources and the damages
they cause to the environment threaten the lives of future
generations. Therefore, limited energy resources reserves,
population growth, increasing fuel prices, negative effects on the
environment and climate change (increasing carbon dioxide
emissions) require the use of renewable energy resources within
the framework of new energy technologies. Important renewable
energy sources are solar energy, geothermal energy, wind energy,
biomass (biomass; Biofuel), wave energy and hydrogen energy
are used in various processes such as electricity generation,
heating and drying. These resources are more advantageous than
fossil fuels due to their respect for the environment, reliability and
unlimited reserves (Cukurcayir and Sagir 2008).

Geothermal energy originates from the formation of the earth
and the radioactive decay of materials at currently uncertain rates
(Dye 2012). The high temperature and pressure on Earth causes
some rocks to liquefy, and the solid mantle behaves like plastic.
This also comes from the upward bending of parts of the mantle
as it is lighter than the surrounding rock. Temperatures at the core-
mantle boundary can exceed 4000 °C (Lay ef a/ 2008).

2. Material and Method
2.1. What is Geothermal Energy

Geothermal energy has the advantage of providing a
continuous and regular flow. Also, if solar energy was stored in
terrestrial biomass and in fossil energy deposits in the past,
geothermal energy has the advantage of hiding a significant stock
compared to other renewable energies: 140 million joules are
located in the first 5 km of the earth's crust. Therefore, geothermal
energy is both a flow energy and a stock energy. Therefore, this
situation is also an advantage compared to other renewable
energies. As the era of fossil fuels passes in this century, it is clear
that no single energy source can assume the role they play.
Geothermal energy will be widely used locally and will play an
integrative role. For this, it is obvious that geothermal energy will
play an important role in this century. Geothermal energy, on the
other hand, includes all kinds of indirect or direct benefits
obtained from these sources (Kendirli and Cakmak 2009).
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Therefore, the work of the geothermal geologist usually
consists of thermally suitable zones for searching permeable
terrains, allowing high fluid flows in contact with large rock
volumes (Bertan1 2015). In geothermal areas, the high
temperature of hot rock and groundwater is found in shallower
places than in normal areas (Figure 1). The rise of magma towards
the crust and therefore heat transport, the heat flow caused by the
high temperature difference in the places where the crust Decays,
and the groundwater rising to the surface after a depth of several
kilometers and heating were among the main reasons for this
Syukri (Syukri ef al 2018).

Historically, there have been two types of geothermal
energy: the first is produced by drilling (December 150 to 350 °
C), which responds to the needs of low-temperature heating (45
to 90 ° C), which represents almost half of a country's energy
demand, and the second is expanded in a steam turbine,
generating electricity (in the range of 150 to 350 © C) (Varet 2017).

Hot spring or
steam vent

Cold
meleoric
water

Impermeable caprock
(termal conduction)

Reservoir

%«m
- (termal conduction) il

Flow of heat (conduction)

Impermeable rock (termal
conduction)

Figure 1. Schematic representation of an ideal geothermal system
(Syukri et al 2018).

2.2. The State of Geothermal Energy in The World

This resource, which has been used by the inhabitants of all
continents since historical periods for heating and cooking
cleaning, health, entertainment and food on a primitive basis, is
starting to be used in all countries with geothermal resources in
the world.

In 2019, geothermal electricity production in 29 countries
around the world is 16,000 MW, and the target is 250,000 MW by
2050. Ranking of the top 5 countries in geothermal electricity
production in the world The United States is still the country that
produces the most electricity from geothermal sources. Indonesia,
the Philippines, Turkey and Kenya have greatly increased their
production in recent years (Huttrer 2020). The preliminary
country with the most installed geothermal energy production in
2020 is given in Table 1.

The non-geothermal electricity use in the world is 108,000
MW in 2019, which is the equivalent of about 18 million
residential heating units. Global geothermal heat production
(Review 2015-2020) is given in Table 2.3.
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Table 1. The front country with the most installed geothermal energy production in 2020 (Huttrer 2020)].

Countries MWe was founded in 2020 |
United States Of America 3.700
Indonesia 2.2%89
Philippine 1918
Turke B
— 4 1.193

enya 1105
Mexico 1.064
New Zealand
Italy 916

Table 2. Global Thermal Geothermal Production (Lund and Toth 2020)].

Countries Heat Production (Mwh/Year)
China 123.192.222
United States Of America 42.447.083
Sweden 17.333.333
Turkey 15.162.222
Teleland 9.332.778

cretan 8534242
Japan
Germany 8.094.067
Finland 6.500.000
France 4.799.899
Canada 4.031.111
Switzerland 4.009.100
Norway 3.500.333

In general, there are direct and indirect uses of geothermal
energy. The direct method of use is the oldest geothermal energy.
in 2019, the rates of direct use of geothermal in the world (non-
electricity), geothermal area heating 74.8% (China, Iceland,
Turkey, France and Germany), Spa health use 18% (China, Japan,
Turkey, Brazil and Mexico), Greenhouse heating 3.5% (Turkey,
China, the Netherlands, Russia and Hungary), Geothermal fishing
1.3% (China, USA, Iceland, Italy and Spain), Industrial use 1.6%
(China, New Zealand, Iceland, Russia and Hungary), Cooling
snow smelting accounts for 0.2% and the Other 0.2% (Lund and
Toth 2020)].

2.3. The State of Geothermal Energy in Djibouti

It is of great importance that the Republic of Djibouti, which
is currently experiencing an annual economic growth of 3.5%,
uses its potential in renewable energies in order to ensure its
economic growth and to save foreign currency. However, the
country is experiencing the same energy situation as the sub-
Saharan African countries, where energy is abundant but
electricity is scarce. 97% of the population's energy needs (mostly
urban, more than 85%) are met by oil production imports and 90%
of Djibouti households use kerosene as domestic fuel. Electricity
usage is very low, about 30%. Only 0.2% of electricity production
(with a total installed power of 130 MW) is realized by solar
photovoltaic energy, which is a single renewable energy source.
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At the geothermal energy level, the potential is technically
estimated to be between 350 and 650 MWh. The geo thermic
indicators in Figure 2 show that the geothermic fields located in
Djibouti are Back, Tadjourah, Gaggadé, Hanlé¢, Ghoubbet, Arta,
Asal and Dora. In these regions, the volcano consists of eruption
area (emitting smoke and gas) (Youssouf 2020).
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Figure 2. Geothermal sites in Djibouti (Chandrasekharam et al
2014).
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There are hot water springs with a temperature of 48 °C in
the Tadjourah region and regions with chimneys that emit gas and
smoke at a temperature of 38 and 47 °C in the Rouéli region
(Figure 3). Here, especially in the Ni'illé region, there are
underground waters known as ‘hot water springs-hot springs’
among the people that come out sideways at the same temperature
(Stieltjes 1973).

= ——
— e s - =

Figure 3. Korili hot water spring (hot spring) (Berger 2001).

According to the findings of numerous studies conducted by
the CNR-CNRS and BRGM institutes, Assal-Ghoubbet, which is
undeniably the most active area of the fault fracture, has the
highest geothermal resource density. The Assal 1 and Assal 2
drilling experiments recorded high temperatures at depths of up
to 345 ° C. Unfortunately, the high salinity of the spring
(mineralization ratio of 110 g /1) causes significant deposits in the
wells, reducing the likelihood of using the liquid (Youssouf2020).

2.4 The State of Geothermal Energy in Turkey

The use of geothermal resources is quite common. In these
places, the geothermal energy currently produced in Turkey is
used for electricity generation, heating (for greenhouses and
houses), thermal and health tourism, industrial mineral extraction,
fishing, drying and other purposes. Kizildere Power Plant, which
was established by the General Directorate of MTA in 1975 and
has a power of 0.5 MWe, started the first electricity production in
geothermal energy applications.

According to the end of 2021 data, there are 15,854 MWe of
installed geothermal energy capacity worldwide, an increase of
246 MW compared to 2020. The USA, Indonesia, Philippines,
Turkey and New Zealand are the top 5 countries in the world for
geothermal energy electricity generation (Figure 4). Turkey,
which has an 11.5 percent share in the global geothermal energy
installed capacity, ranks fourth in the world in terms of installed
capacity and first in Europe (Richter 2022).

u.s.
Indonesia
2,276

Philippines

1.218

w Turkey

New Zealand

944 Mexico
881 Italy
Kenya —

Figure 4 ThinkGeoEnergy Top 10 Geothermal Countries by
installed power generation capacity (MWe) in 2021
(Richter 2022)..
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lceland 754
Japan 603
Other 1.067

While there are more than 600 hot water (geothermal
energy) sources in Turkey, some sources have increased this
number to 1000. Turkey has the second largest geothermal energy
resource in Europe after Italy, and these resources are more
concentrated in the Aegean Region in Western Anatolia than in
other regions due to the geological structure of the country.

Turkey is located in a region with active tectonic activity.
Geothermal resources in the form of natural outlets and at various
temperatures are widely distributed throughout Turkey.
Geothermal energy is therefore an important renewable energy
source for Turkey (Zaim and Cavsi 2018).

Electrical energy is generated using high enthalpy fields
(temperatures> 180 ° C). Medium enthalpy sites (70 to 180 ° C)
are used for heating houses and greenhouses and other drying
processes. Low enthalpy zones benefit from facilities such as
swimming pools, balneological baths and fish farms
(temperatures from 20 to 70 ° C). Depending on the local
conditions and the fluid temperature, geothermal energy sources
can be used in many different places. The use of geothermal
energy in places close to the fluid source is important in terms of
its efficient and cost-effective evaluation. Kizildere (Denizli),
Tuzla (Anakkale), Salavatl (Andy), Germencik (Andy) and Einar-
Simav (Kiitahya) regions of Turkey (Table 3) were excellent for
generating electrical energy, classified as high enthalpy locations
according to their temperatures (Simsek 1998).

Turkey is located in a geography where tectonic movements
are intense. Turkey There are many geothermal resources
scattered all over the world in the form of natural outlets and at
different temperatures. Therefore, geothermal energy is an
important renewable energy source for Turkey. The areas of use
of geothermal energy resources vary greatly depending on the
regional conditions and fluid temperature. In order for geothermal
energy to be evaluated efficiently and economically, it is
necessary to use it in areas close to the source of the fluid.

Geothermal power plants with an installed capacity of
820.86 MW account for 1.58% of Turkey's total installed energy
power. As of 2000, the direct use capacity of geothermal energy
in the world such as thermalism, cooling, heating has reached
17174 MWT. Turkey, on the other hand, is the 5th in the world
thanks to its 820 MWt direct use capacity. it is in the position of
the country. With an increase of 246 MW compared to 2020, the
total installed geothermal energy production capacity in our
country was measured as 15,854 MW at the end of 2021
(Anonymous 2022). In Table 3, the areas where geothermal
energy can be produced in Turkey are given.
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Table 3. Areas where Geothermal Energy Can be Produced
in Turkey (Anonim 2022)

Field Name Reservoir Tamperature (°C)
Germencik Aydin 232°C
Kialdere Buharkent Aydin 242°C
Kurndere Alasehir, Manisa 184 °C
Gibekdi Alasehir, Manisa 182°C
Tuzla, Canakkale 174 °C
Salavaili, Aydin 171°C
Simav, Kiitahya 162 °C
Seferihisar, fzmir 153°C
Caferbey. Salihli, Manisa 150 °C
Yilmarkéy, Aydin 142 °C
Balcova Izmir 136 °C
Dikili fzmir 130°C

3. Results and Discussion

Geothermal resources in the world may supply 8% of the world's
electrical energy needs in the near future. Rising oil prices will
improve the economics of energy production from supported
geothermal systems in the near future and may double electricity
production from geothermal systems. The use of low-grade
geothermal resources in the world and in Turkey will replace
fossil fuels in direct use locally. It will reduce social costs by
controlling the use of geothermal resources instead of fossil fuels
and controlling CO2 levels. The technically decontamentable
geothermal potential of the Republic of Djibouti is currently
estimated to be between 350 and 650 MW.

4. Conclusions and Recommendations

On the temporal horizons of technology and social systems,
geothermal resources can be seen as renewable because they do
not have the same geological lifespan as fossil fuel reserves such
as coal, oil and gas. At the same place where the liquid or heat is
withdrawn, high enthalpy reservoirs are recovered. In October,
heat pump systems can be used to produce truly sustainable food.
The environmental impacts of geothermal energy production and
direct consumption are typically modest, manageable or
negligible. Environmental laws, which may differ from one
country to another, should be strictly adhered to. In any case, the
effects should be monitored, recorded and, if necessary, mitigated
(sometimes for extended periods of time).

In the foreseeable future, geothermal resources may meet 8% of
the world's electrical energy requirements. Rising oil prices may
soon make supported geothermal energy production more
economically viable and perhaps triple electricity production
from these systems. Fossil fuels will be replaced by low-grade
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geothermal resources both globally and in Turkey for local direct
use. By limiting CO2 levels, the use of geothermal resources
instead of fossil fuels will reduce social costs.

Turkey's energy production seems economically viable and more
projects are underway. With the current financial model and
heating rates, the economy of central heating systems in Turkey
does not look healthy, and given this economic situation, it does
not seem realistic to compete with natural gas in the short and
medium term. Turkey's geothermal resources seem to be a good
place to get process heat. The industry needs to be aware of this
scenario and take it into account. The industry has already
recognized that it makes economic sense to use Turkey's
geothermal resources to heat greenhouses.

The technically Decontamentable geothermal potential of the
Republic of Djibouti is currently estimated to be between 350 and
650 MW. The Asal-Ghoubbet plant alone has an economic
operational potential of over 150 MW, far beyond the current
requirements of the country. During the drilling operations, the
exploration of most of the places with geothermal resources was
very simple due to the small area of the country. The only
remaining task is to move to the operational stage after twenty
years of exploration in this area.

The Assal plant is a promising area and the initial 30 MW phase,
gradually followed by modular units of 5-10 MW, should be
considered near the country's existing plants. The current Iceland
project in this region can be completed with an initial capacity of
50 MW, which is expected within the next three years. After
completing these tasks, a 5 MW pilot geothermal power plant
should be built.
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Abstract

Utilizing allelopathy as a bio rational management tool for natural resources in agroecosytems is a promising approach.the aim of this
study was to investigate natural alternatives to chemical pesticides for weed control in agriculture by exploring the allelopathic effects
of volatile essential oils (EOs) extracted from selected plant species native to Algeria .

Specifically;we evaluated the allelopathic potential of EOs from Artemisia herba-alba and Juniperus phoenicea L;on the germination
and seedling growth of five weed species, including Daucus carota, Ampelodesmos mauritanica, Cynodon dactylon, Poa annua, and
Avena fatua. Essential oils were extracted from the aerial parts of the two plants using hydro distillation. The results showed that the
essential oils from A.herba-alba were highly effective in inhibiting seed germination of D. carota,P. annua and A.fatua,while the
J.phoenicea essential oils suppressed seedling growth in all of the targeted weeds.In particular,a higher concentration of 50 pL/1 of the
essential oils completely inhibited germination and seedling growth in C. dactylon and A. fatua, and in P. annua at a concentration of
50uL/l. Furthermore, the essential oils from J. phoenicea at a concentration of 500uL/I inhibited seed germination of A. mauritanica,
while the essential oils from A. herba-alba at concentrations ranging from 50 to 250uL/1 achieved the same effect.The finding suggest
that a combination of the essential oils from the two plants species or using Nano emulsion technology ;could be a promising bio-
herbicide.

Keywords: Weeds;Essential Oils; Allelopathic potential; Seed germination; herbicides;Artemisia herba-alba; Juniperus phoenica L.

Juniperus Phoenicea L ve Artemisia Herba-Alba'nin Esansiyel
Yaglarinin Bazi Yabani Tiurler Uzerindeki Alelopatik Etkileri

Oz

Agroekosistemlerde dogal kaynaklarin biyo-rasyonel yonetimi igin alelopatiyi kullanmak umut verici bir yaklasimdir. Bu ¢aligmanin
amaci, Cezayir'e 6zgii se¢ilmis bitki tiirlerinden elde edilen ugucu esansiyel yaglarin (EO'lar) alelopatik etkilerini aragtirarak tarimda
kimyasal ilaglarin yerine dogal alternatifler bulmak i¢in yabani otlarin kontrolii i¢in dogal yontemleri incelemektir.

Ozellikle; Artemisia herba-alba ve Juniperus phoenicea L'den alinan EQ'larin, Daucus carota, Ampelodesmos mauritanica, Cynodon
dactylon, Poa annua ve Avena fatua gibi bes yabani tiirlin ¢imlenme ve tohum c¢imlenmesi iizerindeki alelopatik potansiyelini
degerlendirdik. iki bitkinin havadaki kisimlarindan hidro distilasyon kullanarak esansiyel yaglar ¢ikarildi. Sonuglar, A.herba-alba‘dan
elde edilen esansiyel yaglarin D. carota, P. annua ve A.fatua'nin tohum ¢imlenmesini engellemede ¢ok etkili oldugunu, J.phoenicea
esansiyel yaglarinin ise hedeflenen tiim yabani otlarn tohum ¢imlenmesini baskiladigini gésterdi. Ozellikle, esansiyel yaglarin 50 uL
/1'ik daha yiiksek bir konsantrasyonu, C. dactylon ve A. fatua'nin tohum ¢imlenmesini ve tohum ¢imlenmesini tamamen inhibe etti ve
P. annua'da 50uL / ik bir konsantrasyonda etkili oldu. Ayrica, J. phoenicea esansiyel yaglari, 500uL / | konsantrasyonda A.
mauritanica'nin tohum ¢imlenmesini inhibe ederken, A. herba-alba esansiyel yaglari, 50 ila 250uL / 1 arasindaki konsantrasyonlarda
ayni etkiyi elde etti. Bulgular, iki bitki tiiriinden elde edilen esansiyel yaglarin bir kombinasyonunun umut verici bir biyo-herbisit
veya Nano emiilsiyon teknolojisi kullanimi i¢in olabilecegini diisiindiirmektedir.

Anahtar Kelimeler: Yabani otlar; Esansiyel Yaglar; Alelopatik Potansiyel; Tohum Cimlenmesi; Herbisitler; Artemisia herba-alba;
Juniperus phoenica L..
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1. Introduction

Synthetic herbicides have been applied in weed
management; however, their indiscriminate use has enhanced
environmental pollution, human health hazards and weed
.resistance [1];and minor weeds becoming dominant

In order to find manipulated and alternative strategies to
manage weeds in ago-ecosystems, studies and subsequent test
inbioassays ,reported allelochemicals isolate from plants has
provided proof for their phytotoxic potential against weed
species.use of allelopathy as novel weapons for natural weed
suppression.

Plant essential oils (EOs) have been known for their
phytotoxicity and for their allelopathic effects on seed
germination.

The hypothesis of this study was that some EOs might be
suitable for controlling some Mediterranean weeds.

the objective of this study was to evaluate the allelopathic
effects of selected volatile EOs from two different plant species
on seed germination and seedling growth of fives invasive
species.

2. Material and Method

The present experiment aimed at assessing the allelopathic
actions of essential oils of Artimisia and Juniperus,on
germination and seedling growth of monocotyledon of and dicot
weed plants.

2.1. Bioassay
2.1.1. Sample Collection

Artemisia herba-alba,known also as «desert wormwood»or
«shih»in Arabic ,is an aromatic and medicinal shub,20to 40cm
high,growing wild in arid areas of the Mediterranean bassin.[14]

About,Juniperus species belong to coniferous plants,Juniperus
phoenica is an evergreen tree indigenous to the North Africa and
belongs to the family Cupressaceae.[13]

Artemisia herba alba and Juniperus phoenica plants were
collected in Aurés region at the maturity stage ( 2022).

The plants left air -dried for 14 days ,then separated into two
shoot and leaves parts.

e-ISSN: 2148-2683

Mature seeds of  five weedspecies (Daucus -carota,
Ampelodesmos mauritanica,Cynodondactylon ,Poa annua,and
Avena fatua.) were collected from crop fields;Palm Grove in
Tolgua ,Biskra region.

2.1.2. Extraction of the Essential Oils (EOs)

The volatile essential oils (EOs) of Artemisia herba alba and
Juniperus phoenica was extracted via steam distillation using a
Clevenger-typeaparatus for 300 min using500g,700g of dried
aerial part leaves , in 2-L distillation units .The oil were stored in
hermetically sealed dark-glass containers and kept at 4°c for
further use.

2.1.3. Assay

To prepare an essential oil solution, were formulated as
active ingredients with different dose under current
study,0.5uL,5uL,25 pul and

50 uL of : Artemisia herba alba ,Juniperus phoenica essential
oil were mixed with 100ml of distilled water,the final solutions
were shaken to get homogeneous.

Ten seeds of weedspecies and rapeseed were separately
placed in 9 cm diameter petri dishes lined with filter paper.

25 ml of each solutions were applied to the petri dishes There
were 5 replications of each seed species dishes were incubated in
a growth chamber at 24+2°C in the dark for a week after that
exposed to ambient temperature of the month Aout at (38 £2)°C

Germination was determined by counting the number of
germinated seeds at 48h intevals till 7days after 15
days,recorded seed germination percentage, shoot length, root
length.[3]

3. Results and Discussion

3.1. Seed germination

The essential oil of Artemisia herba alba and of Juniperus
phoenica significantly inhibited the seed

germination of 5 weed plants (Daucus carota, Ampelodesmos-
mauritanica,Cynodon dactylon ,Poa annua,and Avena fatua.)

The essential oils of Juniperus phoenica have harmful effects
on seed germination of weed species (figl);

Juniperus phoenica’s EOs shown to inhibit seeding emergence
of weed species Avena fatua,Cynodon dactylon and the lowest
values of pourcentage seed gemination was recorded in Daucus
carota, Ampelodesmos-mauritanica under 20%.
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Fig. 1 Effects of essential oils of Juniperus phoenica (GA) on
seed germination of test weeds

The data presented in (fig2) weeds germination percentage
show the variations in the weeds control of five weeds species at
four concentrations of Artemisia alba-herba essential oils

Inhibitory effects of two essentiel oils data presented in (fig3);
complete inhibition of Avena fatua seed germination was
observed at icreases conentrations essential oil of Juniperus
phoenica (GA) and Artemisia herba alba(AM), 100%inhibition
of seed germination was observed in Daucus carota,and Poa
annua at (5uL/1 to 500uL/lI)Artemisia herba alba essential oil.

effects of essential oils of Artimisia herba alba on seed germination of test weeds

Ws5uL/iAM B 50uL/1 AM

16%

% 2% =
0%
I ]

Ampelodesmos mauritanica

0% 0%

Daucus carota

Fig. 2 Effects of essential oils of Artemisia herba alba (AM) on
seed germination of test weeds.

As can be seen from the data ,the seed germination of frour
targeted weeds was significantly,the complete inhibition of seed
germination was observed of Daucus carota and Avena fatua,at
higher dose of Artemisia herba alba essential oil more than
(50uL/1) decreased the germination of Ampelodesmos
mauritanica and for lower concentrations (50 pL/l) of oil ,no
germination of treated seeds Cynodondactylon.

Poa annua but at higher concentration more than (50 pL/1) of
oil we record increased germination :Poa annua (26%) at
(500uL/1),Cynodon dactylon (50%)..
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250uL/IAM

Cynodon dactylon

500uL/IAM

0% 0% 0% 0% 0% 0% 0%

Poa annua Avena fatua

At lower doses of Juniperus phoenica (5uL/1),and at higher
concentration (50uL/1) concentration of Juniperus phoenica
essential oil treatment,92%,94%,100% inhibition in
germination was observed in Daucus carota, Ampelodesmos
mauritanica,Cynodon dactylon
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Inhibitory effects of two volatiles Essential Oils (EOs) on weeds

‘l SuL/l GA M 50uL/| GA 14 250 ulL/l GA " 500uL/I GA M 5uL/| AM B 50uL/I AM M 250L/IAM © 500uL/IAM |

100% 100% 100% 100% 100% 100% 100% 100%
94% | 92%
86%
50% 50%
44%

Daucus carota Ampelodesmos mauritanica Cynodon dactylon Poa annua Avena fatua
For instance;we found that low concentrations of Juniperus

Fig.3 Inhibitory effects of essential oils of Juniperus phoenica phoenica(5pL/l ) had harmful effects on roots and shoot

(GA) and Artemisia herba alba (AM) on seed germination of elongation,also increased concentrations of Artimisia herba-alba
test weeds. essential oils (250uL/1-500uL/1) showed suppressor of radicle
and shoot growth of the Cynodon dactylon
3.2. Seedling development (fig.5) .

The effects of Essential oils of Artemisia herba alba (AM) and
Juniperus phoenica were tested on seedling
development(Radicle and shoot length(mm) ) of  weed

species.(fig.4) .
= == - ol N |
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Fig.4 Effects of essential oils of Juniperus phoenica (GA) and
Artemisia herba alba (AM) on weed seedling development.
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Effects of Essential QOils of Juniperus phoenica(GA) and Artimisia herba
alba(AM) on the shoot and root lengths of test weeds Cynodon dactylon

25
20

15

19,4
10 10,3
10
5,7
| : I :
o I I

shoot lengths root lengths shoot lengths root lengths shoot lengths root lengths
5uL/l GA 250uL/IAM 500uL/IAM
Fig. 5 Effects of essential oils of Juniperus phoenica (GA) and Effects of increases concentrations of essentiel oils of
Artemisia herba alba (AM) on seeds development (mm) of test ~ Juniperus phoenica(GA) at elongation shoot lengths had
weeds Cynodon dactylon. decreased for stimulate elongation root of Ampelodesmos

mauritanica.but the increases concentrations of essential oils of
Artemisia herba-alba effects elongation root and shoot lenghts
harmfully.(fig.7)
We have noticed that seedling grouth of Daucus carota were
effected at increases concentrations essential oils of juniperus
phoenica, at elongation root lengths stimulated the shoot lenghts
showed supressor,vice versa.(fig.6)

Effects of essential oils of Juniperus phoenica(GA) on on the shoot and
root lengths of test weeds Daucus carota

[y
w

139

e el i e
WS e W B

71

2,6

1,1 12
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(= R R R -

shoot lengths root lengths  shoot lengths  rootlengths  shootlengths  root lengths shoot lengths root lengths
SuL/l GA 50pL/l GA 250 pL/l GA 500uL/l GA

Fig. 6 Effects of essential oils of Juniperus phoenica (GA) on
seeds development (mm)of test weeds Caucus carota.
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Fig. 7 Effects of essential oils of Juniperus phoenica (GA) and
Artemisia herba alba (AM) on seeds development (mm) of test
weeds Ampelodesmos mauritanica.

compositions, with some dominated by a single component such
as a-thujone, B-thujone, 1,8-cineole, camphor, chrysanthenone,
or trans-sabinyl acetate, while others were characterized by the
presence of two or more of these compounds [7,2,4].

Effects of Essential Qils Juniperus phoenica(GA) and Artimisia herba alba(AM)
on the Root and Shoot lengths of test weeds Ampelodesmos mauritanica.
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At concentration of essential oil of Juniperus phoenica
(250uL/l)and at concentration essential oil of Artemisia herba-
alba (500uL/1) stimulated the root elongation without shoot
elongation (Omm).(fig.8) .
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Many studies around the world have been performed on the
chemical composition of the EOs and extracts of Juniperus

species.

Effects of essential oils of Juniperus phoenica(GA) and Artimisia herba alba(AM) on the
lengths of test weeds Poa annua

0

shoot lengths root lengths

250uL/1 GA

Fig. 8 Effects of essential oils of Juniperus phoenica (GA)
and Artemisia herba alba (AM) on seeds development (mm) of
test weeds Poa annua.

3.3. Discussion

The literature reports numerous papers on the composition
of essential oil from Artemisia herba-alba, originating from
different parts of the world [3,1,4]. The analysis of the oils
revealed a high degree of polymorphism, leading to the
identification of multiple chemotypes [2]. Essential oils from A.
herba-alba collected from Morocco, Algeria, and southern Spain
showed different compositions [7,2]. In Tunisia, where the
climate is semi-arid and arid, the essential oils exhibited varying

e-ISSN: 2148-2683

3,1

(o]

root lengths shoot lengths

500uL/IAM

Juniperus Oils and extracts contain various chemotypical
compounds: from 2,6-dimethyloctane to sesquiterpene skeletons,
and flavonoids and biflavonoids, but the main classes identified
in almost all Juniperus are mono and sesquiterpenoids and their
derivatives .[13,21]

Bouguerra and coworkers found ,The major volatile compounds
of Juniperus phoenica.L.,found that pinene, - myrcene and
caryophyllene,-cadienene,farnesol and -humulene[16]

There are not many reports on the use of Juniperus
phoenica L.essential oils allelopathic effect on seed germination
and seedling development. to discuss the resultats,Biotic and
abiotic factors must be taken into consideration, exemple The
temperature was higher by comparison to other studies because
our objectif is study allelopathy potentiel of essential oils in arid
areas at weeds species.
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Dias et al. (2020), the authors investigate the allelopathic
potential of four different monoterpenes on the germination and
early growth of maize. The monoterpenes tested were limonene,
alpha-pinene, beta-pinene, and 1,8-cineole. The study found that
all four monoterpenes had inhibitory effects on the germination
and primary root growth of maize, with beta-pinene and 1,8-
cineole showing the strongest inhibitory effects. The study also
found that the monoterpenes had negative effects on
mitochondrial respiration, indicating that they may affect the
energy metabolism of the plant.

the study by Taheri et al. (2019) found that essential oils
from Juniperus phoenicea L had a significant inhibitory effect on
the seed germination and early growth of three weed species,
suggesting that they could potentially be used as a natural
herbicide for weed control in agricultural fields.

In our study,these results confirmed several studies have
reported the volatile essential oil was active against radical
elongation;llias and coworkers[7]have reported at doses 2.5
pg/mLand 0.25 pg/mLthe essential oil of A.herba alba inhibited
the radicle elongation and at high doses of oils tested,the results
show stimulatry activity of radicle elongation of radish.Escudero
and cowerkers [9]noticed the inhibitory effects of aqueous
extract of fresh A.herba-alba shoot and roots of Helianthemum
squamatum(L)Dun Cours.

Li with coworkers [11]confirmed that the allelochemicals
volatile released from leaves of Artemisia frigida willd and
aqueous extracts of leaves and roots,inhibited seed germination
and seedling grouwth of 3 dominants species inMongola steppe.

Also Jassbi and coworkers [12]demonstrated that the
allelopathy potentiel of Artemisia tridentata at seed germination
and seedling growth of the co-existant plant.

According to Dhifi and coworkers, The essentiel oil of
Artemisia campestris affected the seed germination at the
concentration 100 ppm resulted in an increase of the rate of seed
germination of the weed D. carota undergoes a decrease with
1000 ppm and 2000 ppm whereas we noticed an increased
germination rate (11.65%) compared to the control (10%) at the
100 ppm concentration.[30]

Abdel-Fattah and coworkers,founded that allelopathic
effects can cause both stimulatory and suppressive effects at
lower and higher concentrations respectively.[31]

From 4 to 7 days,no seed germination after week we start
recording;Our findings were in agreement with those of Dhifi
and coworkers;the speed of germination or the time required by
D. carota seeds to germinate was also affected. Compared to the
control, it increased from 6 to 8 days and from 6 to 11
respectively for the concentrations 1000 ppm and 2000.Daily
monitoring of germination is necessary to assess the allelopathic
effect, which may not affect the germination itself but rather the
germination rate or other process parameters, as stated by
Ferreira and Aquila (2000). These changes in germination
patterns may impact various factors, such as membrane
permeability, DNA transcription, RNA translation, secondary
messenger operation, oxygen uptake (phenol), enzyme and
receptor conformation, or a combination of these factors. Recent
studies have shown that EOs and their constituents can
significantly impact root growth and development by inhibiting
cell division in growing root tips, interfering with DNA
synthesis in growing meristems, inducing oxidative stress,
enhancing lipid peroxidation and hydrogen peroxide
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accumulation, and increasing electrolyte leakage in root tissue.
For example, Nishida et al. (2005) reported such effects in their
research, while Scrivanti et al. (2003) and Singh et al. (2006)
found similar outcomes. These findings suggest that EOs could
potentially interfere with several essential cellular processes,
leading to various physiological and biochemical alterations.

Therefore, to develop effective and sustainable bio-
herbicides based on EOs, it is essential to understand their
allelopathic effects thoroughly. This knowledge can help identify
the most effective EO chemotypes, optimize their extraction
processes, and develop efficient and safe application methods for
agricultural and natural ecosystems.

4. Conclusions and Recommendations

The current research findings suggest that essential oil
volatiles can impede the germination and initial growth of
several weed species, including Daucus carota, Ampelodesmos
mauritanica, Cynodon dactylon, Poa annua, and Avena fatua. To
enhance our understanding and control of this process, it is
imperative to determine the chemical composition of the two
essential oils.

The results of current study suggest that alelochemicals in the
essential oils of Juniperus phoenica and Aretemisia herba alba as
altenative for sustainable weed management.

It is widely accepted that allelopathy can both inhibit and
stimulate plant growth. To further explore this phenomenon, we
need to investigate the potential bioherbicidal properties of a
combination of Juniperus phoenica and Artemisia herba alba oils.
This includes evaluating their allelopathic potential as post-
emergence bioherbicides under field conditions and determining
their effects on non-target weed species and crop agriculture.

More research is needed to fully understand their mechanisms
of action and optimize their use in weed management.
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