DOGU FEN BILIMLERI DERGISI
JOURNAL OF NATURAL AND APPLIED SCIENCES OF EAST

Vol/Cilt: 6 Issue/Sayr: 2 Year/Yil: 2023




https://dergipark.org.tr/tr/pub/dfbd

Sahibi
Prof. Dr. Omer PAKIS
Rektor

Sorumlu Miidiir
Prof. Dr. Can YILMAZ

Editorler
Dr. Ogr. Uyesi Metin ERTAS
metinertas@hakkari.edu.tr

Mizgnpa]lcl
Dr. Ogr. Uyesi Metin ERTAS

Editor Kurulu

Prof. Dr. Can YILMAZ

Dr. Ogr. Uyesi Erkan AZIZOGLU
Dog. Dr. Mehmet Macit ERTUS

Alan Editorleri

Prof. Dr. Mehmet Nuri BODUR
Prof. Dr. Sevket SIMSEK

Dog. Dr. Hakan GUNDOGMUS
Dog¢. Dr. Abdulahad DOGAN

Dr. Ogr. Uyesi Sule YUCELBAS
Dr. Ogr. Mustafa Emre AKCAY
Dog. Dr. Melek ERDEK

Dr. Ogr. Uyesi Erkan AZIZOGLU

Sekreter
Sevgi Pmar ZEYDAN

HAKKARI UNIVERSITESI FEN (/ N

BiLIMLERI ENSTITUSU DOGU N
FEN BILIMLERI DERGISi E f H
DOFEBD

Dogu Fen Bilimleri Dergisi

Yilda 2 kez yayimlanir.

dofebd@hakkari.edu.tr

Dr. Ogr. Uyesi Erkan AZIZOGLU
erkanazizoglu@hakkari.edu.tr

Prof. Dr. Mehmet Sait TAYLAN
Dog. Dr. Melek ERDEK
Dr. Ogr. Uyesi Metin ERTAS

Dr. Ogr. Uyesi Sengal BAGCI TAYLAN
Dr. Ogr. Uyesi Muzaffer MUKEMRE
Dr. Ogr. Uyesi Metin ERTAS

Doc. Dr. Giilistan KAYA GOK

Dr. Ogr. Uyesi Mehmet YURDERI

Dog. Dr. Selguk ESSIZ

Dr. Ogr. Uyesi Emrah CELIK

Dr. Ogr. Uyesi Tayfun CETIN


https://dergipark.org.tr/tr/pub/dfbd
mailto:dofebd@hakkari.edu.tr
mailto:metinertas@hakkari.edu.tr
mailto:erkanazizoglu@hakkari.edu.tr

ICINDEKILER
Sayfa

Finish Turning of AISI 5140 Tempered Steel to Improve Machinability

for Engineering Applications: An Experimental Approach with Dry

Cutting

Ali Cetin Yalcin, Firat Sen, Baris Divleli, Tuncay Kiiciikcolak,

Cihan Mensan, Riistem Binali....................cccooiiii, 1

Risk Perception and Occupational Health and Safety: Evaluation in
National and Global Context
OKan OzbaKIr............ccoooiiiiiiiiiiiiie e, 11

Anadoluda Yetisen Dort Centaurea L. Tiiriinlin Antiaging Ve Antidiyabet
Etkilerinin Belirlenmesi

Determination of Antiaging and Antidiabetes Effects of Four Centaurea

L. Species Growing in Anatolia

Mehmet CAVUSOGLU, Mehmet AKDENIZ, ismail YENER,

Hiiseyin ALKAN, Abdulselam ERTAS.....................ooiii. 24

Artemisia haussknechtii Boiss. (Cilo yavsani) Ekstresinin Antioksidan
Kapasitesinin Belirlenmesi

Determination of Antioxidant Capacity of Artemisia haussknechtii Boiss.

(Cilo yavsan1) Extract

Zafer Yaren, Musa Isnas, Deniz irtem Kartal, Ismail Celik............ 38

Van Yiiziincii Y1l Universitesi Kampiis Alan1 ve Cevresinin Ikonos Uydu
Goriintiileri ile Cok Yiiksek Coziiniirliiklii Sayisal Yiizey Modellemesi

Very High Resolution Digital Surface Modeling of Van Yiiziincii Yil

University Campus Area and Surroundings from Ikonos Satellite Images

Onur KOSe. ... 49



Dogu Fen Bilimleri Dergisi / Journal of Natural & Applied Sciences of East 6(2): 1-10 (2023)

Arastirma Makalesi / Research Article

Finish Turning of AISI 5140 Tempered Steel to Improve Machinability for
Engineering Applications: An Experimental Approach with Dry Cutting

Ali Cetin Yalein', Firat Sen’, Baris Divleli', Tuncay Kiiciikcolak®, Cihan Mensan’,
Riistem Binali*’

! TUSAS — Tiirk Havacilik ve Uzay Sanayii A.S., Ankara, Tiirkiye
2 Mechanical Engineering Department, Selcuk University, Tirkiye

email:rustem.binali@selcuk.edu.tr
DOI: 10.57244/dfbd.1392858

Gelis tarihi/Received:21/11/2023 Kabul tarihi/Accepted:16/12/2023

Abstract

This study explores the best finish turning conditions for AISI 5140 tempered steel which is
commonly used in automotive, agriculture and construction sectors thanks to its high strength and
toughness properties. The steel is proper for surface hardening which makes it a perfect option to employ
in various engineering applications. However, there are a few studies about this material and no paper is
seen on finish turning operation which is highly critical to prepare the parts for workspace. Therefore, this
work focuses on the impacts of feed rate, cutting speed and depth of cut parameters on roughness of
workpiece along with cutting force and cutting temperatures while dry cutting of AISI 5140 steel. The
results of the experiments evaluated with statistical analysis and Taguchi’s optimization approach.
Accordingly, cutting speed is the dominant parameter on all response parameters namely surface
roughness, cutting force and temperature with 92.6%, 61.6% and 91.6% contribution rate respectively.
For maximum surface quality, highest cutting depth (0.3 mm) and cutting speed (200m/min) along with
lowest feed rate (0.15 mm/rev) should be employed. Such an approach is expected to be a guide for the
practical applications where tempered steels are used in different engineering disciplines.

Keywords: AISI 5140 tempered steel, finish turning, machinability, and surface roughness.

Introduction

Machinability is a general term that commonly used for the definition of
feasibility for machining a metallic material on a machine tool. As a consequence,
machinability should be identified by several factors which are generally maintained by
the machining outputs (Binali, Demirpolat, Kuntoglu, & Saglam, 2023; Riistem,
Siileyman, & Siileyman, 2021). Therefore, machinability indicators can be classified for
the ones belong to workpiece material, machine tool and cutting tool. However,
measuring all these outputs related with these elements is a difficult task. On the other
hand, determination of the required machinability indicators is significant to increase
the quality of workpiece, to prolong the tool life of cutter and to minimize the expenses
and waste (Pimenov et al., 2022). In the concept of this specific study, it was aimed to
optimize surface roughness of the workpiece which is significant in finish turning. In
addition, cutting temperature and cutting force during machining were measured on-line
with advanced sensor systems to elaborate the study.

Machining is the process of removing pieces from the raw material called chips in
various forms and lengths, continuously or intermittently, by giving a certain depth of
cut (Arrazola, Ozel, Umbrello, Davies, & Jawahir, 2013). Such processes generally
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constitute the last round of the manufacturing processes and create the final surface and
dimensions of the machined material. In this respect, although it is sometimes applied to
rough operations, it also allows operations to be carried out with very high precision
(Mia, Singh, Gupta, & Sharma, 2018). One of the important ways to perform precision
machining in machining processes is the recognition of material properties and their
correct use in this sense. Soft materials have a structure that can be cut and shaped more
easily (Santos, Machado, Sales, Barrozo, & Ezugwu, 2016). On the other hand, hard
materials have a structure that does not undergo easy deformation and affects the
environment or material which interacts with physically and chemically during
manufacturing (Sarikaya et al., 2021). AISI 5140 tempered steel belongs to the second
group mostly due to the high chrome ratio and carbides with excessive hardness in the
main structure (Kuntoglu, Aslan, & Saglam, 2021). Also, high strength and toughness
of the steel makes it hard to machine owing to elevated cutting forces, temperatures and
vibrations during machining. For such reasons, observations on this special material are
valuable considering its broad utilization in the industry.

When looking at the literature papers on AISI 5140 steel, limited number of
machining studies can be seen. Plus, none of them addressed finish turning operation
using multiple sensors. For example, Kuntoglu et al. (Kuntoglu, Aslan, Pimenov, et al.,
2020) modeled tool geometry and cutting parameters for vibration and surface
roughness optimization. With a good correlation rate about 90%, the researchers
obtained a good model which minimizes vibrations and roughness deviations. In
another study (Kuntoglu, Aslan, Saglam, et al., 2020), the authors carried out a
comprehensive optimization for single and multiple targets using fundamental turning
parameters. Accordingly, optimal values for wear, roughness and data acquired with
high accuracy (82.5%). Aslan (Aslan, 2020) analyzed cutting forces, vibration and wear
patterns using statistical and graphical methods. The study focuses on the multiple
optimization techniques such as response surface method for optimal design of turning
parameters. Kuntoglu and Saglam (Kuntoglu & Saglam, 2021) used sensor fusion
technique in predicting wear. Acoustic emission and temperature signals provided
outstanding results to protect cutting tool from catastrophic effects. On another work
(Kuntoglu, Acar, et al., 2021), the researchers used naturally inspired algorithms to
optimize material removal rate and cutting forces. The Bees algorithm and response
surface methods compared in giving the maximum success rate in multiple
optimizations. Grzesik (Grzesik, 2008) observed wear patterns during hard turning
operation and the study provided comprehensive information about abrasive and
adhesive wear behavior. Usca et al. (Usca et al., 2022) made an experimental work
based on milling operation using different cooling and lubricating mediums. Seemingly,
cryogenic machining created powerful effect on the machinability characteristics over
dry and minimum quantity lubrication method. Ebrahimi and Moshksar (Ebrahimi &
Moshksar, 2009) researched the impact of machining parameters on machinability index
and especially for the flank wear of 5140 material. On other studies, generally flank
wear or wear mechanisms were studied by the academicians (Bican, Bayca, Ocak-Araz,
Yamanel, & Tanis, 2020; Huang, Ren, Li, Zhou, & Zhang, 2018; Kahraman, 2017; Li et
al., 2015; Zhang, Cheng, Hu, & Yin, 2017). Therefore, there is a large gap in finish
machining of the AISI 5140 steel and this work focused on this area in this specific
work.

Industrial materials have great attention nowadays due to the materials processing
technologies are very costly. Since the minimization of the total cost maximizes the
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productivity, manufacturing and industrial engineers generally focuses on the optimum
approaches. In line with this scope, data will be kept up to date. This study has a novel
approach for AISI 5140 material as per presenting a finish turning operation under dry
conditions. In this way, different levels of turning parameters added in the test plan. The
evaluation of the machinability of the workpiece was done with surface roughness,
temperature and cutting force data. Results will be investigated by optimization and
analysis methods to reach the optimal ranges of cutting parameters.

Materials and Methods

Materials, machine tool and experiments

Industrial materials can find extensive usage area in many sectors. AISI 5140 is a
special type of tempered steel group which have outstanding toughness and strength
properties allowed this material to be used in many prominent areas. Since this material
commonly utilized in the sector, it was selected as the machining material. The
chemical content of the material is given in Table 1. Coated carbide tools were used to
machine the materials and for each experiment a fresh cutting insert was taken. Each
experiment was operated under different cutting conditions and these compromised the
experimental plan. This plan illustrated in Table 2 where v is the cutting speed, f is the
feed rate and d is the cutting depth. The physical tests were performed on a conventional
lathe machine (De Lorenzo). No cutting fluid or coolant was used in the experiments.
The figure of the machine tool and general perspective of the study is given in Figure 1.

Table 1. Chemical content of 5140 (wt%) (Karakan, Alsaran, & Celik, 2002)

C Mn Si Cr Ni Mo V S Cu P

0.426 0.77 0.287 0.845 0.134 0.054 0.0287 0.064 0.0154 0.019

Table 2. Turning parameters used in the experiments

Cutting parameters % f d
1. level 100 0.15 0.1
2. level 200 0.3 0.2
3. level - - 0.3
Units m/min mm/rev mm
METHODOLOGY

RESULTS
AND
EVALUATION

MAIN AIM OF THE STUDY
Cutting temperature

Improvement of the finish turning Cutting forces

quality of AISI 5140 with different

cutting parameter combinations Surface roughness

Analysis of Variance

Experiments
+
Statistical analysis
+
Optimization

Figure 1. Machine tool and general perspective of the study.

Taguchi
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Machining outputs

Common parameter used for surface roughness measurement is the parameter that
gives the average surface roughness and is denoted by Ra. It is calculated by taking the
arithmetic mean of the areas around a certain center line (which can be positive or
negative because these areas can be above or below the line). Surface roughness devices
are used to measure surface roughness. While the measuring probe of the device moves
over the surface at certain distances, it scans the surface structure with a sensitive
micrometer-sized needle at its tip. In this way, the peaks and valleys can be easily
detected. In this study a perthometer (Mahr M1 type) was used to determine the surface
roughness. Cutting force is a natural outcome of machining operations which is needed
to produce chips. In this work, cutting force was detected with a dynamometer (TeLC)
which is mounted on the carriage and used also as the cutting tool holder. Similarly, the
cutting temperature sensor (TeLC) was set to the dynamometer which uses the radiation
measurement method. The red beam focused on the tool tip measures the chip/tool tip
temperatures. The figures of the sensors are given in the Figure 2.

[——

¢ 100 m/min
_ Probe | * 200 m/min

Cutting temperature
sensor and
| dynamometer = [ L.

¢ 0.15 mm/rev
e 0.3 mm/rev

Surface roughness

measurement :
Feed rate

e P
Finish turning of AISI 5140 steel under dry

cutting conditions * 0.1 mm
e 0.2mm
> o4
( i . e 0.3 mm
Experimental setup Turning

. @ ) of turning with parameters and Depth of
.8 g > L Sensors their levels ) cut

Figure 2. The experirhental setup and sensors.

Optimization and statistical analysis

Optimization is highly necessary approach in each scientific area especially for
the experimental studies. There are many optimization approaches. Taguchi is one of
them and effectively used to obtain optimal ranges. In this paper, Taguchi method was
employed to measure the impacts of the machining parameters. On the other hand,
statistical analysis was done based on analysis of variance method. To realize these
approaches, Minitab software was used. In depth analysis and explanation on used data
will be given in the next sections.

Results
Surface roughness

The performances of the material during actual working conditions are directly
affected by surface quality of a material. The production of machine parts is very
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important since these materials are generally being contacted with other parts in real
life. Tribological effects on the contacting surfaces of co-working elements determine
the lifespan of the material, and this is critical in terms of the overall cost and
maintenance costs of the machine. Therefore, determining the surface quality of a
material is of great importance by means of measuring the effect and quality of the
manufacturing process and understanding the adequacy of the material. One of the
universally valid parameters that show the surface quality of a machine part or a
metallic material is surface roughness. The obtained results in this study belongs to the
surface roughness is given Figure 3.

Main Effects Plot for Means
Data Means

55 Cutting Speed Feed Rate

2.0

1.5 1 \ "
. ./

1.0 \

0.5 - T T

100 200 0.15 0.30
Depth of Cut

2.5

Mean of Means

2.0 1

1.5 1 * . —=

1.0 1

0.5 - , , ,
0.1 0.2 0.3

Figure 3. Determination of the effective parameters on surface roughness.

Cutting force

Basically, after the beginning of chip formation, contact areas between tool and
chip are exposed to great pressure. Since there is a little contact length between these
elements, cutting forces can be detected proportional to these contact areas and pressure.
Cutting force is an essential variable to cut the material however it may ruin the surface
quality of the material during forming the chips. Therefore, keeping the cutting force in
some level is quite important. Figure 4 analyzes the cutting force changes depending on
the different levels of cutting parameters. It was mentioned before those main effects
plot provides the beneficial and detrimental parameters. As seen, the way to produce
lowest cutting force depends on the selection of lower turning parameters namely 100
m/min, 0.15 mm/rev and 0.1 mm.
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Cutting Speed Feed Rate

e -
S

/

Depth of Cut

/
—

Figure 4. Determination of the effective parameters on cutting force.

Cutting temperatures

Although the general use of cutting inserts may seem quite simple, these tools,
which are exposed to severe temperature and pressure, lose their properties over a
certain period of time. The excessive temperatures occurring in the square millimeter
area around a few edges where the cutting tool workpiece are being contacted, shared
between the materials, chip and the cutting environment as a result of heat transfer.
However, some heat is transferred to the workpiece and the cutting tool. As a result of
high amounts of friction, severe tribological effects and temperature, various wear
occurs at cutting tool and changes the microstructure of the material. Therefore,
minimization of the cutting temperatures is of great importance. Figure 5 gives the
impacts of the input parameters on the cutting temperatures. Means plot of main effects
give the lines for each parameter which should be understood as the lower parameter
gives better results. Seemingly, lower cutting speed need to be selected for the best
surface quality. Similarly, low feed rate and depth of cut should be chosen for lowering
the surface roughness. Means for the temperature scale shows that lower the parameter
provides lower temperatures. This can be explained with the reduction of the cutting
parameters automatically produce lower frictional forces, which reduces the
temperatures and heat, transfer ratio.
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Main Effects Plot for Means
Data Means

Cutting Speed Feed Rate

480 -
460
440 —
420 -
400 -

100 200 0.15 0.30
Depth of Cut

Mean of Means

480 -

460
440 - //.

420 -
400

0.1 0.2 0.3

Figure 5. Determination of the effective parameters on cutting temperatures.

Statistical analysis and discussion

Statistical analysis gives the important levels for each parameter and these sorted
values provide to design total machining group. This approach is widely utilized due to
its simplicity and effective usage. Therefore, to improve the finish cutting quality, this
study is built on this understanding. Statistical results are given in Figure 6 as per the
findings of the experiments. Accordingly, surface roughness is affected by the cutting
speed mostly (92.6%). This is understandable that changing cutting speed alters the
cutting force and temperatures where tool wear index shifts. On the other hand, cutting
force is influenced by the cutting speed effectively (61.6%) which is pursued by the
feed rate and depth of cut. Cutting speed makes easier the cutting process if its higher
rates are applied. Besides, this situation increases the wear rate of the cutting tool,
which requires arranging the cutting speeds sensitively. Lastly, cutting temperature is
affected by the cutting speed effectively (91.6%). Increasing movement of the
workpiece during revolving enhances the coefficient of friction and increases the cutting
temperatures.
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Source DF Seq 55 Adj S5 Adj Ms F P
Cutting Speed 1l 8.33833 8.33833 8£.33833 154.39 0.000
Feed Rate 1 0.27877 0.27877 0.27877 5.16 0.057
Depth of Cut 2 0.00435 0.00435 0.00217 0.04 0.9%¢l
Residual Error 7

0.37806 0.37806 0.05401

Analysis of Variance for Means(Cutting force)

1
[}
i

! Source DF Seq S5 RAdj 55 Adj MS F P

| Cutting Speed 1 2241.3 2241.3 2241.33 97.35 0.000

| Feed Rate 1 768.0 768.0 J€8.00 33.36 0.001

| Depth of Cut 2 465.2 465.2 232.58 10.10 0.009%

| Residual Error 7 1€1.2 16€l.2 23.02 |

' Total 11 3635.7 |
[}
1

Analysis of Variance for Means (Cutting temperatures)

1

1

|

DF Seq SS RAdj S5 Adj MS F E i

Cutting Speed 1 27744.1 27744.1 27744.1 544.13 G.DDG:
Feed Rate 1 330.7 330.7 330.7 €.49 0.038.
 Depth of Cut 2 1853.2 1853.2 926.6 18.17 0.002
| Residual Error 7 356.9 356.9 51.0 |
| Total 11 30284.9 '
1

Figure 6. Statistical analysis of the results.
Conclusions

This paper is about the finish turning performance of different cutting parameter
combinations of AISI 5140 steel. The outputs namely cutting temperature, cutting force
and surface roughness of the experimental study was evaluated with statistical analysis
and graphical illustrations. Some of the findings are given below:

e Cutting speed was found as the dominant parameter on all response parameters

namely surface roughness, cutting force and temperature with 92.6%, 61.6% and
91.6% contribution rate respectively.

e For minimize surface roughness, highest cutting depth (0.3 mm) and cutting

speed (200m/min) along with lowest feed rate (0.15 mm/rev) should be selected.

e For minimize cutting force, highest cutting depth (0.3 mm) and cutting speed

(200m/min) along with highest feed rate (0.30 mm/rev) should be selected.

e To minimize cutting temperatures, the same parameters that minimize cutting

force should be used.
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Abstract

Risks can be prevalent problems both within national borders and beyond. Examples of recent
global infectious diseases such as natural disasters, man-made disasters (such as exposure to radiation),
Covid, HIN1, and Ebola viruses can serve as examples of this. Interpretations and subjective judgments
about risk are called risk perceptions and are important determinants of health and risk-related decisions
(such as policy decisions about nuclear power plants, genetically modified foods, processed meats). We
conducted research on studies on perception around the world, trends and what can be studied in the
future. In this study, we identified 137 relevant publications from the SCOPUS database between 1987
and 2023. All the data obtained were analyzed using the Bibliometrix computer program based on R-
studio. Analyses included the analysis of co-occurrences of networks, thematic maps, and trending topics.
According to the findings of the present study, all reports were published in 101 sources since 1987.
These documents have an annual growth rate of 5.55, increasing significantly after 2009. The countries
with the highest number of publications are Australia, followed by Canada, Italy, Portugal, and the United
States. Due to the nature of the topic, the occurrence of joint publications among countries is quite low.
Individuals® awareness of occupational health and safety issues increases their awareness of workplace
risks and, therefore, the likelihood of preventing workplace accidents and occupational illnesses.

Keywords: Perception, occupational health and safety, risk, hazard
Introduction

Risk perception refers to individuals' personal judgments about the likelihood of
negative events occurring. In particular, in the context of health and risk
communication, risk perception is important in determining which hazards are
significant to individuals and how they can cope with these hazards. Risk perception has
two main dimensions: the cognitive dimension, which is expressed in terms of
individuals' level of knowledge and understanding about risks; and the affective
dimension, which is concerned with how individuals feel about risks (Giiler, 2014).
Various theoretical models have been developed to explain how individuals perceive
risks, process risk information, and make decisions about them. These include the
psychometric paradigm, the risk amplification model, the mental noise model, the
negativity dominance model, the trust determination model, and the social amplification
of risk framework (Ar, 2014).

In the workplace, non-experts typically assess risk based on subjective
perceptions, intuitive judgments, and information from the media, while experts rely
more on research and statistical evidence. In contrast, it is assumed that non-experts
generally assess risks using heuristic methods and other informal thought processes. For
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example, when people are more aware of specific risks, they tend to believe that these
risks occur more frequently than they actually do. This tendency is known as the
availability heuristic (Kahneman et al., 1982).

Risk perceptions are important indicators of individuals' health behaviors and
other risk prevention behaviors recommended by experts. Behavior changes models
such as the Health Belief Model, the Protection Motivation Theory, the Extended
Parallel Process Model, and the Risk Perception Attitude framework incorporate the
concept of risk perception (Paek & Hove, 2017).

Public awareness and perceptions can be influenced by how the media portrays
risks. There are numerous studies demonstrating that media factors influence public risk
perceptions (Slovic, 2016). Various media factors, including the amount of media
coverage, the frames used, the perceived value and tone of media coverage, media
sources and their perceived reliability, the formats in which risks are presented, and the
types of media channels, are associated to varying degrees with risk perceptions.

Risk perceptions are important in adopting healthy behaviors, restricting
unhealthy behaviors, and accepting or rejecting certain levels of risks. Risk perceptions
determine how individuals will proceed in their health and risk-related decisions.
Therefore, research on risk perceptions plays a significant role in the planning and
implementation of health-related policies (Alexopoulos et al., 2009).

A common assumption in risk perception research is that individuals decide how
to perceive a risk based on their level of knowledge and certainty about the risk. This
assumption is based on the rational decision-making model, in which individuals
evaluate the probabilities of outcomes after calculating potential costs and benefits. This
assessment of risk is often attributed to experts who rely on scientific knowledge and
objective assessments.

When we think of some examples in the context of occupational health and safety,
employees who have a coworker or family member suffering from a deadly disease
such as occupational cancer are more likely to perceive this disease as a higher risk.
Similarly, individuals dealing with a contagious disease containing biological risks in
the workplace and receiving intensive media coverage may perceive it as more
widespread and riskier compared to others. Therefore, it is understood that risk
perception is shaped by various influences such as individual experiences,
communication sources, and other factors. Considering these factors in risk perception
research will help us gain a better understanding of the path’s individuals follow in the
process of assessing and managing risks.

Studies investigating the level of risk perception among workers in accordance
with occupational health and safety principles are important sources that guide future
research. These studies identify gaps in the literature and provide inspiration for
researchers. Additionally, they provide access to the most up-to-date information,
especially regarding the latest technologies. Recently, bibliometric-supported analyses
have become popular in order to reduce the size of reports, increase visual appeal, and
enhance comprehensibility (Rejeb et al., 2022; Malanski et al., 2019). Various tools are
available for bibliometric analysis. However, each tool has its advantages and
disadvantages, so the use of multiple tools is recommended for better results (Choudhri
et al., 2015; Karanatsiou et al., 2017; Markscheffel and Schréter, 2021).

Among the most commonly used software packages for bibliometric and
visualized analysis are CiteSpace, VOSviewer, and R-bibliometrix. These programs can
be used to extract and obtain the desired essential information from the examined
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publications. This information may include elements such as countries/regions,
institutions, authors, journals, keywords, and co-citations. These programs can identify
authors, institutions, and countries/regions that contribute the most to collaboration
networks and select relevant publications. Bibliometric analysis is a method based on
statistical and visualization tools that aim to reveal information structures and
development trends related to a subject (Devos and Menard, 2019).

This method allows for the objective determination of research trends and new
topics, the evaluation of the performance of authors and organizations, and the mapping
of international collaborations and geographical distribution networks. For this purpose,
printed data is used. VVarious databases are available to obtain raw data. PubMed, which
is one of the most popular and frequently used search engines for medical literature, was
developed by the National Library of Medicine and released as an accessible interface
for the MEDLINE database in 1997. However, the main disadvantages of PubMed
include problems such as covering biomedical and life sciences journal literature and
lacking dynamic citation analysis (Choudhri et al., 2015).

The main objective of the study is to examine the perception levels of employees
in the business world regarding the problems and risks they face. In line with this goal,
previous research was compiled and efforts were made to obtain information on changes
in spatial distribution, popular terms and topics. In addition, differences in perception
levels between countries and regions and the factors influencing them were examined.

Do perception levels differ between countries? What could be the reasons for
these differences? Do factors such as cultural, social and economic structures of
countries, occupational health and safety policies, education system, and awareness-
raising activities have an impact on perception levels?

What are the popular terms and topics related to occupational health and safety?
Do these emerge as rising or declining topics depending on trends? Analyses conducted
using the Bibliometrix program will help identify the most commonly used terms and
topics.

Is there a relationship between perception levels and the number of studies related
to occupational health and safety and the development and effectiveness of countries?
Are the analyses conducted sufficient to determine the relationship between the
development level of different countries and the number of studies conducted?

This study examines the perception levels of the problems and risks faced by
employees in the business world and discusses the differences between countries in this
regard. It also notes that popular terms and topics change according to trends and that
the number of studies conducted in this area is related to the level of development of
countries.

Material Method

Data source and search strategy

In the research to be evaluated, based on a numerical search using the SCOPUS
database, it was found that it contained approximately 49,355 documents in the field of
occupational health and safety. However, the search was specifically limited to the
category of "perception™ with the keywords "occupational health and safety” and
"work™ and "risk™ for research on topics such as occupational accidents and work-
related diseases. As a result, 137 documents were recorded after May 26, 2023. They
were downloaded in BibTex format and analyzed using the Bibliometrix program based
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on R studio. The obtained results were visualized using the VOSviewer program.
VOSviewer is a software tool used for creating and visualizing bibliometric networks.
These networks can include journals, researchers, or individual publications and can be
constructed based on citation, bibliographic coupling, co-citation, or co-authorship
relationships. This software also provides a text mining function to create and visualize
the formation networks of important terms obtained from scientific literature
(vosviewer.com). The 137 dataset was analyzed using VOSviewer software through
keyword mining, citation analysis, and bibliographic coupling analysis.

Results and Discussion

The descriptive characteristics of 137 documents from various sources, including
journals, books, book chapters, and conference papers, are presented collectively in
Table 1, indicating a time range from 1987 to 2023. These documents are distributed
across 137 different sources. The annual growth rate of these documents is estimated to
be 5.55%. The first article was published in 1987, and the average age of the documents
is 7.66 years. Such a low age suggests that reports related to perception and
occupational health and safety are relatively new. The time trend of the documents
(Figure 1) clearly shows that the majority of the documents have been reported after the
2010s and reached a peak in the last decade. Looking at the citations per document, we
observed an average of 13.47. Out of the 137 documents, 99 were published as original
research, and the remaining documents consist of chapters, books, and conference
papers. In general, these documents account for 525 collaborative papers (Table 1).

Table 1. Documents produced between 1987-2023

Description Results
Timespan 1987:2023
Sources (Journals, Books, etc) 101
Documents 137
Annual Growth Rate % 5.55
Document Average Age 7.66
Average citations per doc 13.47
References 5361
Keywords Plus (ID) 1083
Author's Keywords (DE) 464
Authors 525
Authors of single-authored docs 18
Single-authored docs 20
Co-Authors per Doc 4.15
International co-authorships % 13.87
Article 99
Book Chapter 3
Conference Paper 24
Conference Review 3
Review 8
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In the following sections of the current study, these documents are subjected to a series
of analyses, including sources and impacts, country productivity, co-occurrence of
keywords, thematic maps, word clouds, conceptual structure maps, and topic
dendrogram. The study is designed as a comprehensive approach to identify the main
theme of the analyzed documents in the field of perception and occupational safety.

Annual scientific production of documents

The analysis of annual production of documents in the relevant field has
revealed trends over time. According to this analysis, the first sources in the literature
date back to the 1980s. However, a significant increase in the number of documents has
been observed since 2013, accompanied by a momentum. This increase can be
attributed to various factors. (Figure 1.)

Articles

Year
Figure 1. Annual scientific productivity.

Most published resources

As mentioned in the previous section (Table 1), the relevant publications are
found in 137 different sources. These journals have been categorized into different
categories based on their importance using Bradford's Law. This classification is related
to their relevance level. As seen in Figure 2, the top three journals are Safety Science
(N=13), International Journal of Environmental Research (N=7), and Advances in
Intelligent Systems and Computing (N=4).
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Figure 2. Most published sources

Country scientific production and connections

When looking at the number of publications, Australia ranks first, followed by
Canada, Italy, Portugal, and the United States. However, in terms of receiving the
most citations, the ranking is as follows: Australia (N=316), followed by Canada
(N=283), the United States (N=245), Italy (N=213), Spain (N=93), New Zealand
(N=74), and Denmark (N=50) (Figure 4). The reason why Australia produces a
high number of publications on occupational health and safety is due to the high
number of work accidents and occupational diseases in the country. According to
ILOSTAT-Australia data, the number of non-fatal work accidents per 100,000
workers is 899, while the number of fatal work accidents per 100,000 workers is 1.6
(ilostat.ilo.org). Although Canada has made progress in occupational health and safety
through recent legislative regulations and penalties, according to the International
Labour Organization data, the number of work accidents in 2022 was 1408 per 100,000
workers, with around 5 resulting in death. In the United States, an ILO member country,
the rate of fatal accidents per 100,000 workers is reported to be around 57.7 in the
agriculture, forestry, and fishing sector, 13.33 in the mining sector, 16.15 in the
construction sector, and 17.76 in the transportation sector. In Italy, these values are
11.27 in the agriculture, forestry, and fishing sector, 22.41 in the mining sector, 9.06 in
the construction sector, and 6.39 in the transportation sector. In Portugal, the values are
reported to be 9.34 in the agriculture, forestry, and fishing sector, 36.89 in the mining
sector, 17.30 in the construction sector, and 11.61 in the transportation sector (Oztiirk,
2022).
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Country Scientific Production

Figure 3. Scientific productivity of countries.
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Figure 5. Number of citations received by countries.
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Corresponding author (intra-country (scp) and cross-country (mcp) collaboration)
Figure 6 demonstrates the potential for individual or collaborative cooperation
among countries conducting research on the respective topic. To this end, we evaluated
intra-country (SCP) and inter-country (MCP) cooperation for the period 1987-2023.
Figure 6 shows the top nineteen countries in this regard. Despite ranking first in terms
of document count, Australia had a relatively low cooperation rate, the same as Canada,
the United States, and Italy. For our country (Turkey), the MCP rate was found to be
0.0. While certain topics may be of interest to the local population, they may not fall
within the scope of our regions or countries, thus the MCP rate may not reflect
cooperation in specific topics. Collaboration may not be possible for every topic.
Therefore, the low MCP rate can be attributed to local specificity and uniqueness.

AUSTRALIA Collaboration

CANADA mee

USA- B scp
ITALY
SPAIN
BRAZIL-
PORTUGAL
TURKEY
CHINA

DENMARK

Countries

GERMANY
INDONESIA
KOREA

LEBANON

NEW ZEALAND
BELGIUM

BOSNIA -

COLOMBIA

CYPRUS

10
N. of Documents
Figure 6. Cooperation status between countries

Word cloud analysis of received documents

We created three Word Clouds using Author Keywords, Keywords Plus, and
Titles to further expand our insights into the content of the documents considered for
analysis (Figure 7-9). As Zhang et al. (2016) report, traditional author keywords are
provided by the authors of the relevant papers, while Keywords Plus are extracted from
the titles of the referenced papers by Thomson Reuters. Additionally, Titles are critical
indicators in reaching relevant audiences. The Word Clouds for each analysis consisted
of the top 50 most frequently used words (Kulak et al., 2019; Kulak & Kilig, 2020).
Please refer to Figure 7 for Perception, Occupational Health and Safety, Risk
Perception, Safety Culture, Risk Analysis, Safety Climate, etc. As evident from Figure
7, the main keywords of the study (occupational health and safety and perception) have
been followed by the main keywords of the respective analysis.
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Figure 7. Author keyword Cloud.

The keywords included workplace, people, women, men, risk assessment, adult,
health risk (Figure 9). In the title word cloud, the most pronounced words are safety,
health, work, risk, employees, perception, management, workplace, etc. (Figure 10). As
seen in the country analysis (Figures 4-7), Australia has the highest number of
publications. Due to its frequent usage as a keyword, Australia appears in the word
cloud analysis. In occupational health and safety studies conducted in workplaces, both
women and men are reported with similar frequency. Additionally, a distinction has
been made between children, adolescents, and adults. These results indicate that the
concept of occupational health and safety can affect all members of society.
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Figure 8. Keyword plus cloud
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Trending topics

The topics of scientific studies can vary significantly depending on time and
location. As seen in Figure 10, occupational health and safety and human-related
research have been prominent, generally focusing on investigating the perceptions of
adult men and women. Additionally, risk assessment, industrial hygiene, and job-related
risks are highlighted subjects.
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Figure 10. Trending topics

Co-occurring network

Understanding the relationship between the terms used in reports is an important
analysis in the interpretation. For example, a high level of co-occurrence of words
reflects a high level of relationship between them. Here, we created co-occurrence
networks of authors' keywords and Keyword Plus (Figure 7-9). Accordingly, Figure 7
shows very tight clusters. The blue cluster, stemming from words related to business
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risk and industrial hygiene, while the red cluster includes words related to occupational
safety, human, and adult (male, female). Both clusters highlight the attention given to
perception. The other main cluster (green) is centered around words like risk
assessment, work environment, and occupational safety (Figure 11).
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Figure 11. Network of co-occurring issues.

Thematic map

Thematic mapping, which has become popular in recent years, is important in
determining the main and general topics in a field. Thematic maps consist of four
quadrants. Motor theme (quadrant 1) consists of the most relevant and evolving terms
related to the analyzed topic. Niche theme (quadrant 2) consists of terms that are not
directly related to the topic. Emerging or declining theme (quadrant 3) includes terms
that have limited or marginal relevance to the topic. The final quadrant (core theme)
consists of general terms rather than specific terms related to the analyzed topic.
Therefore, the same terms can be encountered in other fields as well. In the presence of
networks, we also created thematic maps for author keywords (Figure 12). Figure 12
shows the thematic map of author keywords. The first quadrant (motor themes) consists
of four main clusters. One cluster is about construction workers, the second cluster is
about risk perception, occupational injuries, and occupational safety, the third cluster is
about occupational health, perception, and security, and the fourth cluster is about
occupational health and safety, Covid 19, and education. Since ensuring occupational
health and safety is based on high perception, the motor theme completely encompasses
these topics.

The second quadrant (niche theme) includes topics such as musculoskeletal
injuries, workplace injuries, gender quantitative research, and workplace bullying. The
third quadrant shows a tendency towards centrality and intensity in topics such as job
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satisfaction, safety and health injuries, and work-related stress and risk sources. These
suggest that these relevant topics can be moved to the motor theme and core themes.
The word cloud topic (Figure 7, 8, 9), trend topics (Figure 10), and network topic
(Figure 11) depict the key keywords or keywords plus "human, workplace, risk
assessment™ analysis, portraying hotspots or core content of occupational health and
safety. This approach encompasses the fundamental topics of occupational health and
safety. The final quadrant (Core Theme) identifies general topics that cross over/shared
between different research fields, namely occupational health and safety, safety climate,
and risk management. Interestingly, risk assessment, construction industry, and
occupational hazards are at the center of this quadrant.
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Figure 12. Thematic map

Conclusion

It is critical for researchers to determine how and to what extent emotions such as
anger, fear, and anxiety affect risk perception and subsequent behavior. Although
various risk characteristics have been identified under the headings of unknown and
feared risks, very little research has examined which ones have stronger or weaker
effects on risk perceptions and subsequent behaviors.

Research on risk perception and occupational health and safety was conducted
using the Scopus database to obtain results such as authorship, citations, and keywords.
Data from this study indicate that research on perception is mainly conducted in specific
countries, and there is a limited number of international studies available. Perception is
a reflection of the people living in each country and is generally a reflection of
educational and behavioral outcomes; therefore, there is limited opportunity for
collaboration.

However, risk perception is a complex phenomenon resulting from the interaction
of cultural, social and educational factors. Therefore, there are difficulties in conducting
collaborative research between different countries. International cooperation and
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knowledge sharing are necessary to understand risk perceptions in different geographic
regions and to develop occupational health and safety strategies.
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Ozet

Centaurea L., Diinya ¢apinda, &zellikle Bati Asya ve Akdeniz bolgelerinde dagilim gosteren
600'den fazla tiiriiyle Asteraceae familyasinin dérdiincii en biyiik cinsi olup Tiirkiye'de 109'u endemik
olmak iizere 179 tiirii bulunmaktadir. Bu ¢alismada, Anadolu'dan dort Centaurea tiiriiniin antiaging ve
antidiyabetik etkilerinin belirlemesi amaglanmistir. Ayrica Centaurea lycopifolia, C. spectabilis, C.
depressa, ve C. iberica tiirlerinin GC-MS ile bazi triterpen igerikleri miktarsal olarak belirlenmistir. C.
lycopifolia tiirliniin aseton ekstresinde (4271.54+1.07 pg/g ekstre), C. spectabilis tiiriiniin aseton
ekstresinde (2872.28+0.72 pg/g ekstre) ve etanol ekstresinde (3564.05+£0.89 pg/g ekstre) a-amirin tespit
edilmistir. Antiaging ac¢isindan elastaz ve kollajenaz enzim inhibisyon ydntemlerinde C. lycopifolia
aseton ekstresinin elastaz enzimine karst iyi derecede (27.83+1.31, oleanolik asit: 43.80+0.76) inhibe
edici aktivite gostermistir. Antidiyabetik agisindan degerlendirdigimizde ise C. depressa tiiriiniin aseton
ekstresinin 12.5, 50 ve 200 pg/mL konsantrasyonlarda a-glukozidazi ¢ok yiiksek seviyede (sirasiyla, %
inhibisyon: 29.03+0.49, 45.87+1.06, 84.81+£1.22, akarboz: 6.32+0.12, 18.20+0.13, 67.74+0.53)
inhibisyon aktivitesi gosterdigi belirlenmistir. C. spectabilis tiirliniin etanol ekstresinin ise 400 pg/mL
konsantrasyonda a-amilaz enzimine kars1 yiiksek seviyede (65.43+1.40, akarboz: 87.15+1.14) inhibisyon
aktivitesi gosterdigi tespit edilmistir. Sonug olarak C. lycopifolia tiiriiniin antiaging potansiyeli nedeniyle
kozmetik endiistrisinde, C. depressa, C. iberica, C. lycopifolia ve C. spectabilis tiirlerinin antidiyabetik
potansiyelleri nedeniyle farmasotik alanda kullanilabilmesi i¢in daha detayli in vitro ve in vivo
caligmalara konu olmasi gerektigi diisiniilmektedir.

Anahtar Kelimeler: Centaurea, GC-MS, a-amirin, enzim aktivite, antiaging, antidiyabetik

Determination of Antiaging and Antidiabetes Effects of Four Centaurea L.
Species Growing in Anatolia

Abstract

Centaurea L. is the fourth largest genus of the Asteraceae family, with more than 600 species
distributed worldwide, especially in Western Asia and the Mediterranean regions, and there are 179
species in Turkey, 109 of which are endemic. This study aims to determine the antiaging and antidiabetes
effects of four Centaurea species from Anatolia. Additionally, some triterpene contents of Centaurea
lycopifolia, C. spectabilis, C. depressa, and C. iberica species were determined by GC-MS. a-amyrin was
detected in the acetone extract of C. lycopifolia species (4271.54+1.07 pg/g extract), in the acetone
extract of C. spectabilis species (2872.28+0.72 ng/g extract) and in the ethanol extract (3564.05+0.89
ug/g extract). In terms of antiaging, elastase and collagenase methods; C. lycopifolia acetone extract
exhibited good (27.83+1.31, oleanolic acid: 43.80+0.76) inhibitory activity against the elastase enzyme.
When we evaluate it from an antidiabetic perspective, the acetone extract of the C. depressa has very high
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levels of a-glucosidase at concentrations of 12.5, 50 and 200 pg/mL (respectively, inhibition %,
29.03+0.49, 45.87+1.06, 84.81+1.22, acarbose: 6.32+0.12, 18.20+0.13, 67.744+0.53) was determined to
show inhibition activity. It was determined that the ethanol extract of C. spectabilis species showed high
level (65.43+1.40, acarbose: 87.15+1.14) inhibition activity against the a-amylase enzyme at a
concentration of 400 pg/mL. As a result, in the cosmetic industry due to the antiaging potential of C.
lycopifolia species, it is thought that C. depressa, C. iberica, C. lycopifolia and C. spectabilis species
should be subject to more detailed in vitro and in vivo studies in order to be used in the pharmaceutical
field due to their antidiabetic potential.

Keywords: Centaurea, GC-MS, a-amyrin, enzyme activity, antiaging, antidiabetic

Giris

Tibbi ve aromatik bitkiler, ¢ok eski zamanlardan giliniimiize kadar insanlar
tarafindan hastaliklar1 tedavi edici olarak kullanilmalarindan dolayr 6nemli bir rol
oynamaktadirlar (Inoue ve ark. 2017). Tarihi agidan incelendiginde eski ¢aglardan (M.O
50000-7000) giiniimiize kadar bitkilerden c¢ok ¢esitli amaglarla faydalanildig:
goriilebilmektedir. Tibbi ve aromatik bitkiler gida, ila¢ ve ticari olarak kullanildig:
bilinmektedir. Bundan dolay1 insan ve bitki arasinda giicli bir bag oldugu
goriilmektedir (Kogyigit, 2005). Tibbi ve aromatik bitkilerin kullanim1 ¢ok eski yillara
dayanmakla beraber Asurlular, Babiller, Eski Misir ve Yunan uygarliklar1 donemlerinde
insanoglu tarafindan ilag, gida, baharat, ¢ay, mesrubat, boya, kozmetik ve regine gibi
cok cesitli alanlarda kullandiklar1 goriilmektedir (Ogan ve Comert 2017).

Asteraceae, yaklasik 1600 cins ve 23.000'den fazla tiirden olusan en biiylik ¢igekli
bitki ailelerinden biridir (Bohm ve Stuessy 2001). Asteraceae familyas1 aygigegi ailesi
olarak da bilinmektedir. Asteraceae familyasina ait bitki tiirleri genellikle tedavi edici
etkisinin oldugu rapor edilmistir ve bu 6zelliginden dolayr geleneksel tipta uzun bir
gecmise sahiptir. Familyanin bazi tiirlerinin yenilenebilir olmasi ve tibbi etkisinden
dolay1 3000 yildan beridir yetistiriciligi yapilmaktadir. Asteraceae familyasi, Antartika
hari¢, Diinya ¢apinda cesitli ekolojik habitatlarda yaygin olarak bulunmakla beraber,
orman habitatlarinda, yiiksek rakimli otlaklarda ve hatta kentsel yesil alanlarda
yetisebilmektedir. Ancak tropikal boélgelerde ¢ok daha az yaygindirlar. Asteraceae
familyasinin birgok tiirii, antiinflamatuar, antimikrobiyal, antioksidan ve hepatoprotektif
gibi aktiviteler gostermektedir (Rolnik ve Olas 2021).

Centaurea L. Diinya capinda, ozellikle Bati Asya ve Akdeniz bdlgelerinde
dagilim gosteren 600'den fazla tiirliyle Asteraceae familyasinin dordiincii en biiytik cinsi
olup Tiirkiye'de 109'u endemik olmak tizere 179 yerli tiirii bulunmaktadir (Reda ve ark.
2021; Yayl ve ark. 2005). Centaurea cinsinin Tiirk¢e isimlendirmesine bakildiginda,
peygamber cicegi, zerdali dikeni, c¢oban kaldiran, timur dikeni gibi isimlerle
bilinmektedir. Centaurea cinsine ait olan bazi tiirler Centaurea lycopifolia Boiss. &
Kotschy, Centaurea spectabilis (Fisch. & C.A.Mey.) Sch.Bip (synm: Stizolophus
balsamita), C. depressa Bieb. (Synm: Cyanus depressus) ve C. iberica Trevir. &
Spreng. olarak siralanabilir (Boga ve ark. 2016; Bona, 2013).

Diinya’da ¢esitli Centaurea tiirleri geleneksel halk tibbinda ¢ok degisik alanlarda
kullanilmaktadir =~ Bu  alanlar,  antidiyabetik, antidiyaretik,  antiromatizmal,
antiinflamatuar, kolagog, koleretik, sindirim, mide, idrar soktiiriicli, menstriiel,
hipotansif, ates diisiiriicii, sitotoksik ve antibakteriyel 6zellikler olarak siralanabilir (Arif
ve ark. 2014; Yaglioglu ve ark. 2014; Khammar ve Djeddi 2012; Giirkan ve ark. 1998;
Orallo ve ark. 1998; Farrag ve ark. 1993). Misir'in halk hekimliginde Centaurea tiirleri
ishal oOnleyici, enerji verici ve gogiis sikigmasmin rahatlatilmasi gibi hastaliklarin
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tedavisinde kullanilmis ayrica ates diisiiriicli, kabizlig1 tedavi edici, balgam soktiiriicii
ve antipiretik ajan olarak kullanilmigtir (Arif ve ark. 2014). Misir'da, C. alexandrina,
tiirliniin ¢icekli dal ekstrelerinin, anti hiperglisemi (Senosy ve ark. 2018), antibakteriyel
ve antidiyabetik ajan olarak kullanildig:r bildirilmistir (Soumyanath, 2005). C.
calcitrapa tiirtiniin Kuzey Afrika'da halk tibbinda yaygin olarak kullanildigi; 6zellikle
istah agici, ates disiiriicii, aralikli ates diisiliriici ve goz hastaliklarinin tedavisinde
kullanildig1, Ayrica tiiriin kok ve meyvelerinin idrar soktiiriicii 6zellige sahip oldugu ve
tohumlarinin bdbrek taglarmin tedavisinde kullanildigi rapor edilmistir (Boulos ve
Gohary, 1983). Suriye'de tiiriin tohum ve koklerinin istah agic1 6zelligi ve ishal 6nleyici
etkisi nedeniyle kullanilmaktadir (Alachkar ve ark. 2018). Tiirkiye'de bu bitki tiirliniin
inflizyonu ates diisiiriicii etkisinden dolay1 ates olusmasi durumlarinda tedavi amaciyla
kullanilmaktadir (Zater ve ark. 2016). C. calcitrapa L. tiiriiniin infiizyonu, ates disiiriicii
olarak kullanilmasinin yani sira miishil ve istah acgici etkisinin oldugu bildirilmistir
(Reda ve ark. 2021; Baytop, 1999). Centaurea tiirlerinde yapilan incelemeler sonucunda
seskiterpenler (Khammar ve Djeddi 2012; Karamenderes ve ark. 2006), gibi sekonder
metabolitlerin yani sira lignanlar (Shoeb ve ark. 2006; Middleton ve ark. 2003) ve
flavonoidler (Khammar ve Djeddi 2012) bulunmaktadir. Ayrica bunlarin glikozitleri,
indol alkoloidleri (Sarker ve ark. 2001), monoterpenler (Karamenderes ve ark. 2008),
triterpenler (Oksiiz ve Serin 1997), ditiyofenler (Tesevic ve ark. 2003), steroidal
glikozitler (Sarker ve ark. 1998) ve antosiyanin bilesenler (Takeda ve ark. 2005)
igerdikleri bildirilmistir (Tan ve ark. 2008). Centaurea tiirlerinin 6zellikle flavonoidler
(Shoeb ve ark. 2006; Flamini ve ark. 2001) ve seskiterpen laktonlar bakimindan zengin
olduklar1 bilinmektedir (Yayl ve ark. 2005).

Literatiir ¢alismalarinda ursolik ve oleanolik asitlerin tibbi ac¢idan birgok alanda
etkisinin oldugu tespit edilmistir. Bu alanlar; anti-enflamatuvar, anti-tiiméral, anti-
hiperlipidemik, antioksidan, antimikrobiyal, antidiyabetik, anti-iilser, hipoglisemik ve
anti-aging seklinde siralanabilir (Souto ve ark. 2020; Katashima ve ark. 2017; Liu,
1995). Calismalar oleanolik ve ursolik asidin, cildin yapisinda bulunan elastaz enzimini
inhibe ederek cildin elastik yapisinin bozulmasini ve cildin yaslanmasini geciktirdigini
gostermiglerdir (Silva ve ark. 2019). Ursolik ve oleanolik asitler, anti-aging etki
gostermesi nedeniyle 6zellikle farmasétik alanda kozmetik {irtinlerin hazirlanmasinda
kullanilan triterpenoidlerdir (Souto ve ark. 2020). Ayrica bu iki bilesigin antidiyabetik
Ozellige sahip olduklar1 ve yara iyilesmesi iizerinde etkili olduklar1 bilinmektedir
(Cavusoglu ve ark. 2023; Pordanjani ve ark. 2023; Alam ve ark. 2021). Bu anlamda bu
iki triterpenoid bilesik ile ilgili literatiirde farkli cinslerdeki tiirlerle ilgili kimyasal igerik
ve biyolojik aktivite anlaminda ¢ok sayida ¢alisma bulunmaktadir (Yigitkan ve ark.
2022a; Yigitkan ve ark. 2022b; Karatas ve ark. 2022; Kandemir ve ark. 2022; Ullah ve
ark. 2022; Akdeniz ve ark. 2022; Ertas ve ark. 2021a; Yaris ve ark. 2021; Ertas ve ark.
2021b; Yener ve ark. 2020; Ertas ve Yener 2020; Ertas ve ark. 2018). Literatiirde
Centaurea tiirlerinin antidiyabetik etkileri oldugu ile ilgili ¢aligmlar mevcuttur.
(Fattaheian-Dehkordi ve ark., 2021). Sonug olarak Centaurea cinsine ait birgok tiiriin
antidiyabetik ve dolayli olarak yara iyilestirme etki potansiyellerinin oldugu rapor
edilmistir (Fattaheian-Dehkordi ve ark., 2021).

Centaurea cinsine ait Centaurea lycopifolia, C. spectabilis, C. depressa ve C.
iberica tiirlerinin antiaging ve dolayl olarak antiaging etki ile iligkili (yara iyilestirme)
oldugu bilinen antidiyabetik etkilerinin belirlenmesi i¢in literatiir taramasinda ¢alisma
olmamasi bu caligmay1 yapmaya yoneltmistir. Bundan dolay1 bu ¢alismada kullanilan
Centaurea tiirlerinin GC-MS ile triterpenoid olan ursolik ve oleanolik asitlerin miktarsal
tayinleri yapilmistir. Ayrica antiaging etkilerini belirlemek icin bu tiirlerin elastaz ve
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kollajenaz enzim inhibisyon aktiviteleri, antidiyabetik etkilerini belirlemek i¢in ise a-
glukozidaz ve a-amilaz enzim inhibisyon aktiviteleri belirlenmistir.

Materyal ve Metot

Bitkisel Materyal

Centaurea lycopifolia, C. spectabilis (C. balsamita), C. depressa ve C. iberica
tiirleri Tiirkiye'nin Giineydogu’sundan (Sirasiyla, Kahramanmarag, Diyarbakir, Malatya
ve Diyarbakir) Temmuz 2012 yilinda ¢igeklenme doneminde Dr. Abdulselam Ertas
tarafindan toplanmis ve Dr. Y. Yesil tarafindan teshis edilmistir. Teshis edilen tiirlerin
herbaryum kayitlar1 Istanbul Universitesi Eczacilik Fakiiltesi Herbaryumuna (C.
lycopifolia ISTE 97138, C. spectabilis (C. balsamita) ISTE 97140, C. depressa ISTE
97664, C. iberica ISTE 98061) kayit altina alinmstir.

Ekstraksiyon yontemi

Calisilan tiirlerin ekstraksiyon islemi yapilmadan oOnce laboratuvara getirilip
gblgede kurutulmustur. Kuruyan tiirler homojen hale getirmek i¢in 6giitiilmiis ve 10 ¢
tartilmistir. Daha sonra aseton (50 mL) ve etanol (50 mL) ¢oziiciileri kullanilarak
maserasyon teknigi ile tiirlerin ekstreleri hazirlanmistir. Hazirlanilan ekstreler analiz
zamanina kadar +4 °C’de dolapta muhafaza edilmistir. Tiirlerin hazirlanilan aseton ve
etanol ekstrelerinden 4000 pg/mL konsantrasyonunda stok cozeltiler hazirlanilarak
enzim inhibisyon aktiviteleri ve tiriterpenoid bilesiklerin iceriklerinin belirlenmesinde
gerekli seyreltmeler yapilarak kullanilmistir (Akdeniz ve ark. 2021).

GC-MS ile triterpenoid icerik analizi

Tiirlerin hem aseton hem de etanol ekstrelerinin ugucu olmayan bu terpenoid (a-
amirin, moronik, oleanonik, oleanolik, betulinik, ursolik ve ursonik asitler) bilesiklerin
ugucu hale getirmek ic¢in %1 trimetilklorosilan igeren N,O-bis (trimetilsilil)
trifloroasetamid (BSTFA) ile tiirevlendirme isemi gergeklestirilmis ve daha sonra bu
bilesiklerin miktarsal tayinleri igin Agilent marka 7890A model GC-FID ile 5977B
model kiitle spektrometresi (MS) teknigi kullamilarak yapilmistir. Ornek ve standart
maddeler aym sekilde calisilmistir. Oncelikle cam siseye 100 puL numune/standart
soliisyon alinmis ve ¢oziicii kuruyuncaya kadar azot gazi altinda buharlastirilmistir.
Daha sonra ¢oziiclisti ugurulan numunelere 100 pL. BSTFA+TMCS (99: 1) eklenmistir.
Tirevlendirme islemini optimize etmek i¢in numuneler farkli sicakliklar (25°C, 40°C,
50°C, 60°C, 70°C, 80°C, 90°C, 100°C ve 110°C) ve farkli zaman dilimlerinde (5 dk, 10
dk, 15 dk, 20 dk, 30 dk, 45 dk, 60 dk, 90 dk, 120 dk, 180 dk ve 24 saat) hazirlanmistir.
En uygun sicaklik (70°C) ve zaman araligit (120 dk) olarak belirlenmistir.
Kromatografik ayirim apolar HP-5MS kolonu (30m x 0,25mm x 0.25 pm film kalinligr)
ile yapilmistir. En iyi kromotografik ayirim i¢in; GC firmm sicakligit 200°C'den
baslanarak, 300°C'ye 10°C/dk. hizla ¢ikarilmis ve bu sicaklikta (300°C) 15 dk. sabit
tutulmustur. Daha sonra 5°C/dk. hizla sicaklik 310°C'ye ¢ikarilmig ve bu sicaklikta da 2
dk. sabit tutulmustur. Tasiyic1 gaz olarak sabit akista helyum gazi (0.8mL/dk.)
kullanilmistir. Enjeksiyon blogu ve transfer line sicakliklart 300°C’ye ayarlanmistir.
Enjeksiyonlar splitless modunda yapilmis ve enjeksiyon hacmi 2,0 pL. alinmistir. Kiitle
spektrometresi (EI/MS) 70eV iyonizasyon enerjisine ayarlanmistir. Iyon kaynagmin
sicakligt 230°C'ye ayarlanmistir. Kiitle spektrometrisi (MS) verileri tam tarama
modunda ve tarama araligi m/z 50-650 atomik kiitle birimine (amu) ayarlanarak elde
edilmistir (Akdeniz ve ark. 2024; Cavusoglu ve ark. 2023; Yigitkan ve ark. 2022b;
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Bakir ve ark. 2020). Numunelerdeki bilesiklerin tanimlanmasi, bunlarin alikonma
stireleri ve kiitle spektrumlari, kiitiiphanedeki bilesiklerin alikonma siireleri ve kiitle
spektrumlart ile karsilastirilarak yapilmistir. Kantitatif analiz i¢in iki veya ti¢ yiiksek
yogunluklu fragman iyonu kullanilmigtir (Akdeniz ve ark. 2024).

Triterpenoid igeriklere ait miktarsal sonuglar Akdeniz ve ark. 2024 tarafindan
yayinlanan makalede valide edilen metod ile ¢alisilmig ve yine aynmi makalede,
kullanilan standartlara (moronik, a-amirin, oleanonik, oleanolik, betulinik, ursolik ve
ursonik asit) ait detayli bilgiler verilmistir. ilgili makale yaymimiza referans olarak
eklenmistir. Calismada GC-FID ile kromotografik ayirim gergeklestirildikten sonra
numuneler MS dedektorde analiz edilmistir. Ayn1 zamanda referans olarak saf standart
maddeler kullanilmis ve bu standartlarin kalibrasyon grafikleri ile karsilastirma
yapilarak analizler yapilmigtir. Numuneler ve standartlar es zamanli ¢caligilmistir.

Enzim Aktiviteleri

Antiaging ve antidiyabetik aktiviteleri

Caligilan tiirlerinin antiaging etkilerini belirlemek i¢in elastaz (Kraunsoe ve ark.
1996), kollajenaz (Thiring ve ark. 2009), antiadiyabetik etkilerini belirlemek i¢in ise a-
glukozidaz ve a-amilaz (Lazarova ve ark. 2015) enzim inhibisyon aktivite yontemleri
ile belirlenmistir (Cavusoglu ve ark. 2023; Yigitkan ve ark. 2021).

Bulgular

GC-MS ile triterpenoid icerigi

Centaurea tiirlerin tritepen igerikleri Dicle Universitesi Eczacilik Fakiiltesi'nde
Agilent 5977B model kiitle spektrometrisi (MS) cihaz1 ile kombine edilen Agilent
marka 7890A Model GC-MS/FID gaz kromatografisi ile belirlenmistir. Ozellikle dogal
tirtinlerde yaygin olarak goriilen a-amirin, moronik, oleanonik, oleanolik, betulinik,
ursolik ve ursonik asit triterpenoid bilesiklerinin kantitatif analizi i¢in tiirlerin ekstreleri
GC-MS ile igerik analizleri yapilmistir (Cizelge 1).
Cizelge 1. Centaurea tiirlerin GC-MS ile triterpenoid bilesik icerikleri

. C. lycopifolia C. spectabilis
Bilesikler RT® (@:;O'gﬁr?lﬂl)i 9%RSD" (ug/g ekstre) (ng/g ekstre)

Aseton Etanol Aseton Etanol
o-Amirin 17.99 498 (2.5) 0.025  4271.54+1.07 ND 2872.28+0.72  3564.05+0.89
Moronik Asit 20.71 527 (21.1) 0.029 ND ND ND ND
Oleanonik Asit 20.96 527 (12.3) 0.023 ND ND ND ND
Oleanolik Asit 21.55 601 (2.3) 0.026 ND ND ND ND
Betulinik Asit 21.90 601 (4.9) 0.019 ND ND ND ND
Ursolik Asit 22.55 601 (2.3) 0.015 ND ND ND ND
Ursonik Asit 2291 527 (9.5) 0.028 ND ND ND ND

®RT: Alikonma zamani

®Ana iyon (m/z): Standart bilesiklerin molekiiler iyonlar1 (m/z)

‘RSD: Bagil standart sapma, ND: Tespit edilemedi

C. depressa ve C. ibrica tiirlerinin hem aseton hem de etanol ekstrelerinde bu terpenoid bilesikler tayin sinirinin
altida kaldigindan miktarsal tayini yapilamamustir.
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Sekil 1. GC-MS kromatogramlari, A: GC-MS metodundaki standartlara ait TIC kromatogram, 1: a-amirin, 2:
Moronik asit 3: Oleanonik asit 4: Oleanolik asit, 5: Betulinik asit, 6: Ursolik asit, 7: Ursonik asit, B ve C:
Centaurea lycopifolia aseton ve etanol ekstrelerinin GC-MS kromotogrami D ve E: C. spectabilis aseton ve
etanol ekstrelerinin GC-MS kromotogrami F ve G: C. depressa aseton ve etanol ekstrelerinin GC-MS
kromotogrami H ve I: C. iberica aseton ve etanol ekstrelerinin GC-MS kromotogrami

Calisilan C. lycopifolia tiiriiniin aseton ekstresi ile C. spectabilis tiiriiniin hem
aseton hem de etanol ekstreleri icinde sadece a-amirin (sirasiyla; 4271.54+1.07,
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2872.28+0.72, 3564.05+0.89 ng/g ekstre) tespit edilmistir. Calisilan tlirlerin hem aseton
hemde etanol ekstrelerinde diger terpenoid bilesenlerin tayin siirmin altinda
kaldigindan tespit edilememistir. Caligilan tiirlerin aseton ve etanol ekstrelerine ait GC-
MS toplam iyon kromatogramlari sekil 1°de verilmistir. Literatiirde Centaurea tiirlerinin
triterpene icerigi ile ilgili miktarsal bir ¢alisma bulunmamaktadir. Fakat farkli tiirlerin
triterpene igerigi ile ilgili ¢calismalar mevcuttur (Akdeniz ve ark. 2024; Yigitkan ve ark.
2022b; Yigitkan ve ark. 2021). Bu calismalardan bir tanesi Yigitkan ve ark. (2022b)
tarafindan yapilmig ve g¢alismada Thymus pubescens (Boiss. & Kotschy ex Celak)
tiirliniin koklerini ve toprak istii kisimlarini GC-MS ile triterpen bilesik igerikleri
acisindan incelemislerdir. Calisilan tiirtin kok kisminda a-amirin, oleanolik, betulinik ve
ursolik asitin (sirasiyla, 419.56; 14735.70; 1509.79 ve 12085.24 ng/g ekstre) bulundugu,
tiiriin toprak istii kisminin etanol ekstresinde oleanolik ve ursolik asit (92785.96 ve
63373.32 pg/g ekstre) tespit edildigi rapor edilmistir. Akdeniz ve ark. (2024) tarafindan
yapilan ¢alismada Thymus brachychilus (Jalas) tiiriiniin kok ve toprak iistii kisimlarinin
etanol ekstrelerinde moronik, a-amirin, oleanonik, oleanolik, betulinik, ursolik ve
ursonik asit bilesikleri miktarsal tayinleri yapmislardir. Sonuglara gore tiiriin kok ve
toprak istii kisimlarindan sirasiyla oleanolik asit (7089.57; 52715.27 ng/g ekstre),
betulinik asit (4277.44; 1081.60 pg/g ekstre) ve ursolik asit (17858.25; 152374.35 pg/g
ekstre) olarak tespit etmislerdir.

Enzim inhibisyon aktiviteleri

Antiaging test sonuglarina bakildiginda; C. lycopifolia aseton ekstresinin elastaz
enzim inhibisyonuna kars1 iyi seviyede (% inhibisyon: 27.83+1.31, oleanolik asit:
43.80+0.76) aktivite gosterdigi fakat C. spectabilis tiiriiniin hem aseton hem etanol
ekstrelerinin, C. depressa tiiriiniin aseton ekstresi ve C. iberica tiiriniin etanol
ekstresinin elastaz enzim inhibisyonuna kars1 orta seviyede (sirastyla; % inhibisyon:
8.47+0.13, 7.13+0.07, 14.09+£0.31, 16.33+0.51) aktivite sergiledikleri belirlenmistir.
Diger tiirlerin elastaz enzim inhibisyonuna kars1 aktivite gostermedigi tespit edilmistir.
C. lycopifolia tiiriiniin etanol ekstresi, C. spectabilis ve C. depressa tiirlerinin hem
aseton hem de etanol ekstreleri ile C. iberica tiiriiniin etanol ekstresinin kollajenaz
enzim inhibisyonuna karsi diisiik seviyede (sirasiyla, % inhibisyon: 10.55+0.21,
6.48+0.16, 14.55+0.14, 8.90+0.16, 2.02+0.03 ve 17.63+0.18, epikatesin gallat:
84.08+0.49) aktivite gosterdigi tespit edilmistir (Cizelge 2).

Cizelge 2. Centaurea tiirlerin antiaging enzim inhibisyon aktiviteleri®

W . o e Elastaz 100 ug/mL Kollajenaz 100 pg/mL
Tiir isimleri (ozilci (% inhibisyon) (% inhibisyon)
I Aseton 27.83+1.31 AD
C. lycopifolia
Etanol AD 10.55+0.21
- Aseton 8.47+0.13 6.48+0.16
C. spectabilis
Etanol 7.13+0.07 14.55+0.14
Aseton 14.09+0.31 8.90+0.16
C. depressa
Etanol AD 2.02+0.03
L Aseton AD AD
C. iberica
Etanol 16.33+0.51 17.63+0.18
Oleanolik asit” 43.80+0.76 -
Epikatesin gallat® - 84.08+0.49

®Degerler, 3 paralel dlgiimiin ortalamalar1 ve standart sapmalari olarak verilmistir;
bStandart maddeler; AD: Akif degil, Ornekler ve standartlar ayni konsantrasyonda
denenmistir.
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Antidiyabetik enzim inhibisyon sonucglar1 degerlendirildiginde ise C. depressa
tirliniin aseton ekstresinin 12.5, 50 ve 200 pg/mL konsantrasyonlarda a-glukozidaz
enzim inhibisyonuna kars1 yiliksek seviyede (sirasiyla, % inhibisyon: 29.03+0.49;
45.87£1.06; 84.81+£1.22, akarboz: 6.32+0.12; 18.20+0.13; 67.74+0.53) aktivite
gosterdigi tespit edilmistir. C. depressa tiiriiniin etanol ekstresi ile C. spectabilis tiiriiniin
aseton ekstresinin 50 pg/mL konsantrasyonlarda, C. lycopifolia tiirliniin aseton
ekstresinin 12.5 ve 50 pug/mL konsantrasyonlarda a-glukozidaz enzim inhibisyonuna
kars1 yiiksek diizeyde, C. lycopifolia tiiriinin aseton ekstresinin 200 pg/mL
konsantrasyonda ve C. iberica tiiriiniin etanol ekstresinin 200 ug/mL konsantrasyonda
ise orta diizeyde inhibisyon aktivitesi sergiledigi tespit edilmistir. C. spectabilis tiirliniin
etanol ekstresinin 400 ug/mL konsantrasyonda a-amilaz enzimine karsi yiiksek diizeyde
(% inhibisyon: 65.43+1.40, akarboz: 87.15+1.14) inhibisyon aktivitesi gdsterdigi, diger
tirlerin hem etanol hem de aseton ekstrelerinin 400 pg/mL konsantrasyonda a-amilaz
enzim inhibisyonu aktivitesinde aktif olduklar1 fakat orta ve diisiik diizeyde inhibisyon
aktivitesi gosterdikleri belirlenmistir (Cizelge 3).

Cizelge 3. Centaurea tiirlerin antidiyabetik enzim inhibisyon aktiviteleri®

a-Glukozidaz (% inhibisyon)

Tir isimleri Coziicii
12,5 pg/mL 50 ug/mL 200 pg/mL
C. Iveonifolia Aseton 14.55+£0.14 21.73+£0.19 28.76+0.23
- yeop Etanol AD AD AD
. Aseton AD 22.49+0.42 33.33+£0.15
C. spectabilis
Etanol 7.47+0.40 9.72+0.27 11.49+0.54
Aseton 29.03+£0.49 45.87£1.06 84.81+1.22
C. depressa
Etanol AD 24.01+0.56 24.72+0.67
. Aseton AD 4.23+0.02 7.24+0.03
C. iberica
Etanol AD 2.16+0.51 14.16+0.75
Akarboz” 6.32+0.12 18.20+0.13 67.744+0.53
L e e a-Amilaz (% inhibisyon)
Tir isimleri Coziicii tirt
25 ug/mL 100 pg/mL 400 pg/mL
. Aseton 1.42+0.09 1.61+0.17 14.55+0.14
C. lycopifolia
Etanol 1.35+0.01 3.75+0.27 4.80+0.68
- Aseton AD AD 12.97+0.85
C. spectabilis
Etanol 3.95+0.17 4.07+0.34 65.43+1.40
Aseton 3.85+0.36 7.87+1.05 13.51+0.71
C. depressa
Etanol AD 0.34+0.09 12.86+0.43
W Aseton AD 2.4540.01 6.23+0.03
C. iberica
Etanol 1.62+0.04 4.17+0.21 15.13+£0.25
Akarboz” 6.26+0.13 27.86+0.64 87.15+1.14

®Degerler, 3 paralel dl¢iimiin ortalamalar1 ve standart sapmalar1 olarak verilmistir;
"Standart maddeler; AD: Akif degil, Ornekler ve standartlar ayni konsantrasyonda
denenmistir.

Zengin ve ark. (2016) tarafindan yapilan ¢alismada sekiz Centaurea tiiriiniin iki farkl
ekstresinin (kloroform ve etil asetat) a-amilaz ve a-glukozidaz enzim inhibisyon
potansiyelleri belirlenmistir. C. depressa a-amilaz ve a-glukozidaz enzim inhibisyonlari
(% inhibisyon: 43.97+£0.92; 53.45+1.98) olarak tespit etmislerdir. Fattaheian-Dehkordi
ve ark. (2021) tarafindan yapilan bir ¢aligmada bir¢ok Centaurea cinsine ait tiirlerin a-
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amilaz ve a-glukozidaz enzim inhibisyon aktiviteleri ile ilgili ¢alismalar yapmislardir.
Bu literatiirdeki ¢aligmalara bakildiginda bu ¢alismaya parallel olarak Centaurea cinsine
ait bir¢ok tiiriin antidiyabetik etkiye sahip oldugu rapor edilmistir.

Sonuclar

GC-MS teknigi ile yapilan triterpenoid bilesiklerinin miktarsal sonuglarina
bakildiginda; C. lycopifolia tiirliniin aseton esktresi ile C. spectabilis tiiriiniin hem
aseton hem de etanol ekstrelerinde sadece a-amirin (sirasiyla; 4271.54+1.07,
2872.28+0.72, 3564.05+0.89 ng/g ekstre) olarak tespit edilmistir. Diger bilesenlerin ise
tiirlerin hem aseton hem de etanol ekstrelerinde tespit edilmedigi veya tayin smirinin
altinda kaldigindan tespit edilememistir. Bu ylizden tiirlerin tespit edilen biyolojik
aktivitelerinin triterpenlerden ¢ok igerdikleri diger diterpen ve fenolik bilesikler gibi
siiflardan kaynaklandigi soylenebilir.

Bu ¢alismada, C. lycopifolia, C. spectabilis, C. depressa ve C. iberica, tiirlerinin
toprak iistii kisimlarindan hazirlanan aseton ve etanol ekstrelerinin antiaging (elastaz ve
kollajenaz enzim inhibisyon aktiviteleri) ve antidiyabetik (a-glukozidaz ve a-amilaz
enzim inhibisyon aktiviteleri) etkileri in vitro olarak belirlenmistir. Sonuglar antiaging
acisindan degerlendirildiginde elastaz ve kollajenaz enzim inhibisyonlarinda; C.
lycopifolia tiirlinlin aseton ekstresinin diger ekstrelere gore daha yiiksek elastaz enzim
(% inhibisyon: 27.83+1.31) inhibisyonu gésterdigi, C. iberica tiiriiniin etanol ekstresinin
diger ekstrelere gore daha iyi kollajenaz enzim (% inhibisyon: 17.63+0.18) inhibisyon
etkisi gosterdigi tespit edilmistir. Sonuglar antidiyabetik yonden degerlendirildignde a-
glukozidaz ve a-amilaz enzim inhibisyonunda; C. lycopifolia tiiriiniin etanol ekstresi
disindaki tiim ekstrelerin a-glukozidaz enzim inhibisyon testinde aktif oldugu, ¢alisilan
tim ekstrelerin a-amilaz enzim inhibisyon testinde aktivite gosterdikleri tespit
edilmistir. C. depressa tiiriiniin aseton ekstresinin 12,5 ug/mL, 50 pg/mL ve 200 pg/mL
farkl1 konsantrasyonlarda tiirlin daha iyi seviyede (% inhibisyon: 29.03+0.49,
45.87+1.06 ve 84.81+1.22) a-glukozidaz enzim inhibisyon aktivite gosterdigi tespit
edilmistir. C. spectabilis tiirliniin etanol ekstresinin 400 pg/mL konsantrasyonunda diger
ekstrelerden daha iyi (% inhibisyon 65.43+1.40) a-amilaz enzim inhibisyon aktivitesi
gosterdigi belirlenmistir.

Genel olarak c¢alisilan enzim inhibisyon sonuglarina bakildiginda; C. lycopifolia
aseton ekstresinin elastaz enzim inhibisyonuna kars1 yiiksek seviyede aktivite
sergiledigi tespit edilmistir. Antidiyabetik test yoniinden ise li¢ farkli konsantrasyonda
calisilan Centaurea tiirlerinin hem aseton hemde etanol ekstrelerinin antidiyabetik
potansiyellerinin oldugu tespit edilmistir.

Sonug olarak C. lycopifolia tiiriiniin antiaging potansiyeli nedeniyle kozmetik
endiistrisinde, C. depressa, C. iberica, C. lycopifolia ve C. spectabilis tiirlerinin
antidiyabetik potansiyelleri nedeniyle farmasotik alanda kullanilabilmesi i¢in daha
detayli in vitro ve in vivo ¢alismalarla desteklenmesi gerektigi diisiiniilmektedir.
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Cikar Catismasi
Yazarlar, bu makale iceriginde herhangi bir ¢ikar ¢atismasi olmadigini
bildirmektedirler.

Etik Beyam

Bu calismada, yazarlar “Yiiksekogretim Kurumlar1 Bilimsel Arastirma ve Yaymn
Etigi Yonergesi” kapsamindaki tiim kurallara uyduklarini, ilgili yonergenin “Bilimsel
Arastirma ve Yaymn Etigine Aykirt Eylemler” olarak belirtilen baglik altindaki
eylemlerden higbirini gergeklestirmediklerini taahhiit ederler.

Yazarlarin Katkilari

Yazar 1 ve 3: Ekstraksiyon, enzim aktiviteleri ve yayin yazim ¢alismalari, Yazar
2. GC-MS ile igerik analizleri, Yazar 4 ve 5: Kavramsallastirma ve diizenleme,
metodolojinin gelistirilmesi veya tasarlanmasi, denetim, veri yorumlama.
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Ozet

Bitkiler ytizyillardir gida, 1sinma, barinma, parfiimeri, kozmetik, ilag, yaralarin iyilestirilmesi ve
en Onemlisi de hastaliklarin tedavisi gibi farkli alanlarda kullanilmaktadirlar. Sahip oldugu cografi
konumdan dolay1 zengin bir bitki Ortiisiine sahip olan Tiirkiye, birgok tibbi bitkiye de ev sahipligi
yapmaktadir. Artemisia L., yaklagik 1000 cins ve 20000’ den fazla tiire sahip olan Asteraceae familyasina
ait bir cinstir. Artemisia haussknechtii Boiss., Tirkiye’de geleneksel olarak “Cilo yavsani’’ olarak taninir
ve halk arasinda mide rahatsizliklari, bagirsak agrilari, romatizma gibi cesitli hastaliklarin tedavisinde
sitkca kullanilir. Tibbi bitkilerde fenolik, flavonoid gibi fitokimyasal bilesikler yaygin olarak
bulunmaktadir. Bu da tibbi bitkilerin antioksidan aktiviteye sahip olduklarini gostermektedir. Bu
caligmanin amact A. haussknechtii bitki yapraginin etanol ekstresinin antioksidan potansiyelini
belirlemektir. Bu amagla radikal uzaklastirma deneyi (DPPH) ile total fenol ve flavonoid miktarlarinin
belirlenmesi deneyleri uygulandi. Arastirma materyali olan A. haussknechtii, Hakkari ili Merkez ilgesi
Tasbas1 Koyli Mevkiinde toplandi. Bitki ekstresinin antioksidan aktivitesi DPPH ydntemiyle incelendi.
Toplam fenol ve toplam flavonoid miktarlar1 sirasiyla Folin-Ciocalteu ve AICI; reaktifleri kullanilarak,
spektrofotometrik olarak belirlendi. Ekstreden %16 verim elde edildi. Bitki yapraginin etanol ekstresinin
radikal siliplirme aktivitelerine ait ICsq degeri 4.92+1.22 mg/ml olarak hesaplandi. Total fenolik madde
icerigi Gallik asit es degeri 174.18+0.45 ng GAE/mg, toplam flavonoid madde igerigi ise Kuersetin es
degeri 813.24+20.78 png QE/mg ve Katesin es degeri 218.98+8.67 pg CE/mg olarak hesaplandi.

Anahtar Kelimeler: Artemisia haussknechtii antioksidan, fenolik, flavonoid

Determination of Antioxidant Capacity of Artemisia haussknechtii Boiss.
(Cilo yavsami) Extract

Abstract

Plants have been used for centuries in different areas such as food, heating, shelter, perfumery,
cosmetics, medicine, healing of wounds and most importantly, treatment of diseases. Turkey, which has a
rich flora due to its geographical location, is also home to many medicinal plants. Artemisia L. is a genus
belonging to the Asteraceae family, which has approximately 1000 genera and more than 20000 species.
Artemisia haussknechtii Boiss. is traditionally known as "Cilo yavsani" in Turkey and is frequently used
in the treatment of various diseases such as stomach disorders, intestinal pain and rheumatism.
Phytochemical compounds such as phenolic compounds and flavonoids are widely found in medicinal
plants. This shows that medicinal plants have antioxidant activity. The aim of this study is A.
haussknechtii to determine the antioxidant potential of the ethanol extract of the plant leaf. For this
purpose, a radical scavenging experiment (DPPH) and determination of total phenol and total flavonoid
amounts were performed. The research material, A. haussknechtii, was collected in Tasbas1 Village,
Central district of Hakkari province. The antioxidant activity of the plant extract was examined by the
DPPH method. Total phenol and total flavonoid amounts were determined spectrophotometrically using
Folin-Ciocalteu and AICI3 reagents, respectively. The extraction yield was determined as 16 %. The ICx
value of the radical scavenging activities of the ethanol extract of the plant leaf was calculated as 4.92
mg/ml. Total phenolic substance content was calculated as Gallic acid equivalent 174.18+0.45 pg
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GAE/mg, total flavonoid substance content was calculated as Quercetin equivalent 813.24+20.78 pg
QE/mg and Catechin equivalent was 218.98+8.67 pg CE/mg.

Keywords: Artemisia haussknechtii, antioxidant, phenolic, flavonoid

Giris

Insanlar ge¢misten giiniimiize, 1sinma, barmma, yaralarini iyilestirme ve en
Oonemlisi cesitli hastaliklarin tedavisinde ila¢ olarak bitkilerden faydalanmislardir
(Goktas ve Gidik, 2019). Bitkinin kok, govde, yaprak gibi ¢esitli organlarindan veya
bunlardan elde edilen etken maddelerin ¢esitli hastaliklarin tedavisinde kullanimi
literatiire tibbi bitki terimini kazandirmistir. Tibbi bitkiler yeni ilaglarin gelisimine
olanak saglayacak terapotik fitokimyasal kaynagi olduklarindan biiyiik bir 6neme
sahiptirler (Kartal ve ark., 2020).

Fitokimyasallar, bitkilerin kendilerine has koku, renk ve tatlar olugturmalarinda
etkili rol oynayan aktif biyolojik maddelerdir (Balch, 2006). Fitokimyasallar cesitli
smiflara ayrilirlar ve bunlar arasinda en ¢ok ¢alisilan grup polifenollerdir (Mandlekar ve
ark., 2006). Polifenoller, antioksidan 6zelligi yiiksek olan en az 10000 farkl bilesikten
olusan (Li ve ark., 2014), flavonoidler ve fenolik asitler olarak iki alt gruba ayrilan
biiyiik bir sekonder bilesik grubudur (Carvalho ve ark., 2010). Fenolik bilesikler, bir
veya birden fazla hidroksil grubu baglanmis benzen halkasina ve fonksiyonel gruba
sahip bilesiklerdir. Bitkilerde en fazla bulunan sekonder metabolit olan fenolik
bilesiklerin miktarlar bitkilere gore farklilik gosterebilir (Atak ve Uslu, 2018). Fenolik
bilesiklerin, antioksidan, antidiyabetik, antienflamatuar, antimikrobiyal, antikanser gibi
etkileri vardir (Manach ve ark., 2004). Flavonoidler, polifenollerin diger bir grubunu
olusturan benzo-y-piron yapisina sahip hidroksillenmis ve mikrobiyal enfeksiyona tepki
olarak bitkiler tarafindan salgilanan bilesiklerdir ve antibakteriyel, antiviral,
hepatoprotektif, gibi bircok biyolojik Ozelliklere sahiptirler (Bestil ve Uysal, 2023).
Ayrica, bu bilesiklerin kalp-damar hastaliklari, kanser, ateroskleroz ve diger genetik
hastaliklar dahil olmak {iizere c¢esitli hastaliklarin riskini azaltmadaki etkileri
gosterilmistir (Erlejman ve ark., 2006; Hodgson ve Croft, 2006). Tibbi bitkiler yiiksek
fenolik ve flavonoid madde igeregine sahiptir ve bu Ozellikleri onlarin antioksidan
etkileri ile iliskilendirilmistir (Sing, 2015).

Ot veya ¢ali formunda olan Artemisia cinsi, Asteraceae familyasinin en biiyiik ve
en genis dagilim gosteren cinslerinden biridir. Dogada yaygin olarak bulunan Artemisia
tiirleri; sitma, hepatit, kanser, inflamasyon gibi hastaliklarin yan1 sira mantar, bakteri ve
virlis enfeksiyonlarinin tedavisinde siklikla kullanilmaktadir. Kuzey ve Giiney
Yarimkiire'nin 1liman iklimlerinde, genellikle kuru veya yar1 kuru habitatlarda yetisirler.
Artemisia cinsine ait pek c¢ok tiir, aromatik bitkiler olarak bilinir ve halk hekimliginde
kullanilmalarinin nedeni, yapilarindaki monoterpenler ve seskiterpenlerden kaynaklanan
karakteristik bir kokuya veya tada sahip olmalaridir. Diger bazi tiirler ise fitotoksik
aktiviteye sahiptir ve dogal herbisit olmaya adaydirlar (Carvalho ve ark., 2011).

Tiirkiye’de geleneksel olarak ‘Cilo yavsani’ ya da ‘Aci pelin otu’ olarak
adlandirilan ve halk arasinda ¢esitli hastaliklarin tedavisinde sik¢a kullanilan Artemisia
haussknechtii, iilkemizde Dogu Anadolu, Diinyada Kuzey Irak ve Bati-Giineybati
[ran’da yayilis gosteren bir bitkidir. Bitki yar1 ¢ali formunda, sericeous-tomentuoz
tiiylii, cok sayida kisa odunlu stoklar {izerinde steril ve cicekli govdeler ¢ikarir. Steril
govdeler yayvan tarzda ve nispeten seyrek yapraklidir (Kursat ve Civelek, 2011). A.
haussknechtii ’nin nefes darligi, ates ve kurt disiliricii, istah agici ve mide
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rahatsizliklarina karsi etkili oldugu bildirilmistir (Sirr1 ve Sirri, 2020). Alavi ve Kerimi
(2020), bu bitkinin antibakteriyel etkiye ve metal selatlama aktivitesine sahip oldugunu,
Nasseri ve ark. (2022) ise, bu tliriin meme kanseri hiicre hatt1 tizerindeki sitotoksik
etkisini incelemis ve yiiksek sitotoksik etkiye sahip oldugunu bildirmislerdir.

Kahkonen ve ark. (1999), fenolik bilesiklerin ve flavonoidlerin bitkilerin daha ¢ok
cicek ve yaprak kisimlarinda bulundugunu belirtmistir. Calismada A. haussknechtii bitki
yapraklarinin etanol ekstresinin antioksidan aktivitesi ve toplam fenolik ve flavonoid
miktarlarinin belirlemesi amaglanmaistir.

Materyal Metot

Bitki materyali

Arasgtirma materyali olan A. haussknechtii bitkisi, 25/06/2022 tarihinde Hakkari
ili Merkez ilgesi Tagbasi Koyli Mevkiinde toplanmistir (Sekil 1). Toplanan bitkiler Van
Yiiziincii Y1l Universitesi biinyesinde bulunan VANF Herbaryumu’'na getirilmis ve tiir
teshisi, Van Yiiziincii Y1l Universitesi Molekiiler Biyoloji ve Genetik Anabilim Dali
Ogretim Uyesi Prof. Dr. Fevzi Ozgokge tarafindan yapilmugtir.

Sekil 1. A. haussknechtii bitkisi ve toplanma yeri.

Bitki ekstraksiyonu

Artemisia haussknechtii bitkisi toplandiktan sonra yapraklar gévdeden
kopartilarak {izerindeki tozlardan arindirmak i¢in dogal kaynak suyu ile yikandi. Golgede
72 saat bekletilip kurutulan yapraklar 6giitiildii. Elde edilen bitki numunesinden 50 gr
tartilarak, bir cam beherde 1000 ml etanol ile ekstre edilmek icin, beherin etrafi
aliminyum folyo ile kapatildi. 25°C’de 24 saat siireyle ¢alkalayicida homojenize edilen
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karisim siiziildii. Stiziintiinlin etanol bileseni evaporatorde uguruldu. Kalan sulu karigim -
80°C’de 24 saat tutuldu ve liyofilizator ile kurutuldu. Elde edilen ekstreler analiz
islemlerine baglayincaya kadar —20°C’de muhafaza edildi (Sahiner ve Sengel. 2016)
(Sekil 2).

Sekil 2. Etanol ekstrelerinin hazirlanisi. (A) Homojenizasyon (B) Siiziintii Toplama (C) Evaporasyon (D)
-80° de Dondurma

Antioksidan Aktivite Calismalari

DPPH Serbest Radikal Yakalama Aktivitelerinin Belirlenmesi

DPPH serbest radikal giderme aktivitesi deneyi Blois metodunun (1958)
modifiye sekline gore yapildi. A. haussknechtii etanol ekstresinin serbest radikal DPPH
(2,2-difenil-1-pikril hidrazil) giderme aktivitesinin 6l¢iimiinde standart olarak Kuersetin
(5 pg/mL - 500 pg/mL) kullanildi. Degisik konsantrasyonlarda bitki ekstresi (0.5
mg/ml- 8 mg/mL) hazirlandi. Ornek absorbanslar1 517 nm’de okundu ve degerleri
olgiilerek DPPH serbest radikalinin indirgenmesi belirlendi. Serbest radikal yakalama
aktiviteleri asagidaki formiille gore hesaplandi (Itidel ve ark.2013) ve DPPH radikal
yakalama aktivitesi ICso degerleri hesaplanarak karsilastirildi. Islemler 3 tekrarli (n=3)
yapildi.
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DPPH radikal siiptirme aktivitesi = [(Ao-A1)/ Ao] x 100
A : Kontrol Absorbansi
A : Ornek Absorbansi

Toplam Fenolik Madde Iceriginin Belirlenmesi

A. haussknechtii etanol ekstresinin toplam fenolik madde igerigi, Singleton ve
Rossi (1965)’ nin uyguladig1 yontemin modifiye sekline gore belirlendi. Standart olarak
Gallik Asit (25 pg/mL-250 pg/mL) ve degisik konsantrasyonlarda A. haussknechtii
ekstresi (0.5 mg/mL-8 mg/ml) kullanildi. Ornek absorbanslar1 750 nm’de okundu.
Gallik asit ile olusturulmus standart kalibrasyon egrisi kullanilarak her 1 mg ekstre
icinde bulunan toplam fenolik igerik miktarlar1 asagidaki esitlige gore hesaplandi.
Ekstre yiizdesi (w/w) = (( A1-Ao/ y degeri) / diliisyon katsayisi) x 10

Ao : Kontrol absorbansi
A;: Ornek absorbansi
y degeri: Grafik de denklemde olusan y degeri)

Toplam Flavonoid Madde I¢eriginin Belirlenmesi

A. haussknechtii etanol ekstresinin toplam flavonoid madde igerigi, Zhishen ve
arkadaglarinin (1999) modifiye edilmis yontemine gore belirlendi. Standart olarak
kuersetin ve katesin kullanildi. 415 ve 510 nm’de absorbans degerleri okundu ve toplam
flavonoid igerigi 1 mg ekstre icerisindeki flavonoid miktar1 olarak, Kuersetin ve Katesin
esdegeri seklinde hesaplandi. Toplam flavonoid madde miktarlar1 asagidaki esitlige gore
yapild.

Ekstre yiizdesi (w/w) = (( A1-Ao/ y degeri) / diliisyon katsayis1) x 10
Ao : Kontrol absorbansi
A;: Ornek absorbansi
y degeri: Grafik de denklemde olusan y degeri)

Bulgular ve Tartisma

A. haussknechtii bitki yapraginin verim hesaplamasinda ilk agirlik 200 gr olarak
kaydedildi. Liyofilizasyon sonrasinda ekstre edilen bitkinin son agirlig1 ise 32 gr olarak
kaydedildi. Ekstraksiyon verimi, baslangic ve son agirlik verileri kullanilarak
hesapland1 ve veriler yiizde olarak hesaplandi. Ekstraksiyon verimi, A. haussknechtii’
nin etanol ekstresi i¢in %16 olarak belirlendi (Cizelge 1).

Cizelge 1. A. haussknechtii’ nin ekstraksiyon verimi

Extre Verim

Etanol ekstresi Yaprak % 16

Bu calismada A. haussknechtii yapraginin etanolik ekstraktinin 2,2-difenil-1
pikrilhidrazil (DPPH) radikaline karsi radikal siipiirme aktivitesi spektrofotometrik
olarak gerceklestirildi. Farkli konsantrasyonlarda kuersetin standartlartyla olusturulan
kalibrasyon egrisi Sekil 3. ‘te verildi.
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Kuersetin Standart Egrisi
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Sekil 3. DPPH metodu i¢in olusturulan kuersetin standart egrisi.

DPPH kararl bir serbest radikaldir ve kararli bir molekiil haline gelmek i¢in bir
elektron veya hidrojen radikalini kabul eder. Antioksidanlarin DPPH radikal siipiirme
tizerindeki etkisi hidrojen verme yeteneklerinden kaynaklanmaktadir (Ruikar ve ark.
2011). Artemisia tiirleri yiiksek antioksidan aktiviteye sahiptir ve bu da birgok hastaliga
kars1 6nemli 6l¢iide koruma saglar (Nasr ve ark. 2020). Artemisia’ nin gesitli tiirlerinin
yaprak ekstraktlarinin antioksidan aktivitesi arastirilmistir. Yapilan bir g¢alismada
Artemisia absinthium yapragimin metanol ekstresinin antioksidan aktivitesi aragtirilmis
ve yliksek oranda antioksidan aktivite gosterdigi bulunmus ve DPPH radikal siiplirme
aktivitesinin 1Csp degeri 0.118 mg/ml olarak bildirilmistir (Sidaoui ve ark. 2016). Baska
bir ¢alismada aymi tiirlin sulu ve etil asetathi ekstreleri incelenmis ve ICsy degerleri
strastyla 0.352 mg/ml ve 0.167 mg/ml olarak bildirilmistir (Hbika ve ark. 2022).

Calismamizdaki DPPH radikal siipiirme aktivitesinin ICso degeri bu
calismadakilere gore diisiik ¢cikmistir. Bu farklilik kullanilan ¢oziiciilerden, bitkilerin
farkl: tiirlere ait olmalarindan ya da bulunduklar1 ortamlarin sicaklik degerleri iklimi,
yagis gibi etmenlerinden kaynaklanmig olabilir. Yine Artemisia’ nin gesitli tiirleri
(Artemisia judaica, Artemisia monosperma, ve Artemisia sieberi) iizerinde yapilan
farkli bir ¢calismadan edilen sonuclar, yaprak ekstrakti konsantrasyonunun artmasiyla
DPPH radikalinin siipiirme giicliniin arttigin1 gostermistir (Salih ve ark. 2023).

DPPH Radikal Siipiirme
90

80
70
60
50

40
30
20
10 i
1 2 4 8

% Inhibisyon

0

B %RSA 7,65285996 22,642998 46,4299803 77,0808679
Konsantrasyon(mg/ml)

Sekil 4. A. haussknechtii etanol ekstresinin DPPH serbest radikal siipiirme aktivitesi
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Calismamizda da A. haussknechtii’ nin yaprak ekstrelerinin, konsantrasyon artisina
bagli olarak DPPH radikalinin siipiirme giiciiniin arttig1 bulunmustur. Elde ettigimiz
sonuglar bahsi gecen calismayla tutarlilik géstermektedir (Sekil 4).

Calismada A. haussknechtii yapraginin etanol ekstresinin DPPH serbest radikal
siiptirme aktivitesi (%RSA) belirlenmis olup Sekil 4'de gosterilmistir. Ayrica etanol
ekstresi icin DPPH serbest radikal siiplirme aktivitesinin ICso degeri Cizelge 2'de
verilmistir.

Cizelge 2. DPPH radikal siiplirme aktivitesinin ICso degeri

Materyal IC5, Konsantrasyon (mg/ml)

A. haussknechtii etanol ekstresi 4.92+1.22

Fenolik bilesikler iyi antioksidan bilesenler olarak bilinmektedir. Beslenme,
insan sagligi, birgok hastaligin onlenmesi ve iyilestirilmesine olan etkilerinden dolay1
onemli kullanim alanlarma sahiptirler (Tungmunnithum ve ark. 2018). Fenoller ve
flavonoidler gibi fenolik bilesikler, bitkilerden elde edilen antioksidan 6zelliklere sahip
en biiyiilk fitokimyasal bilesenlerdir (Sing ve Patra 2018). Bu c¢alismada A.
haussknechtii’'nin yaprak ekstraktindaki toplam fenolik icerik (TPC) ve toplam
flavonoid icerik (TFC) incelenmistir. Bitkinin toplam fenolik madde igerigini
belirlemek icin standart olarak gallik asit kullanilmistir (Sekil 5). Ekstredeki toplam
fenolikler gallik asit esdegeri olarak ifade edilmis ve bitkinin toplam fenolik madde
icerigi 174,18+0.45 ng GAE/mg kuru ekstre bulunmustur (Cizelge 3).

Gallik Asit Standart Egrisi
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Sekil 5. Toplam fenolik madde analizinde kullanilan gallik asit standart grafigi

Kuersetin Standart Grafigi
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Sekil 6. Kuersetin ile olusturulan total flavonoid standart egrisi
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A. haussknechtii nin yaprak ekstresinin toplam flavonoid madde igeriginin
belirlenmesinde standart olarak kuersetin ve katesin kullanilmistir. (Sekil 6 ve Sekil 7).
Bitkinin toplam flavonoid madde igerigi 813.24+£20.78 pg QE/mg kuru ekstre ve
218.98+8.67 ng CE/mg kuru ekstre olarak bulunmustur (Cizelge 3).

Katesin Standart Grafigi
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Sekil 7. Katesin ile olusturulan total flavonoid standart egrisi

Cizelge 3. A haussknechtii'nin toplam fenol ve toplam flavonoid madde igerikleri.

Bitki Materyali TFM (ng GAE/mg) TFQ (ng QE/mg) TFC (ng CE/mg)

A. haussknechtii (Yaprak) 174.18+0.45 813.24+20.78 218.98+8.67

TFM (Toplam fenolik madde), TFQ (kuercetin esdegeri toplam flavonoid), TFC (katesin esdegeri toplam
flavonoid)

Bitkilerin antioksidan aktivitesi yapisindaki bilesiklerden ve sekonder
metabolitlerden kaynaklanmaktadir (Kartal ve Sayak. 2020). Fenolik bilesik ve
flavonoidler bitki sekonder (iirlinleridir. Bu iirlinlerin bitkilerde {iretildikleri ve
depolandiklart organlar farklilasmaktadir (Kartal ve ark. 2020). Fenolik bilesikler ve
flavonoidler en ¢ok bitkinin ¢igcek ve yaprak kisimlarinda bulunmaktadir (Kdhkonen ve
ark. 1999). Yapilan bir c¢aligmada Artemisia’ nin A.sieberi, A. judaica ve A.
monosperma  tiirlerinin yaprak kismindaki toplam fenol miktarlar1 calisilmis ve
sirastyla 194.30 (mg GAE/g DW), 175.25 (mg GAE/g DW) ve 120.33 (mg GAE/g
DW), bulunmustur. Bulgularimiz A.sieberi ve A. monosperma tiirlerindeki degerlerle
farklilik gostermektedir. A. judaica tiiriindeki degerle tutarhdir.

Flavonoidler bir¢ok biyokimyasal 6zellige sahiptir, ancak hemen hemen her
flavonoid grubunun en iyi aciklanan 0Ozelligi, antioksidan olarak hareket etme
kapasiteleridir (Berstil ve Uysal. 2022). Yapilan bir c¢alismada A. absinthium
yapragindaki toplam flavonoid miktar1 8.49 £+ 0.50 (mg CE.g'1 DW) bulunmustur.
Bagka bir caligmada A. pallens yapraginin metanollii ekstresin toplam flavon miktari
13.57 £ 1.053 ( mg QE /g) bulunmustur. Calismamizda A. haussknechtii’nin yaprak
ekstresinin toplam flavonoid madde igerigi 813.24+20.78 (ng QE/mg) ve 218.98+8.67
(ng CE/mg) bulunmustur. Calismada kullanilan bitkinin yiiksek flavon igerige sahip
oldugu anlasilmistir.
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Sonuc¢

Artemisia cinsi, biyolojik ve kimyasal c¢esitliligi nedeniyle 6nemli tibbi ve
ekonomik ozelliklere sahip 500'den fazla tiir igerir. Gegtigimiz on yilda bu cins, ilag
kesfi ve gelistirme alaninda giderek artan bir ilgi gormistiir. Birgok ¢alisma
Artemisialarin farkli tiirlerinin antidepresan, antikanser, antidiyabetik, hepatoprotektif,
gastroprotektif etkileri iceren farmakolojik profilini ortaya ¢ikarmistir (Trifan ve ark.
2022). Artemisia tiirlerinin toprak tistii kisimlar1 uzun siiredir geleneksel bir kullanima
sahiptir ve sindirim bozukluklari, iltihapli hastaliklar, bronsit, sitma, hepatit de dahil
olmak iizere cesitli rahatsizliklarin tedavisinde kullanilmaktadir (Turi ve ark. 2014).
Ayrica bazi tiirlerin yaprak ekstrelerinin cilt hastaliklari, ates, ishal tedavisi, kesik ve
yaralarin tedavisinde kullanildiklar1 rapor edilmistir (Nigam ve ark. 2019).

Bitkilerde bulunan fenolik asitler ve flavonoidler saglig1 etkileyen olduk¢a dnemli
aktif bilesenlerdir. Bu aktif bilesenler bitkilerin farkli organlarinda iiretilip
depolanmaktadirlar. Calismamizda A. haussknechtii nin yapragindaki antioksidan
aktivite ve toplam fenol ve flavonoid miktarlar1 incelenmistir. Sonuglarimiz A.
haussknechtii nin yiiksek antioksidan potansiyele ve yiiksek fenol ve flavon igerigine
sahip oldugunu gostermistir. Literatiire katki saglayabilecek potansiyele sahip olan bu
calisma, A. haussknechtii’ nin saglik acisindan faydali olabilecegini ve farmasotik
alanlarda kullanilabilecegini gdstermektedir.
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Ozet

Van Yiiziincii Y1l Universitesi (YYU) kampiis alan1 ve yakin gevresi, yeni yerlesim alanlar1 ve
iliskili bayindirlik ¢aligmalar1 nedeniyle hizla biiyiiyen kentsel gelisim bolgelerinden biridir. Van YYU
Kampiisii ve yakin ¢evresinde biiylik bina ve altyap1 projeleri gibi mithendislik uygulamalarinin dogru yer
seciminin optimizasyonu ic¢in ¢ok yiiksek ¢ozliniirlikli (1-5 m piksel drneklemeli) bir sayisal yiizey
modelinin {iretilmesi, ¢alismanin temel amacini olusturmaktadir. Hizla ilerleyen kentsel yayilim
bolgelerinin yakinlarindaki mevcut tektonik fay hatlarinin ortaya ¢ikarilmis olmasi, yeni yerlesim ve
ingaat alanlar1 ile diger miihendislik yapilarinin dogru yer segimlerinin 6ngoriillmesi i¢in oldukga
o6nemlidir. Buna paralel olarak ¢ok yiiksek ¢oziiniirliklii sayisal ylizey modelleri, yerleske planlama ve
gelistirme caligmalarina katki saglayabilecek bir ayrintiyla tektonik fay hatlarinin ortaya g¢ikarilmasinda
belirleyici rol oynamaktadir.

Bu c¢alismada, uydu teknolojisi kullanarak, sahada yerinde Olglimlemelere iliskin klasik
yontemlerle iiretilenlerden ¢ok daha diisiik bir biitceyle ¢ok daha yiiksek ¢oziiniirliikli ve ¢ok daha genis
alana yayilimlhi bir sayisal yiikseklik modelinin olusturulmasi planlanmistir. Bu amacla, ikonos
uydusunun yiiksek ¢oziiniirliiklii bir stereo goriintii ¢ifti kullanilmis ve Van YYU yerleske alan1 yakin
cevresi i¢in epipolar goriintii isleme c¢aligmalar ile ¢ok yiiksek ¢oziiniirliiklii bir sayisal yiizey modeli
iretilmistir.

Anahtar Kelimeler: Ikonos uydusu, stereo goriintii ¢ifti, sayisal yiizey modellemesi, DEM, Van YYU

Very High Resolution Digital Surface Modeling of Van Yiiziincii Y1l
University Campus Area and Surroundings from Ikonos Satellite Images

Abstract

Campus area of Van Yiiziincii Y1l University (YYU) and immediate surrounding is one of the
rapidly growing urban development zones due to new settlement areas and related public works. To
produce a very high resolution (1-5 m pixel sampling) digital surface model for the optimization of
accurate site selection of the engineering applications as great construction and infrastructure projects in
Van YYU Campus and surroundings, constitutes the main aim of the study. Revealing the existing
tectonic fault lines in vicinity of rapidly advancing urban sprawl zones is very important for predicting the
correct site selection of new settlement and construction areas and other engineering structures. Parallel to
this, very high-resolution digital surface models play a decisive role in revealing tectonic fault lines in
detail that can contribute to settlement improving and planning studies.

In this study, it was planned to create a digital elevation model using satellite technology, with a
much higher resolution and a much wider area, by a much lower budget than those produced by classical
methods involving in-situ field surveys. For this purpose, a high-resolution stereo image pair of the
lkonos satellite was used and a very high-resolution digital surface model was produced by epipolar
image processing studies for the Van YYU campus area and its immediate surroundings.

Keywords: Ikonos satellite, stereo image pair, digital surface modeling, DEM, Van YYU
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Giris

Van Yiiziincii Y11 Universitesi (YYU) kampiis sahasi ve yakin cevresi, zayif
zeminler {izerinde hizli yapilanan kentsel gelisim alanlarindan biridir. Van YYU
kampiis alan1 sinirinda, Holosen yasl karasal sedimanlar1 keserek son bir-ka¢ bin yillik
siire igerisinde biiyiik ve yikici bir-ka¢ depremin yasandigini kanitlayan bir fay hattinin
varlig1 onceki calismalarla belirlenmistir (Kose ve Ozkaymak, 2002; Ozkaymak ve
Kose, 2002; Ozkaymak, 2003; Ozkaymak ve ark., 2003; Orgen ve ark., 2004;
Ozkaymak ve ark., 2004). Bu &zellikleriyle Van YYU kampiis sahasi ve yakin gevresi,
binalasma, altyap1 ve ¢evre tasarimi ¢alismalar1 seklindeki miithendislik uygulamalarinin
yer secimlerinde son derece dikkatli kararlarin alinmasi gereken bir bolgededir. Bu
kararlarin alinmasinda belirleyici islev listlenecek ve jeolojik risklerin ortaya konmasina
katki saglayacak ayrintiya sahip bir sayisal yiizey topografik modellemesinin iiretilmesi
olduk¢a 6nemlidir.

Van YYU kampiis alan1 gibi yaklasik 8 bin déniimliik genis ve diisiik engebeli bir
arazi iizerinde ihtiya¢ duyulacak ayrintida bir topografik haritalama, klasik dl¢iimleme
yontemleri ile birkag¢ yila varacak siireyle sahada aletli 6l¢iim ¢alismasi yiiriitiilmesini
zorunlu kilar. Buna ¢ok daha hizli bir yontem alternatifi olarak stereografik hava
fotograflarindan topografik veri iiretmek sunulabilir. Bu durumda ise, ucak, pilot ve
tertibat kiralanmasini da igeren yiiksek bedelli bir hizmet alimi s6z konusu olmaktadir.
Ayrica bu yontemde, ugus gilizergahindaki hava ve riizgar kosullar1 ise ucus
yiksekliginin daimi stabilitesini zorlastirabilirken, iretilecek topografik verinin
hassasiyetine de o©nemli derecede etki edebilmektedir. Oldukca yiiksek maliyet
gerektiren bu metodolojiler yerine uydu teknolojileri vasitasiyla topografik model
tiretmek, 6nemli boyutta ekonomik ve zamansal kayiplarin 6niine gegilmesini miimkiin
kilmaktadir.

Calismada, inceleme alani olan Van YYU Kampiisii ve yakin cevresinin ¢ok
yiiksek ¢oziiniirlikli (1-5 m) sayisal yiizey modelini olusturmak icin, Ikonos
Uydusunun bir stereo goriintii ¢ifti kullanilmistir. Goriintii kapsama sahasi, yaklagik 101
km?lik yiizolglimiine karsilik gelirken Van Go6li’niin dogu kiyisinda Van sehir
merkezinin yaklagik 15 km kuzeyini ortalamaktadir (Sekil 1). Uydu goriintiisi,
Tiirkiye’nin topografik pafta indeksinde, 1/25000 6lgekli K50cl ve K50c4 paftalar:
icerisinde yer almaktadir.

Inceleme alani, ikonos uydu gériintiisii kapsama sahasinin giineybati ¢eyreginde,
Van YYU kampiis alan1 ve yakin cevresini igermektedir. inceleme alanmin tamam
1/25000 ol¢ekli K50c4 topografik paftasi igerisinde yer alirken, 6 boylam derecesi
tabanli UTM 38. zonunda ED50 elipsoidini esas alan projeksiyon sisteminin 349000 —
353000 Dogu ve 4269175 — 4273500 Kuzey koordinatlariyla sinirlandirilmis olup, 17.3
km?lik bir alana karsilik gelmektedir. Inceleme alaninin bdlgesel ve lokal dlgekte genel
ve ayritili jeolojik ozelliklerine Kose (2019) tarafindan detayli olarak deginilmis,
inceleme alaninin zeminleri, tektonigi ve depremselligi konularinda genis bilgi
sunulmustur.

Bilgisayar ortaminda, yerylizii ylikseklik degerlerini iceren islenebilir sayisal veri
dosyalar1 olup, yerbilimleri ¢alismalarinda en az uydu goriintiileri kadar énem tasiyan
sayisal yiikseklik modelleri, 6zellikle topografik veri ihtiyaci duyulan uygulamalarda
ayr1 bir oneme sahiptir (Kdse ve ark., 1997). Sayisal topografik model, sayisal
yiikseklik modeli, sayisal arazi modeli ve sayisal yiizey modeli gibi degisik isimlerle de
anilan bu topografik modeller, giiniimiizde uzay jeodezisi ve uydu teknolojileri
kullanilarak iiretilebilmektedir. Bu amaca yonelik olarak, erken donemlerde stereo
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goriis Ozelligi tasiyan hava fotograflarindan sonra pasif (optik) algilama sistemine sahip
uydularin goriintiileri  kullanilmaya baslanmistir (Lliboutry, 1991; Thoué, 1993).
Yaklasik ayn1 donemlerde hem hava hem de uydu nakili radar cihazlarini kapsayan aktif
sistemlerle de sayisal topografik veri iiretmeye yonelik yontemler gelistirilmeye
calistimistir  (Graham, 1974; Zebker ve Goldstein, 1986; Curlander ve
McDonough,1991; Massonnet, 1993; Mouginis-Mark ve Garbeil,1993). Ayrica bu
yontemler kendi iglerinde teknik gelismelere bagli olarak, orto-foto, orto-goriintii, radar
goriintlilemesi, interferometri (Zebker ve ark., 1992; Massonnet, 1993; Massonnet ve
Feigl, 1998) gibi farkli alt metodolojileri de kapsamaktadir. 2020 yil1 6ncesinde radar
uydularinin  verilerinden  {retilen  sayisal  yiikseklik ~ modellerinin  piksel
¢Oziiniirliiklerinde 10 m mertebesine ulasilmistir.
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Sekil 1. Caligmada kullanilan Tkonos Uydusu goriintii alani ve inceleme sahasinin konumu. (a) Diinya,
(b) Tiirkiye, (c) Tiirkiye Ulasim Ag1 Haritas1 Van Goli ¢evresi ve (d) uydu tabanli yakin bolge
GoogleEarth haritasi iizerinde konumu. ikonos Uydusu goriintii alan1 kirmizi gergeve ile ve
inceleme alani1 sari1 gergeve ile gosterilmistir.
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Biiylik 06l¢ek haritalama gerektiren bircok alanda kullanilacak olan sayisal
yiikseklik modellerinde ise 1-5 m arasi ¢ok yiiksek ¢oziiniirlik degerlerine ihtiyag
duyulur. Sayisal goriintiileme ve teleoptik teknolojilerindeki gelismelerin bir sonucu
olarak, 24 Eyliil 1999°da yoriingelendirilen ve optik (pasif) uydu sistemlerinde yeni bir
donem baslatan Ikonos-2 uydusu, sivil amagh ¢alismalara 1 Ocak 2000 tarihinden
itibaren ¢ok yiiksek ¢oziniirliikli goriintiilerin katilimin1 da beraberinde getirmistir.
Bunu takiben, 2001 yoériingeli QuickBird, 2007 yoriingeli WorldView-1, 2008 yo6riingeli
GeoEye-1 ve 2009 yoriingeli WorldView-2 ve benzeri birgok uydunun devreye girmesi,
cok yliksek c¢oOziiniirliiklii ve stereo Ozellikli optik uydu goriintiilerinin teminini ve
dolayistyla ¢ok yiiksek ¢oziintirliiklii sayisal ylikseklik modellerinin {iretimini 6zellikle
son 20 yildan bu yana oldukca kolaylastirmistir.

Materyal ve Yontem

Van Yiiziincii Y1l Universitesi kampiis alan1 ve yakin ¢evresine iliskin ¢ok yiiksek
¢Oziiniirliiklii bir sayisal yiizey modeli olusturmaya yonelik olarak, pasif (optik) uydu
sistemi tabanli olan, ikonos Uydusu Precision Stereo 1m Pan-Sharpened goriintii ¢ifti
calismanin ana materyali olarak degerlendirilmistir. Bu goriintii ¢iftinden itibaren
sayisal yiikseklik modeli olusturma ve iic boyut (3D) analizi icin jeomatik veri
islenimine yonelik olarak tam modiillii PCI-Geomatica yazilimi kullanilmistir.

Materyal

Ikonos uydusunun ve gériintiilerinin genel 6zellikleri ve diger uydularm goriintii
verilerinden farkliligini ortaya koyan temel yap1 taslari iizerine, Grodecki ve Dial,
(2001), Kramer (2002), Avrupa Uzay Ajanst (ESA, 2006), GeoEye kurulusu (GeoEye,
2006) ve Kose (2019) tarafindan hazirlanmis bilgiler asagida kisaca 6zetlenmistir.

Optik goriintiileme yapan uydu sistemlerinde, yeryiizii goriintiilleme parkuru
tizerinden, a- uydu hareket yiiniiniin dikine yonde ilerlemeli enine-izli taramayla (cross-
track scanning) anlik noktasal goriintii alan tel-siipiirge (whiskbroom), b- uydu hareket
yuniinde ilerlemeli boyuna-izli taramayla (along-track scanning) anlik satir goriintiisii
alan fir¢a-siiplirge (pushbroom) ve c- uydu hareket yoniinde ilerlemeli ve kadraj (frame)
sensorlerle anlik blok goriintii alan biitiinsel (staring) tarama olmak tizere tli¢ farkli
goriintiileme tekniginden (Sekil 2) birisi tercih edilir (Kose, 2019).

2014 Aralik ayina kadar goriintileme yapan Ikonos-2 uydusu Yerkiire Algak
Yoriingeleri (LEO; Low Earth Orbits) ile islev yapan bir uzay cihazi olmustur. Agirligi
817 kg olan uzay araci, milkemmel gézlemleme kabiliyetlerine imkan veren ve herhangi
bir yone 30°’lik bir bakis alan1 (FOR; Field of Regard) saglayan bir gévdesel yonelim
teknigine sahiptir. ikonos-2 Uydusu, 681-709 km arasinda degisen bir yiikseklikten,
yoriingede 98.1° egim ve 98 dakika doniis periyodu ile en ¢ok 14 giin yeniden-
goriintiileme tekrari, 40° enlemi ve iizerindeki alanlarda 1-3 giin aras1 yeniden-gegis
tekrar1 6zelliklerinde olan, yaklasik-kutupsal ve giin-senkronizeli eszamanli dairesel bir
yorlingeye sahip olmustur.

Ikonos uydusunda 6500 satir-goriintii 6zelliginde gdriintii verisi iiretimi saglayan
bir firga-siipiirge tarayici teknolojisi (genis odak diizlemi tarayici dizisi) kullanilarak,
PAN (Pankromatik, gri tonlu tek bandli) ve MS (Multi-Spektral; renk olusturan ¢ok
bandli) modlarda eszamanli goriintiileme saglanmigtir. Cihazin tarayici dizisindeki
piksel boyutu, PAN tarayicilar i¢cin 12 um ve MS tarayicilar i¢in 48 pm'dir. PAN ve MS
goriintii verilerine ait mono ve stereo goriintii kaydi ayni-zamanl ve biitiinsel es-kayith
olarak yapilir. Uydunun yeryiiziindeki konumsal ¢oziintirliigi (GSD; ground sampling
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distance) 4m olan 4 bantli MS sensorleri, Landsat-7 uydusunun 1-4 bandlari ile hemen
hemen ayn1 spektral ozelliklere sahiptir. PAN sensorii ise 1m konumsal ¢oziiniirliik
saglar.

Motor~._ ¥ Dénen
¢,/ Tarama Aynasi

ENINE-iZLi TARAMA BOYUNA-ZLi TARAMA BUTUNSEL TARAMA
(Cross-Track Scanner) (Along-Track Scanner) (Staring)
Sirali Piksel Goriintiilemesi Satir Goriintiilemesi Blok Goériintiileme

Sekil 2. Yeryiizii goriintiileme uydularinda kullanilan sensdr tiirleri ve tarama teknikleri (Kose 2019).

Bir goriintli c¢ekiminin yaklasik geometrisi, parametre icerik dosyasinda
(metadata) bulunan sensor azimutu (kuzeyleme) ve sensor diisiim (elevation) acilari ile
tanimlanir (Grodecki ve Dial, 2001). Bu degerler, ham goriintiilerden tiirev trtinlerin
olusturulmas: sirasinda, iglemlerde g6z Oniine alinmasi gereken itibari (nominal)
degerlerdir.

Daha once yoriingelendirilmis ve ¢oklu yoriinge gecislerinden enine-izli stereo
goriintiiler alan SPOT uydusu 6rneginden farkli olarak, Ikonos uydusu ayni (tek)
yoriinge gegisli boyuna-izli stereo-¢ift goriintiiller toplamistir. Bu, bir stereo-gifti
olusturan iki goriintiiniin aym yoriingesel geciste alinmasi anlamma gelir. ikonos,
yoriingesinde diizenli veri topladig1 parkura ilerleme yoniinde bakarak gecis yaparken,
stereo ¢ekim yapilacak hedefe yaklastik¢a, stereo-ciftinin ilk ayagini toplamak icin
ilerleme yoniinde hedefe kilitlenerek gerektigi sekilde bakisini rotadan ayirir, doner ve
egilir.

Ik goriintii alindiktan en cok yiiz saniye kadar sonra, aym alani tekrar
gorlintiilenmek iizere uyduya kendi ekseni iizerinden manevra yaptirilir, bu sefer
yorlingesinde hala ileriye dogru giderken geriye bakacak sekilde goriintii alir (Grodecki
ve Dial, 2001). Ancak stereo-¢iftin ikinci goriintiisiiniin geriye bakilarak alinmasi

52



Dogu Fen Bilimleri Dergisi / Journal of Natural & Applied Sciences of East 6(2): 49-67 (2023)

Arastirma Makalesi / Research Article

zorunluluk arz etmez, ikinci goriintii ilk goriintiiden sonraki 50-60 saniye kadar bir siire
icerisinde yine ilerleme dogrultusuna yonelik olarak da alinabilir.

Ikonos uydusunun gériintiilerinde hatali kayit, goriintii kaymas1 ve radyometrik
ayar diizeltmeleri, piksel konumlarinin keskinlestirilmesine iliskin MTF (modiilasyon
transfer fonksiyonu) dengelemesi gibi goriintii iyilestirme (dengeleme) algoritmalarinin
uygulandig1 veri isleme ¢aligsmalar1 sonucunda cografi atiflandirma saglanir.

Ikonos'tan toplanan goriintii {iriinleri konumsal dogruluga gore siniflandirilir. Bu
simiflama, goriintiideki bir hedef noktanin yerdeki ger¢ek konumunun tanimlanmig
dogrulugu icerisinde kalacak sekildeki bir giivenilirlik derecesi ile belirlenir (GeoEye,
2006). ikonos goriintii iiriinlerinin konumsal dogruluk seviyesine gére belirlenen 6
farkli kademesi vardir. Bunlar Geo, Standart Ortho, Reference, Pro, Precision ve
Precision Plus seklindeki standart isimleriyle kullanicilara servis edilir (GeoEye, 2006).
Precision kademe stereo goriintiler, 4 m ¢ozinirlikli MS bandlarmin 1 m
¢oziinlrliklii PAN bandr ile keskinlestirilmesini takiben 1 m ¢oziiniirliikte (Precision
Pan-Sharpaned koduyla) saglanabilmektedir. Precision stereo goriintii ¢iftleri,
kullanicilara algoritmik kamera modeli olusturmaya yonelik bir rasyonel polinomal
katsayr (RPC, Rational Polinomial Coefficent) dosyasiyla birlikte teslim edilir.
Rasyonel Polinomal Kamera Modeli ve Goriinti Geometri Modeli (IGM, Image
Geometry Model) olarak da isimlendirilen bu RPC dosyasi, ti¢ boyutlu konum
koordinatlarinin, sayisal yiikseklik modellerinin ve orto-rektifiye goriintiilerin
fotogrametrik olarak c¢ikarilmasi i¢in jeomatik yazilim paketlerine kamera modeli
verilerini saglar.

Uydusal stereo goriintiilemenin kavramsal parametreleri genel haliyle Sekil 3’de
gosterilmistir.

sol gérantu e i O SRS ey S sag goruntu

kenar-ortay S
baz gizgisi (baseline)

asimetri epipolar
a?sn duzlem

yaklasim
acgisi

>3

z
/
kenar-ortay

P dusum agisi

Sekil 3. Uydusal stereo goriintileme kavramsal parametreleri (Ezekiel Enterprises, 2018’den
uyarlanmistir)
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Bu calismada Ikonos Precision Stereo 1m Pan-Sharpened goriintii ¢ifti temel
materyal olarak kullanilarak, epipolar esleme uygulamasiyla ¢ok yiiksek ¢oziiniirliikte
bir sayisal yilikseklik modeli olusturma yoluna gidilmistir.

Yontem

Epipolar ornekleme, goriintii esleme, stereoskopik goriintiileme ve sayisal
yiikseklik modeli tiretimi gibi gesitli fotogrametrik islem uygulamalarinin 6nkosuludur.
Epipolar geometri stereo-gorii geometrisine karsilik gelir. Iki farkli kamera birbirine
yakin mesafede ayri1 iki noktadan 3 boyutlu (3B) bir hedefin goriintiisiinii aldiginda
(Sekil 4a), 3B hedef obje ve noktalar ile bunlarin yansitilmis olduklart 2 boyutlu (2B)
gorintii lizerindeki izdiisiimleri arasinda (Sekil 4a), fonksiyonlarla tanimlanabilen bir
dizi geometrik iliski olusur (Sekil 4b). Bu geometrik iligkiler, genellikle s6z konusu
kameralara igne-deligi (pinhole) kamera modeli ile yaklasim yapilabilecegi
varsayimiyla kurulur (Wikipedia contributors 2024).

a] b X

2 “ . X 2.

epipolar d(iz.l.e

o/ °eL baz gizgisi
(baseline)

Sol Goriintii Sag Goriintii

Sekil 4. Epipolar geometri ve tipik kullamm durumu (Nordmann, 2008). (a) Iki kamera, farkli bakis
noktalarindan ayni sahnenin fotografini ¢eker; (b) epipolar geometri daha sonra ortaya ¢ikan iki
gorii arasindaki iligkiyi agiklar.

Sekil 4b, X noktasina bakan iki igne-deligi kamerasini (O, sol objektif ve Og, sag
objektif) gostermektedir. O ve Og, iki kamera merceginin simetri merkezlerini temsil
eder. X, her iki kamerada da ilgi alanini (hedef noktay1) temsil eder. X ve Xg noktalari
ise X noktasinin sirastyla sol ve sag goriintii diizlemleri iizerine yansitimlaridir. Her
kamera, 3B bir ortamm 2B bir goriintlisiinii yakalar. 3B'den 2B'ye bu doniisiim,
perspektif projeksiyon olarak isimlendirilir ve igne-deligi kamera modeli ile agiklanir.
Diger taraftan, Sekil 4b’ye dikkat edecek olursak, epipolar bir goriintii ¢iftinde, bir
goriintiiden ayn1 epipolar ¢izgi tizerinden yayilan her bir 1sm (X3, Xp, ...X,) diger
gortintiideki tek bir noktaya karsilik gelmektedir (Wikipedia contributors 2024).

Kamera merceklerinin optik merkezleri ayr1 (noktalarda) oldugundan, her merkez diger
kameranin goriintii diizleminde ayr1 bir noktaya yansir. Epipoller veya epipol noktalar:

olarak isimlendirilen bu iki goriintii noktasi, €L ve €r ile gosterilir. Kendilerine iliskin

goriintii diizlemlerindeki €. ve €r epipollerinin her ikisi ile O_ ve Ogr optik
merkezlerinin her ikisi, tek bir 3B ¢izgi lizerinde uzanirlar. O —X Cizgisi, soldaki
kamera merceginin optik merkezi ile dogrudan aymi izdiisim ¢izgisi tizerinde
bulundugundan, sol kamera tarafindan bir nokta olarak goriiliir. Buna karsin, sag
kamera bu ¢izgiyi kendi goriintli diizleminde bir ¢izgi olarak goriir. Sag kameradaki bu

cizgi (Er—XR), bir epipolar ¢izgi olarak adlandirilir. Simetrik olarak tersinden ele
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alindiginda, sag kamera tarafindan bir nokta olarak goriillen Or—X ¢izgisi, sol kamera

tarafindan €.—XvL epipolar ¢izgisi olarak goriiliir (Wikipedia contributors 2024).

Bir epipolar ¢izgi, 3B uzaydaki X noktasinin konumunun bir fonksiyonudur; yani
X degistikce, her iki gorilintiide bir dizi epipolar ¢izgi iiretilir. 3B O —X ¢izgisi, O
merceginin optik merkezinden gectiginden, sagdaki goriintiideki buna karsilik gelen

ilgili epipolar ¢izgi €r epipoliinden (ve buna karsilik olarak da sol goriintiideki epipolar

cizgiler €L epipoliinden) geg¢melidir. Bir goriintiideki tiim epipolar ¢izgiler, o
goriintlinlin epipolar noktasini igerir. Gergekte, epipolar noktayr i¢eren herhangi bir
¢izgi, 3B bir X noktasindan tiiretilebileceginden dolayi, bir epipolar ¢izgidir. Alternatif
bir canlandirma olarak, epipolar diizlem ad1 verilen bir diizlemi olusturan X, O, ve Or
noktalarin1 goz onlinde bulunduralim. Epipolar diizlem, epipolar ¢izgiler olusturacak
sekilde her bir kameranin goriintii diizlemiyle kesisir. Tiim epipolar diizlemler ve
epipolar ¢izgiler, X'in 3B sahne icerisinde nerede bulunduguna bakilmaksizin epipol ile
kesisir (Wikipedia contributors 2024).

Ikonos uydusu gibi 1 m GSD’li firca-siipiirge sensérlere iliskin tamamiyla
parametrik kamera modelleri, algoritmalarda uygulanmasini olaganiistii zora sokacak
sekilde son derece karmasik bir yapiya sahiptir. Matematiksel olarak basitlestirilmis ve
dolayisiyla algoritmalarda uygulanmasi kolaylastirilmis olan Ikonos RPC modeli, ayrica
uydunun kamera fiziksel modelinin tam dogrulugunu da korur. Yer kontrol noktalar
(YKN) ile iyilestirildiginde, RPC kullanilan yeniden orneklemelerde piksel-alti
dogruluklara erisilebilmektedir (Dial ve Grodecki, 2002; Fraser ve ark., 2005).

Cok yiiksek coziiniirliiklii sayisal yiikseklik modelleri olusturmaya yonelik optik
uydu goriintiilerinin epipolar esleme calismalarinda, fiziksel kamera modellerinden
rasyonel polinomal katsayr modellerine kadar degisik fonksiyonel algoritmalarin
uygulanmasi ve YKN’nimn iglemlere katilimiyla olduk¢a biiyliyen agir matematiksel
stireglere iligkin ayrintili bilgilere dnceki ¢aligmalardan (6rn, Grodecki, 2001; Dial ve
Grodecki, 2002; Grodecki ve Dial, 2001; Di ve ark., 2003a ve b; Li ve ark, 2003; Fraser
ve ark., 2005; Yilmaz, 2007; Oh, 2011; Kose, 2019 vb.) ulasmak miimkiindiir.

Bulgular

Bu ¢alismada ana veri elemani olan ikonos uydusu stereo goriintii ¢iftinin ¢ekimi
03 Temmuz 2005 tarihinde 6gleye dogru ve %100 gibi yiiksek bir bulutsuzluk orani ile
gerceklestirilmistir. Bu goriintiilemelere yonelik oldukca uzun olan ve asagida kisaca
Ozetlenen parametre igerik dosyasina (metadata) iliskin bilgiler, goriintiileme
geometrisini agik bir sekilde ortaya koymamiza imkan saglamistir (Sekil 5 ve 6).

Stereo-¢ift ~ kaynak  gOriintii  sag  bileseni  (Source  Image ID:
2005070308151900000011120189; Product Image ID: 000), 03 Temmuz 2005 tarihinde
Tiirkiye saati ile 11:15:19°da, kampiis alanina 777.5 km bakis mesafesi ve yatayda
375.1 km mesafe ile 681 km yiikseklikten 138.1436° giines 15181 azimutu ve 70.41519°
giines 15181 diisiim acis1 kosullarinda, 348.0173° itibari azimut ve 61.15372° itibari
diisiim agis1 geometrisinde goriintiilenmistir (Sekil 7a). Stereo-c¢ift kaynak goriintii sol
bileseni (Source Image ID: 2005070308161000000011120190; Product Image 1D: 001),
birinci gorlintiiden 51 saniye sonra, Tiirkiye saati ile 11:16:10°da, kampiis alanina 702.9
km bakis mesafesi ve yatayda 174 km mesafe ile 681 km yiikseklikten, 138.6279° giines
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15181 azimutu ve 70.52610° giines 15181 diisiim agis1 kosullarinda 265.3405° itibari
azimut ve 75.66358° itibari diisiim agis1 gortintiilenmistir (Sekil 7b).

Stereo-¢ift kaynak goriintli bilesenleri, kendilerine iliskin rasyonel polinomal
katsayilar1 (RPC) veri dosyalar1 vasitastyla olusturulan Rasyonel Fonksiyon Modelleri
(RFM) ile piksel konumlarinin keskinlestirilmesine iliskin MTFC (modulation transfer
function compensation; modiilasyon transfer fonksiyonu dengelemesi) islemine alinarak
yapilan dengeleme c¢alismasi sonrasinda, yer-atifli (geocoded) olarak islenerek

koordinatlandirilmis ve 1 m ¢oziiniirlikkte yeniden 6rneklendirilmislerdir (Sekil 7¢ ve
7d).

iKiNcCi coue .
GORUNTULEME ) B"lRIN"CI
2005-07-03 GORUNTULEME
11:16:10 2005-07-03

11:15:19
(Sol Goriuntii)
(Sag Goruntu)

oW,
POTI

&% Chkhakoura
St Al

el
KUTAISIH

Sekil 5. Van YYU Kampiis Alam Ikonos uydu goriintiilemesinin geometrisi.
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GORUNTULEME GEOMETRISi ¢OZUMLEMESI

SOL GORUNTU BILESENI (03 Temmuz 2005 - 11:16:10) SAG GORUNTU BILESENI (03 Temmuz 2005 - 11:15:19)
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Sekil 6. Van YYU Kampiis Alan1 Tkonos uydu goriintiillemesinin geometrik ¢dziimlemesi. LR ve LL: Sag
ve sol goriintii uydu-hedef izdiisiim mesafesi; LOSR ve LOSL: sag ve sol goriintii uydu-hedef
bakis ¢izgisi; UR ve UL: sag ve sol goriintiileme uydu konumu.
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Sekil 7. Stereo-¢ift kaynak goriintiiler. (a) Sag bilesen; (b) sol bilesen (¢) 1 m ¢oziiniirlikte yeniden
orneklendirilmis yer-atifli sag bilesen; (d) 1 m ¢oziiniirliikte yeniden 6rneklendirilmis yer-atifli
sol bilesen.

Epipolar esleme calismasi

Yapmis oldugumuz goriintiileme geometrisi ¢ozlimlemesi, her iki goriintiiniin
cekimleri sirasinda Tkonos uydusunun giin-senkronizeli yoriingesinde yaklasik kuzey-
giney yoniinde kutupsal inis yaparken, yoriinge izdiisimiinin KKD — GGB
dogrultusunda 14.04° olan bir azimut acisinda (bknz. Sekil 6) oldugunu gostermektedir.
Bu yoériinge izdiisiimii azimut agis1, ayn1 zamanda epipolar 6rneklemede ve eslestirmede
kullanilan epipolar dogrultu agisina karsilik gelmektedir. Bu nedenle, yaklasik kuzey-
giiney dogrultusunda ilerleme yoniine ve buna 90° aciyla Dogu-Bati dogrultusunda
taramaya sahip kamera bakisiyla alinmis olan stereo-cift goriintii bilesenleri (bknz. Sekil
7c ve 7d), sag ve sol epipolar goriintii yeniden 6rneklemesi yapilirken, kuzey ile 14.04°
ac1 yapan bir gerceveye yerlestirilmistir (Sekil 8 ve 9).
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Sol Epipolar Bilesen . L Sag Epipolar Bilesen
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Sekil 8. Van YYU kampiis alani gevresi Ikonos uydusu epipolar goriintii eslestirmesi diisey diizlem
geometrik yaklasimi (6lgeksiz; ayrint1 verebilmek i¢in uydu konumlart ger¢ek pozisyonlarina
goreceyle yakinlastirilmistir).
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Ornekleme = Ornekleme

Sekil 9. Van YYU kampiis alani gevresi Tkonos uydusu epipolar goriintii eslestirmesi yatay diizlem
geometrik ¢oziimlemesi

Epipolar 6rnekleme caligmasinda 14.04° olan bir epipolar dogrultu acisina
oturtulmasi i¢in, stereo goriintlii ¢ifti bilesenlerinin, 75.96° aciyla saat yoniinde
dondiiriilmeleri  Ongoriilmistiir (Sekil 9). Bu rotasyon, goriintiilerin epipolar
eslemesinde yoriinge diizlemi iizerine ayn1 bakis agisiyla oturtulmasini saglamistir.
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Epipolar sag ve sol bilesen goriintiilerin (Sekil 10a ve 10b) eslemesiyle iiretilen
orto-goriintii (Sekil 10c ve 10d) ve sayisal yiikseklik modeli (Sekil 11a) ilk asamada
WGS84 elipsoidinde cografi projeksiyonda 5 m ¢oziiniirliikle Uretilmistir. Verilerin,
Harita Genel Miidirligi’nce {dretilmis olan EDS50 elipsoidli UTM 38. zon
projeksiyonundaki 1/25000 o6lcekli paftanin topografik verisiyle karsilastirilmasi
amaciyla, orto-goriintii ve sayisal yiikseklik modeli ED50 elipsoidli UTM 38. zon
projeksiyonunda yeniden drneklenmistir.

Sekil 10. Epipolar 6rnekleme goriintii bilesenleri ve orto-goriintii. (a) Epipolar goriintii sag bileseni; (b)
epipolar goriintii sol bileseni; (c) tiretilen orto-goriintii ve (d) goriintii dinamigi ayarlanmis
orto-goriintil.

Goriintii alam sayisal yiikseklik modeli

Orto-goriintii alaninin tamamini kapsayacak sekilde olusturulan sayisal yiikseklik
modelinin yapay 1siklandirmali kabart1 (roliyef) goriintiisii Sekil 11a’da sunulmustur.
Gorlintiilerin  rektifikasyon c¢alismasinin dogruluguna yonelik genel bir kiyaslama
acisindan, goriintii alaninin igerisinde yer aldigr 1/25000 olgekli K50-c4 topografik
paftasi, goriintli alaninin sinir koordinatlarini esas alacak sekilde kesilmistir (Sekil 11b).
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Yapilan goriintii ¢akistirma isleminde orto-goriintiinlin topografik haritayla alansal
olarak bire-bir uyum sagladig1 ve ortiistiigii goriilmiistiir (Sekil 11b). Uretilen sayisal
yiikseklik modeline ait es yiikseklik egrilerinin topografik harita es yiikseklik egrileri ile
sekilsel olarak uyumlu olduklari, buna karsilik yiikseklik degerlerinin ise 20 m
civarinda daha yiiksek degerler icerdigi belirlenmistir.

b

Sekil 11. Uretilen sayisal yiikseklik modelinin roliyef goriintiisii (a) ve 1/25000 dlgekli topografik
paftanin (K50-c4) es yiikseklik egrilerinin karsilastirmasini gosteren hibrid harita (b).
Korelasyon dengelemesi sonrasinda sayisal yiikseklik modelinin es yiikseklik egrileri her 10 m
icin ince siyah ve her 50 m i¢in kalin lacivert gizgilerle gosterilmistir.

Sayisal yiikseklik modeline iliskin yiikseklik degerlerinin 1/25000 6lgekteki
topografik pafta yiikseklik degerlerine uyumunu saglayacak dengeleme c¢alismasina
yonelik olarak, topografik pafta iizerinde kesin degerler tasiyan nirengi noktalar
kullanilmistir. Bu amagla goriintiinlin tamamin1 kapsayan alanda topografik pafta
icerisinde bulunan 37 adet nirengi noktasinin yiikseklik degeri kullanilmistir.
Topografik haritadaki bu nirengi noktalar1 ile sayisal yilikseklik modellindeki ayni
koordinatta yer alan noktalarin yiikseklik degerlerinin karsilastirmasiyla bir korelasyon
fonksiyonu tiretilmistir (Zyeni = 1.006955179 * Z — 32.0279868).

Sayisal yiikseklik modelinin piksellerine atanmis yiikseklik degerlerine (Z)
uygulanan korelasyon fonksiyonu ile yapilan dengelememe, sayisal yiikseklik
modelinin topografik haritayla tamamen uyumlu hale gelmesine olanak saglamistir
(Sekil 11b). Sayisal yiikseklik modellemesinde, 37 nirengi noktasina karsilik gelen
yiikseklik degerlerinin farklarinin dengeleme oncesindeki 19.54 m mertebesinde olan
hata ortalamasi, dengeleme sonrasinda sifira yakin bir deger kazanmistir.

Bu fonksiyonel dengeleme g¢alismasinin goriintli alani geneline yayili bir uyum
saglamasi, asil inceleme alani olan kampiis sahasma (Sekil 12) yonelik 1 m
coziinlirliikte ayrintili ¢caligma yaparken, topografik olarak cevresine gore daha basik
olan kampiis alani icerisinde yer alan nirengi noktalarinin kullanilarak s6z konusu alana
0zgiin olan bir korelasyon fonksiyonunun uygulanabilecegini de gdstermistir.
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Kampiis alam sayisal yiikseklik modeli

Ikinci asamada Van YYU kampiis alanina iliskin orto-rektifikasyon galigmast ile
Ikonos gériintiisiiniin biitiinsel alani iizerinden 1 m ¢dziiniirliikte orto-gdriintii ve sayisal
yiikseklik modeli olusturulmustur. Bu orto-goriintii ve sayisal yiikseklik modeli,
inceleme alaninin sinirlart g¢ergevesinde kesilerek ayrintili degerlendirmeye alinmistir
(Sekil 12).

Sekil 12. Inceleme alanimin gériintii dinamigi ayar1 yapilmis orto-gdriintiisii (a) ve inceleme alanina
yonelik korelasyon fonksiyonu i¢in segilen nirengi noktalarmin topografik harita iizerinde
gosterimi (b).

Van YYU Kampiis alammin sayisal yiikseklik modeline iliskin yiikseklik
degerlerinin 1/25000 o6lgekteki topografik pafta yiikseklik degerlerine uyumunu
saglayacak dengeleme ¢aligmasina yonelik olarak, yine topografik pafta lizerinde kesin
degerler tagiyan nirengi noktalar1 kullanilmistir. Bu amagla inceleme alaninin topografik
haritas1 igerisinde bulunan 10 adet nirengi noktast calismada kullanmak {izere
belirlenmistir (Sekil 12b). Bununla birlikte, bu nirengi noktalarindan N02, N04 ve N10
lizerine sonradan bina insa edilmis oldugu i¢in calismada kullanilamayacaklari
anlagilmistir. Topografik haritadan segilen nirengi noktalarindan geriye kalan 7 adeti ile
sayisal yiikseklik modellindeki ayni koordinatlarda yer alan noktalarin yiikseklik
degerlerinin karsilastirmasi yapilmis ve kampiis alanina 6zgii bir korelasyon fonksiyonu
tiretilmistir (Zyeni = 1.022807056 * Z - 62.40196697).

Kampiis alan1 sayisal yiikseklik modelinin piksellerine atanmig yiikseklik
degerlerine (Z) korelasyon fonksiyonu ile yapilan dengelememe, sayisal yiikseklik
modelinin topografik haritada mevcut olan nirengi noktalariyla yiiksek diizeyde uyumlu
hale gelmesine olanak saglamistir. Kampiis sahasi sayisal yiikseklik modellemesinde
kullanilan 7 nirengi noktasina karsilik gelen yiikseklik degerlerinin farklarinin
dengeleme Oncesindeki 23.71 m mertebesinde olan hata ortalamasi, dengeleme
sonrasinda 0.46 m gibi oldukca diisiik bir deger kazanmistir. Bu fonksiyon
uygulamasiyla Van YYU kampiis alam igin yiizey topografyasma ince hassasiyet
gosteren 1 m ¢ozlniirliikte bir sayisal yilikseklik modeli tiretilmistir (Sekil 13).

63



Dogu Fen Bilimleri Dergisi / Journal of Natural & Applied Sciences of East 6(2): 49-67 (2023)

Arastirma Makalesi / Research Article

Sekil 13. Inceleme alam icin iiretilen 1m ¢oziiniirliiklii sayisal arazi modeli ve 1 m aralikli es yiikseklik
egrileri.

Sonug¢ ve Tartisma

Bu calismada, Van Yiiziincii Y1l Universitesi kampiis alan1 ve yakin c¢evresine
iliskin ¢ok yiiksek ¢oziiniirliiklii bir sayisal yiizey modeli olusturmak amaciyla, pasif
uydu sistemi tabanli yiiksek ¢oziiniirliiklii bir stereo goriintii ¢ifti olarak, ikonos
uydusunun Precision Stereo 1m Pan-Sharpened goriintii ¢ifti degerlendirmeye
alinmistir. Stereo goriintii ciftinden itibaren sayisal yiikseklik modeli olusturmanin ana
kosulu olan epipolar esey goriintii 6rneklemesi ve epipolar esleme uygulamasi yaparak
sayisal yiikseklik modeli olusturmak i¢in, jeomatik veri islenimine yonelik gelistirilmis
tam modiillii PCI-Geomatica yazilimi kullanilmistir.

Stereo-gift kaynak goriintiilerle birlikte temin edilen rasyonel polinomal katsayilar
(RPC) modelini esas alan rasyonel fonksiyon modeli (RFM) ile piksel konumlarinin
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keskinlestirilmesine iliskin modiilasyon transfer fonksiyonu dengelemesi (MTFC)
islemine alinan stereo goriintli ¢ifti, yapilan dengeleme c¢aligmasi sonrasinda rektifiye
edilmis ve 1 m ¢Oziiniirlikte yeniden Orneklendirilmistir. Epipolar O6rnekleme
sonrasinda kampiis alanmin orto-goriintiisii ve ¢ok yliksek ¢oziiniirlikli sayisal
yiikseklik modeli olusturulmustur.

Van YYU kampiis alan1 ve yakin gevresine yonelik iiretilen yiikseklik modeli,
Harita Genel Miidiirliigii tarafindan Tretilen 1/25000 o6lgekli K50-c4 paftasinin
yiikkseklik degerleriyle karsilastirilmistir. Calismada {retilen sayisal ylikseklik
modelinin piksel yiikseklik degerlerinde topografik paftanin geneline yayilmis olarak
+20 m civar yiikseklik farki oldugu goriilmiistiir. Bunun iizerine, topografik haritanin
genelinden daha yiiksek dogruluga sahip olan nirengi noktalar1 kullanilarak, sayisal
yiikseklik modelini topografik harita ile iliskilendiren bir korelasyon fonksiyonu
olusturulmus ve sayisal yiikseklik modeline uygulanmistir. Bu topografik dengeleme
uygulamasi sonrasinda, topografik harita es ylikseklik egrilerinin degerleri ile sayisal
yiikseklik modelinin piksel ylikseklik degerleri arasindaki farklar harita genelinde 1
m’nin altina indirgenmistir.

Tesekkiir

Bu c¢alisma Van YYU Bilimsel Arastirma Projeleri Koordinasyon Birimi’nin
2002-MiM-111 no’lu projesinin desteginde gergeklestirilmistir. Birime siikranlarimi
sunar, bilim ve degerlendirme komisyonlariyla birlikte tiim calisanlarina tesekkiir
ederim. Iki hakemimiz, makalenin yayma hazirlanmasina ¢ok verimli bir katki
saglamiglardir, kendilerine miitesekkirim.

Kaynaklar

Curlander, J.C. and McDonough, R.N. (1991). Synthetic Aperture Radar: Systems and
Signal Processing, John Wiley, New York, USA, 647 pp.

Di, K., Ma, R. and Li, X.R. (2003a). Rational functions and potential for rigorous sensor
model recovery. Photgrammetric Engineering & Remote Sensing, v69, n1, pp.
33-41.

Di, K., Wang, J., Ma, R. and Li, R. (2003b). Automatic shoreline extraction from high-
resolution lkonos satellite imagery. ASPRS 2003 Annual Conference
Proceedings, May 2003, Anchorage, Alska, USA.

Dial, G. and Grodecki. J. (2002). Block adjustment with rational polynomial camera
models. Proceedings of the ACSM-ASPRS 2002 Annual Conference. 22-26 April,
Washington DC (American Society for Photogrammetry and Remote Sensing,
Bethesda, Maryland), unpaginated CD-ROM.

ESA, (2006). Ikonos imagery products guide, Version 1.5. Erigim tarihi: 01.01.2006,
https://earth.esa.int/eogateway/documents/20142/37627/IKONOS-Imagery-
Product-Guide.pdf

Ezekiel Enterprises, LLC.  (2018). Satellite Photogrammetry: Course-LS1007
(Approved continuing education for licensed Professional engineers & land
surveyors). Erisim tarihi: 11.09.2018, https://ez-pdh.com/course-material/LS1007-
Satellite-Photogrammetry.pdf

Fraser, C.S. and Hanley, H.B. (2005). Bias-compensated RPCs for sensor orientation of
high-resolution satellite imagery. Photogrammetric Engineering & Remote
Sensing, 71, 8, 909-915.

65



Dogu Fen Bilimleri Dergisi / Journal of Natural & Applied Sciences of East 6(2): 49-67 (2023)

Arastirma Makalesi / Research Article

GeoEye, (2006). Ikonos imagery products guide, Version 1.5. Dulles, Virginia, USA.

Graham, L.C., (1974). Synthetic interferometer radar for topograhic mapping.
Proceedings IEEE, 62, 763-768.

Grodecki, J. and Dial, G. (2001). Ikonos geometric accuracy. Proceedings of Joint
International Workshop on High Resolution Mapping from Space, 19-21
September 2001, Hannover — Germany, pp. 77-86.

Grodecki, J. (2001). Ikonos stereo feature extraction - RPC approach, ASPRS 2001
Proceedings, 23-27 April 2001, St. Louis, MO.

Kose, O., Kasapoglu, K.E. ve Eren, T. (1997). Degisik 6l¢ek tabanli sayisal arazi
modellerinde dokusal farkliliklar. G. Giinay, M. Onder, U. Narl;, O. Atilla, A.
Karabulut (Ed.), Uzaktan Algilama ve Tiirkiye'deki Uygulamalari Semineri
Bildiriler Kitabi, (V11/56-V11/63). 16-18 Mayis 1997, Bursa., Tiirkiye.

Kése, O. ve Ozkaymak, C. (2002). Van sehri kuzeyi geng gol ¢okellerinde aktif tektonik
bulgular. ATAG-6 (Aktif Tektonik Arastirma Grubu 6. Toplantisy). Bildiri Ozleri
Kitabi, 64-65. 21-22 Kasim 2002, MTA Genel Miidiirliigii, Ankara, Tiirkiye.

Kése, O. (2019). YYU Kampiis alan1 ve cevresinin miihendislik uygulamalarinin yer
secimi optimizasyonuna yonelik c¢ok yiiksek c¢oziiniirlikli sayisal ylizey
modellemesinin olusturulmasi. O. Kése (Yiiriitiicii), 2002-MIM-111 no’lu
Miinferit Arastirma Projesi Raporu. Van YYU Bilimsel Arastirma Projeleri
Koordinasyon Birimi, Van, Tiirkiye.

Kramer. H.J. (2002). Observation of earth and its environment: survey of missions and
sensors. 4th Edt. Springer-Verlag, Berlin Heidelberg. 1509 p.

Li, R, Di, K. and Ma, R. (2003). 3-D Shorline extraction from Ikonos satelliteimagery.
Marine Geodesy, 26:107-115

Lliboutry, L., (1992). Sciences Géometriques et Télédétection. Masson, 289 p.

Massonnet, D. (1993). Displacements fields mapped by radar interferometry.
Proceedings of the CRCM, December 6-11, Kobe, 139-145.

Massonnet, D. and Feigl, K. (1998). Radar interferometry and its application to changes
in the Earth's surface. Reviews of Geophysic, 36, 4, 441-500.

Mouginis-Mark, P.J. and Garbeil, H. (1993). Digital topography of volcanoes from
radar interferometry: An Example From Mt. Vesuvius. Bulletin of Volcanology,
55, 566-570.

Nordmann, A. (2008). Contribution in article “Epipolar Geometry” of Wikipedia by
user name norro. https://en.wikipedia.org/wiki/Epipolar_geometry.

Oh, J. (2011). Novel Approach to Epipolar Resampling of HRSI and Satellite Stereo
Imagery-based Georeferencing of Aerial Images. PhD Thesis. Graduate Program
in Geodetic Science and Surveying, The Ohio State University, USA. 213 p

Orgen, S., Tolluoglu, A.U., Kése, O., Yakupoglu, T., Ciftci, Y., Isik, A., Selcuk, L.,
Uner, S., Ozkaymak, C., Akkaya, I., Ozvan, A., Saglam, A., Baykal, M., Ozdemir,
Y., Uner, T., Karaoglu, O., Yesilova, C. ve Oyan, V. (2004). Van sehri kentlesme
alanlarinda yiizeyleyen Pliyo-Kuvaterner ¢okellerinde sedimantolojik 6zelliklerin
ve aktif tektonizmanm depremsellige yonelik incelemesi. S. Orgen (Yiiriitiicii),
YDABAG-101Y100 no’lu TUBITAK- VAP (Van Arastirma Projesi) Proje Raporu.
TUBITAK, Ankara, Tiirkiye.

Ozkaymak, C. ve Kose, O. (2002). Van ili ve yakin civari aktif tektonigine ydnelik
bulgular. 55. Tiirkiye Jeoloji Kurultay:. Bildiri Ozleri Kitabi, 226-227. 11-15 Mart
2002, TMMOB Jeoloji Miihendisleri Odasi, Ankara, Tiirkiye.

66



Dogu Fen Bilimleri Dergisi / Journal of Natural & Applied Sciences of East 6(2): 49-67 (2023)

Arastirma Makalesi / Research Article

Ozkaymak, C. (2003). Van sehri yakin cevresinin aktif tektonik ozellikleri.
Yaymmlanmamus Yiiksek Lisans Tezi. Van Yiiziincii Y1l Universitesi Fen Bilimleri
Enstitiisii, Van, Tirkiye.

Ozkaymak, C., Saglam, A. ve Kose, O. (2003). Van Golii dogusu aktif tektonik
ozellikleri. ATAG-7 (Aktif Tektonik Arastirma Grubu 7. Toplantisy). Bildiri Ozleri
Kitab1, 16-17. 01-03 Ekim 2003, Van Yiiziincii Y1l Universitesi, Miihendislik
Mimarlik Fakiiltesi, Jeoloji Miihendisligi Boliimii, Van, Tiirkiye.

Ozkaymak, C., Yiiriir, T. and Kose O. (2004). An example of intercontinental active
collisional tectonics in the Eastern Mediterranean region (Van, Eastern Turkey).
A.A. Chatzipetros & S.B. Pavlides (Ed), Proceedings of 5th ISEMG -
International Symposium On Eastern Mediterranean Geology. (v. 1, p. 153-156).
14-20 April 2004, Thessaloniki — Greece.

Thoué, F. (1993). Quantification Par Imagerie Tridimensionnelle De L'Extansion
Continentale Et Des Déplacements Associés: Exemples Au Kenya Et Au Yémen.
Thése de Doctorat, Université Joseph Fourier (Grenoble 1), France, 200 p

Wikipedia contributors. (2024). Epipolar geometry. In Wikipedia, The Free
Encyclopedia. Retrieved 03:19, March 12, 2024, from
https://en.wikipedia.org/w/index.php?title=Epipolar_geometry&oldid=1213211748

Yilmaz, A., Yildiz, F., Yakar, M. ve Mutluoglu, O. (2007). Stereo ikonos uydu
goriintlilerinin 3B konumlandirma dogrulugunun arastirilmasi. TUFUAB V.
Teknik Sempozyumu, 5-7 Haziran 2007, Istanbul, Tiirkiye

Zebker, H.A. and Goldstein R.M. (1986). Topographic mapping from Interferometric
Synthetic Aperature Radar observations. J. Geophys. Res. 91,4993-4999.

Zebker, H.A., Madsen, S.N., Wheeler K.B., Miller, T., Lou, Y., Albaerti, G., Vetrella,
S., and Cucci, A. (1992). The TOPSAR interferometric radar topographic
mapping instrument. IEEE Transactions on Geosciences and Remote Sensing. 30,
5, 933- 940.

67



